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A new Deep Learning Algorithm for Face
Emotional Recognition

1** Djamel Amer Ouali
Informatics Department
Mohamed Boudief University of M sila
M’sila, Algeria
djamelameroualiS4@gmail.com

Abstract—Automatic recognition of human emotions has re-
ceived increasing interest from researchers in the field of com-
puter vision, which has led to the proposal of several methods.
Many of them relied on handcrafted features and traditional
fusion and classification techniques. The use of deep learning
techniques to automatically extract powerful features from mul-
timedia information as well as their use for merging and classifi-
cation are new trends that researchers are currently pursuing. In
this work, we define a new accurate facial expression detection
algorithm based on a deep learning method, specifically on an
intentional convolutional neural network capable of focusing on
important parts of the face in an image or video database
through the use of more number of needed layers. As a result,
our proposed algorithm significantly improves the accuracy rate
compared to previously proposed models in several datasets.

Index Terms—Deep Learning, CNN, Computer Vision, Image
recognition.

1. INTRODUCTION

According to the remarkable development of smart and
powerful devices, several related services are being developed.
Almost, these services are designed to alternate human-centric
services based on computer vision data extraction. one of the
common fields is the automatic verification and recognition
of individuals based on their physical appearance, behavioral
traits and special traits, through biometric methods such as the
face, fingerprint, signature and hand geometry. In particular,
facial recognition technology can be used in many ways and
in different manners ie. online or offline. One of the latest
use of this technology is emotion recognition which can be
performed using various features, such as in [1]-[3]. Among
these features, facial expressions are the most common due to
reason that it contains many features useful for recognizing
emotions as it is shown in figure 1.

Emotion recognition is the use of computers to detect human
faces and analyze performance characteristics information [4],
[5]. The machine realizes the purpose of recognizing and
understanding humans from emotional expression.

In order to reduce the false detection, improve the recog-
nition accuracy and offer more robustness, machine learning
techniques are introduced in this area and thus for recognizing
emotions. Recently, with the use of deep learning in particular
Convolutional Neural Networks (CNNs) [6], many features
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Fig. 1. (Left to right) the six cardinal emotions (happiness, sadness, anger,
fear, disgust, surprise) and neutral.

can be extracted, and learn how to have a decent facial
expression recognition system. It should be noted that in the
case of facial expressions, a lot of clues come from a few parts
of the face, for example, the mouth and eyes, whereas other
parts, such as the ears and hair, play a small role in the output
of emotional recognition such as happiness, sadness or anger
[7].

In this work, we propose a new framework based on deep
learning to recognize facial expressions, which takes the above
observation into account and uses the attention mechanism to
focus on the prominent part of the face. By using an attentional
convolutional network and unlike the used CNN algorithms
that are performed using at most four layers, our algorithm
bases on the use of additional layers capable of achieving a
very high-resolution rate. more specifically, this paper makes
the following contributions:

- We propose an approach based on the attentional con-
volutional network, which can focus on the feature-rich
parts However, it outshines the face in modern brilliant
works in precision.

- In addition, we train him on different data with an
evaluation of the accuracy rate.

In the following sections, we first provide an overview of the
related work in Section. Two, the structure of the model and
the proposed framework are explained in Section three. We
will then present the experimental results, an overview of the
databases used in this work, as well as a typical visualization
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in Section four. Finally, we conclude the paper in Section Five.

II. RELATED WORKS

Emotion recognition can be divided into two main steps.
In the first step, some features are extracted from the image,
however in the second step, a classifier is used to detect
emotions (e.g. SVM or neural network).

Some common used techniques features extraction in order
to recognize facial expressions are directed gradient graph
(HOG) [8], [9], local binary patterns (LBP) [10], Gabor waves
[11] and Haar features [12].

The authors of [2] have proposed a neural network for FER
using two convolutional layers, one pooling layer, and a subnet
one.

In [7], a deep learning approach to FER based on the
attentional alum comprising four convolutional layers, every
two layers followed by a maximal pooling layer and an
activation function of the straight linear unit (ReLu). Then they
are followed by a drop-down layer and two fully connected
layers.

The authors of [13] have worked on CNN deep network
where they used 10 tags to rename each image in the data set,
used different DCNN cost functions, and achieved sufficient
accuracy.

An additional enhancement to CNN (IB-CNN) is proposed
in [14] in order to improve the recognition of automatic facial
expressions by enhancing neuronal discrimination.

In [15], a realization of conscious identity CNN (IA-CNN)
that uses sensitive identity and expression is proposed.

A new framework for deep learning called a spatiotemporal
recurrent neural network (STRNN) is proposed in [16] to
integrate distinct learning from spatiotemporal information
about signal sources in a unified spatiotemporal dependency
model.

A new peak experience deep network (PPDN) is proposed
in [17] that uses a sample with peak expression (easy sample)
to moderate the responses of intermediate traits to a non-peak
expression sample (hard sample) of the same type and of the
same subject.

All of the above works made significant improvements to
the field of recognizing facial emotions, but it seems to be
missing a little piece of feature extraction by the fact they
focus only on the prominent areas of the face.

III. THE PROPOSED FRAMEWORK

In this section, we propose a comprehensive deep learning
framework based on a convolutional neural network for the
classification of emotions in visually illustrated facial images
as presented in Figure 2.

The neural network is based on adding more layers that
facilitate gradient flow in the network (e.g. by adding layer
skipping), or better regularizations (e.g. spectral normaliza-
tion). However, for facial expression recognition, since there
are few classes, we show that using a convolutional network
with less than 8 layers (trained from scratch) is able to achieve

Chadli Bendjedid El-Tarf University - EL TARF - Algeria

promising results by multiplying the latest models in several
databases.

The feature extraction part consists of four convolutional
layers and three fully connected layers, the first convolutional
layer contains 64 3x3 filters, the second has 128 5x5 filters,
and the third layer has 512 3x3 filters and the last also has
512 3x3 filters. In All convolutional layers, we have stride
size 1, batch normalization, dropout, max-pooling, and ReLU
as activation functions, the hidden layer in the first FC layer
contains 256 neurons, and the second FC layer contains 512
neurons, and the third FC layer contains 128 neurons.

In both fully connected FC layers, as in the convolutional
layers, we use batch normalization, dropout and ReLU, and
batch size of 64, loss layer after decision layer is used
to determine how to penalize deviations between expected
and true labels using many types of loss functions such as
softmax and SVM and sigmoid cross. This model is trained
by optimizing the loss function using the stochastic training
approach (more specifically Adam’s optimizer), for the loss
function in this work, we used the softmax function.

IV. EXPERIMENTAL RESULTS

In this section, we present a detailed empirical analysis of
our model in several facial expression recognition databases.
We first provide a brief overview of the databases used in
this work. Basing on these databases, we then present the
performance and compare the obtained results of our model
with some promising recent work, basing on the task of cat-
egorizing each face based on the emotion shown in the facial
expression into one of seven categories (0=Angry, 1=Disgust,
2=Fear, 3=Happy, 4=Sad, 5=Surprise, 6=Neutral).

A. Databases

- The Facial Expression Recognition 2013 (FER2013)
database was first introduced in the ICML 2013 work-
shope on challenges in Representation Learning [18].
The data consists of 48x48 pixel grayscale images of
faces with 35887 images. The training set consists of
28709 examples and The public test set used for the
leaderboard consists of 3589 examples. The faces have
been automatically registered so that the face is more
or less centered and occupies about the same amount
of space in each image. Four sample images from FER
dataset are shown in Figure 3.

- The Extended Cohn-Kanade Dataset (CK+) [19] is a
complete dataset for action unit and emotion-specified
expression . CK+ dataset contains 593 video sequences
from a total of 123 different subjects, ranging from
18 to 50 years of age with a variety of genders and
heritage. Each video shows a facial shift from the neutral
expression to a targeted peak expression, recorded at
30 frames per second (FPS) with a resolution of either
640x490 or 640x480 pixels. Out of these videos, 327 are
labeled with one of seven expression classes: anger, con-
tempt, disgust, fear, happiness, sadness, and surprise. The
CK+ database is widely regarded as the most extensively
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Fig. 2. The proposed Method architecture.

was asked to do 7 facial expressions (6 basic facial
expressions and neutral) and the images were annotated
with average semantic ratings on each facial expression
by 60 annotators. Sample images from this dataset are
shown in Figure 5.

Fig. 3. Four sample images from FER database.

used laboratory-controlled facial expression classification
database available, and is used in the majority of facial
expression classification methods. Six sample images

Fig. 5. Six sample images from JAFFE database.

B. Results Comparison and Analysis

from this dataset are shown in Figure 4.

For check the Performance of Proposed model on the
previous explained datasets, we have trained the different CNN
models then reported the accuracy. Therefore, we have trained
each model over the three datasets. Furhtermore, we have

used various hyper-parameters to fine-tune the model and train

Fig. 4. Six sample images from CK+ database. it on kaggle platform . For FER-2013 dataset the different
algorithms have trained for 50 epochs. For JAFFE and CK+

- The Japanese Female Facial Expression dataset [20] datasets, they have trained for 140 epochs from scratch. For
consists of 213 images of different facial expressions optimisation of our algorithm, we have used Adam optimizer
from 10 different Japanese female subjects. Each subject ~ with a learning rate of 0,001 with weight decay. It takes around

Chadli Bendjedid El-Tarf University - EL TARF - Algeria
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4 hours to train our models on FER dataset. For JAFFE and
CK+, it takes a few minutes (from 5 to 10 minutes) to train a
model since they have much fewer images.

For FER-2013 dataset, we have used around 28,709 images
for train the model, 35,888 for validation, and 3,589 for testing.
At this end, our algorithm is succeed to achieve the best
accuracy through an accuracy rate of around 96.04 %. The
comparison of the result of our model with some of previous
works on FER 2013 are provided in Table I and Figure6.

TABLE I
OBTAINED ACCURACIES ON FER 2013 DATASET

Ne Algorithm Accuracy rate
1 Bag of Words [21] 67.4 %

2 VGG+SVM [22] 66.31%

3 GoogleNet [23] 65.2 %

4 Mollahosseini et al [2] 66.4 %

5 Gabor Wavelets [24] 70.02 %

6 Our algorithm 96.04 %

100.0096

Fig. 6. Obtained Accuracies on FER 2013 dataset.

As shown in the table I, our proposed algorithm realize an
improvement of the accuracy rate by an average of 20.02 %
compared to the other algorithms. This fact is coming due to
the use of multiple enhanced strategies with more number of
levels responsible to ensure more accuracy rate.

For JAFFE dataset we have used 120 images for training,
23 images for validation and 70 images for testing. As result,
our algorithm is succeed to achieve an accuracy rate of around
96.20The comparison with previous works on JAFFE dataset
are shown in Table II as well as in Figure 7.

TABLE II
OBTAINED ACCURACIES ON JAFFE DATASET

N° Algorithm Accuracy rate
1 VGG+SVM [22] 89.02%

2 GoogleNet [23] 91.8 %

3 Mollahosseini et al [2] 95.31 %

4 Gabor Wavelets [24] 92.8 %

5 Our algorithm 96.20 %

As shown in the table II, our proposed algorithm realize
an improvement of the accuracy rate by an average of 4.3 %
compared to the other algorithms.

Chadli Bendjedid El-Tarf University - EL TARF - Algeria

96.20%

Fig. 7. Obtained Accuracies on JAFFE dataset.

For CK+ dataset we use 70% of images for train the model,
10% for validation, and 20% for testing. We were able to
achieve an accuracy rate of around 99.16%. The comparison
of our model with previous works on the extended CK dataset
are shown in Table I and Figure 8.

TABLE 1T
OBTAINED ACCURACIES ON CK+ DATASET

Ne Algorithm Accuracy rate
1 VGG+SVM [22] 95.37%

2 GoogleNet [23] 97.2 %

3 Mollahosseini et al [2] 97.03 %

4 Gabor Wavelets [24] 98.03 %

5 Our algorithm 98.16 %

95, 37%

Fig. 8. Obtained Accuracies on CK+ dataset.

As shown in the table III, our proposed algorithm realize
an improvement of the accuracy rate by an average of 1.25 %
compared to the other algorithms.

V. CONCLUSION

Automatic recognition of human emotions has received in-
creasing interest from computer vision researchers and several
solutions have been proposed in this field. Using deep learning
techniques, we proposed a new framework for recognizing
facial expressions using a convolutional neural network. We
conducted an extensive empirical analysis of our proposed
algorithm on four well-known databases of facial expressions,
which achieved good results and demonstrated good efficiency

Page 7



The 1% International Conference on Autonomous Systems and their Applications (ICASA"22)

and speed in facial expression identification. As a futer work,
we propose to enhance our solution to be applied in 3D images
by integrating more layers with an efficient CNN extension.
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Abstract—In this paper, we present a developed smart system
for tracking and monitoring of special category of people, which
needs a permanent assistance; schoolchildren, Alzheimer patients
and mental deficiency patients. The smart system allows parents
to easily monitor and track them, for ensuring their safety;
based on original algorithms allowing the learning/definition
of safe path/zone. Real-time alerts are sent when the assisted
persons get out of the predefined zones/paths. Besides tracking,
the system includes others indications, such as: steps counter,
speed, body position and falls detection. The proposed system
consists of two parts: An electronic embedded system worn by
the assisted person and a mobile application installed on the
parents Smartphone. Data exchanged between the two parts can
be stored in the cloud and managed for further use. The proposed
solution has been successfully tested within various environments,
and proved its efficiency. The present work is protected by the
patent N 10197, delivered by the national Algerian institute of
the intellectual property.

Index Terms—Embedded Systems ,tracking GPS, falls detec-
tion, Android, remote monitoring, web services.

I. INTRODUCTION

In the last few years, the world witnessed an alarming
number of kids losses and kidnapping, which affect this social
assisted category. The number of confirmed cases of serious
violations against children in has almost tripled from 2010
to 2019 according to the UNICEF report[1]. In Algeria for
instance, the police inspection reveals 887 disappearance cases
of children in 2017. Also, Between January and August 2015,
around 39 girls out of a total of 52 children were kidnapped
and raped by their abductors; some cases were followed by
murder [2]. On the other hand, the burden of mental disorders
like: depression, trouble disorders, dementia.... continues to
grow with significant impacts on health and society (hundreds
millions of patients in the world) [3]. Where, every 3 seconds,
a person in the world develops a dementia. Regarding Algeria

2™ ROUISSAT Mehdi

department of Technology Nour Bachir university center

Elbayadh, Algeria
mehdi.m.rouissati@gmail.com

4 BOUZIANI Merahi

department of Electronics university of djillali liabes
Sidi Bel Abbe's, Algeria
bouzi.mera(@gmail.com

for example, nearly 200,000 Alzheimer’s cases have been
identified nationwide between 2017 and 2018 [4]. The above
mentioned statistics encouraged and pushed researchers to
find solutions to make the lives of those assisted people
easier, like developing smart wearable systems involving re-
cent technologies (microchips, IoT, RFID....etc.), in order
to assist these social categories. The smart wearable systems
allow assisted persons to safely circulate and normally achieve
their daily tasks, even when they are far away from their
parents. Also, via these solutions, parents can be relieved
and remotely track their assisted persons having all details
about their movements and heath states. With the evolution of
smart embedded-systems, ICTs (information and communica-
tions technology), sensor technologies, and the rapid growth
of mobile telecommunications systems (GPS, 5G...etc), the
remote monitoring and the help of the assisted persons
like elderly, mental deficiency patients and schoolchildren
becomes a challenge facing researchers and developers. In
the research domain, various solutions have been proposed
for monitoring and assisting elderly and schoolchildren. In
[5], authors proposed a remote health monitoring solution
to efficiently transmit the patient ECG (Electrocardiogram)
using a home gateway and a web server for data collect.
Collected data, can be used for further management of the
patient healthcare. Authors In [6], presented another wearable
solution to record the patient breathing rate and the frequency
of coughing for COPD (Chronic obstructive pulmonary disease
patients). Researchers have proposed other global solutions
for schoolchildren transportation. In [7], authors proposed a
design of a GPS tracking solution for schoolchildren buses,
based on RFID tags to identify schoolchildren where they are
in the school bus. Other kids GPS trackers are proposed in
the industry like smart watches, Smartphone Apps and so on.

Chadli Bendjedid El-Tarf University - EL TARF - Algeria
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However, these proposed devices are not smart enough, and are
dedicated for a common use and they are not fully personalized
for special cases. Notifications and alerts sent by the wearable
systems in the case for schoolchildren are much different from
those sent in the case of elderly or a mental patient device.
Moreover, schoolchildren are facing kidnapping and violence
acts when they frequent their schools. Alzheimer and mental
patients can easily get lost when they are far away from their
familiar environment, or when they take means of transport.
In addition, data collected by the wearable system should
be efficient and reliable, in order to avoid false alerts, and
efficiently report the assisted person real state (true falls, smart
path learning, path deviation detection). To do so, a smart
monitoring and tracking system should implement a smart
algorithms for each use case. A recent study results [8], depicts
that the implementation of a personalized smart monitoring
system with the use of statistical data analysis and data
mining systems allow providing efficient healthcare systems,
to prevent some catastrophic cases (losses, deaths...etc.),
which make the realization of an adequate solution a very big
challenge. The rest of the paper is organized as follows: we
first describe the modeling and materials used to implement
our system. After that, we describe the main functionalities
and features, illustrated by implemented algorithms. Finally,
we discuss the functionalities and we conclude the paper.

II. METHODS AND MATERIALS

The main objective of the proposed smart system is to
efficiently track and monitor the assisted persons. The system
consists of two main parts: * A Smart wearable device attached
to a belt carried by the assisted person. We opted for a belt
to dissimulate the embedded device and avoid disturbing the
assisted person. The device contains a set of sensors in order to
collect a set parameters for deciding about the assisted person
state. The device allows various options, depending on the
monitored person, like: falls detection, steps counting, alerts
notifications and response to the parent’s requests. In addition,
it implements original developed algorithms for path tracking.
* An Android Application installed in the parent Smartphone,
multilingual and easy-to-use, intended to receive alerts from
the smart wearable device and send request for requesting the
assisted person state.

A. Functional description

The smart aspect of the proposed solution resides in the
personal customization and the efficiency of alert notifications,
in order to avoid false alerts. This is achieved by implementing
algorithms which allow a maximum of precision, when di-
verting the initial defined path. Fig.1. illustrates the functional
scheme of the proposed solution. It also depicts all the features
of the system and options for tracking and monitoring. The
main supervised parameters are:

o Localization (GPS coordinates)

o Predefined path/zone deviation

o Over speed detection, when taking a transportation mean

(vehicle, bus,...etc.) kidnapping case

Sz devioe
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Fig. 1. General description of the smart system

o Falls detection of patient or elderly,

o Body position, (standing, sitting...etc),

« Pedometer, steps counting, to estimate the activity level
of the elderly

« Heartbeat measurement

« Belt opening,

o Smart device low-battery level.

« Manual notification in case of danger, (SOS button),

« Remote voice monitoring

The modeling process is very important in each complex
project, especially when combining both the hardware and
the software in the same solution. With UML (Universal
Modeling Language), it’s easy to present a visual description
of the system and the interactions between all its actors. In
addition, UML allows us to efficiently follow the modeling
process, starting from the requirement analysis phase to the
system final implementation phase [9]. ARGO UML [10] is
an open-source software, UML based, we used it to build all
system scenarios and description diagrams. In this paper, we
simply present the two main UML diagrams to describe the
system modeling process for the schoolchildren case. Fig.2.A.
illustrates the use case diagram which details all operations
made be actors (Parent and assisted person) within the system.
After this diagram, we can easily illustrate all system classes’
attributes and operations which should be developed, software
or hardware, explained by fig.2.B. The mental deficiency and
Alzheimer patients cases follow the same modeling process, by
including other parameters (Steps number counting, heartbeat
measurement. . . etc.) and falls detection.

B. System Modeling
C. Wearable device Architecture

“Fig. 3” illustrates the block diagram of the smart device
worn by the assisted person. It contains the following compo-
nents: * An Atmega 2560 microcontroller [11], for connecting
all sensors and communication modules (GPS/GSM). It rep-
resents the system brain. « The SD card is a simple 128 Mo
card for path coordinates storage and other useful information
for the system. « A NEO-6M GPS module [12], for the
acquisition of the current GPS positions of the assisted person.
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Fig. 3. Schoolchildren UML Class Diagram

This is essential for tracking and detecting safe Path/zone
deviation. « A SIM 8001 GSM/GPRS module [13], for sending
alerts to the android application and receiving requests from
the assisted person parent. It is also used for sending GPS
coordinates via the cloud for the real time tracking. * A
6-Axis Gyro/accelerometer MPU-6050 sensor [14], for falls
detection and steps counting. * A BMP 280 pressure sensor
[15], for the pressure measurement. The information gathered
from this sensor will be used along with that of the MPU-
6050 for efficiently decide about the falls. « A SOS button,
allowing the assisted person to immediately alert the parent
when facing a danger. * A Manual path/zone learning button.
This button allows parents to manually register a regular safe
path (a set of GPS coordinates). The stored path will be used
as reference for determining the path/zone deviation. * A reset
button for resetting the device. « The device is equipped with
a magnetic field sensor for alerting parents when the device is
detached from the belt. « The device is battery-powered. So,
it is equipped with a voltage indicator which measures how
much energy has left and sends an alert to the parent when
the battery-level becomes low.

D. “Smart Tracker” Android Mobile Application

The developed android application is part of the smart
system. It is installed in the parent Smartphone. It receives

s GSMIGERS sD
Beset
Accelerom
efer Sensor Microcontroller 208
Henribent Seeor Bution

Fig. 4. Bloc Diagram of the Smart device

alerts sent by the smart device and allows the parent to
easily monitor and track the assisted person. The application

T ki

ao.ot B
B i Sm r‘t
Y trac

Welcome to Smart Tracker
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m l’-‘::-si:.puml\g Tracking
Goout

Fig. 5. Smart Tracker interface and options

is named “Smart Tracker” and was designed and developed
using Android Studio platform [16]. “Smart tracker” works
in a standalone mode and it can connect to the cloud for
storing all notifications, alerts and positions received from the
smart device. This option seems very important for performing
statistics about the assisted person status and activity. This
also allows parents or medical staff to follow the health status
evolution of the mental deficiency or Alzheimer patients (falls
number, activity level, frequented zones or paths...). Fig.4.
illustrates the interface and options offered by “Smart tracker”.
The offered options by the application are:

o Account creation to sign-up for authorized persons.

o Multilingual interface (Arabic, English, French)

« Request for the current position of the assisted person
tem Real-time tracking through a map, the map tracking
is performed in an offline mode, with no need of internet
connection.
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o Customized display when receiving SMS notifications
and alerts

o Alert triggering and customized ringing for SOS case.

o Acknowledgment of alerts and notifications. This allows
the smart device, in case of emergency, to send alerts to
another phone number stored in its phonebook when no
acknowledgment is received from the parent Smartphone.

In addition, the web server contains the PHP files and MySQL
database, developed in order to process data received from the
device. Data retrieved are then displayed and managed by the
endusers (i.e parents, medical staff...etc.).

III. RESULTS AND DISCUSSIONS

In this section, we explain our proposed algorithms, imple-
mented for the safe path definition and deviation detection,
in the case of schoolchildren. A path is defined by a set of
GPS coordinates which represents the main points like: cross-
roads, turns, pedestrian crossings...etc. Each point defines a
predefined virtual zone. The path is then formed by a set of
juxtaposed circles (zones). Once the path is defined, the device
calculates and stores distances and estimated times between
each two successive points. The device is equipped with a 3
selector buttons to select the path learning method:

o Manual path learning: in this method, the parent manually
selects the GPS coordinates belonging to the safe path.

o Automatic path learning (based on the distance): the
device stores a GPS coordinate each 30m.

o Automatic path learning (based on time): the device
stores a GPS coordinate each 30 seconds.

After setting a safe path, the smart device, by using the algo-
rithm illustrated in Fig.5, can easily monitor the schoolchild
moves from home until he reaches his school. Two main
parameters are taking into account when the schoolchild moves
from one point to another which are time and distance. A path
can be determined by the formula (1)

n
Path = U P, (1)
i=2
Where P; represents a set of important point defining a path
(crossroad, pedestrian...) ig.6. illustrates a practical case to
clearly explain the path deviation detection algorithm process-
ing. At first, we define all points defining the path:

o Point 1: Defines the schoolchild home
« Point2: Represents the 1st crossroad

« Point 3: Represents the 2nd crossroad
« Point 4: Represents the 3rd crossroad
o Point 5: Is the schoolchild school

From this, we can easily calculate distances between each two
successive points, using haversine formula [17][18]. If we have
two successive points Pi (Lati, Longi), Pi+1 (Lati+1 , Long
i+1 ), the distance D i , is then calculated by the following
formula:

D;=2%«Rxa 2

Switch-on the device

Chronomaelar Activation
start the procass

tima <= time (n}

')4 send an Alarl

| MN=n+ | < Ra-varify the lime >(
A A

Mo

{ The N point 1= reached ]

Fig. 6. path deviation detection Algorithm

Where :

a = arcsinV sin2b 3)

Lat;Lat; 41
- { 3 T

cos(Lat;) * cos(Lati+1) * sinQ(ilmgi*L;"g”l)

o R: is the radius of earth (R= 6371 km)

« D1: Distance between the house and the point2
« D2: Distance between the point 2 and point 3
« D3 :Distance between point 3 and point 4

« D4: Distance between point 4 and the school

Where the distance can be determined by Knowing that the
mean pedestrian speed is about 4km/h, we can also calculate
the time spent by the schoolchild between each predefined
points:

o T1: Time spent to walk D1

o T2: Time spent to walk D2

o T3: Time spent to walk D3

o T4: Time spent to walk D4

When the schoolchild comes out of the house, the smart
device starts the calculation of the distance between the device
and P2 (point 2). This distance is named Dactual and the
elapsed time is Tactual
e if Deyrrent > D1 that means the schoolchild has taken the
opposite direction or another path then the predefined one. An
alert is sent to the parent,

o if Toyrrent > 11 + 10s , an alert is sent to the parent,

e if Deyrrent < 10m we consider that P2 is reached. If P; is
reached, then the device calculates the distance between itself
and P5 .

* if Dyetuar > Do, this means that the schoolchild has taken
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the opposite direction or another path then the predefined one.
An alert is sent to the parent,

o if Tyetuar > 1o + 10s , an alert is sent to the parent,

e if Dyctuar < 10m , we consider that P3 is reached.

This routine is repeated based on the number of points defining
the safe path, until the schoolchild reaches the final destination.
In addition, the parent can at any time track his child, by
requesting the device current location. For this option, the
android application communicates primarily with the smart
device via the cloud for receiving data about the GPS coordi-
nates of the assisted person in movement. The received data
is then converted and displayed on a map which indicates
graphically, the real-time movement of the assisted person.
As discussed earlier, the alert notifications are fully cus-
tomized,depending on their potential severity. For each alert,
an SMS notification is received, defining the nature of the alert
and describing its details.

IV. CONCLUTION

In this paper, we presented the design and the development
of a smart solution for assisting the parents of schoolchildren,
mental deficiency and Alzheimer. The solution is a wearable
device worn by the assisted person and an android application
installed in the parent Smartphone.

The solution implements the newer embedded-systems and
ICT technologies. It is fully customized for special cases
and implements original tested efficient algorithms for path
learning and alert notifications. The system has been tested
and proved its efficiency.

Data gathered by the system and stored in the cloud, could be
used by parents and medical staff monitors for further statistics
management and monitoring of the assisted person status and
health.
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Abstract—While climate change is inciting calamitous impacts
across the world, wind energy brings forward a germane alter-
native to well-known hydrocarbon-based fuels for lessening the
global greenhouse gas releases. Economic success is a decisive
facet of carbon offsetting of electricity generation trades as
suggested by the Paris pact of 2015. The current research work
insinuates to improve the annual profit of wind farms in the
Kayathar area of India. A pioneering modification of the Genetic
Algorithm has been proposed. An innovative dynamic scheme
for assigning the crossover and mutation possibilities has been
put into operation to augment the regarded goal. A reliable air-
stream movement configuration has been appointed for calcu-
lating the annual profit. The research conclusions corroborate
the beneficial competence of the projected state-of-the-art tactic
for expanding the economic possibility of wind farms with three
arbitrarily selected landscape conditions.

Index Terms—Artificial Intelligence, Genetic Algorithm, Meta-
heuristic, Profit Enhancement, Wind Power.

I. INTRODUCTION

Consumption of power is viewed as one of the numerous
decisive aspects of the financial development of every con-
temporary state. While the worldwide electricity generation
developed from 8794 Mtoe in 1990 to 14410 Mtoe in 2019
with strengthening of commercial events, the traditional energy
generation resources are expending at an exceptional rapidity
[1].

The persistent discharge of greenhouse gases because of
industrial actions is mounting air temperature and setting
off atypical climate change universally [2]. Strikingly, the
appliance of renewable power rocketed by 3% in 2020, even
though the necessity of hydrocarbon-based fuels weakened for
pandemic-linked travel controls [3].

In addition to marginal emission gain, non-conventional
power resources like wind power are necessitated to remain
justifiable through proposing reasonable generation expen-
diture [4]. The expense of generating power from the air
has contracted radically over the preceding decades trans-
nationally [5].

Researchers are determinedly making a great effort to
boost the cost-efficiency of wind farms to help out nations
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in achieving their emission curbing aspirations as swiftly as
attainable [6].

Artificial Intelligence (Al)-assisted meta-heuristic ap-
proaches like Genetic Algorithm (GA) have been employed for
a wind farm at the Gokgeada island [7]. GA and Neural Net-
work (NN) have been applied simultaneously in another study
for wind power analysis [8]. An NN-empowered technique in
the company of Swarm Optimization Algorithm (SOA) and
GA has been suggested for the wind power prognostication

[9].

SOA and GA have been utilized concurrently for wind
power expenditure minimization [10]. Comparative scrutiny
of GA and SOA has been presented to curtail wind power
expenditures [11].

Even though the most research works were directed toward
lessening the wind power expenditure, further attention is
to be engaged in the direction of broadening the possibility
of financial permanence for wind energy organizations for
achieving the 2015 Paris accord assurances made by numerous
governments and intercontinental alliances.

This research proposes to accomplish superior annual profit
at an Indian wind energy generation location with two arbi-
trarily chosen territory situations.

On account of the complications of the wind power genera-
tion process, outdated optimization tactics are inept to function
under such settings.

Al-stimulated meta-heuristic methods have been previously
applied in various engineering fields for their adaptability and
prompt computation potency [12]-[24].

GA is a distinguished Al-supported meta-heuristic proce-
dure representing the advancement of biotic predilection and
obeying the plan of notable discoverer Alan Turing [25]-[27].

GA has been engaged in the present study to maximize the
annual profit of a wind farm.
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II. PROBLEM STATEMENT
A. Objective Formulation

The power generated by a wind turbine can be estimated as
follows. 1

Pr = épairA'lgstetz cos 3 (D

where Pr signifies the generated wind energy, p,;, stands for
the density of the air-stream, A is the swept area, v denotes
the wind speed, Cper, symbolizes the Betz factor and 5 shows
the angular error of yaw mechanism [11], [28].

The current research is targeted at strengthening the annual
profit of a wind farm in the Kayathar area of India. The goal
function can be calculated as follows.

fannual = [SP - GP] X Pyearly (2)

where fu,nuaqr signifies the yearly profit, Sp is the marketing
value per unit of wind power, Gp symbolizes the generation
cost per unit of wind energy and P,y is the wind power
generated yearly.

The generation expenditure of wind power has been cal-
culated as per the cost function recommended by Wilson et
al. [29]. In this research work, the wind energy generation
capacity of Kayathar, a town in the Indian state of Tamil Nadu,
has been deemed.

The wind-flow form of Jafrabad city has been offered in
Fig.1.

45
40
35
30
25
20
15

10
5
, 11 I I
IS LIS
SESF P e g e S iSess
Mean Wind Speed (m/s) =Percentage of Occurence (%)

Fig. 1. Air Flow Pattern of Kayathar, Tamil Nadu

B. Terrain Condition

Three randomly selected layout settings have been elected
for estimating the annual profit of Wind Power Generation
(WPG) System. One of the layouts is with no obstacle and
other two layouts have obstacles within their boundaries.

The presence of obstacles has been considered to evaluate
its influence on the feasibility of the WPG farm and expand
the practicability of the proposed scientific model.

Though the layouts chosen for the current research are
square, they can be easily transformed into any rectangular
shape consistent with the requirement of the design engineers.

The landscape conditions have been explicitly presented in
Figs. 2-4.
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Fig. 2. Layout 1 without Obstacle

Fig. 3. Layout 2 with One Obstacle of 1000 m x 1000 m

Fig. 4. Layout 2 with Two Obstacles of 1000 m x 1000 m
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III. OPTIMIZATION ALGORITHM

GA has been employed in the current research work to
assess the optimal annual profit of the WPG farm at Kayathar
for three different topography conditions.

The algorithm has been concisely offered as follows [12].

1) Establish the basic parameters of GA.

2) Prepare the populace randomly.

3) Calculate the aptness of all individual entities.

4) Accomplish the arithmetic crossover tactic as follows.

a) Pick out a fractional value randomly between 0 and
1. If it is less than the factor of the crossover tactic,
select it as the parental chromosome.

b) Set off the crossover activity.

c) Review the appropriateness of the pro-genies.

d) If the successor is practicable, combine it into the
newest populace.

5) Complete the mutation tactic as follows.

a) Pick out a fractional value randomly between 0 and
1. If it is less than the factor of the crossover tactic,
select it for mutation.

b) Set off the mutation activity.

c) Evaluate the aptness of the mutated entity.

d) If the mutated entity is viable, integrate it into the
newest populace.

6) Compute the fitness of the fresh entities formed by

crossover and mutation processes.

7) Elect the finest solution following the choice of the

decision-maker.

Accompanied by the well-known method of assigning con-
stant values, this research work has engaged a novel dynamic
process for allocating the factors of crossover and mutation.

The dynamic crossover factor has been computed as follows.

R (1/11)
Cdynamic = Cu + (Cu - Cl) <m> (3)
Rhighest

where ciynamic denotes the dynamic crossover factor. c,, and

c; signify the limits of the crossover factor. R, stands for

the current recurrence count and Rpignes; is the maximum
repetition limit.

The dynamic mutation factor has been calculated as follows.

(1/11)
R,
> 4

Mdynamic = My + (mu - ml) (R
highest

where mgynamic denotes the growing mutation factor. m,, and
m, stand for the bounds of the mutation factor.

I'V. RESULTS AND DISCUSSION

Meta-heuristic approaches have been involved considerably
in wind farm layout optimization [18]-[26].

The purpose of the current research is to boost the annual
profit of the wind farm at Kayathar with a novel bio-enthused
meta-heuristic technique.

The yearly profit of the wind farm at Kayathar has been
calculated in US$. The selling value of wind energy has been
considered as US$ 0.033/kWh [30].

In collaboration with the innovative dynamic method, the
standard static assignment tactic for crossover and mutation
possibilities has been deemed to calculate comparative com-
petence.

The values of numerous limits allied to the considered
optimization process have been presented in Table 1.

TABLE I
VALUES OF SEVERAL FACTORS ASSOCIATED WITH THE PROPOSED
META-HEURISTIC PROCESS

Factor Value
Cu 0.4
Cc 0.3
My 0.04
my 0.03
Populace Size 20
Highest Generation Count 50
Constant Crossover Factor 0.4
Constant Mutation Factor 0.04
Rated Power of Wind Turbine 1500 kW
Blade Radius 385 m
Inter-Turbine Gap 308 m
Minimum Operational Air Flow Speed 12 km/hr
Maximum Operational Air Flow Speed 72 km/hr
Purchasing Price per Turbine USD 750,000
Expenditure per Sub-Station USD 8,000,000
Yearly Operational Charge USD 20,000
Interest 3%
Anticipated Operational Life of Wind Turbine 20 years
Count of Turbines per Sub-Station 30

The optimal locations of Wind Turbines (WTs) for all
layouts using both techniques for assigning the factors of
crossover and mutation processes of GA have been presented
in Figs. 5-10.

The optimization algorithms have been planned to avoid
locating any WT within the bounds of the obstacle.

The positions of WTs have been marked with red circular
dots.
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Fig. 5. Optimal Placement of WTs for Layout 1 by the Novel Dynamic
Approach for Allocating the Factors of Crossover and Mutation Processes of
GA
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Fig. 6. Optimal Placement of WTs for Layout 1 by the Standard Static
Approach for Allocating the Factors of Crossover and Mutation Processes of
GA
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Fig. 7. Optimal Placement of WTs for Layout 2 by the Novel Dynamic
Approach for Allocating the Factors of Crossover and Mutation Processes of
GA
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Fig. 8. Optimal Placement of WTs for Layout 2 by the Standard Static
Approach for Allocating the Factors of Crossover and Mutation Processes of
GA
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Fig. 9. Optimal Placement of WTs for Layout 3 Engaging the Novel Dynamic
Approach for Allocating the Factors of Crossover and Mutation Processes of
GA
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Fig. 10. Optimal Placement of WTs for Layout 3 Engaging the Standard Static
Approach for Allocating the Factors of Crossover and Mutation Processes of
GA

A relative analysis of the optimal yearly profits achieved
by both methods of allocating the factors of crossover and
mutation techniques of GA for all three layout designs have
been offered in Table 2.

The annual profit for each layout has been computed by Eq.
(2) and the generation cost of wind energy has been calculated
as per Wilson et al. [29].

TABLE 11
ANALYSIS OF OPTIMAL YEARLY PROFITS FOR THREE CONSIDERED
LAYOUT SETTINGS ACHIEVED BY BOTH APPROACHES OF ALLOCATING
THE CROSSOVER AND MUTATION FACTORS OF GA

Optimization Tactic Layout 1 Layout 2 Layout 3
Standard Static US$ 26,905 | USS$ 26,101 | US$ 24,186
Novel Dynamic US$ 27,236 | US$ 26,222 | US$ 24,659
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A comparative analysis of the optimal number of WTs
achieved by both methods of allocating the factors of crossover
and mutation techniques of GA for all three layout designs
have been offered in Table 3 .

TABLE III
ANALYSIS OF OPTIMAL NUMBER OF TURBINES FOR THREE CONSIDERED
LAYOUT SETTINGS ACHIEVED BY BOTH APPROACHES OF ALLOCATING
THE CROSSOVER AND MUTATION FACTORS OF GA

Optimization Process | Layout 1 | Layout 2 | Layout 3
Standard Static 124 129 109
Novel Dynamic 135 126 118

The research solutions confirm the superiority of the pro-
posed innovative dynamic method of allocating crossover and
mutation probabilities over the recognized static approach for
both layouts as it realized the greater yearly profit.

As the initial investment of WPG farm is quite high,
the proposed optimization technique can help it gain better
financial viability.

The improved fiscal stability of the WPG system can
support the curtailment of greenhouse gas release for the power
generation industries [31].

V. CONCLUSION

Climate change is distressing human societies universally.
Soaring sea levels, deviant meteorological settings, and the
persistent upsurge in surface air temperature are causing
immense loss of exquisite natural resources and human lives
everywhere in the world.

International organizations like the United Nation are re-
lentlessly making a great effort in the course of cutting down
the greenhouse gas production by the efficient utilization
of renewable power generation methods like wind power as
envisioned by the Paris accord of 2015 and the COP-26 held
in Glasgow.

This study purposes for expanding the yearly profit of the
wind farm in the Kayathar region of Tamil Nadu, India with
an innovative dynamic approach for allotting the crossover and
mutation factors of GA.

The optimization trial conclusions ratify the enhanced suit-
ability of the pioneering dynamic technique over the typical
static method for enhancing the wind farm design with the
highest yearly profit.

The proposed procedure can assist wind farm businesses
to design a realistically practical WPG system with an actual
consideration of numerous cost-allied features and flexible air-
stream conditions.

The present research work can trigger the inventive pos-
sibility for wind farm layout enhancement and permit the
de-carbonization of the international electricity generation
businesses.

In future studies, different WPG sites and WTs can be
considered for the enhanced perception of WPG trades.
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Abstract— The main objective of autonomous mobile
robotics is to construct physical systems able to move
intentionally and human intervention free in dynamic
environments — that is, in real-world conditions that have not
been particularly contrived for the robot. The evolution of
methods for autonomous robot navigation constitutes one of
the significant directions in the current research involving
robotics. In this paper, we will be viewing those methods. Our
approach today concentrates on the navigation of a robot from
point A to point B in an environment with obstacles using
particle swarm optimization. The trajectories achievable by the
robot follow the pre-established path while bypassing both
mobile and fixed obstacles. These obstacles are added to test
the robots' ability to avoid, recalculate and alter their position
in real-time to better test their efficiency and performance. this
study has been implemented and conducted under different
conditions.

Keywords— PSO, Navigation, Autonomous mobile robot,
Obstacles avoidance

[. INTRODUCTION

The main objective of autonomous mobile robotics is to
construct physical systems able to move intentionally and
human intervention free in dynamic environments — that is,
in real-world conditions that have not been particularly
contrived for the robot. The evolution of methods for
autonomous robot navigation constitutes one of the
significant directions in the current researches involving
robotics. This trend is inspired by the existing gap between
the available technology and the new application demands.
On one side, current industrial robots lack flexibility and
autonomy: typically, these robots conduct pre-programmed
series of processes in highly constrained circumstances, and
unable to function in new environments or to face
unpredictable situations. On the other, there is a clear
emerging market for truly autonomous robots. Potential
applications include intelligent service robots for offices,
hospitals, and factory floors; maintenance robots operating in
hazardous or hardly accessible areas; domestic robots for
cleaning or entertainment; semi-autonomous vehicles for
help to disabled people; and many more.

II. RELATED WORK

A. Fuzzy Logic Technique for Mobile Robot Navigation

The notion of fuzzy logic was introduced by Zadeh [16],
which is broadly applied in multiple engineering applications
such as mobile robotics, image processing, etc. This
technique has a vital role in the domain of mobile robots.
The fuzzy logic approach has been successfully applied by
numerous researchers to maintain the position and direction
of mobile robots in the environment. Ren et al. [17] have
worked on an intelligent fuzzy logic controller to determine
the navigation issue of wheeled mobile robots in a strange
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and constantly changing environment. Fuzzy logic systems
take inspiration from human reasoning, which functions
based on perception. In [18], the authors have demonstrated
the Gradient method based on optimal Takagi-Sugeno fuzzy
controller to adjust the membership function parameters and
applied it to mobile robot navigation and obstacle avoidance.
Qing-Yong et al. [19] introduced the behavior-based fuzzy
architecture for mobile robot navigation in unknown
environments. They have created four essential behaviors:
goal-seeking behavior, obstacle avoidance behavior, tracking
behavior, etc. for mobile robot navigation and experimented
with them in different simulation conditions. The eight rule-
based fuzzy controllers have been developed by Boubertakh
et al. [20] for obstacle avoidance and goal searching conduct
of the mobile robot. Muthu et al. [21] have proposed the
fuzzy logic controller based on the Atmega microcontroller
for the wheeled mobile robot. The controller they suggested
trains the mobile robot to navigate in an environment without
any human intervention. The controller acquires inputs
(obstacle distance) from the collection of sensors to control
the right and left motors of the mobile robot.

[31-32] discussed the sensor-based mobile robot
navigation in an indoor environment using a fuzzy logic
controller. Wu et al. [33] have worked on sensor-based
mobile robot navigation in a restricted environment
employing fuzzy controllers and genetic algorithms. the fuzzy
controller supplies the initial membership function and the
genetic algorithm selects the most satisfactory membership
value to optimize the fuzzy controller for mobile robot
navigation. Obstacle avoidance is significantly necessary for
the successful navigation of autonomous mobile robots.
Samsudin et al. [34] have united the reinforcement learning
method and genetic algorithm to optimize the fuzzy controller
for enhancing its execution when the mobile robot proceeds
in an unfamiliar environment. for more complicated
environments, Beom and Cho [35] demonstrated the Fuzzy
reinforcement learning sensor-based mobile robot navigation.
Pradhan et al. [36] have operated a fuzzy logic controller with
various membership functions for the navigation of a
thousand robots in a completely strange environment. The
authors have conducted a comparison of the implementation
of different membership functions such as triangular,
trapezoidal, and Gaussian for mobile robot navigation and
concluded that the Gaussian membership function is more
efficient for navigation. In [37], the authors have combined
the fuzzy genetic algorithm to answer the path planning and
control problem of autonomous mobile robot (AMR) using
ultrasonic range finder sensor information. Farooq et al. [38]
have exemplified a comparative study between the zero-order
Takagi-Sugeno and Mamdani-type fuzzy logic models for
mobile robot navigation and obstacle avoidance. Inputs
(obstacle distance) are sent to both the controllers from the
left and right ultrasonic sensors to maintain the left and right
speeds of the engines of the mobile robot. While conducting
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the comparative study, the authors have discovered that in
terms of smoothness Mamdani-type fuzzy model delivers
better results. On the other hand, the Takagi-Sugeno fuzzy
model takes less memory space in the real-time
microcontroller performance.

B. Neural Network Technique for Mobile Robot Navigation

The neural network is one of the significant methods for
mobile robot navigation. This neural network technique is
inspired by the human brain, which is being applied by
multiple researchers in various domains to name a few signal
and image processing, pattern recognition, mobile robot path
planning, business, etc. Zou et al. [52] have demonstrated the
literature survey of neural networks and its applications in
mobile robotics. In [53], the authors have integrated the
multi-layer feed-forward artificial neural network with the Q-
reinforcement learning method to form a robust path-
planning algorithm for the mobile robot. Rai & Rai [54] have
developed the Arduino Uno microcontroller-based DC motor
speed control system with the Multilayer neural network
controller and Proportional Integral Derivative (PID)
controller. Patino & Carelli [55] used neural network
architecture to design the automatic steering controller for a
mobile vehicle. Yang & Meng [56] in order to generate a
collision-free path in a nonstationary environment, applied
the biologically inspired neural network. A biologically
motivated neural network-based wall-following mobile robot
has been given by Nichols et al. [57]. Online path planning
between unknown obstacles in the environment is an
intriguing issue in the area of mobile robotics. Motlagh et al.
[58] applied neural networks and reinforcement learning to
find the target seeking and obstacle avoidance behaviors.
Mobile robot navigation using a hybrid neural network has
been handled by Gavrilov & Lee [59]. Singh & Parhi [60]
were the minds behind a multilayer feed-forward neural
network, which basically controls the steering angle of the
robot autonomously in both static and dynamic
environments. the four-layered neural network has various
obstacle distances as inputs, and the outputs are the steering
angles. Real-time collision-free path planning becomes even
more challenging when the robot is in a dynamic and
unstructured environment.

C. Genetic Algorithm for Mobile Robot Navigation

Ghorbani et al. [13] have found a solution to the global
path planning issue of a mobile robot in a complicated
environment with the help of the genetic algorithm approach.
Elshamli et al. [92] have offered a genetic algorithm strategy
for solving the path planning problem of a mobile robot in
static and dynamic environments. Mohanta et al. [93] have
created the Petri-GA method to optimize the navigation path
length of numerous mobile robots in a disorganized
environment. Kubota et al. [94] have put the fuzzy controller
to use in order to guide the mobile robot in a static and
dynamic environment, and the established genetic algorithms
(GAs) are merged with it, to optimize the navigation course
length. Tuncer & Yildirim [95] have suggested a new
mutation operator for a genetic algorithm (GA) and involved
it in mobile robot navigation in dynamic environments.
furthermore, the authors have tested the developed method in
miscellaneous simulation environments and conducted a
comparison between it and traditional GA processes and
noted that their developed mutation operator-based GA
serves better than traditional GA. In [96], the authors have
designed a genetic algorithm to pick the best membership
parameters from the fuzzy inference system and executed it
to handle the steering angle of a mobile robot in a partially
unknown environment. Hu et al. [97] have developed a

knowledge-based genetic algorithm for mobile robot
navigation between U-shaped obstacles and maze
environments.

Liu et al. [98] have presented the optimal path planning
technique for a mobile robot using fuzzy logic and genetic
algorithm. The fuzzy controllers are applied to modify the
moving direction of the mobile robot according to the
obstacle distance received from the sensors, and genetic
algorithm is used to adjust and tune membership function
and rules. Improved genetic algorithm based mobile robot
navigation has been proposed by Li et al. [99]. The authors
have done many simulation tests in the both static and
dynamic environments to show the effectiveness of the
proposed algorithm. Qu et al. [100] have developed the
improved genetic algorithm instead of a conventional genetic
algorithm for global path planning of the multiple mobile
robots. The advantages of the improved genetic algorithm
are capable of guiding the mobile robots efficiently from the
starting node to end node without any collision in the
environment. In [101], the authors have implemented
Genetic-Fuzzy Controller (GAFLC) to optimize and tune the
Gaussian membership function parameters for mobile robot
motion control. Castillo et al. [102] have designed Multiple
Objective Genetic Algorithm (MOGA) for navigation path
optimization of the mobile robot. Arora et al. [103] have
presented the single fitness based genetic algorithm for
solving the navigation problem in the dynamic
environments.

D. Particle Swarm Optimization Algorithm for Mobile
Robot Navigation

Particle swarm optimization (PSO) is a population-based
stochastic algorithm, which takes motivation from the social
conduct of bird flocks. PSO algorithm is used to find an
optimal or near-optimal solution to the problem using the
fitness function f(x) = f(x1,x2,x3,........... ,xi) where xi is a
population of the particles. Ahmadzadeh & Ghanavati [1]
have demonstrated a navigation method for numerous mobile
robots based on the PSO algorithm. In every iteration, these
robots proceed according to the global best (g-best) position
of a particle. To set an optimal intelligent regulator for a self-
reliant wheeled mobile robot, Castillo et al. [2] have
developed the hybridization of an Ant Colony Optimization
(ACO) algorithm and the Particle Swarm Optimization (PSO)
algorithm to optimize the membership function of a fuzzy
controller. Zhang et al. [3] have suggested the Multi-
Objective Particle Swarm Optimization Algorithm (MOPSO)
with the main purpose being to search for a collision-free
path in an undetermined dynamic environment. Zhang & Li
[4]present an unexplored objective function for mobile robot
navigation using PSO. This function operates based on the
position of both the obstacles and the target in the
environment. Raja & Pugazhenthi [5] successfully put the
PSO algorithm in use to optimize the travel time of the
mobile robot in dynamic environments. This algorithm -in
every iteration- randomly searches for the viable pathway in
the environment. Masehian & Sedighizadeh [6] have
determined the motion planning issue of the mobile robot by
using multi-objective PSO.

Wong et al. [7] developed the optimal fuzzy controller
based on the PSO to define the accelerations of the left-
wheeled motor and right-wheeled motor of a mobile robot
with differential drive. A specialized particle swarm
optimization algorithm has been proposed by Li et al. [8] for
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global optimum path planning of mobile robots. The authors
have performed numerous simulation trials in both simple
and complicated environments to display the effectiveness of
the presented algorithm. Huang [9] worked on the designing
the Parallel Met heuristic Particle Swarm Optimization
(PPSO) algorithm to resolve the global path planning
problem of an autonomous mobile robot. The author has
executed this PPSO algorithm in real-time using the field-
programmable gate array (FPGA) chip. Chung et al. [10]
have worked on PSO and fuzzy-based combinatorial
algorithms for a mobile robot's intelligent navigation
architecture. The PSO algorithm is applied so that the robot
escapes from dead-end situations, and the fuzzy algorithm
controls the turning angle of a wheeled mobile robot during
navigation and obstacle avoidance. Shiltagh & Jalal [11]
have researched the application of Modified Particle Swarm
Optimization (MPSO) in the domain of mobile robotics to
define the shortest possible route from the starting point to
the ending in an environment filled with obstacles. The
advanced altered PSO improves the intersection rate of the
algorithms. Chatterjee & Matsuno [12] have solved the
Simultaneous Localization and Mapping (SLAM) issue of
mobile robots or vehicles using modified PSO and fuzzy
evolutionary algorithms.

Juang & Chang [13] have shown an evolutionary-group-
based particle swarm-optimization (EGPSO) for an
automatic understanding of fuzzy systems for mobile robot
navigation or wall-following control in strange
environments. In [14], the writers have altered the robot path
planning situation to the minimization problem and prepared
a fitness function established on the location of the target and
obstacles in the environment. Allawi & Abdalla [15] have
submitted the sensor-based PSO-fuzzy type-2 model for the
navigation of numerous mobile robots. They have utilized
the PSO algorithm to select the optimal input/output
membership function parameters and rules for the fuzzy
type-2 controller.

1. METHODOLOGIES

A. How it works

PSO is a robust stochastic optimization technique based on
the movement and intelligence of swarms. PSO applies the
concept of social interaction to problem solving. It uses a
number of agents (particles) that constitute a swarm moving
around in the search space looking for the best solution.
Each particle is treated as a point in a N-dimensional space
which adjusts its “flying” according to its own flying
experience as well as the flying experience of other
particles.

Each particle changes its position according to

. Its Current Velocity

. Its Current Position

. Distance between current position and
gbest.

. Distance between current position and
pbest.
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Figure 1: how PSO work

Each Element moves randomly following three simple rules:
e Cohesion: the boids are attracted to the average

position of the group;
Alignment: the boids follow the same path as their
neighbours;

e Separation: to avoid collisions, the boids keep a
certain distance between them.

B. Swarms and Particles

It became clear during the simplification of the paradigm
that the behavior of the population of agents is now more
like a swarm than a flock. The expression "swarm" has a
foundation in the literature. In particular, the authors use the
term in compliance with a piece by Millonas [1], who
developed his models for applications in artificial life and
enunciated five basic regulations of swarm intelligence. First
is the proximity principle: the population should have the
ability to conduct simple space and time calculations.
Second is the quality principle: the population should be able
to respond to quality factors in the environment. The third is
the principle of diverse response: the population should not
commit its activities along excessively cramped channels.
Fourth is the principle of stability: the population should not
alter its way of behavior every time the environment
changes. Fifth, and lastly, is the principle of adaptability: the
population must be able to change behavior mode when it’s
worth the computational price.

Note that principles four and five are the opposite sides of
the same coin. Basic to the paradigm are n-dimensional
space calculations taken over a series of time steps. The
population is reacting based on the quality factors pbest and
gbest. The allotment of responses between pbest and gbest
guarantees its variousness. The population alters its state
(mode of behavior) only when gbest changes, thus abiding
by the principle of stability. The population is adaptive
because it does change according to gbest. The term particle
was selected as a settlement. arguments can be made that the
population members are mass-less and volume-less, and thus
could be referred to as “points,” it is felt that velocities and
accelerations are more suitably applied to particles, even if
each is determined to have arbitrarily small mass and
volume. Further, Reeves [2] discusses particle systems
consisting of clouds of primitive particles as models of
diffuse objects such as clouds, fire, and smoke. Therefore the
designation authors have decided to define the optimization
concept as particle swarm.
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IV. DISCUSSION

*

run=49, L=5.48

Figure 2: the circle obstacle is moving so the robot recalculates
the shortest path to the goal

*

run=56, L=4.48

Figure 3: the robot recalculated the shortest path around the
moving object

N

run=15, L=3.24

Figure 4: When the moving obstacle contacts the robot, the
robot deviates from its current path forcing it to recalculate
the shortest path while under the influence

V.
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CONCLUSION

The most exciting part of PSO is there is a stable topology
where particles are able to communicate with each other and
increase the learning rate to achieve global optimum. The
metaheuristic nature of this optimization algorithm gives us
lots of opportunities as it optimizes a problem by iteratively
trying to improve a candidate solution. Applicability of it
will increase more with the ongoing research work. Potential
applications include intelligent service robots for offices,
hospitals, and factory floors; maintenance robots operating
in hazardous or hardly accessible areas; domestic robots for
cleaning or entertainment; semi-autonomous vehicles for
help to disabled people; and many more.
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Abstract— Due to the lifestyle problems and aging, the
majority of people suffer from many diseases such as high
blood pressure and diabetes; in turn these problems affected
many retinal disorders like diabetic retinopathy, hypertensive
retinopathy, glaucoma, age-related macular degeneration etc.
Most of retinal disorders can leads to vision loss if left
untreated, to avoid this problem various researchers are
oriented to develop automatic applications to detect these
retinal disorders, for the aim of more diagnosis and less time
and money. Researchers use the retina images captured by
cameras to detect abnormalities.

The interpretation of retinal images combines three essential
tasks; classification, detection and segmentation, whatever
Deep learning (DL) or machine learning techniques (ML)
have achieved high state of art as Computer Aided Diagnosis
system (CAD) in both tasks(classification and segmentation)
of retinal images to help ophthalmologists to detect and
classify diseases.

Hence, this work, present various traditional methods and the
new approaches based deep learnig architectures using to
segment retina fundus images, with listing the most datasets
using for these tasks.

Keywords: Classification, Segmentation, Convolution
neural network, Deep learning, Machine learning

L INTRODUCTION

Retinal disorders causes’ severe eye disease that leads to
blindness if it does not treated in earlier stages, around the
word people suffer from several kinds of eye disease.

Many researches are focus on automated segmentation and
classification of funds images to increase prevention against
disease. [3].

Any diagnoses require regular monitoring that takes more time
and needs more money. The diagnosis decision depends to the
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domain knowledge of the ophthalmologists, where they may
fall into subjective decisions. Therefore automatic diagnosis of
retina diseases attracts a lot of attention.

Despite the good performance of traditional methods,
Computer Aided Diagnosis system (CAD) Based on deep
learning techniques have recently reach a large development
in retina images analyses approaches, thanks to its two
fundamentals advantages, first the automatic generation of
features (no need of handcraft features) and second the
universality of the CNN, where we can recognize different
patterns in several images by the same network [12].

Three retina land marks using for eye diseases diagnosis:
Optic cup and disc segmentation, blood vessels segmentation
and fovéa and macula localisation of.

According to the results obtained in several research Optic cup
and disc considered as the most important retina organ that
must segmented from the images to classify it as normal or
abnormal diagnosis , because the detection of the area of
interest which is the optic disc focuses on the detection of the
most liminal area where the recognition of the disease depends
directly on the shape of the optic disc and it’s liminosity.

This paper surveys the state-of-the-art of automatic
segmentation of retinal images to assist early diagnosis of the
different eye diseases, where we listed the most works of Disc
and cup segmentation based on traditional methods and the
ones based on deep learning applications. We have also,
conducted critical evaluation of the existing automatic
segmentation methods. Moreover we talk about the most
public data sets using in retinal images diagnosis.

II. PUBLIC DATABASES USING FOR RETINAL IMAGES
DIAGNOSIS

The availability of publicly accessible image databases opens
the door to the development of design strategies,
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implementation and testing of algorithms to analyze the
morphology of the retina and even to diagnose other diseases.
Innovation in new areas of computing, such as deep learning,
require a huge amount of data to process. This need has led
several research groups to make their own publicly accessible
retinal image datasets. This trend results in the generation of
databases with a wide variety of pathological signs in high
resolution with the segmentation of the retinal land marks
(optic disc , blood vessels and macula) accompanied by
instructions to facilitate user access. This makes it possible to

compare the performance of the algorithms within the same
background image.

In order to encourage people to use public data bases, we have
summarized the main features and key information of each
retina database in the following table:

Table 1: Summary of publicly available fundus image data
bases:

Le nom de la base Nombre des Systéme de caméra de fond Domaine d’utilisation
images
DRIVE (Utrecht Database) — Canon CR5 blood vessels segmentation
Digital Retinal Images for 40 (Canon Corp., Tokyo, Japan)
Vessel Extraction
REVIEW — Retinal Vessel Image 16 HRIS — Canon 60 UV
Set for Estimation of Widths VDIS — Zeiss fundus camera
CLRIS — Zeiss FF 450
(Carl Zeiss AG, blood vessels segmentation
Oberkochen, Germany)
KPIS — Canon 60 UV
(Canon Corp.)
CHASE_DBI — Child Heart and 28 Nidek NM-200-D blood vessels segmentation
Health Study in England (Nidek Co., Ltd.,
Gamagori, Japan)
HRF — High Resolution Fundus 45 Canon CF-60 Uvi blood vessels segmentation-
Image Database Canon EOS 20D (Canon Corp.) Détection de disque optique (OD)
STARE — Structured Analysis of 81 TopCon TRV-50 blood vessels segmentation—
the Retina (Topcon Corp., Tokyo, Japan) Artery/Vein Labeling
VICAVR 58 TopCon camera Vessel caliber -
NW-100 Artery / Vein Labeling
(Topcon Corp.)
INSPIRE- AVR 40 Zeiss Fundus Camera artery / vein labeling
(Carl Zeiss AG) OD segmentation
ORIGA(-light) Online Retinal Fundus 650 OD & OC segmentation
Image Database for Glaucoma Analysis and Cup-to-Disc Ratio (CDR)
BioIlmLab 60 TopCon TRC-50 Assessment of vessel tortuosity
(Topcon Corp.)
DRIONS-DB - Digital Retinal 110 35 mm Film Color OD Segmentation
Images for Optic Nerve Fundus Camera
Segmentation Database Digitized using HP-Photo
Smart-S20 scanner
(HP, Palo Alto, CA, USA)
RIM-ONE 475 Nidek AFC-210 (Nidek OD and 0C Segmentation
Co., Ltd.)
Canon EOS 5D (Canon Corp.)
ImageRet 219 Digital Fundus Camera — Diabetic retinopathy (DR)
Settings Unknown Grading Lesions
MESSIDOR 1200 TopCon TRC NW6 Diabetic retinopathy (DR)
(Topcon Corp.) Macula Edema
E-Ophtha 463 Telemedical Network Classification of DR lesions
Various Cameras used
ARIA — Automated Retinal Image 450 Zeiss FF450+ Segmentation of Optic Nerve Head Limit
Analysis Fundus Camera
(Carl Zeiss AG)
Reffuge 1200 Zeiss Visucam 500 Classification du glaucome
Canon CR-2 Segmentation du OD et OC
Localisation de la fovéa
Drishti-GS 101 - segmentation OD et OC

III. Related work

Computer aided diagnosis system based deep learning

organ that must segmented from the images to classify it as
normal or abnormal diagnosis, where doctors have proposed

reached high results in classification and segmentation tasks.
Optic cup and disc considered as the most important retina
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several norms related to OD and OC regions, like: the
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position, the center and Ratio (distance between OD and
OC) that can facilitate early glaucoma diagnosis[5]

In this section we present an overview of several methods
for medical images segmentations, where we have focused
on encoder—decoder architectures which have made a large
difference in this last years. The most of these works was
evaluated by their authors using publicly available datasets.
and their results are well detailed in this section, our related
works are divided on two important domains :

a) /ll.1. Disc and cup segmentation based on
traditional methods

The majority of traditional studies for automated glaucoma
diagnosis, were focused on the segmentation of OD and OC
criterion , were mostly based on the extraction of hand-
crafted features , several approaches were implemented in
this filed, such as : Level set approach that proposed by
Osher and Sethian in 1988[6], Thresholding based approach
[7], Active contour modeling approach [8], Active shape
modeling approach proposed by ChrisTaylor and Tim
Cootes in 1995[9], Clustering based approach [10].
Component-based approach [11]. some of these works will
be summarized in the table below:

Table 2: Disc and cup segmentation approaches based on
traditional methods

Authors Angroach Used for segment(‘;tgon Datasets chl::':%?eg'silssﬁc results
Liu et al [12] Level set approach Level set approach Private dataset of 73 CDR Avg. CDR acceptability
images for VLS-CIT 79%
Zhang et al. [13] - Variational level set Private dataset of 71 CDR Accuracy 97.2%
approach images Acceptable CDR ratio 0.18
Ayushi et al. [14] | Thresholding Thresholding private dataset of 60 CDR Accurac y=90
images
Noor et al. [15] Thresholding Thresholding DRIVE dataset of CDR Accuracy of optic cup 67.2%
27images Accuracy of optic disc 70.9%
Sarkar et al. [16] Thresholding Thresholding RIMONE dataset CDR Accuracy 97.58%
Yujietal. [17] Active Active contourmodeling Local dataset of 50 CDR, RDR Area under curve for
contourmodeling images cup to disc ratio
0.966
Yin et al. [18] Active shape Active shape modeling ORIGA-light dataset CDR Dice metric for optic
modeling disc
0.92
Thakuret al. [19] | Clustering Clustering Drishti-GS CDR Accuracy of optic cup 91.9
Accuracy of optic disc 94.46
Lim et al. [20] Hybrid Hybrid MESSIDOR, SEEDDB CDR Nonoverlap ratio for
optic disc 0.08
Nonoverlap ratio for
optic cup 0,23

II1.2. Disc and cup segmentation based en encoder-decoder
architecture

Recently most aided diagnosis studies have turned to deep
learning architectures based CNN, to overcome the limited
of the earliest sited above, specially the problem of
handcraft features extraction [21] and to beneficiate the
universality of convolutional neural networks where the
same network can generally recognize different patterns in
different images and for different objects [26].
Encoder Decoder approach is novel architecture of deep
learning that have achieved the state-of-the-art in several
studies by improving the segmentation performance for
detecting glaucoma diseases.

Retinal fundus image processing is the way for detecting
eye disorders in early stages. optic disc and optic cup, are
the most suitable features that can be segmented
automatically from the fundus image to analyze the
pathological situation of the eye[22]. Where the analysis
based on the results of calculation of the most important
ocular indicator: Ratio (CDR) to confirm the finally decision
diagnosis[23]. many studies have based on U-Net
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architecture to improve their systems, UNet was introduced
by Ronneberger et al. [24]. As more elegant convolutional
neural network architecture with U shape , it is specially
developed for the segmentation of medical images. After,
Many new architectures of glaucoma diagnosis are inspired
from UNet : Yu et al, [25] proposed a new version of U-Net
architecture ,where U-net undergone several changes for
optic disc and cup segmentation thanks to data
augmentation. authors used ResNet-34 model as the down-
sampling encoder section of the U-Net architecture, but they
kept the up-sampling decoder section of the original U-Net
structure which formed by a proposed global context
attention (GCA) block and squeeze and excitation pyramid
pooling (SEPP) block. This architecture trained on RIGA,
DRISHTI-GS, RIM-ONE and one local datasets, they
achieved significant results. In the same spirit,
Sevastopolsky and al, [26] have also investigated from the
U-Net architecture for optic disc and cup segmentation ,
and introduced some modification in the Contracting path
that takes the typical architecture of the classification
network (VGG-16) with less filters in all convolutional
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layers that’s gives better results with less training time.
morever Graham et al, [27] proposed M-Net , as a multi-
label deep network for joint the segmentation of Optic disc
and Optic Cup of fundus images it is an end to end deep-
learning system, where authors apply a polar transformation
on fundus image .they evaluate this system on ORIGA and
SCES datasets to get highest results :areas under curve
(AUC) of 0.85 and 0.90 on ORIGA and SCES datasets.
Always in the same subject, Al-Bander and al, [28]
proposed a new approach for simultaneous segmentation of
OD and OC in retina fundus images by combination of
fully convolutional network and DenseNet(FC-DenseNet)
using large retinal colour fundus dataset (ORIGA,
DRIONS-DB, Drishti-GS , ONHSD , and RIM-ONE ) to

acheived superiority in their results, The recent related
work is the Retinal
Fundus Glaucoma Challenge (REFUGE) proposed by
Orlando and al,[21] which based on two tasks optic
disc/cup segmentation and glaucoma classification using a
large data set of 1200 fundus images. 12 teams of work
have created a unified framework to compare different
models of deep learning architectures.they have obtained
good results the table below conducted us deeper into details
of these studies;

Table 3: Disc and cup segmentation based en encoder-
decoder architecture

Author year Approach Used Dataset Nbre of Results
for segmentation classes
Yu et al, [25] 2019 Adaptation of the | DRISHTI-GS, RIM-ONE | 2 Dice(Disc)=96.44
ResNet-34 model | and RIGA(Magrabia), Jace(Disc)=93.19 DRISHTI-GS
into U-Net Dice(Cup)=87.39 Dataset (%).
architecture Jacc(Cup)=78.08
(encoder - Dice(Disc)=94.91
decoder) Jace(Disc)=90.65 RIM-ONE
Dice(Cup)="79.32 dataset (%)
Jacc(Cup)=68.28
Dice(Disc)=97.31 .
Jace(Disc)= 94.80 Magralila dataset
Dice(Cup)=87.61 (%)
Jace(Cup)=79.40
Graham et al, 2018 M-net ORIGA and SCES datasets 2 CDR=0.8019
27] (  encoder - RDAR=0.7981 ORIGA Dataset
decoder)
multi-label  deep CDR =0.8397 SCES Dataset
network RDAR=0.8290
Al-Bander and | 2018 Fully ORIGA, DRIONS-DB , 3 optic cup segmentation
al, [28] convolutional Drishti-GS [42], ONHSD Dice=0.8282
DenseNet [10], and RIM-ONE [43]. Jace=0.7113 } DRISHTI-GS Dataset
Glaucoma Acc=0.9948
optic disc segmentation
Dice=0.949
Jacc=0.9042 DRISHTI-GS Dataset
Acc=0.9969
optic cup segmentation
Dice=0.6903
Jacc=0.5567 }- RIM-ONE Dataset
optic disc segmentation
Dice=0.9036
Jacc=0.8289 } RIM-ONE Dataset
optic disc segmentation
Dice=0.94 DRIONS-DB Dataset
Jacc=0.9415
optic disc segmentati...
Dice=0.9556
Jacc=0.9155 ONHSD Dataset
Acc=0.999
Sevastopolsky 2017 Modified DRIONS-DB, RIM-ONE optic disc segmentation
and al, [26] U-Net with less | v.3 and DRISHTI-GS 10U=10.89 _
filters in all Dice=0.94 } DRIONS-DB Dataset
convolutional 10U=0.89
layers Dice= 095 RIM-ONE v.3 Dataset
(encoder - optic cup segmentation
decoder) 10U=0.75 1
T DRISHTI-GS Dataset -
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Dice=0.85

10U=0.69
Dice=0.82 RIM-ONE v.3 Dataset

Orlando
al,[21]

2020 Encoder decoder

models

and REFUGE  training
DRISHTI-GS,
ORIGA

RIM-ONE 13

Kaggle

MESSIDOR

IDRiD ORIGA

set,

HRF,

and

Results in the paper

V. Discussion

This review outlines both domains tradional approaches and
deep-learning methods based optic cup and disc
segmentation models from fundus images. Recently, Deep
learning techniques has enormous potential for clinical
application because it is a robust method that overcomes
many of the limits associated with traditional ones
especially concerning the manual features extraction .
According to our survey, we can say that The most useful
deep learning techniques for unsure the optic cup and disc
segmentation task are: traditional CNN, and encoder-
decoder architecture, where each network architecture has
its advantages and disadvantages.

o for the traditional CNN network it needs too much
accurately labeled images to offer excellent optic
cup and disc segmentation;

o for encoder-decoder networkes that achieved the
state-of
-the-art to prove the segmentation task thanks to
its training simplicity and data efficiency. but, its
multi-scale skip connection tends to use
unnecessary information that leading to poorer
their performance.

e The segmentation task is so difficult comparing
by the classification task. It is not easy to compare
and
identify the best architecture for optic cup and disc
segmentation. This challenge leads researchers
to use different metrics to evaluate their work
using the public annotated datasets.

V. CONCLUSION

This paper has shown different techniques for disc and cup
segmentation based on traditional methods and deep
learning ones. We have surveyed some literature papers and
listed their workings with results.

Disc and cup organs are the most important features that
can be segmented from retina funds images because any
changement of their shap or liminosity can easly detect any
kind of abnormalities in the eye, especially diabetic
retinopathy and glaucoma diseases. The survey results
confirmed the robustness of encoder-decoder systems based
deep learning applications on the automatic segmentation
task of retina fondus images.

Chadli Bendjedid El-Tarf University - EL TARF - Algeria

deep learning approaches needs large dataset to provide
their friability, for this most of the experiments cited on this
survey are based on publicly available databases.
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Abstract— The work presented in this article is a
contribution in the field of Model Driven Engineering (MDE).
Its main objective is the application of model transformation
techniques, and more precisely graphs transformation.
Therefore, we propose an approach and a tool for modeling
and transforming Activity Diagrams into Timed Automata.
The implementation of this approach requires the use of the
EMF (Eclipse Modeling Framework), the GMF (Graphical
Modeling Framework) and ATL (Atlas Transformation
language) as a language of transformation.

Keywords— Activity Diagrams,
GMF,ATL, Graph Transformation

Timed Automata, EMF,

L INTRODUCTION

The Unified Modeling Language (UML) [14] has
become a widely accepted standard in the software
development industry. Some diagrams are used to model the
structure of a system while others are used to model the
behavior of a system. Activity Diagram [12] is an important
behavioral diagram in UML diagrams to describe dynamic
aspects of the system. This diagram presents a series of
actions or flow of control in a system similar to a flowchart.
Activity Diagram is also used and extended in other
modeling languages such as System Modeling Language
(SysML) [15].

However, UML lacks a precise formal semantic, which
hinders the formal evaluation and verification of system
structure. Timed Automata (TA) [2] is a finite automaton
extended with a finite set of real-valued clocks and it is a
formal and graphical tool.

In this paper, we propose an approach and a tool for
transforming Activity Diagrams into Timed Automata using
graph transformation [3], [8]. The aim of this transformation
is to bridge the gap between semi-formal models generated
by Activity diagrams and the formal model Timed Automata.

Indeed, we propose a meta-model for each model:
Activity Diagram meta-model and a Timed Automata meta-
model. The Eclipse Modeling Framework (EMF) [6] and the
Graphical Modeling Framework (GMF) [7] tools are used to
generate automatically a visual Modeling tool to process
models in Activity Diagrams and Timd Automata. We also
define a graph grammar to translate models presented above.

This paper is organized as follows: section 2 outlines
main related work relevant to the paper topic. Section 3
states the basic concepts of Activity Diagrams, Timed
Automata and graph transformation. Section 4 describes the
proposed approach. In section 5, the proposed approach is
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illustrated through an example. The final section concludes
the paper and gives some perspectives.

II.  RELATED WORK

The most closely topics related to this work are generally
dealing with model transformations and especially graph
transformations. In the literature, several research works
have been conducted about the integration of UML Activity
Diagrams and formal methods.

[9] propose a graphical mapping of an Activity Diagram
into a colored petri net model. In [1] the author presents a set
of rules to translate a UML Activity Diagram into a Petri
Nets. This transformation allows to analyze the equivalent
Petri Nets and infer properties of the original workflow. [16]
transform UML Activity Diagrams to petri nets also they use
the model checker of INA tool to verify the properties of the
resulted petri nets models. [12] suggest an automatic
translation of UML Activity Diagram to Petri nets. Indeed,
authors in this work focus on the most frequently used items
on Activity Diagram: state action, condition, fork and join. In
[11], an approach to transform automatically UML Activity
Diagram to Maude specification has been proposed. This
approach is based on the combined use of Meta-Modeling
and graph grammars and it is carried out using AToM3. [4]
propose an approach that automates the mapping between
UML Activity Diagrams and pi-calculus using graph
transformation and AToM3 tool. [5] propose an approach
consists of transforming UML 2.0 Activity Diagrams to the
communicating sequential process (CSP) for modeling and
verifying software systems. The meta-modeling is realized
using the AToMPM tool, while the model transformation
and the correctness of its properties are realized using the
GROOVE tool.

1. BACKGROUND

In the following we recall some basic notions about
Activity Diagram, Timed Automata and graph
transformations.

A. Activity Diagram

An Activity Diagram is a behavioral diagram, it is a
variant of UML state machines [14]. We use Activity
Diagram to illustrate the flow of control in a system, it is
represented as a graph composed with nodes connected by
control flows and object flows. It represents the operations
of a process and their consequences on objects (software or
hardware). Modeling can be used to describe the progress of
a use case or method.
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B.  Timed Automata

Timed Automata [2] are finite state machines whose
transitions are decorated by clocks constraints. They are
widely studied as model in which the control of real time
systems is finite. In fact, timed automata are construction of
both finite set of locations and finite set of clock variables.
Each edge is specified by a label name which contains
action (that is going to be executed) and clocks formula.
Those are considered as a guard of the edges and set of
clocks which are going to be reset. Clock variables, in fact
capture the time elapsed since the last clocks rest.

The execution (control) of automaton proceeds along an
edge only when the valuation on clocks satisfies the
corresponding constraint.

C. Graph Transformation

A transformation between models is the automatic
generation of a target model from a source model. This task
requires a set of rules that describe how one or more
constructs in the source language can be transformed to one
or more constructs in the target language.

Graph Grammars [10], [8], [13] are used for model
transformation. They are composed of production rules; each
one has graphs in their left and right hand sides (LHS and
RHS). Rules are compared with an input graph called host
graph. If a matching is found between the LHS of a rule and
a sub graph in the host graph, then the rule can be applied
and the matching sub graph of the host graph is replaced by
the RHS of the rule. Furthermore, rules may also have a
condition that must be satisfied in order to apply the rule, as
well as actions to be performed when the rule is executed. A
rewriting system iteratively applies matching rules in the
grammar to the host graph, until no more rules are
applicable.

IV. THE APPROACH

In order to perform the transformation of Activity
Diagram to Timed Automata, we propose two meta-models;
the first one associated to the Activity Diagram model and
the second one is associated to the Timed Automata model.

We note here that the meta-models are described using
UML class diagrams. Then a grammar for the transformation

is proposed using ATL language. Meta-models are
implemented in EMF and GMF using java language.

Activity Diagram Meta-Model

This meta-model is a class diagram composed of the
following classes and associations (Figure 1):

e ControlNode class: it represents an abstract activity
node used to coordinate the flows between the
nodes of an activity. It is the superclass of the end
nodes classes (final node, final flow), initial node,
fork node and decision node.

o Initialnode class: represents the start of an Activity
Diagram. graphically it is represented by a small
circle.

o DecisionNode class: this class specifies the different
possible alternatives; it has one incoming arc and
two or more outgoing arcs. An arc can be guarded
by conditions.

e ForkNode class: this class represents a
synchronization node; it has a single incoming arc
and several outgoing arcs which must be triggered
simultaneously.

e MergeNode class: this class gathers several

incoming flows into a single outgoing flow.

e JoinNode class : it represents a synchronization
node which can only be crossed when all the input
transitions have been triggered.

¢ FinalNode class: indicates successful termination. It
has one or more incoming arcs and no outgoing
arcs. It is visually represented by an empty circle
containing a small circle.

e ObjectNode class: it represents an abstract meta-
class for defining the flow of objects in Activity
Diagrams.

e Transition class: it represents the transitions of
Activity Diagrams.

B ActviiyDiagam
| © name : EString

|& Transition ] source
= name : EString
= guard : EString Sagat
= reinit : EString |

8 ActionNode

1. transition 1 subacvtivity

1.1 { = Name : EString

11 1‘

|8 DecisionNode |

8 ObjectNode |

[B ActivityNode ‘
[8 MergeNode
i

8 JoinNode |

= time : EString {

|8 ControlNode
e ——

‘ H InialNode |

I

: H FinalNode |
B ForkNode [

Fig. 1. Activity Diagram Meta-Model
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Timed Automata Meta-Model

This meta-model is a class diagram composed of the
following classes (Figure 2):

e State class: it represents the states of Timed

e State initial class: it represents the initial state of
Timed Automata, it inherits the attributes from State
class.

e State final class: it represents the final state of
Timed Automata, it inherits the attributes from State

Automata. class.
e Transition class: it represents the transitions of
Timed Automata.
8 Time_autosmata
= name : ESing
i Tansmons . stotes 1.
8 transition Somis
e s Ls","""‘ - At 1\;-.:mc-:1-5:unq
=Secm < oy — = Srmiant ; EStHing
= name - ESwing - 1

[B state_snitial |

H state_final

Fig. 2. Timed Automata Meta-Model

Graph Grammar

The proposed graph grammar is composed of the
following rules (Figure 3):

e Rule 1: This rule transforms the "ActivityDiagram"
class to the "timed automata" class.

The ActivityDiagram class is composed of two
classes: the “Transition” class and the
“ActivityNode”  class. We  transform  the
“Transition” class of the Activity Diagram to the
“Transition” class of the Timed Automata and the
“ActivityNode” class of the Activity Diagram to the
“State” class of the Timed Automata.

e  Rule 2: This rule transforms the "InitialNode" class
of the Activity Diagram to the "State Initial " class

of the Timed Automata.

e Rules from 3 to 8 transform these classes: "Action",
"ObjectNode", "JoinNode", "ForkNode",
"DecisionNode" and "MergeNode" of the Activity
Diagram to "State class" of the Timed Automata.

e  Rule 9: This rule transforms the " FinalNode " class
of the Activity Diagram to the " state Final " class
of the Timed Automata.

Rulel Diag Activity2Time
rule Dact2at
rom

A 1 MMlActivityDiagram
to

B : MMLltine_automata (

ions <-
states <- A.subacvtivity

A.transition,

b

rule Iniath2Ini5S {
rom

to

-

ina : MM InialNode

ins : MMLlstete_dnitial (
name <- ‘iniale State’

)

ule TactaTat {
From
tra | MAlTransition
to
trat : Mldltransition (
guar tra.guard,
scurce < tra.source,
target <- tra.target,
reset <- tra.reinit

trat.name < thisModule .1

thismodule.i+

‘Transition n®‘s

tostring():
thismodole. i < 13

ule action2st
from

to

a : MMIActionNode

st : MMlletat _simple (
name <- a.Name,
invariant <- a.time

)

rule ObjN2st {
from
ob MM Objectiode
to
st : Mlletat_simple (
name <- ob.Nase
invariant <=

)

ob. time

rule jionzlst {
from

to

jo © MMlJoinNode

§s © MIletat_simple (
name <- ‘Join State'

)

fule Fork2FrS {
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nane ¢- 'Fork State’

rule Mer
fron

te

EMergS |
ner M MergeNode
mers : Milletat_simple (

nase <- 'Merge State'
)

rule FinAZFLrS {
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1229 FinalNodedFl
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Fig. 3. Set of proposed rules in our graph grammar
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V. EXAMPLE

For monitoring the ambient temperature in a house, we
have a program that works as follows:

The process starts by measuring the temperature for (10sec):

e If the temperature is less than or equal to 20°
(<=20°) the house must be heated: the heater
operates for 30 minutes, then the temperature is

e  Otherwise, if the temperature is greater than or
equal to 20° (>20°): The heating is stopped and the
house must be ventilated for (30min), then the
temperature is measured again.

Figure 4 presents the Activity Diagram of the proposed
example. We have applied our approach on the Activity
Diagram and obtained automatically the Timed Automata
model (Figure 5).

measured again.

4 MessurerTempérateur

4 X>3tMin 4 X=0

| 4 OpérationChauffer

$ Ye=20"

4 X=0

4 DémarrerChauffage
4 X=30Min

4 DebutDeProcessus

4 X=10Sec 4 X=0 4 X>30Min
<4 Températeur
&
4 Y<=20° 4 Y>2°
<4 froid 4 Chaud
<4 Messurer
<4 Chauffer 4 Refroidir
& <> & <>

;} Anéter(fhauffagt
4 <>

< OpérationRefroidir
& Y20 4 Messurer

4 X=0

<4 Arréter < Aérrer

4 Aérrer
|4 X=30Min

Fig. 4. Activity Diagram model
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< Debut
4 Trnstionn'l
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< X=105ec
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% Temperateur
& X=0
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4 Transitionn’11
& Messurer 4 Transition n'3 $ Tmitisnn’s
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Fig.5. Timed Automata model
(Graphical Modeling Framework) and ATL (Atlas

VI. CONCLUSION

In this paper, we have proposed an approach based on
combining Meta-modelling and Graph Grammars to
automatically generate a visual modelling tool for Activity
Diagram and Timed Automata.

The cost of building a visual modelling tool from scratch
is prohibitive. Meta-Modelling approach is useful to deal
with this problem since it allows the modelling of the
formalisms themselves. By means of graph grammars,
models manipulations are expressed on a formal basis and in
a graphical way.

In this approach, two meta-models are proposed; one for
the Activity Diagram model and the second for the Timed
Automata model. Based on these meta-models, we have
proposed a graph grammar that deals with the transformation
process. The EMF (Eclipse Modeling Framework), the GMF

Chadli Bendjedid El-Tarf University - EL TARF - Algeria

Transformation language) are used for this purpose.

We have illustrated the proposed approach through un
example. In a future work we plan to perform this
transformation using graph transformation visual tools like
AGG, GROOVE and transform other UML diagrams.
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Abstract— Embedded systems are electronic computer
systems dedicated to specific tasks. The increasing complexity
of these systems imposes the adoption of sophisticated
techniques and tools such as Quality Models, in order to
guarantee their quality. However, quality models still suffer
from several shortcomings, the most important of which is the
inability to pass from the quality definition provided by the
quality model to other quality purposes such as quality
assessment and quality prediction unless we use another
separate model that serves for that. The main contribution of
this paper is the proposition of quality measures in the context
of Medical Imaging Embedded Software based on ESQuMo,
an Embedded Software Quality Model.

Keywords— Embedded Software, Medical Imaging Systems,
ESQuMo, Quality Models, Quality Measures, ISO/IEC 25010,
ISO/IEC 25023.

I. INTRODUCTION

Embedded systems are systems designed to solve specific
problems or tasks, but they are not general-purpose
computers. Usually, an embedded system is the combination
of software and hardware side by side to form an electronic
computer system dedicated to a specific task [1]. Recently,
these systems are widely used, and this is due to their
effectiveness in many fields, such as video games, signal
processing, telecommunication, etc. However, these systems
are getting more complex than before as they submit to
temporal, resources, and environmental constraints [2] [3].

The increasing complexity of these systems needs a
sophisticated development process to guarantee their quality,
for this reason, quality assurance has taken place. Quality
assurance is a systematic process that includes all the
techniques and tools that should be followed in order to
develop the intended systems. Among these techniques and
tools, Quality Models are so far the most promising way in
order to improve quality [4].

Although quality models are among the most successful
tools of quality assurance, quality models still suffer from
several shortcomings especially when it comes to software
development. First, the quality models in the context of the
software found in the literature do not conform to an explicit
meta-model [5]. In addition to their inability to cover both
the features of general software and those related to the
specific type of software. Moreover, the essential objectives
in quality assurance from the definition, assessment to
prediction, are usually carried out through separate
independent models that there is no means of coordination
between them. Therefore, standard quality models are often
used that give greater control and cover different quality
perspectives all the way through quality assurance stages.

ESQuMo (Embedded Software Quality Model) is a good
example of models based on standard quality models [6]. In
addition to its definition of what quality is for the embedded
software, this model helps to unify and cover the common
characteristics of the ordinary software as well as the
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relevant characteristics of the embedded software at the same
time.

The main contribution of this paper is the application of
ESQuMo by the proposition of specific quality measures
related to the Medical Imaging Embedded Software. Note
that these quality measures are conforming to the
international standard ISO/IEC 25023 that works in
conjunction with other international standards such as
ISO/IEC 25010.

The remainder of this paper is organized as follows:
Section 2 introduces the Medical Imaging Embedded
Systems as a specific kind of these systems. A brief overview
of ESQuMo an Embedded Software Quality Model is
presented in section 3. Section 4 presents the set of the
quality measures proposed in the context of Medical Imaging
Embedded Software, along with their detailed definitions as
well as their measurement functions. Conclusion and future
works are provided in section 5.

II. MEDICAL IMAGING EMBEDDED SYSTEMS

Nowadays, we do rely more and more on embedded
systems compared to general-purpose systems. The reason
behind this phenomenon is due to the huge amount of these
systems in our daily life on the one hand, and the increased
complexity of the present operations on the other hand [3].
Therefore, it is necessary to depend on these systems to gain
time and effort while confronting these operations.

Embedded systems can be found in a wide range of
fields. For instance, the medical field is littered with many
examples such as Defibrillators, Oximeters, Fetal
monitors...etc. [7]. These medical devices made the lives of
people related to the medical field much easier as well as
their profession more efficient. Medical imaging devices are
no less important than the aforementioned devices, as
medical imaging is so sensitive, that it requires the use of
new imaging technologies and relies more on these kinds of
systems [3] [7].

Medical imaging devices are considered among the most
commonly used embedded systems since they are able to
see inside a patient's body without actually having to cut
them open. This is extremely important as it allows doctors
to identify any abnormalities and it helps to decide the right
medical diagnosis as well. However, the real challenge with
these types of systems is to ensure that all the provided
results are dependable and can be relied on [7]. In addition,
the images taken in the medical imaging process must be not
only accurate but also in real-time. For example, in
ultrasound imaging, any delay in the process of displaying
images affects the diagnosis process and may completely
conceal the real issue to be imaged in the first place [8].
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Furthermore, medical imaging devices are among the
embedded devices that necessitate prior knowledge before
performing any imaging process. This is because medical
imaging devices require certain procedures during imaging
that if not followed would completely disrupt the imaging,
such as the patient's continuous movement or carrying any
type of metal that would perturb the imaging process and at
times jeopardize the patient's safety, particularly when using
CT or MRI. Therefore, the choice of the right medical
imaging modality is related to several points such as the
patient’s age, the type of injury, the organ or tissue to be
imaged, the cost of imaging in addition to the amount of
radiation that is sometimes present in the medical imaging
process. In the following, we will present the most popular
modalities of medical imaging [9].

A. X-ray

An x-ray is an image of a specific area of the body, such
as the chest, abdomen, or a specific joint. With an x-ray,
highly charged electrons are shouted through a specific area
of the body, the image is then formed according to the scatter
of these electrons. Thus, high-density objects will appear
white because electrons scatter everywhere against them, and
low-density objects like air will appear black since there is
no scatter at all. As a result, everything in between is going
to be some shade of grey. For the radiation of the x-ray, there
is some radiation. However, it is very low and no need to
worry about it, and in terms of cost, x-rays are among the
very cheap tests.

B. CTscan

A CT scan is a little bit the same technology as an x-ray,
in which high-energy electrons are shouted through the body,
except for taking cross-sectional images in the case of a CT
scan. The images are taken from a 360-degree view around
the patient and this creates a slice-by-slice, a layer-by-layer
map of the patient. This technology allows for visualizing
bones, soft tissues, and vessels all at once. CT scan is a very
powerful imaging technique. However, it is not without
issues. It is a much more radiation-intensive process since it
is a series of cross-sectional x-rays. compared to an x-ray, a
CT scan is probably three or four times as intense in terms of
radiation exposure, and because it is more sophisticated, it
costs a little bit more.

C. Ultrasound

The ultrasound is a very useful imaging modality, which
contains much interesting physics behind it. The main idea
is to take high-frequency sound waves and bounce them all
over the tissues, and the way that they echo back to the
ultrasound probe is what produces the images used for the
density assessment of the tissues. It is a great, easy and
effective imaging modality for visualizing body cavities,
fluids, tissues, and blood vessels. As sound waves are used,
no radiation exposure adds to the usability of an ultrasound.
In addition, it is a very cheap test compared to a CT scan or
MRI, similar to probably the cost of an x-ray but there is no
radiation cost so ultrasound is much more frequently used.

D. MRI

The MRI is also a common imaging modality but it is a
little bit different from the other imaging modalities. Instead
of using radiation or sound waves, the MRI uses magnetic
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fields. Two perpendicular magnetic fields that are acting in
opposite directions to each other are used to manipulate
hydrogen atoms that are spinning in the body. These atoms
release signals that are captured, and then used to determine
their location in the body, and display it on a gradient of gray
colors indicating the strength of the signal, as well as the
different tissues of the body (the brain, the spinal cord, the
liver, the pancreas, ... etc.).

Typically, an MRI is used to visualize the tissues of the
body in order to detect tissue irregularities or tumors, and
because it uses magnets, there is obviously no radiation
exposure which is greatly beneficial, especially in the
pediatric population. Rather than exposing children to CT
scans where they are going to get a significant dose of
radiation, the images could be friendly obtained using an
MRI. Unfortunately, this magnificent imaging modality
comes with a cost, it is definitely the most expensive of the
four basic imaging modalities.

In the next section, the ESQuMo quality model is
presented, which will be adopted in the rest of our study.

1. ESQUMO: AN EMBEDDED SOFTWARE QUALITY MODEL

Quality models are generally used to define quality for
specific products. This definition is of prime importance
because it constitutes the basis of quality assessment and
prediction [5]. The Embedded Software Quality Model
proposed by [6] is one of these definition quality models.
The main contribution of ESQuMo is it unifies and covers
the common characteristics of the ordinary software through
the Functionality characteristic. In addition to the relevant
characteristics of the embedded software, which are
presented through Complexity and Dependability as depicted
in Fig. 1. Besides, ESQuMo is based on the famous and well-
known ISO/IEC 25010 standard quality model. The choice
of this latter is justified by its belonging to the SQuaRE
series of international standards, which includes other
standards that are complementary to each other [10]. This is
quite useful, because the actual model not only provides the
definition of quality but also offers the possibility to achieve
other objectives such as quality assessment and quality
prediction through these complementary standards with the
maximum coherence possible [11].

The ISO/IEC 25023 is one of these standards [12]. It
provides a set of quality measures for the characteristics of
system/software products that can be used for specifying
requirements, measuring and evaluating the system/software
product quality, in conjunction with other standards such as
ISO/IEC 25010 [12]. In other words, these quality measures
are meant for evaluating system/software product quality in
terms of characteristics and sub characteristics defined in
ISO/IEC 25010. The special thing about the quality measures
in this international standard is they are not intended to be
exhaustive and users are very encouraged to refine them if
necessary [12].
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Fig. 1. ESQuMo an Embedded Software Quality Model [6].

Before proceeding to provide quality measurements of
the medical imaging embedded software, it is important to
note that the SQuaRE provide a general reference model as
shown in Fig. 2, to facilitate the navigation through the
different complementary standards [11].
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25000

Fig. 2. SQuaRE general reference model [11].

Through the SQuaRE general reference model [11], it
seems necessary to review the ISO/IEC 25020 Measurement
reference model and guide straightaway after obtaining the
definition of quality through the standard quality model
ISO/IEC 25010. Note that the ISO/IEC 25020 includes
ISO/IEC 25021, ISO/IEC 25022, ISO/IEC 25023, and
ISO/IEC 25024 respectively for Quality measure elements,
Measurements of internal quality, Measurements of external
quality, and Measurements of quality in use. In this paper,
we are concerned only with the ISO/IEC 25023
Measurements of external quality, where the software is
evaluated and measured according to an external point of
view. In the next section, quality sub-characteristics and
quality measures related to the medical imaging embedded
software are presented along with their detailed definitions,
as well as their evaluation methods.

IV. QUALITY MEASUREMENTS OF MEDICAL IMAGING
EMBEDDED SOFTWARE

The measuring process is very important as it helps to
control and supervise the overall software quality. In this
process, before proposing a set of quality measurements for
each of the identified characteristics in the Embedded
Software Quality Model (ESQuMo), it is important to break
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down these characteristics into measurable sub-
characteristics. Moreover, as stressed in the SQuaRE main
guide [11]; the quality model can be used as a guideline or
checklist where the selection of the concerned
characteristics is possible. From this point of view, the
proposition of quality measurements for all the sub
characteristics is not mandatory. In addition, since the
Embedded Software Quality Model is based on the ISO/IEC
25010 standard quality model, three distinguished cases are
possible for the sub-characteristics:

o Specific sub-characteristics are proposed for medical
imaging embedded software, as well as their
subsequent measures.

e Some sub-characteristics can be drawn from the
ISO/IEC 25010 quality model, extended with new
defined measures in order to support the medical
imaging embedded software.

e The remaining sub-characteristics of the ISO/IEC
25010 quality model can be overlooked.

A. Specific Sub-characteristics of Medical Imaging
Embedded Software

1) Cost of Use

a) Cost of Use:*“Degree to which a system costs while
performing its operations”.

Price has always been an important indicator in any type
of product. As we have already mentioned, the modality of
medical imaging controls the cost of the imaging process.
This sub-characteristic is part of the Usability characteristic,
where it can be measured qualitatively as follows:

CoU €& {Cheap, Economic, Expensive, Extremely
Expensive} 1)

2) Vulnerability of Data

a) Vulnerability of Data:“Degree to which a system
ensures that data is not influenced by patient factors”.

The medical imaging process may be affected by factors
that the patient often unintentionally commits. For example,
movement during the imaging process or wearing metallic
jewelry may affect the results of imaging and make it
vulnerable. This sub-characteristic is part of the Security
characteristic, and it is measured as follows:

VoD = the probability of patient factors occurrence. (2)

B. Extended ISO/IEC 25010 Sub-Characteristics

1) Time Behaviour

Medical imaging devices are among the real-time
embedded systems. Thus, the time aspect is the most
susceptible feature for these kinds of devices. A real-time
embedded system is defined as a system in which the time at
each produced output is significant. Hence, the lag from
input time to output time must be sufficiently small.
Therefore, in the context of embedded systems, it is not only
the outcome of the output that matters but also the time of
its occurrence. From this point of view, the Time Behaviour
sub-characteristic is extended with new measures of
Timeliness and Responsiveness.
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a) Timeliness:“is the quality of being done or
occurring at a favorable or useful time”.

T =1, if Response Time <= Processing Time + Latency;
0, else 3)

-Latency is the delay incurred in communicating a
message.

-Processing time is the amount of time a system takes
to process a given request.

-Response time is the total time it takes from when
users make a request until they receive a response.

b) Responsiveness:“is the ability to detect change of
system’s response over time”.

Responsiveness is often expressed as a Standardized
Response Mean [13]. In order to calculate the Standardized
Response Mean, first, we have to make sure that we already
have two groups of response times, and then we apply the
next formula, where:

SRM = (M1 —M2)/SD 4
-M1 is the mean of the first group.
-M2 is the mean of the second group.
-SD is the standard deviation of the population from
which the groups were sampled.

After the SRM index is calculated, we use the Cohen’s
benchmarks [13] for better interpretation where:

-Small change: SRM <=0.2
-Moderate change: 2<SRM<0.8
-Large change: SRM >= (0.8

2) Resource Utilization

Medical imaging devices are among the most energy-
consuming embedded systems, and this is mainly due to
their use of GPUs as well as CPUs to meet the requirements
of the system along with increasing the level of
performance. However, this performance comes with a cost.
Since the amount of resources used is enormous, it is natural
to have a massive energy consumption. This side effect is
originally a result of the extensive use of processors in
addition to excessive access to the memory. Hence, it is
necessary to determine the level of energy consumption of
the embedded software. In order to evaluate this latter, the
software energy consumption measure is proposed as an
extension of the Resource utilization sub-characteristic.

a) Software Energy Consumption:“is the amount of
energy consumed by the software, given the amount of
resources used from processors and memory access”.

SEC = EIC x MAC )

-Executed Instruction Count (EIC), which corresponds
to the number of executed instructions by the processing
unit [14].

-Memory Access Count (MAC), which is equal to the
number of memory accesses [15].
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3) Maturity

The determinism of medical devices is of prime
importance because it represents the system’s next behavior.
The behavior of a non-deterministic system can never be
predicted and is always questionable. From this point of
view, we do believe that determinism influences the
Maturity of the overall system.

a) Determinism:“A deterministic system is a system
in which a given initial state or condition will always
produce the same results”.

In the following section, we adopt the cyclomatic
number as a measure of determinism for medical imaging
embedded software:

CN =E — N + 2P, where: (6)
-E = the number of edges of the graph,
-N = the number of nodes of the graph,
-P = the number of connected components.

The cyclomatic number is a famous software measure
used to indicate the number of linearly independent paths
through a program [16]. This measure is worth at least “1”
since there is always at least one path. Mathematically, a
cyclomatic number that is too high indicates that the number
of decision points of the system is high, which potentially
translates to several behaviors of the very same system.
Theoretically, a low cyclomatic number indicates that the
system is well deterministic.

4) Fault Tolerance

Robustness is considered a special case of Fault
tolerance. Since Fault tolerance corresponds to the ability of
the system to operate as intended despite the presence of
faults, the use of invalid inputs similarly must be tolerated
and continue to work normally. The definition of this
measure is provided in the following.

a) Robustness:“The degree to which a system
continues to function in the presence of invalid inputs”.
where it can be measured as follows:

R =Number of invalid inputs / Number of stops @)

V. FORMAT OF THE PROPOSED QUALITY MEASURES

For better conformance during the measuring process,
and in order to maintain a unified format with the rest of the
quality measurements predefined in the international
standard ISO/IEC 25023, we must support the following
information [12]:

1) ID: identification code of quality measure; each ID
consists of the following three parts:

a) abbreviated alphabetic code representing the
quality characteristics as capital X and sub characteristics as
one capital followed by lowercase x;

b) serial number of sequential order within quality sub
characteristic;
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¢) G (Generic) or S (Specific) expressing potential
categories of quality measure; where, generic measures can
be used whenever appropriate and specific measures could
be used when relevant in a particular situation;

2) Name. quality measure name;

3) Description: the information provided by the quality
measure;

4) Measurement function: mathematical formula
showing how the quality measure elements are combined to
produce the quality measure.

Table 1 summarizes all of the previously mentioned
characteristics, sub-characteristics and measurements in the
context of medical imaging embedded software.

VI. CONCLUSIONS AND FUTURE WORKS

Embedded systems are increasingly used in our daily life
and this is due to their extreme importance. Thus, these
systems should deliver their attended services with quiet
quality since their outcome could be critical in some
situations, the medical imaging embedded systems as an
example. In order to control the quality of such systems,
quality models are very promising tools to do that for they
provide a clear definition of the software quality of these
systems through characteristics and sub characteristics.
However, most of the quality models in the literature do not
cover the relevant characteristics of the embedded software
in addition to the general characteristics of the ordinary
software. Moreover, even if it does, there is no means to pass
from the quality definition provided by the model to other
quality purposes such as evaluation and prediction unless we
use another separate model that serves for that. For this
reason, ESQuMo is adopted as a quality model that
overcomes the previous shortcomings. In this paper, we have
proposed a set of quality measures for the Medical Imaging
Embedded Software based on ESQuMo (Embedded
Software Quality Model). It is important to note that these
quality measures are conforming to the international standard
ISO/IEC 25023 that works in conjunction with other
international standards such as ISO/IEC 25010. In future
work, we intend to extend this contribution by proposing a
new quality model for the purpose of prediction in order to
estimate quality even before the development of the
embedded software.
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TABLEL QUALITY MEASURES OF MEDICAL IMAGING EMBEDDED SOFTWARE.
ID Characteristic Sub-Characteristic Name Description Measurement
function
UCu-1-S Usability Cost of Use Cost of Use Degree to which a system costs while performing its Equation (1)
operations
SVu-1-S Security Vulnerability of | Vulnerability Degree to which a system ensures that data is not | Equation (2)
Data of Data influenced by patient factors
PTb-5-S Performance Time Behaviour Timeliness the quality of being done or occurring at a favorable Equation (3)
efficiency or useful time
PTb-6-S Performance Time Behaviour Responsivene | the ability to detect change of system’s response over | Equation (4)
efficiency ss time
PRu-5-S Performance Resource utilization Software the amount of energy consumed by the software, | Equation (5)
efficiency Energy given the amount of resources used from processors
Consumption | and memory access
RMa-5-S Reliability Maturity Determinism A deterministic system is a system in which a given | Equation (6)
initial state or condition will always produce the same
results
RFt-4-S Reliability Fault tolerance Robustness The degree to which a system continues to function in | Equation (7)
the presence of invalid inputs
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Abstract—The covid-19 pandemic has demonstrated the im-
portance of e-learning during lock down. But collaboration
between learners remains an important element in learning,
hence the need of collaborative learning that offers learning
activities carried out by a group of learners oriented towards
the same goal. But one of the most important questions claimed
by collaborative learning is to assess the quality of collaboration
for each learner. In this paper, we present a model, derived
from software qualimetry, for assessing learner’s collaboration
during a collaborative activity, called collaborative quiz. The
model allows to calculate a collaboration factor from four metrics.
Index Terms—collaborative e-learning, qualimetry, collabora-
tion factor, communication, metrics

[. INTRODUCTION

collaborative learning is an important part in teaching strate-
gies. It is very effective in improving the learning performance
of students in e-Learning or in the classroom, and brings
many benefits to students. It aims to allow learners to develop
social skills, to share and exchange ideas,in addition to the
acquisition of useful skills.

In collaborative learning, learners work together in a group
to achieve a common goal: the learning goal. This learning
strategy enables students to acquire new knowledge and skills
through social interaction with peers. In addition, obtaining
good learning issue is allowed by the presence of well-
structured groups and good interactions between peers [1].

The main advantage of collaborative learning is that it
encourages students to help each other in solving problems.
This grants learners with cooperation and communication
skills, and also, the possibility to share resources, experience
and ideas [2]. Another benefit of collaborative learning is that
it helps students develop the ability to communicate and share
ideas clearly [3]. In the other hand, teamwork helps to find
creative solutions that reflect the general views of students
[4], and stimulate students to have a positive attitude towards
their teammates and to establish cohesive group relationships
[5].

In collaborative learning the composition of the learning
group is the most important factor in the success of the
collaboration, in particular the individualities constituting a
group. Therefore a good grouping strategy is important be-
cause integrating elements into a team implies cooperation to
achieve goals [6].
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Group formation is a complex process depending on dif-
ferent factors. These factors are conditioned by characteristics
such as group members, the context of formation or the tech-
nique used to form groups [7]. According to Bekele [8], the
process of forming a group lay on three challenges: determine
the size of the group based on the learning objectives, choose
which learner to assign to which group depending on the
nature of the group formation, and which nature adopt between
homogenous or heterogeneous grouping.

The process of grouping learners depends on a number of
characteristics describing the learner’s profile that are cate-
gorized into classes, such as communication (e.g. number of
posts), activities (e.g. grade on activities), psychology (e.g.
sociability), etc. [9].

while these characteristics, mainly those related to collabo-
ration, are used to form groups of learners (for example [10],
[11], [12]), they are not used for evaluating collaborative works
done by learners. The evaluation of learners depends only on
the result of the collaborative activity.

Our objective is to evaluate a collaborative activity done by
a group of learners. The activity considered is collaborative
quizzes, and the evaluation takes into account the process of
collaboration between the learners during the activity along-
side with their grades.

The paper is organised in three main parts. The first one
introduces the qualimetry domain and the software quality
evaluation. The second part presents the proposed qualimetry
model for assessing learner’s collaborative work within col-
laborative quizzes. An experimentation is described in the last
part, by describing the methodology used in this work, and
after, by showing results of data analysis.

II. QUALIMETRY

The term qualimetry was originally applied to a scientific
discipline studying the methodology and problems of quantita-
tively assessing the quality of various objects, mainly industrial
products [13]. Its main goal is to generalize the quantification
of quality to any domain and type of object [14].

A. Software qualimetry

There are many aspects that must be taken into account
when creating a software. One of them is its quality. The
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purpose of software quality testing is to find out whether the

software implementation is as needed [15].

There have been two notable models of software qualimetry:
Boehm model and McCall model. Boehm and McCall both

described quality using a decomposition approach.

Boehm’s (1978) model is based on a wide range of char-
acteristics and incorporates 19 criteria. These criteria are not

independent, they interact with each other [16].

McCall’s Software Quality Model (The GE Model, 1977)
[17] includes 11 criteria encompassing product operation,
product review, and product transition. This model is presented

below.

B. McCall’s software quality model

The quality of software is represented through a hierarchy

of three levels as shown in figure 1.

Software quality

Factor 1 Factor 2 Factorn
Criteria 1 Criteria | Criteria m
metrics metrics metrics

Fig. 1. McCall’s model

At the top level are the quality factors from a customer
or user point of view. These factors are: accuracy, reliability,
efficiency, integrity, ease of use, maintainability, testability,
flexibility, portability, reusability and interoperability. At the
second level are the quality criteria which represent the
translation of factors into technical concepts. At the third
level are the quality metrics, which measure the attributes of

software products [16].

McCall suggests the following steps for applying the

qualimetry pattern [16]:

1) Deduce quality factors according to the characteristics

of the system.

2) Choose the quality factors according to the needs of

users.
3) Deduce quality criteria and measures.

4) Apply metrics at the specification, design, coding and

testing stages of the software lifecycle.

The path from the end user to the developer is made up of
three levels: the factors represent the needs, each of them is
broken down into criteria which are in turn combinations of

[18] metrics.

The factors and criteria are qualitative characteristics of the
software. The first is seen from the user’s point of view and
the second is handled by the developer. The criteria represent
constraints unknown to the end user (e.g. software that is
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easy to maintain for the user means for the developer modular
programs that are easy to test).

The metrics are measures that can be obtained from the
source code (e.g. the total number of operators contained in a
program).

A normalization function will allow a quality value to be
assigned to a factor from the measured metrics.

III. LEARNER ASSESSMENT USING COLLABORATIVE
QUIZZES

The main goal of the developed system is to evaluate
learners during collaborative work which consists of answering
quizzes.

The system offers to learners two essential features:

1) Answer quizzes in a collaborative way.

2) Communicate with the elements of its group, during

work, through instant messaging.

It also offers to both learners and teachers the possibility to
communicate, in a social media, with posts.

The evaluation of learners in a group will be done through
the answers to quizzes and their collaboration during work.

A. System design

The system consists of two essential parts (figure 2). The
first part is the posts features management system. The second
part is for the management of quizzes features.

a L
Y
Posts

Add

Comment

Appreciate|

View

Teacher Learner
Quizzes

Create

Answer
Quizzes . - ‘llnchcators
T, Ll

Fig. 2. System functional architecture

To evaluate learners, we use collaborative quizzes. A collab-
orative quiz consists of a web page composed of two sections:
1) A quiz section containing the statements of the quiz to
which the learner must answer.
2) A collaboration section consisting of a messaging sys-
tem through which he can discuss, with the members of
his group, while answering the quiz.
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A quiz page example is shown in figure 3, and some other
pages of the system are presented in figures 4, 5, and ??.

| Titre: Applications réparties
Tomgn du queaticomnirs t M4 Nimans
Nisbmmt o {3

AMatware e Maser
Question. 3 Preargs uthner des threads dans 18 pevornmmation résesn”

hoon weikverbe promeceds TCP v (DF

Bews vwalann appbarar s sackats dat s des coon

Sean veehes wiikrer o proseceis 1P

Nt ek s 4sn ol ot o mnachs w8 serveer v st deasd

Fig. 3. Quiz page

R 0 om e
ZE om
=n
e =n

Fig. 4. Proposed quizzes (Teacher’s page)

Fig. 5. Proposed quizzes (Learner’s page)

After the response has been validated, the system evaluates
the score to be assigned to each member of the group who
responded to the quiz. The evaluation is done by applying a
qualimetry model.

B. Design of a qualimetry model for the evaluation of answers
to collaborative quizzes

Our goal is to assess the level of learner involvement in
the collaboration to respond to a quiz in a collaborative way,
by observing the interactions of learners during collaborative
work.

In a context of classic use of the system, a teacher offers a
questionnaire to a group of learners. The latter must answer it
at the same time, and can communicate together, through an
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instant messaging system integrated into the questionnaire, to
choose the correct answer.

The evaluation of the questionnaire focuses on the quality
of the collaboration between the members of the group, in
particular by answering questions such as: do they collaborate
to answer the quiz? do they communicate with each other?
etc.

The three levels of the proposed model are as follows:

1) Factor:
In our system, the item to be evaluated is: Collaboration
between learners.

2) Criteria:
To assess the above factor, we identified four criteria:
the presence of learner during the test, the level of
communication of learner with the other members of
the group, the sentiment of learner for the group, and
his knowledge evaluated by his score on the quiz.

3) Metrics:
The above criteria are measured as follows:

- The presence of the learner is evaluated by compar-
ing the connection times to the quiz. The connection
time of the majority of learners of the group is
considered the connection time reference.

If a learner is logged in at this reference time, then
its presence equals 1, otherwise, it equals 0.

- The communication level is evaluated from the
number of messages exchanged in the group during
the test period. The more messages the learner
sends, compared to the total number of messages
sent, the higher his level of communication. The
value of the metric is in the range [0, 1].

- We assessed the learner’s sentiment for the group
using the AFINN [19] method. It is a method
of sentiment analysis based on a value (positive
or negative) assigned to each word [20]. When
a word is present in a message, if its value is
positive (respectively, negative), then the sentiment
expressed is positive (respectively, negative).
This method was chosen for its simplicity of
implementation, even if it has a certain number of
lacks, in particular not taking into account pairs
of words or sentences. For example, between the
sentences “it’s pleasant” and ”it’s not pleasant”.
The word pleasant has a positive value (+2), which
must be reversed in the second sentence.

The indicator for the sentiment criterion is calcu-
lated by summing values of the positive and negative
words extracted from the messages and compared
to the AFINN dictionnary [19], which contains
2193 words with, for each word, a sentiment value
(positive or negative) enclosed between the interval
[-5, +5]. If the sum is greater than 0, then the
sentiment is positive (indicator = 1), otherwise neg-
ative (indicator = 0). This indicator is considered for
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input mqg: messages exchanged by learner /
in quiz g
output sentimentq :
in quiz q

sentiment of learner /

sum =0
foreach message in mg do
decompose message into list of words
foreach word in the list do
search for word in the AFINN dictionary
if word belongs to AFINN
then add word’s sentiment value to sum
end
end
if sum>0 then sentimentg =1
else sentimentig =0

Listing 1. Sentiment indicator calculus

TABLE 1
SIMULATED VALUES
Learner’s| Grade | Number Present Positive Negative
Id (/100) of or Not | senti- senti-
messages | at the | ment ment
(To- same
tal=23) time
I HI 69 5 YES 25 -19
2 | H2 26 0 NO 0 0
3 H3 74 43 YES 3 -1
4 | H4 54 47 YES 22 -12
5 H5 61 23 YES 12 22

each learner concerned by the quiz. The principle of
sentiment indicator calculus is explained by listing
1.

- The learner’s knowledge is assessed using his score
on quiz, which is the number of correct answers out
of to the total number of questions (score belonging
to the interval [0, 1]).

In the section below, we describe an experimentation of the
proposed model.

IV. EXPERIMENTATION

To test the qualimetry model for the evaluation of collabo-
rative quizzes, we simulated data for a group of learners made
up of 5 students who answered a questionnaire composed of
100 statements.

We generated randomized data for a group. The values are
shown in table I.

The metrics are obtained as follows:

- The grade is calculated through the sum of the correct
answers out to the total number of questions.

- The number of messages (representing the communica-
tion in a group) is the number of messages sent in the
group, by the learner, compared to the total amount of
messages exchanged during the test.

- The relative communication represents the weight of
messages exchanged in a group relatively to all messages
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TABLE Il

METRICS VALUES (HIGH COMMUNICATION LEVEL)
id Grade | Communication | Presence | Sentiment
HI 0,69 0,04 1 1
H2 0,26 0 0 0,5
H3 0,74 0,36 1 1
H4 0,54 04 1 1
H5 0,61 02 1 0

sent for all groups. Its the total amount of messages for
a group divided by the total number of messages for all
groups.

- When learner answer the quiz at the same time as
his group, the indicator of presence has the value 1,
otherwise the value is 0.

- The metric for positive and negative sentiment will
allow us to calculate the sentiment criterion with the
following formulas:

— sentiment = 1, if (positive + negative) > 0
— sentiment = 0.5, if (positive + negative) = 0
— sentiment = 0, if (positive + negative) < 0

Table II show metrics values obtained from the simulated
data.

From the metrics, we calculated the values of the factor
collaboration for each learner, by applying three different
normalization functions.

The proposed functions for a learner /| answering a quiz with
a group g:

1) Function based on greater importance given to the

learner’s grade:
(2 x gr;) + me; + pr; + se;

collaborationi; = cog *
5
2) Function based on greater importance given to commu-
nication:
collaboration;y = cog 5 QL1+ (2% me;) + pr; + se;

5
3) Function based on an equality between the criteria:
ari+ mj+pr; + se;
4

collaborationi; = cog *

Where cog is the relative communication of the group g,
gri the grade of learner i, m; the number of messages, pr;
the presence, and se; the sentiment.

A. Results

We will discuss the values of the collaboration factor for the
simulated values, with respect to each normalization function
(see table III).

a) Grade based function: Learners H1, H3 and H4 (table
IIT), have high ranks, but we notice that the levels of H1 and
H4 are very close, even though the grades are distant. This
is due to the inclusion of communication in the assessment
of learners. H1 has a better grade but does not communicate,
while H4 has a lower grade but communicate more.
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TABLE III
FACTOR Collaboration

Collaboration factor
id function a | function b | function ¢
H1 0,57 0,46 0,57
H2 0,17 0,13 0,16
H3 0,64 0,58 0,65
H4 0,58 0,56 0,62
H5 0,41 0,34 0,38

b) Communication based function: The collaboration
values of this function are distant to the values of function (@),
because this function is very sensitive to the communication
metric.

As a general rule, the collaboration values for function (a)
are always higher than for function (b), the communication
occurring more in function (b) and being a relative rather than
an absolute metric.

¢) Function based on criteria equivalence: The main
remark concerning the table function (c), is the proximity
of the results of this function with those of the function a.
Which is consistent with the importance of communication in
the collaboration factor. In this case, the grade has relative
importance, even if it is also present in the evaluation of the
overall factor.

B. Discussion

Histograms in figure 6 present values of collaboration factor
obtained with each specified normalization function.

Collaboration factor values
High communication level

0,70

| W Function a

5 W Function b

1,30 - Function ¢
H1 H2 H3 Ha HI

Fig. 6. Histogram for collaboration factor

From the results obtained by simulating a test on a collabo-
rative quiz, taken by a group of 5 learners, we observe that the
normalization functions a and ¢ offer very similar collabora-
tion values. This is explained by the fact that in the function b
the emphasis is on communication, which is a relative value,
which therefore reduces the level of collaboration within this
function.

In conclusion, we observe that when evaluating collabo-
ration, the communication criteria is important. In the other
hand, the sentiment criteria was not sufficiently exploited, it
will be necessary to propose another metric to measure it.

We propose the use of the function (@) when it is preferable
to give importance to grade in the assessment of learners,
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and the function (»), when communication is important. The
function (¢) will be abandoned because it provides the same
results as the function (a).

V. CONCLUSION

This paper presents a model, based on qualimetry, used
to assess learners in a collaborative learning activity. The
measured factor is collaboration, and it is calculated from
criteria, evaluated with metrics, associated in normalization
functions. Three function where proposed and tested, the
results show that, the communication metric and grade have
more influence in each of normalization functions.

As perspective for this work, we propose to add new
metrics, primarily to better measure the learner’s sentiment
for the group, as well as his presence or absence during
collaborative work. We also propose to use the collaboration
factor to dynamically group learners.
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Abstract—In this investigation we have developed a road
extraction computer vision algorithm, a technique for road
recognition of autonomous cars. The system is implemented
and simulated in python, and its performance is tested on real
road images based on a color segmentation polynomial
regression linear model, which detects the road from the
markings lines using image processing toolbox. The system
consists of the following main steps:1)Image acquisition and
preprocessing; 2)Optimal thresholding and marking lines
identification; 3)Bird's-Eye View Transforms (BEVT);
4)Segmentation; 5)Inverse Perspective Mapping (IPM) and,
8)Second-degree smoothing regression. The present results
show that the computation time tp decreases and the
recognition rate Rrate increases as the threshold Tc increases,
which gives a better recognition rate of 90% in the threshold
interval of [220~245] with an average computation time of
approximately 0.010 seconds making this method robust and
faster. Based on the magnitude of recognition rate Rrat, the
Error rate Eerror, and the average computation time tp, we can
define four (04) dominant regions to evaluate the performance
of the system: The recognition rate Rrate reaches its minimum
value zero (Rrate=0%, tp=[0.0256~0.029], Eerror=100%) in the
threshold interval Tc=[100~115]. When Tc¢ increases from 130
to 155, the recognition increases with an average rate equals
approximately to 50 % (Rrate=50%, tp=0.014, Eerror=50%0). In
the interval of Tc =[170-195], Ruraee increases and the
processing time remains constant (Rrate=80%b, t,=0.010 seconds,
Eerror =20%). Finally, in the interval of Tc = [200-245], the
accuracy reaches its highest value 90% and low processing
time tp=0.010 seconds. This method shows a significant higher
recognition rate with reduced processing time.

Keywords-Autonomous car, Road extraction, Transformation
in bird's eye view

I. INTRODUCTION

In recent years, major automobile brands (Volvo,
Mercedes, BMW, Audi, and others: even the American
company Google) have been looking for solutions to make
their vehicles safer in terms of safety, by increasingly
assisting the driver using state-of-the-art electronic
equipment, radars, and sensors, to perform various tasks
better and more efficiently than the driver. Many research
works have been published [1,2,3,4,5,6,7,8,9].These various
innovations gradually make automatic cars completely
autonomous. Even if cars are not yet developed, they are at
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the beginnings of the autonomous. In addition, competition
between different car companies is about to increase
intelligent car autonomy using artificial intelligence. In fact,
the implementation of new tools will later allow the
development of intelligent cars. They will take over from
the human driver and allow safer roads. With the technology
development, the autonomous car is on its way to replacing,
the present no autonomous cars.

The world of mobility is undergoing profound change. The
deployment of the autonomous vehicle will not only
transform our modes of transport, but also will have an
impact on the evolution of society in terms of safety,
environment, town planning, and on the automotive industry.
Even, to produce vehicles in which telecommunications and
artificial intelligence will play an important role.

According to WHO statistics, the number of road accident
victims around the world is increasing, in most cases due to
human mistakes. However, if the vehicle no longer depends
on the driver but on a computer, the risk of an accident may
decrease. The main reason for building autonomous
intelligent vehicles is to improve safety conditions fully or
partially automating driving tasks. Among these tasks, road
detection continues to play an important role in driver
assistance systems (ADAS). These new techniques open up
research development perspectives for new generation
cars.In this study fixed cameras on-board car for automatic
extraction of road in real-time, allowing the vehicle to
determine its trajectory, based on color lines segmentation,
and experimental test using KITTI-Road dataset [10].

METHODOLOGY

KITTI road database used in this work is a secondary
dataset. The dataset contains 384 images divided on three
several types: unmarked road, marked road, multiple
marked road. We will use the multiple marked road in this
paper. The detection of the road requires real-time
processing of images supplied by an embedded camera in
the car, to extract useful information, namely the markings
on the ground, which is considered as a reference point for
locating car position on the road lane. Cameras will replace
the user's eyes allowing the car to see the world around it.
An autonomous car can be equipped with different types of
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cameras such as mono-vision cameras, stereo vision
cameras, and infrared cameras.

Computer vision is based on the use of camera mounted on
top of the windshield to provide an open view of the road.
With a camera, you can detect the road by extracting
markings from the ground. This processing makes automatic
driving possible so that a car follows its lane trajectory on
the road without the intervention of the driver. In case the
driver is not paying attention, the image captured by a
camera can also be used to process the segmentation of road
signs to indicate to the driver a notification on the detected
plate. Another artificial intelligence treatment with a
computer vision is to shape recognition treatment, and
identify what is a vehicle types (car, truck, bus,
motorcycle ...), or a pedestrian crossing the road. The
reaction then depends on the level of danger, either it is in
the form of sound signals to alert the driver, or it is the
electronic system which takes control of the car.

A lane departure warning requires the execution of three
processes as indicated in Fig.1: 1) Acquisition of road
image; 2) detection of the road by calculating the lane line
curve; 3) Vehicle control based on the previous processing.

Vehicle
contral

Lane lines
detection "

Image
acquisition

Fig.1] Lane departure warning process.

Il. SYSTEM MODEL OVERVIEW

There are several algorithms proposed for road detection.

In this investigation, we have developed a road extraction
algorithm to develop computer vision, which detects the
road from the marking lines. The detection is based on color
segmentation which uses image processing toolbox
implemented on python consists of the following steps:
The first step of this algorithm is the segmentation of the
marking lines in a grayscale image after applying a
threshold to extract the white color, which is the color of
these lines. The functions used at the level of the proposed
algorithm is the OpenCV library is a computer-based
library that offers excellent functions in terms of real-time
processing and performance. We have divided the program
into four (04) functions based on the functions of the
OpenCV library. The program is structured as follows:

A. The Segmentation function

The segmentation function will allow segmenting the
marking lines, through three (03) very simple steps: a) going
through the gray level using the function; b) histogram
equalization with the function, and) segmentation of the
marking lines using an optimal threshold. All the pixels
between the threshold and the maximum value will have the
maximum value 1 otherwise 0.

B. The function of the IPM

IPM is a function of the Opencv library. The segmented
image to be transformed into a bird’s view, and homograph
matrix makes the projections from the source zone to the
destination zone Fig.2. This matrix is calculated by calling
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the of the Opencv library function getPerspective Transform
either SI (MKS) or CGS as primary units. (S| units are
encouraged.) English units may be used as secondary units
(in parentheses). An exception would be the use of English
units as identifiers in trade, such as “3.5-inch disk drive”.

C. The detection lines function

The detection lines function is the function that detects by
sliding windows. It will return an array of coordinates of the
right line and an array of coordinates of the left line. Fig.3

D. Second degree smoothing function

At the level of this function, we calculated the parameters of
the mathematical model of the lines using the poly fitting
function of the NumPy extension, which allows refining
using the least-squares method. The function receives
parameters (the vector of coordinates of the straight line, and
the degree of the polynomial, which is of order two).In
return, we receive a vector of coefficients of the second-
degree polynomial “a, b, ¢ ".To plot the curve represented by
yi = ax? + bx + ¢, we usecv2.polylines ()method: (Fig. 6).

I1l. EXPERIMENTAL RESULTS

A. Thresholding of Making Lines

On the grayscale image as we have seen previously, the
marking lines are present in white color; an intuitive method
that allows the extraction to be done is to set a threshold that
segments these lines.

Fig.2. The area of interest (a), Image segmentation (b), transform the
camera view image to the BEV bird view (d) from the image (c).

B. Transform in Bird View

After segmentation, the next step transforms the camera
view into an aerial view Fig.2(d). It is also called the bird's-
eye view (BEV). This technique removes the perspective
effect of the image, because in a camera view, the lines
seem to converge at a point called the vanishing point, but in
reality, the lines are parallel. The goal is to have an image
with the two marking segments in parallel to facilitate the
line detection processing for the next step. This transform
requires a homography matrix [11], which is used to make
the correspondences between the source image and the
destination image. The bird's-eye view is the perspective
projection of the original image is indicated in Fig.4{The
relation between the pixel of the destination image as the

Page 49



The st International Conference on Autonomous Systems and their Applications (ICASA"22)

(b)
Fig13 (a) Thresholding of the marking lines. Original image (b) The
extraction of the coordinates of points by the sliding windows

crow flies and the pixel of the source image can be
formulated by the homography matrix [11]. The
homography matrix is calculated so that the area bounded
by the four points on the source image (the four points of the
area of interest), will be projected a new area on the
destination image as indicated in'Fig:2!

C. Idendification of Marking Lines

In this step, we identify the right and the left lines. The
technique used in this case is based on a sliding window, It
allows to follow the line and extract the position of each
point that is detected inside this window (white dots
segmented). Two (02) windows will be placed at the very
bottom of the image, which has well-determined dimensions,
the first on the right line and the second on the left line, and
extract the set of points that are inside of each window
(coordinates x, linked to the frame of the image), then they
will move above its first position to perform the next
extraction. To determine the initial position for each
window, it is necessary to calculate the histogram which
represents the number of white pixels according to the
position on the horizontal axis on the image, in other words,
the sum of the pixels on each column of the image. This
processing is only done on the lower half of the image but
not on the entire image. Figure 3.1shows an example of
setting detection windows. The next position of the window
will depend on the position calculated above. It is a
displacement by a step equal to the width of the window on
the ordinate axis, and the next abscissa will be the average
of the abscissa of the points, which are extracted by the
window if it has succeeded in making the detection.
However, if no point is inside the window, it will keep its
position on the x-axis
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Result after second order polynomial regression

D. Polynomial Regresion

The windows of the lines will extract the straight line,
store them in a vector by their Cartesian coordinates, and the
same thing for the left side, and it remains only to adjust the
series of this set of coordinates of points (the pixel
coordinate in the image coordinate system). The curves used
to model roads are the (2"%) second-degree curves. We will
fit this set of points detected on a given image to an arc of a
parabola of the equation. Once we have found the
coefficients “a, b, ¢” for each side of the road from the
polynomial equation, we can plot the function, which
follows the model of the parabolic equation on the image,
and we will have the result of the detection/JFigi6 shows the
result of the parabolic regression of all the points detected.
The coefficients a, b, and c of the parabolic equations are
indicated in table 1.

TABLE I. COMPARISON OF PARABOLIC REGRESSION CURVES OF
ROAD LINES (FIGURE 6)
Right line a=-3.2e4 b=0.58 c=868.9
Left line a=-4.8e-4 b=0.47 c=1178

The middle of the lane of the road is shown in Figi above
in green arrows. It is calculated by the average of the model
coefficient of the right and the left lines, and then the
decision-making is based on this middle line. If it is
located in the middle of the image so the car is in the
middle of the road, otherwise an attempt to leave the lane
can be detected by the distance between the calculated
middle line and the middle of the road image. It is assumed
that the middle of the image is a reference if the camera is
properly calibrated
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-. (a) the source image (b) detection.

Figi7 (a) Result after returning to the camera view. (b)Superposition of
the result on the original image algorithm/

E. Results

After the detection of the marking lines, we do an inverse
transform from, the aerial view to the initial view of the
camera. As we are working on a segmented image i.e. black
& white colors, the aerial view will be superimposed on the
original image in order to visualize the result of the
detection. The following aerial view shows the result of the
road detection
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F. Test Images Detection on the Road

In order to compare the results of the proposed algorithm to
the same source image, we calculate the corresponding
execution time. The test is performed on images took taken
on the national road (Algeria). The detection result is shown

in

ﬂows the result of the detection of the road with the
proposed technique, which uses the extraction of lines by
sliding windows using ten (10) images. This method
performs better for nine images, but only the first image
gave a bad result. Therefore, the success rate is 9/10.In
addition to the detection of images the processing time of
each image indicated in

This method based on the thresholding of the white color is
very sensitive to the change of lighting. According to the
results of the tests on the images taken from the KITTI
database, the proposed algorithm performs better in terms of
success rate and processing time. It has a fast execution; and
can estimate the model of the channel by a polynomial
curve. Therefore, it offers a possibility of detecting turns
and estimating the speed limit according to the radius of
curvature, which opens up another subject of research. The
only downside is the rate of illumination, which affects the
threshold range. Twenty (22) of images were used for
testing to assess preliminary classifier performance. First,
the image features are extracted and then the transformation
coefficient of the wavelet function is obtained by wavelet
decomposition. These functions are tested using the
proposed algorithm. Figid shows the results of the
detection of the road with several threshold values on two
different road images (110, 145, 185).

Test result with the first algorithm on 10 images of KITTI
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TABLE II. PROCESING TIME CALCULATED USING PYTHON ON
SEVERAL IMAGES IF KITTI DATASET TC=[200~245]

Image | Processing time of each function during the test (seconds)

Sszmentstion | EBEV Shdms | polysitting | Total time
1 0.00093 0.0028 0.011% 0.003%9 0.021
2 0.00097 0.002%9 0.012% 0.005%9 0.022
3 0.0009% 0.0028 0.011% 0.005% 0.021
4 0.00094 0.0028 0.011% 0.003% 0.021
3 [1] 0.0020 0.012% 0.003%9 0.020
[ 0.00087 0.0032 0.0130 0.005% 0.023
T [ 0.0019 0.011% 0.005% 0.020
8 0.00098 0.0038 0.010% 0.003% 0.021
E 0.00096 0.0029 0.012% 0.003%9 0.022
10 0 0.0024 0.011% 0.005% 0.020

Fig. 9. (a)The test image, (b)Segmentation by the proposed algorithm

The road rate recognition or accuracy is characterized by the
recognition rate or accuracy represented by

Rrate=V/W (l)

Where V: The total number of recognized images, and
W: The Total number of image to be read.

The error rate is given by
Eerror=K/W (2)

Where K :The total number of non-recognized images. Fig.12
Shows the recognition rate Rrate, the error rate Eeror, and the
processing time tp versus the threshold Tc. The processing time
decreases as TC increases. The highest value (0.029) is
observed when TC =100 and the lowest value (0.010) at TC
=255. In the interval of TC =[100~115], the accuracy
reaches its minimum value zero. When TC goes from 130
to 155, the recognition rate remains approximately constant
with an accuracy of Rrate=50%. As TC becomes larger than
155, in the interval of [170~195], the recognition rate
increases with the average value equal to 80%.Increasing
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TC from 200 to 245, the threshold does not affect
significantly the recognition rate, Rrate=90%.Based on the
magnitude of recognition rate, we can define four (04)
dominant regions: In the threshold interval of
TC=[100~115], the recognition rate reaches its minimum
value zero (Rrate=0%, tp=[0.0256~0.029], Eerror=100%).
In the interval of TC = [130~155] the recognition increases
with an average rate equals to 50 % (Rrate=50%, tp=0.014,
Eerror =50%). In the interval of TC = [170-195], the
accuracy increases (Rrate=80%), and the processing time
remains approximately constant tp=0.010 seconds with the
error rate Eerror =20%). Finally, in the interval of TC =
[200-245], the accuracy reaches its highest value 90% and
low processing time tp=0.010seconds.

V

- J
Fig.10. Polynomial regression-graphs (blue color) in the intervals
[100~255]

Algorithm based on segmentation by color

—8— Processing_Time (Second)
— R _rate*10
—— E rate*10
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=] [=] =] [=]
— [ ] w
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[=]
=]
=
(=]
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Fig.11 Recognition rate, error rate, and processing time versus threshold.
Abbreviation X;=segmentation processing time versus the threshold
X,=BEV, Xs=detection line, X,=Polyfit, and total time.

IV. CONCLUSION

Road recognition for automatic real-time road extraction
based on color segmentation algorithm is proposed to
improve the safety and the efficiency of automatic driving-
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assistance system to reduce the workload of security
personnel. When applying the road markings detection color
segmentation algorithm, a car can follow its lane on the road
without the intervention of the driver. Before implementing
the system, previously study is necessary. A comparison of
the performance characteristics under fixed total number of
images 10 is carried out to examine the recognition rate
accuracy when the image threshold TC changes from 0 to
250. Based on the magnitude of the recognition rate Rrate,
the Error rate Eerror, and the average computation time tp,
we can define four (04) dominant regions to evaluate the
performance of the system:

Processing Time of 10 images

0.02500 [~

0.02000 [~

001500 [~

001000
X1 x2
[meT| 000050

Fig.12. lllustrates the Recognition rate Rrae, the error rate Eeror, and the
processing time versus threshold. Abbreviation X;=segmentation
processing time . X,;=BEV, Xj=detection line, X,=Polyfit, and total time.
PT: Processing Time.

Processing Time {Second)

0.00500

0.00000

X3 x4 total |

0.00298 0.01200 0.00598 0.02145 |

1)Region I: In the threshold interval of the threshold
Tc=[100~115],the system works badly with a higher error
100% and lanes with the highest processing time

t,=[0.0256~0.029].could not recognize road lanes.

2) Region I1: When T¢ increases from 130 to 155, the
recognition rate increases with an average error equals to
50 % and the processing time t,=0.014.

Under these conditions, the implemented system need the
intervention of the drive.

3) Region I11: In the interval of T¢ = [170-195], the
accuracy of recognizing the rood lanes increases with
lower error of 20% and constant time processing %,
t,=0.010 seconds. Under this situation the system with
lower risk is not autonomous. The driver should pay

intention to avoid an accident.

4) Region 1V: Finally, in the interval of T¢ = [200~245], the
system shows the best scenario. The accuracy reaches its
highest value 90% and a low processing time
t,=0.010seconds. The system is not perfect and is not
totally autonomous, but it helps the driver to minimize
the risk

To conclude, the performance of the system can be
improved by adjusting Tc in the range of [200~245]. The
recognition rate can be optimized in the region IV with a
lower error rate 10%. In this region V, the working system
was tested successfully, which detects and recognizes the
road on real images. The experimental results of the
proposed method shows the effectiveness of identifying the
road on real images with high accuracy 90% .

The image threshold combined with color segmentation
algorithm can be used to control the recognition rate and the
computation time to propose an optimal solution. This
technique is faster with reduced processing time and maybe
effective helping the driver to pay intention under certain
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condition to take decision as accident prevention. This
method serves as a performance metrics guideline that tells
us how much better the proposed model is detecting the road
lines. It also helps programmers to select the optimal model
that generates the best performance scenario.

The purpose of our future work is to introduce machine
learning computer-aid technology methods to perform a
road recognition to improve the accuracy larger than 95%.
The system will be implemented and simulated in Anaconda,
and its performance will be tested on a real dataset that
contains 6 features and three (03) classes defined by the
characteristics of road [10]. The features of the numerical
dataset such mean, variance, standard deviation, entropy,
skewness, kurtosis etc. will obtained from the image
proprieties.
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Abstract—In this paper, two novel intelligent maximum
power points tracking of Photovoltaic systems (MPPT)
developed and investigated. The proposed methods take
advantage of Whale optimization algorithm (WOA) and grey
wolf optimization (GWO) to tune the PID controller gains,
which optimizes the PWM duty cycle driving the DC/DC
boost converter. The biggest drawback of old MPPT
algorithms is the oscillation around the MPP and fail accuracy
under fast variable isolation. Therefore, to defy the previous
MPPT limitations; an objective fitness function including
simultaneously: accuracy, ripple, and overshoot is proposed
and optimized by two different recently developed methods,
whale optimization algorithm (WOA) and grey wolf
optimization (GWQ), with the aim to provide the most
relevant variable step size. In order to validate our proposal;
several testes are carried on a photovoltaic system based on
Solar-ex MSX-60 panel and DC/DC boost converter. The
performance of the methods is compared to classical fixed step
size Perturbation and Observation (P&O) MPPT algorithm,
The results show a clear superiority of our proposals against
the classical one in terms of power overshoot and ripple,
Moreover, the analysis shows huge benefits in response time
in case of atmospheric condition rapid variation.

Keywords: fixed and variable step size algorithms,
Perturbation and observation (P&0O) MPPT algorithm,
Photovoltaic Cell modeling, optimization methods, grey wolf
optimizer (GWO), whale optimization algorithm with (WOA)
tracking accuracy, overshoot, Ripple.

I. INTRODUCTION

Recently, the energy consumption has reached
unexpected high levels, in which it surpassed all
expectations, besides, continuous increasing demand and
the high cost of conventional energies have forced many
countries and institutions to find and develop new energy
source able to replace the fossil energy gradually with better
performance especially in term of abundance, pollution,
price, efficiency, etc. Hence, most researchers have opted to
investigate renewable energy as an alternative solution,
which can be the most promising option while it is
renewable and naturally replenished. Renewable energy is
the energy produced from natural resources like geothermal,
wind turbines, tides, rain, and sun. In this context, many
studies have demonstrated that photovoltaic (PV) energy
can be considered as one the most important renewable
energy sources while it exhibits better performances, which
is clean, free and abundant in the most of the world as well
as simplicity in design, low maintenance, and low cost.
However Photovoltaic still suffers some limitations,
particularly it's low conversion efficiency which is only in
the range of 9 - 17 % and the nonlinear characteristics.
Hence, several studies and researches on the subject of the
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development and improvement of PV systems have been
updated continuously in terms of efficiency, cell materials,
DC/DC converters, MPPT methods, etc.

To increase the efficiency of the PV system, many
studies have been focused on maximum power point
tracking MPPT algorithms [5 — 8]. These methods can be
classified into two categories: conventional and intelligent
methods. The conventional include perturb and observe (P
& O) [5], Incremental Conductance (IC) [6], Hill Climbing
(HC) [7], fractional open-circuit voltage [8], fractional
short-circuit current [9], the intelligent methods uses neural
network [20], fuzzy logic, Grey wolf optimization (GWO)
[21], and genetic algorithms [22], Particle Swarm
Optimization PSO[22]. the P-V curve of the module
displays various local MPPs (LMPP's). In general bypass
diodes, are used to decrease the hotspots on PV modules.
Placement of these diodes in return generates various
LMPP's, and at the same time, the controller has to track the
global MPP (GMPP) despite various LMPP. Dhimish, et al.
[30] provides the novel hot-spot mitigation technique using
MOSFET's connected panel, and forward-looking infrared
in thermal camera is used to observe these hot-spots. The
power loss due to the hot-spot effect by these diodes has a
prominent effect to consider. Because of different LMPP's,
it is tough for the traditional MPPT's to distinguish the
GMPP on the P-V curve. Thus, to accomplish this most
extreme productivity from PV frameworks, some best
MPPT algorithms are utilized [31]. To mitigate these
limitations, especially in PSC's, analysts have proposed few
strategies and techniques in the literature. In [32], Ghasemi
et al., introduced a two-step methodology based on the
GMPP tracking algorithm in which the proposed algorithm
tracks effectively than particle swarm optimization (PSO)
algorithm in PSC's. Huang et al. [33] introduced a
methodology which predicts the MPP at a very faster rate
based on a natural cubic-spline-based prediction model and
this proposed algorithm is incorporated into the iterative
search process. Coelho et al. [34] gives the new temperature
based MPPT sensor, which is sophisticated in design
aspects. This method utilizes the fact that the module
voltage directly depends on the PV panel surface
temperature. In [35], Karami et al., detailed at least 40
methods, includes advanced classical methods like three-
point weight comparison method, parasitic comparison, 3
method, intelligent, and optimized techniques. However,
this paper only confined to comparing the five parameters,
mainly on algorithm tracking. Podder et al. [36] made a
comparison depending upon the tracking nature. Nearly 50
techniques are reviewed, stating their merits and demerits.
Comparison of different mathematical calculation/meta
heuristic-based MPPT is made by [37]. Choosing an MPPT
for a particular application is important during the design
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process. References [38, 39] distinguished some of the MPP
parameters in the literature. However, the review papers
mentioned above lack the real-time implementation
procedures of these MPPT techniques. Therefore, this paper
furnishes the hardware information of the particular
technique by different authors done in various platforms
with their tracking speeds and efficiencies.

Although the great advance in MPPT algorithms,
several limitations are inescapable such as the oscillation
around the MPP and poor accuracy under fast variable
atmospheric conditions. In this defy, two intelligent
methods based on whale optimization algorithm (WOA)
and Grey wolf optimization (GWO) have been proposed
and implemented to guarantee better performances, in
which both methods tune the variable step size providing the
adaptive duty cycle of the DC/DC boost converter. Analysis
and comparative study between the optimization algorithm
(WOA) and grey wolf optimization (GWO) have been
presented employing a boost converter connected to a Solar-
ex MSX-60 model. Many scenarios and schemes for
temperature and irradiation have been considered to validate
the efficiency of the proposed methods.

II. MODELING OF PHOTOVOLTAIC CELL

Photovoltaic is the direct conversion of light into
electricity. It uses materials which absorb photons of lights
and release electrons charges. It can be used for making
electric generators. The equivalent model of a PV cell is
shown in Fig. 1. It consists of a light generated current
source, a single diode, a series resistance Rs and a shunt
resistance Rsh [3,10-11].

The solar cell terminal current can be expressed as a
function of photo-generated current, diode current and shunt
current.

I o=I ph-I d-I sh )

Where:

Iph is the current generated by the incident light (it
is directly proportional to the Sun irradiation),

Id is the current through the diode;

Ish is the current through the parallel resistor Rsh.
& Io

—0

IO~”1\ \l/ I \l/ En +

%34\> o) 4

0

FIGURE 1: SIMPLFIED EQUIVALENT CIRCUIT OF A
PHOTOVOLTAIC CELL

The output current of a PV array is given by following
equation:
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where:

Irs:cell reverse saturation current;

q is the electron charge (1.60217646 x 10—19 C),

k is the Boltzmann constant (1.3806503 x 10-23
J/K),

n is the diode ideality constant.

Rs: series resistance of cell (0.001 Q).

T: reference cell operating temperature (20 °C).
V: cell output voltage( V).

Rs and Rp are the series and shunt resistors of the
cell, respectively.

The generated photo-current Iph is related to the solar
irradiation by the following equation:

Ly =11l +k-(T—T)]L (1)
ph rs i r 1000

where

Isc: cell short circuit current at reference
temperature and irradiation

ki: Short-circuit current temperature coefficient
Tr: Cell reference temperature

G: Solar irradiation in W/m2

III. PERTURB & OBSERVE (P&0O) METHOD

At present, photovoltaic (PV) has received much interest
as a secondary energy source. Due to nonlinear
characteristics and low efficiency of photovoltaic arrays,
tracking the maximum power point (MPP) of a photovoltaic
array is an essential part of a PV system. Many MPPT
techniques have been proposed and implemented. These
methods include such as perturb and observe [1,2],
incremental conductance [3], parasitic capacitance [4],
constant voltage [5].

The mechanism of the classical P&O method is based
on the perturbation of the module operating point and
observation of the change in module output power. The
polarity of the module output power defines the direction of
the coming perturbation. For positive polarity, the next
voltage perturbation can increase or decrease in the voltage,
the same as that for the previous perturbation. For negative
polarity, the On the Improvements of Perturb-and-Observe-
Based MPPT.

The Perturbation and observation is one of the most
commonly used MPPT methods for its simplicity and ease
of implementation [2-4]. In this method, the array voltage is
slightly disturbed (increase or decrease) then the actual
value of the power P(k) is compared to the previous
obtained value P(k-1). If the power panel is increased due to
the disturbance, the following disturbance will be made in
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the same direction. While if the power decreases, the new
perturbation is made in the opposite direction. The
flowchart of the Perturbation and observation method is
illustrated in Fig.2.

| Mesure of v(K) et i(K) |

[ Pr=vFiK) |

decrease Increase decrease Increase
duty cycle duty cycle || duty cycle duty cycle

Back to start

Figure 1: Flowchart of the conventional P&O
algorithm

IV. BACKGROUND ON BIO-INSPIRED ALGORITHMS

In the last decade, the progress of optimization
approaches encouraged through nature or interaction of
animals to find food sources has increased [29], which
results in hundreds of algorithms that proved their efficiency
in various applications in many domains. Grey Wolf
Optimizer [30] (GWO) and Whale Optimization Algorithm
[3171(WOA) are two recently developed algorithms inspired
by grey wolves and whale behaviors, respectively.

Based on the literature, GWO and WHO are simple and
robust population-based algorithms. They are advantageous
over other meta-heuristics because of the reduced number
of random parameters and user-selected parameters. These
advantages cause GWO and WOA to be appropriate
algorithms for solving different constrained or
unconstrained  optimization problems for practical
applications without a structural reformation in the
algorithm. Due to their huge benefits, we investigate them
in the MPPT method for PV Systems. This section will
summarize the main inspiration and the mathematical model
of GWO and WOA.

A. Grey wolf optimizer

GWO is population based stochastic algorithm that
mimics the natural leadership hierarchy and hunting
strategy of grey wolves. It was developed in 2014 by
Mirjalili et al. This technique is essentially inspired by
searching an hunting mechanism of Grey wolves groups. In
the nature, wolves prefer to be in pack with a steady
hierarchy. Each pack is divided into four categories relays
on type and responsibilities of each individual, which helps
in the process of hunting. The four categories are called:
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alpha, beta, delta and omega. The leader of a group is called
alpha (a), which is responsible for guiding and directing

the whole group during hunting mission, feeding, and
migration. Beta () wolf stands on the second level of social
pyramid. This category can substitute o when they are killed
or cannot lead the group anymore. The next class are delta
wolves (8) and the rest of population is called omega (o).

With a view to mathematically modeling the social
hierarchy of wolves when designing the GWO, the first
three that have the fittest solutions in the population are
regarded as: o, B and 8. The rest of search agents are
declared as ®. During the optimization process ® group is
guided and directed by a, p and & toward the promising
search space in hope to find the best optimal solution.

Basically, the mathematical model of GWO is described
in three main phases which are: encircling, hunting and
attacking the prey and they are detailed as follows:

4.1.1.  Encircling

When a prey is found, the iteration begins (t = 1).
Therefore, o, f and 6 wolves leads the rest of search agents
to pursue and eventually encircle the prey, this behavior of
grey wolves is expressed as:

X(t+1) =X, (t) + AD 2)
Where Xis search agents (wolves) positions, )Tp)referenced

the prey position. I is the iteration number. And Ais a vector

of coefficient at the (t +1)™" iteration, Whereas, Dis another
coefficient that can be described as following:

D =|¢,X,0) - X )

The parameters A and Care combinations of controlling
parameters a and random numbers 77 and 7, which can be
mathematically expressed as follows:

A=

[\

im—a 4)

[V

=27 )

where components of dare linearly decreased from 2 to 0
over the course of iterations and 77, 7,are random vectors in
[0,1].

4.1.2.  Hunting the prey

Grey wolves hunting behavior change position of each pack
in the group by approaching to the prey, this behavior is
mathematically described as follows: a is considered as the
leader and the finest solution, B and § are expected to know
more information about prey’s possible positions.
Therefore, o pack will pursue them and obliged to change
locations in the light of a, f and § in the next iterations.
Position updating or hunting behavior is described by the
following equations:
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D, = [ciXg - x|
Dy = |cExE - xt| (©)
D; = [ci g - x|
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X=X} — A5.D} (7
X§ =Xk — AL.Df,

_ XX HXS )
3

Xt+1

4.1.3.  Attacking the prey

The attacking process is controlled by the parameter d
changes the vector Aand conduct the omega wolves to
approach or run a way from the prey (solution),
theoretically, if |/T | > 1wolves run a way to explore more
search space. Else, they approach to dominants which
means that omega wolves will follow the dominants which
exploit the small search space. D= |5 ,X;(t) -X (t)|are
linearly decreased from 2 to 0 over the course of iterations
are carried on:

d=2(1-t/N) )

Where N is the total number of iterations and t is the actual
iteration number. The basic steps of the Grey wolf
optimization can be shown Fig. 3

( Start )
Inifialization of Grey walves, a,
AandC
v
Find X; ; \
Calculate fitness values > ;lbha Xoeta
gama
5
Update the position of search No
agenisusing( &) and (9)
‘ Update 2,A and C ‘ Yes
‘ Calculate the fitness valus ‘
v Display X1 and
’ Update Xalpha. Xbeta. Xgama l Pines: vae
4{ lter = Iter + 1 l End
N—

FIGURE 2: FLOW CHART OF GWQO ALGORITHM
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Whale Optimization Algorithm

Whale Optimization Algorithm (WOA)[31] belongs to the
family of stochastic population-based algorithms, It is
recently developed by Mirjalili et al. In 2016. This method
is mainly inspired from the social behavior of humpback
whales, considered as the biggest mammals in the world.
More precisely, WOA is mimics the bubbles-net feeding in
the foraging behavior of the humpback whales. The
bubbles-net created when the whale swim in a 6-shipped
path. Fig.4 presents the Bubble-net feeding behavior of
humpback whales.

FIGURE 3: BUBBLE-NET FEEDING BEHAVIOR OF HUMPBACK WALES

Generally, the algorithm is composed in three main phases;
Encircling prey, Bubble-net attacking method and Search
for prey. The first two phases are described as exploitation
phase, whereas the last is the exploration phase. The
mathematical model of WOA is described in the following
sections.

4.2.1. Exploitation phase (Encircling prey, Bubble-
net attacking)
To hunt a prey, humpback whales first encircle it. Eqs. (12)

and (13) can be used to mathematically model this behavior
[31].

D=|CX(t) - X()| (10)
X(t+1) =X(t) - (A).D (11)

where ¢ indicates the current iteration, X’ represents the best
solution obtained so far, X is the position vector, In
addition, A and C are coefficient vectors that are calculated
as in Eqgs. (14) and (15)

A=2drf-a (12)

=27 (13)

where a decreases linearly from 2 to 0 over the course of
iterations (in both exploration and exploitation phases) and
it is a random vector generated with uniform distribution in
the interval of [0,1]. Search agents update their positions
based on the best-known solution. The solution location is
controlled by the adjustments of  and values.
The hum-pack hunting method is based on shrinking
encircling mechanism and a spiral-shaped path toward the
prey. The shrinking behavior is formulated as shown in Eq

(16).

t 14
MaxlIter (14)
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where t is the iteration number and MaxIter is the maximum
number of allowed iterations. The spiral-shaped path is
calculated by the distance between the actual solution and
the best position by Eq (17),

X(t+1)=D'e".cos(2111) + X'(t) (15)

Where D'= |5(—:(t) -X (t)| describe the distance of i whale
from the prey (The best solution obtained so far). A random
coefficient p between 0 and 1 is used to choose between the
two mechanisms (shrinking encircling mechanism and the
spiral-shaped path) with probability of 50% during the
optimization process. So that if p <0,5 the shrinking
encircling is used to update the position, else the spiral-
shaped path will be used.

4.2.2. Exploration phase (Search for prey)

Whales also have a certain probability of searching for prey
when  they are  constructing  bubble-network.
Mathematically, searching a prey enhance WOA
exploration, this phase is based on the change of A
coefficient. If A exceeds the range of [—1, 1], the distance

data D is updated randomly. At this time, whales will
deviate from the original optimal fitness, so that the
algorithm has a certain global search-ability, which is
formulated as follow:

D =|CXpna — X (16)
Xt+)=X_,,—AD 7

ly = Iy — 1g — Iy Where, X4 is random location
information of a whale selected from this iteration. The
flowchart of WOA technique is depicted in Fig. 5.
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FIGURE 4: WHALE OPTIMIZATION ALGORITHM FLOWCHART
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FIGURE 5: VARIABLE STEP SIZE MPPT METHODS SIMULINK
MODEL

GWO/WOA are applied in the tuning of the step size m, y
to ensure optimal control MPPT performance at nominal
condition for the PV. The block diagram for the entire
system is given in Fig. 7.

Fitness (mn 1, |
. Power ripple )

m|y -

GW/WA algorithm

D f
MPPT (‘onuullex} DCDC ; PV

| Feedback |«

FIGURE 6: OPTIMIZATION OF STEP SIZE USING GWO AND
WOA

V. VARIABLE STEP SIZE MPPT ALGORITHM USING GWO
AND WOA

B.  System implementation

As mentioned previously, the conventional MPPT methods
based on fixed step size have a good performance.
However, they are characterized by major drawbacks like
slow convergence, oscillations around the MPP point and
failing to track the MPP point with fast atmospheric
conditions changes. Speedy tracking can be achieved with
larger step size but excessive steady state oscillations is
unavoidable. While smaller step size can reduce the
oscillations with slower dynamics.

In order to solve these dilemmas, many contributions have
been introduced using variable step size and significant
progress has been made, where the algorithm changes the
step size automatically according to the PV array

Page 58



The 1st International Conference on Autonomous Systems and their Applications (ICASA"22)

characteristics [1, 2, 9, 17]. Depending on each operational
condition, step size should make a satisfactory trade-off
between the dynamics and oscillations. This study proposes
a new variable step size MPPT algorithm characterized by
more simplicity, faster response time, and fewer
oscillations. Fig. 6 shows the variable step MPPT
developed using Simulink. The variable step-size method
proposed is given as follows:

D(k) = D(k — 1) + N%dP (18)

where

D(k) : is the duty cycle and coefficient;

N : is the scaling factor adjusted at the sampling
period to regulate the step size (adjusted manually);

dP : is the PV array output power derivation.

C. Objective function

In each optimization issue, the evaluation of the results can
be performed using the objective function. In which, the
evaluation measures are included. The successful choice of
function means more accurate and better results. In this
work, a combination of various criteria is introduced in the
evaluation function, in order to be optimized and get the
best gains in our main goals such as Ripple, Overshoot, and
system response time.

Firstly, integral square error (ISE)[29] criterion is given as
a measure for ripple, in which the difference between the
theoretical and produced power is calculated. ISE is given
by the equation:

T 2
ISE = f (Pref — Pout)” dt (19)
0

also, the overshoot criteria employed as second part of the
fitness function, which is defined as follows:

Overshoot = max(P,,,) — Pref (20)

Base on these two measurements; we define our fitness
function as follows:

F = a.ISE + 3. Overshoot 21

Where a and B are two empirical parameters used for
balancing between the measurements. In our case, we have
no preference between the two objectives, we choose
(0=B=0.5).

VI. SIMULATION RESULTS AND DISCUSSION

For simulations and analysis of proposed method, the
Solarex MSX-60 photovoltaic module with 36 solar cells
was chosen [1]. the electrical properties of the Solarex
MSX-60 module for S=1000W/m2 and T=25 °C are
illustrated in table. 1. Moreover, Figure.7 shows the P-V
characteristics of the PV cell from a typical Solarex MSX-
60 PV panel. For more details; Figure. 7.A show the P-V
voltage characteristics of the PV cell for different irradiation
levels (0.2, 0.4, 0.6, 0.8, 1 Kw/m?) at fixed temperature T=
25 °C, respectively. Whereas, the figure. 7,B reports the
impact of the temperature variation (T=25, 50, 75, 100, 125
and 150°C) with constant irradiation (S=1 Kw/m?) on the P-
V voltage characteristics of the PV cell.
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FIGURE 7: P-V CHARACTERISTICS UNDER VARIOUS
INSOLATION LEVELS A) P—V CURVES FOR VARIOUS
IRRADIATION LEVELS (SOLAREXMSX-60, S=0.2, 0.4, 0.6, 0.8,
1 Kw/M2, T=25 °C). B) P=V CURVES FOR VARIOUS
TEMPERATURES. (SOLAREXMSX-60, S=1 Kw/Mm?2, T=25, 50,
75,100, 125 AND 150°C).

Description MSX-60
Maximum Power (Pm) 60W
Voltage Pmax (Vm) 17.1V
Current at Pmax (Im) 35A
Short Circuit current (Isc) 38A
Open Circuit voltage (Voc) 21.1

TABLE 1. ELECTRICAL CHARACTERISTICS OF SOLAREX MSX -60
(1xkw/m?, 25°C)

In order to prove our proposals efficiency, with the quick
variation of irradiation due to weather changing or cloud
passing, three irradiation steps signals were simulated
using MATLAB/Simulink software as described by As
stated in the background on bio-inspired algorithms
section, the main advantages of GWO and WOA is the
smaller number of parameters entered by the user. Mainly,
three parameters are used in both algorithms, which are
number of iterations, number of tables.2. the obtained
results are compared to P&O classical algorithm and even
compared between them.
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Irradiation (W/m 2) Time (s)
1000 0-0,5
600 0,5-1
800 1-1,5
600 1,5-2
1000 2-25

TABLE 2. TEST PATTERN SIGNALS.

As stated in the background on bio-inspired algorithms
section, the main advantages of GWO and WOA is the
smaller number of parameters entered by the user. Mainly,
three parameters are used in both algorithms, which are
number of iterations, number of agents and optimized
variables number, such as, the last one representing the step
size (m and y) in our model. Table.3 reports the utilized
values for each parameter in the algorithms.

Parameters
Description
WAO |GWO
Number of search agents 10 10
Maximum number of iterations 20 20
Number of variables 2 2

TABLE 3. GWO AND WAO SETUP PARAMETERS.

As the first comparison, with the aim to forecast the best
method that gives more minimization of the fitness function
between GWO and WOA. Figure.8 reports the results of
fitness function in terms of number of iterations. It’s
observed that whale optimization algorithm performs the
grey wolf’s optimization algorithm in terms of
minimization, which means more efficiency in terms of
overshoot and response time. This result is due to the good
trad-off between exploitation and exploration in WOA.
However, Gray wolf’s optimization algorithm starts with
less fitness function in the first few iterations, which effect
directly on the ripples in our model, due to the hierarchical
search method that makes GWO algorithm powerful in
terms of exploration. Table. 4 give the results of 4
executions of the proposed methods with the same global
objective with different performances (ripple, overshoot
and response time). The best results, which will be used in
the rest of our study, are highlighted in bold.

x 10

6 & 10 12 4 16

FIGURE 8: EVOLUTION CURVES OF THE FITNESS VALUE
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Algorithm M y
Test 1 20,0150 0,0010
Test 2 - 0.0016 0,0000
GWO
Test 3 20,0190 0,0042
Test 4 20,0180 0,0052
Test 1 20,0160 0,0049
Test 2 20,0200 0,0012
WOA
Test 3 -0.005 0.0016
Test 4 20,0180 0,0013

TABLE 4: OPTIMUM SET OF CONTROLLERS GAINS

To illustrate the efficiency of the proposed GWO MPPT
and WOA MPPT methods, a comparative study between
fixed and variable step size MPPT have been illustrated.
Three improvements have been demonstrated: a) tracking
accuracy, b) ripple. c¢) overshoot. Figure 10 shows the
GWO and WOA performance in training offline step.
While figure 12 shows the obtained results using the trained
optimal of fixed and variable step size MPPT.

Power(w)
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t(s)

Power(w)
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From simulation results we can see that:

O®MPPT tracking: both fixed and variable step size
MPPT algorithms have acceptable accuracy. The
power values in both cases are very close to the
theoretical value corresponding to irradiation levels
(Fig. 12).

®Overshoot: the power peak value of the overshoot
in case of suddenly changing atmospheric
conditions is more important with the fixed value
GWO/WOA MPPT compared to overshoot using
the proposed variable step size GWO/WOA MPPT
controller (Fig. 11.b);

® Ripple: The improvement of variable step MPPT
method regarding ripple is undeniably clear. It can
be observed that the quality of the output power Ppv
(Ripple) with variable step GWO/WOA MPPT
algorithm are obviously better than this with fixed
step size MPPT algorithm (Fig. 11.c). variable step.

VII. CONCLUSION

In this paper a bio-inspired Optimization Algorithms
(WOA and GWO) for MPPT controllers have been
proposed, where the MPPT controllers are designed in two
steps: The offline step used for testing and optimization
fixed step size version which shows the same drawbacks of
conventional MPPT methods characterized by slow
convergence; oscillations in the PV power around the
MPPT. To do simulation, we have used the Simulink
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environment and we have detailed different aspects of the
model design and parameters. The simulation results were
divided into transient, steady state, and dynamic response.
The reduction of the ripple, the overshoot and the response
time as well as the good ability of the proposed PO-
GWO/WOA algorithms to follows the MPPT point
especially in fast changing environment conditions, which
resulting in an overall reduction of lost energy, are the main
contributions in this work. In addition, we plan to extend
the present work

studying the biggest disadvantages of both proposed
algorithms GWO / WAO when they used to optimize their
parameters online and change the PID gains according the
selected decisive criteria.
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Abstract—Object trackers can find the relevant objects in
moving images like videos. Object localization can be very useful
in many fields. Many trackers have been proposed over years,
some of them are based on correlation and deep neural networks.
Object tracking is still a challenging problem due to many factors
such as illumination, pose, scale, deformation, motion blur,
noise, and occlusion. In this article, we study some methods
based on correlation and deep learning. We have compared the
Jfollowing trackers ECO, SaimRPN, ATOM, DiMP, TRASFUST
and TREG. These trackers have been developed based on deep
neural networks and are very recent. Performances of trackers
have been evaluated on OTB-100, UAV123, VOT 2019, GOT-10k
and LaSOT dataset. Results prove the effectiveness of deep
neural networks to cope up with object tracking in videos.

Keywords—Deep  neural  network,
benchmarks, trackers, simulation

object  tracking,

[. INTRODUCTION

Today digital images are very used and motion analysis
in videos has proven to be an important tool for many
applications like video surveillance, video compression,
medical imaging, robotics[1], human-computer
interaction[2], analysis of sports footage...etc. Localization of
an object in video is object tracking operation or process. It
is a field of research, which is first works date back to the
end of the 1980s and whose great progress has been made in
recent years. Nowadays, the tracking of objects in a video
sequence is ranked among the most active research topics.
The central purpose of tracking is to estimate over time, the
location of the target object in each frame of a video
sequence.

Object tracking is a challenging problem and a complex
task due to many factors related to the limitations of vision
sensors (low frame rate, low resolution, low dynamic range
per pixel, color distortions, noise, etc.), objects ( non-rigid
objects, number of objects varying over time, occlusions
between objects, small object sizes, etc.), the application
scenarios’ requirements (real-time operation, high system
reliability, etc.) and the environment (lighting variation,
occlusion which is caused by the environment, etc.). In
addition, trackers try to give a precise location of a target. In
order to reach this goal, many object tracking methods have
been proposed to cope with these challenges and to ensure
good tracking quality. Furthermore, we can find some
trackers use generator models [3] while others use
discriminative models [4]. Finally, there is not a tracker
which can be successfully applied to all scenarios.

Numerous research have been offered to perform
computer vision using the developments in deep learning
mechanisms. This has driven the implementation of deep
learning algorithms for the tracking of a single object.
Danelljan et al. [5], took a first step in reducing the feature
space by considering the linear combination of raw deep
features; nevertheless, the approach still cannot operate in
real-time and the redundancy of deep features was not
totally suppressed. SiamRPN][6] incorporates RPN into the
SiamFC[7] in order to improve target bounding box
accuracy. Then, ATOMJ[8] and DiMP[9] are currently
between top trackers since they use the most advanced
IoUNet for accurate object localization.
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On the other hand, machine learning approaches such as
transfer learning[10] and domain adaptation are commonly
utilized to overcome these challenges. Adapting knowledge
from one domain to another is the goal of this approach,
which includes an additional offline learning step that
utilizes a few instances from the target domain. In addition,
Cui et al. [11] suggested Target Transformed Regression
(TREG) to move a regression component from detection to
tracking. They establish a pair between the target and the
search area. Enhancing regression requires the resulting
target. In this paper we have studied these trackers in order
to locate objects in videos. A comparison between these
trackers has been made according the results of trackers on
some very used dataset. We have chosen to compare them
on OTB-100[12], UAV123[13], VOT 2019[14], GOT-
10k[15] and LaSOT[16] dataset, which are very challenging
for trackers. The results that there is not a robust tracker for
all scenarios and prove the need for new trackers. Our paper
will be organized as follows; some concepts about object
tracking will be presented in the second section. Then, we
will present some trackers based on deep learning. The
evaluation of these trackers will be illustrated in the fourth
section with some well-known datasets. Our paper will be
concluded by a conclusion and some perspectives.

II. BACKGROUND

The goal of visual object tracking is to locate a specific
target in all frames of a video. This is accomplished via the
use of tracking methods, which extract certain features from
a template of target appearance and a search frame. After
that, repeatedly match these features in order to identify the
object. For the purpose of keeping the effective target
templates, the appearance of the object in the first frame is
considered as the initialization and is continually updated
during the tracking procedure. A manual design and
refinement approach is used throughout the overall tracking
process, in contrast, to create the matching framework . The
present trackers can typically be divided into two categories:
generative techniques and discriminative approaches
[17,18]. The search for areas that are the most similar to the
tracked item is the focus of generative approaches, which
include template-based, subspace-based, and sparse
representation, to mention a few examples. Discriminative
trackers, on the other hand, see tracking as a classification
issue that separates the targeted objects from their
immediate surroundings.

In order to tackle the tracking problem, several standard
machine learning approaches have been tried, including
boosting[19], support vector machine[20], naive Bayes[21],
random forest[22], and so on.

Among the most efficient trackers we find trackers based
on deep learning. These trackers used deep learning because
it has proven that deep learning gives great results in image
processing such as which image -classification, object
detection, semantic segmentation, image captioning, pose
estimation, saliency detection, edge detection, and others.
These techniques can be exploited in object tracking. Deep
neural networks (DNNs) firstly proved their I§uperi81‘;3
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learning skills on image classification, which was one of the
primarily computer vision tasks on that they were tested.
According to [23] deeper networks with more advanced
designs [24] have been developed, resulting in improved
classification accuracy. loffe et al. [25] present a Batch
Normalization approach to reduce the problem of
exploding/vanishing gradients. This method is capable of
speeding up network training while also improving final
performance by minimizing covariate shift. An additional
research field in which DNN-based approaches have
attained state-of-the art performance has been the detection
of objects. DNN-based detectors are often implemented in
two steps, with the first step producing a number of
candidate areas and the second step using DNNs to
categorize them into the background or object categories.
Fast R-CNN [26] creates the ROI pooling layer, that extracts
features using shared convolutional feature maps, which
enhances performance .

Object detection and visual tracking are fundamentally
different in that object detection seeks to discriminate
between objects belonging to distinct categories, whereas
visual tracking is meant to find objects of interest in a
manner that is agnostic to their classification. Yet, they are
also very closely connected to one another. For example,
several current visual tracking approaches [5] pre-train
networks using object detection data sets, which is a
common trend. Others [26] make use of item detection
findings or region proposals to make online tracking more
accurate.

III. TRACKERS DEEP VISUAL TRACKING

In this section, some well-known trackers will be
presented. We have based on trackers developed based on
convolutional neural network (CNN), Recurrent Neural
Network (RNN), and other networks

A. CNN-based trackers

Because of its remarkable abilities in feature extraction
and image classification, the CNN model [23] is an excellent
choice for constructing robust appearance models in the
tracking task. Besides traditional trackers, CNN-based
tracking algorithms can be classified as either discriminative
or generative, depending on how they are implemented.
Using the CNN model, the discriminative technique attempts
to conduct a binary classification of the tracked object in
order to successfully identify it from its adjoining
background.

The generative technique focuses on constructing a
robust similarity metric that is used to effectively identify the
object template inside a given search zone.

B. RNN-based trackers

When it comes to sequence modeling, the recurrent
neural network (RNN) model is ideal since the neuron's
output may be applied directly to itself in the next time.
Numerous efforts have been made in visual tracking to
exploit semantic information across spatial configurations
and temporal connection among frames, which has been
driven by research studies on speech recognition [27] or
handwriting recognition [28]. For the production of
confidence maps, Cui et al. [29] suggest an RNN-based
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technique that they apply to a correlation filter. The RNN
model is trained through four separate directions, which
makes the appearance model more resistant to partial
occlusion and robust.

C. Others networks trackers

Additionally, several researchers have sought to construct
strong tracking algorithms utilizing other deep networks.
According to Wang et al. [30], they have developed the first
deep-learning-based tracker, which trains a stacked denoising
autoencoder offline in order to learn generic image features.
These characteristics have been shown to be robust with
appearance changes. As a result of [30] work, Zhuang et
al.[31] utilize an autoencoder network to generate deep
feature representations and the shallow subspace model to
overcome partial occlusions or other unexpected noises. In
comparison to the classic DLT algorithm, this technique
successfully mixes both shallow and deep models and
provides better results.

IV. SIMULATION AND RESULTS

In this section we will present our evaluation of ECO[5],
SaimRPN[6], ATOM][8], DiMP[9], TRASFUST[32] and
TREG[11] trackers. First of all, benchmarks will be
illustrated. Evaluation metrics will be shown for each
benchmark. Then, results of trackers on these benchmarks
will be presented.

A. Evaluation benchmark

There are many benchmarks to evaluate trackers. Among
the most useful benchmark we find OTB-100, UAV123,
VOT 2019, GOT-10k and LaSOT benchmark. In the rest
of this section we are going to give a description of each
benchmark.

1) OTB-100
The OTB-100 dataset provided by Wu et al. [12] has been
frequently utilized in the assessment of online visual trackers
for many years. The dataset contains 100 video clips
annotated with several features, including Illumination
Variation, Scale Variation, Occlusion, Deformation, Motion
Blur, Fast Motion, In-Plane Rotation, Out-of-Plane Rotation,
Out of View, Background Clutters, and Low Resolution
(LR). For example, we may use the 11 criteria to determine
how well trackers function.
Quantitatively, the 23 trackers' performance is measured
using two metrics: distance precision (DP) (percent) and
overlap success (OS) (percent) at a threshold of 20 pixels.
Center location error (i.e., Euclidean distance between
tracked target's center and ground truth's center) is a
percentage that falls below a specified threshold in a given
sequence. The OS value is determined by the percentage of
monitored frames that were successful. As long as the
tracking bounding box RT and the ground truth (RG) overlap
by more than a pre-defined criterion (such as 0.5), the target
is considered to have been tracked.

2) UAV123

Unmanned aerial vehicle tracking dataset UAV123 is a
well-known aerial video-based tracking dataset that contains
123 video sequences, 115 of which were produced by a
UAYV platform and 8 of which were generated via the use of
UAYV simulation software.
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UAV123 includes a variety of situations, including
fields, streets, cities, suburbs, seas, and other locations. The
dataset contains a total of 12 attributes: Aspect Ratio
Change, Background Clutter, Camera Motion, Fast Motion,
Full Occlusion, Illumination Variation, Low Resolution,
Out-of-View, Partial Occlusion, Similar Object, Scale
Variation, and Viewpoint Change. The attributes are as
follows: Aspect Ratio Change, Background Clutter, Camera
Motion, Fast Motion, Full Occlusion, Illumination
Variation, Low Resolution, Out-of-View, Partial Occlusion.

1) VOrT2019

The vot 2019 dataset comprises 60 sequences, with each
target identified by a bounding box. Across all videos, six
attributes are annotated: illumination changes, motion
changes, size changes, occlusion, camera motion, and an
unassigned property. The VOT2019 benchmark is evaluated
based on three criteria: robustness, accuracy, and expected
average overlap. The accuracy metric estimates the average
overlap that occurs during a successful tracking session.

The robustness, also known as the failure rate, is a
measure of how often the tracker fails to locate the target
(the case in which the overlap rate is zero). While the
expected average overlap (EAO) criteria examine the
overall performance of a tracker, which averages the IoU
without requiring a reset operation, the expected average
overlap (EAO) criterion analyzes the overall performance of
a tracker. All of these are beneficial in providing insight
about the behavior of a tracker.

1) GOT-10k

GOT-10k is a massive, high-diversity, one-shot tracking
database with an unprecedentedly extensive coverage of
real-world moving objects. It is the largest tracking database
ever created. GOT-10k captures over 10,000 videos of 563
object classes and manually annotates 1.5 million tight
bounding boxes. GOT-10k has collected over 10,000 videos
of 563 object classes. It is also the first tracking dataset to be
created using the one-shot approach, which is intended to
encourage generality in tracker design.

1) LASOT

In the field of Large-scale Single Object Tracking,
LaSOT is a high-quality benchmark. More than 3.5 million
frames are included inside LaSOT's 1,400 sequences. Each
frame in these sequences has been meticulously and
personally annotated with a bounding box, resulting in
LaSOT being the most densely annotated tracking
benchmark available to us, to the best of our understanding.
Every sequence in LaSOT is more than 2,500 frames long
on average, and each sequence has a variety of challenges
derived from the natural world, in which target items may
disappear and re-appear in the view repeatedly.

B. Simulation and results
In this experiment, we gather 6 deep visual trackers,

whose source code or benchmark results are already publicly
available. These approaches have produced the best results

on the selected benchmarks described above.
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Fig. 1. Comparison over GOT-10K benchmark sequences

k)
. AD

07 SR 0.50
mm SR075
06
05
04
0z
0z

01

oo

ECO SiamRPMN  ATOM DiMP TRASFUST TREG

Figure 1 shows the obtained results for each tracker on GOT-
10K benchmark based on OA, SR 0.5 and SR 0.75. From
figure 1 we find that TREG has the best scores which is
0.668 in term AO metric and 0.778 , 0572 respectively in
term SR 0.50 and SRO0.75. Furthermore, DiMP and
TRASFUST have approximately the same results with some
superiorty of TRASFUST. However, ECO has the worst
results on this benchmark.

Fig.2. Comparison over OTB100 benchmark sequences
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Trackers results on OTB100 are shown in figure 2. The
evaluation metrics for this benchmark are AUC and
Precision. All trackers have well performed in this
benchmark, where they have scored more then 60% for AUC
and more then 80% for Precision. It can be seen as a
balanced performance across OTB100. We mentioned that
TREG scores the highest value in term of Precision, which is
which 0.945, and TRASFUST performs better by 0.701 in
AUC.

Fig.3. Comparison over LaSOT benchmark sequences
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Evaluation of trackers on LaSOT are presented in figure 3.
Results are different for each tracker, where ECO has the
worst results in term of AUC and Precision metric.
However, TREG has located objects with a great Precision
and scored a good value of AUC. In addition, the rest of
trackers, which are SaimRPN, ATOM, DiMP and
TRASFUST, have approximately similar results in term of
AUC and Precision.

Fig. 4. Comparison over UAV123 benchmark sequences
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Figure 4 gives Success (AUC) and Precision score for
tracker on UAV123 benchmark. TREG tracker obtains the
highest results of AUC and Precision which 0.669 and 0.884
respectively. The rest of trackers have also scored
acceptable results in term of AUC and Precision.

Fig. 5. Comparison over VOT2019 benchmark sequences
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benchmark VOT2019. As shown form this figure, the
robustness of TRASFUST tracker is the worst one.
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However, TREG outperforms others in term of accuracy,

robustness and EAO which are 0.221, 0.603, and 0.391
respectively.
V. CONCLUSION

In this paper, we have analyzed some recent visual object
trackers based on deep learning. We have compared some
trackers based on CNN, RNN and others networks. In order
to conduct our comparisons, we have illustrated the most
useful datasets (benchmarks). Where OTB-100, UAV123,
LaSOT, GOT-10K and VOT2019 benchmarks have been
presented. Then, we have used performances results
provided by each method. From the results we can see that
some trackers perfume well in some benchmarks but not all
the benchmarks, which prove the need to develop new
tracker in order to improve the accuracy of localization in
different scenarios.

Deep learning prove its performance and superiority in
many domains and it can still be used in object tracking to
improve performances of trackers by proposing new
architecture or exploiting some existing architectures like
VGG16, VGGI9.
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Abstract— The Gathered or deducted knowledge managed
to be applied to multiple domains including notably social
networks, forecasting, marketing, business, detecting fraud
and financial time series prediction, using deep learning
paradigms, constitute our major challenge. Many contents
during events convey timely actionable and precious
information. First responders, political and economic decision
makers, and even the public can use certain information, as
awareness, to gain insight into the situation as it unfolds.
However, processing information from big data (including
smart data and social media) to obtain such information,
involves solving multiple challenges, notably parsing informal
contents, handling information overload and prioritizing types

of relevant information, while being wary of fake news.

Keywords—Big data, Business, Deep learning, Fake news,
Marketing, Supercomputing

[. INTRODUCTION

Since recent years, social networks have become more
and more ubiquitous in our daily lives. They have a potential
resource to communicate, detect, track and extract
information to improve the management of our daily life [1,
2], with the ability to share a message with a potentially large
audience. However, the amount of information that is now
released, especially during critical times (crisis situations),
can make it difficult to locate precious, useful and usable
information, while being wary of fake news [3, 4] . During
the various crisis events in recent years, social media has
enabled the population to quickly release a considerable
amount of information about current events to the public: this
will also serve to help managers make good and quick
decisions [2]. That became standard practice for
communicating information in a timely manner [1].

The link between social media and notoriety is the
subject of increasing [6] attention from researchers. Many
studies have been carried out in recent years [6] for the
automatic identification of different types of content. With
the proliferation of social media, an ongoing event is being
discussed across all of these channels. To get a complete
view of the event, even to avoid certain fake news, it is
important to retrieve information from multiple sources that
usually contain qualitative differences, and possibly even
detect fake news. However, when it comes to retrieving
information posted on social networks, the task is daunting.
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The Web has several sources of information on which an
ongoing event is discussed. Several automated systems have
been designed to help managers identify and filter useful
information from multiple sources [7-9]. Additionally,
Twitter is usually the main source of information for these
systems.

Data is often available from different sources, namely
databases, log files, online web applications, and social
media networks. Similarly, data, in the area of Bank and tax
department, are generated from numerous sources, including
laboratory experiments, accounting datasets, bank records,
insurance and crisis data which are accessible online.

The rest of the paper is organized as follows. Chapter 2
contains background with the latest surveys and related
works. In chapter 3, we begin this survey with raw data and
their storage, big data and smart data. Chapter 4 illustrates an
overview on supercomputing. A complete study on the
different models of neural learning constitutes chapter 5.
Chapter 6 relates all that is improvement of the economic
world with all the advantages and very few disadvantages of
big data, supercomuting and in particular of deep learning.
We end with a conclusion and many future works.

II. BACKROUND AND RELATEDWORKS

The table 1 shows many surveys for Big Data [10—15], and
in particular in the field Smart Data and Social Media [10,
16-20]. In Deep Learning, we have [16,21-26]. Even the
Parallel Computing Environment has been covered [13, 20,
27-31]. Some studies have also touched on the Evolution of
FPGA [30], Human Computing and Machine Learning to
Make Sense of Big Data [32], Decision Making and
emerging Big Data [33], Quality of Social Media Data in
Big Data [34] and Big Data privacy in public Social Media
[35].

There are also studies that addressed data acquisition for
Recent Neural Learning Approaches of Marketing,
Business, Finance and Fraud detection, from Twitter only
[36-38], Twitter & Facebook [7, 8], all the Web [7, 8] and
Connected Objects (Smart Data) and All the Web [9, 19,
39-41].
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Other studies have focused on Economic Tasks such as
Detect novel frauds [42], Trading performance [43],
Exchange rate prediction [44], Stock prediction [45], Trade
on the stock market [46], Company stock prices [47],
Forecasting of financial time series [48] and Fraud detection
and Financial Time Series Predic tion [41, 49, 50].

For fake news studies, we have review of Detecting and
Fighting Fake News [3]. All of these studies only looked at
work done only on Big Data, Deep Learn ing, and
Supercomputing separately.

Only our investigation will cover, at the same time, the
various models of Deep Learning, including the Capsule
Network model and even the updated model of Spiking
Neural Network with all the Big Data, Smart Data up to the
models of connected objects to arrive at Supercomputing
with all the models of Marketing, Corporate Marketing,
Business strategies, Fraud detection and Forecasting of
financial time series.

A. Recent Surveys

Table 1. Classification of Recent Surveys.

Tasks Surveys
Deep Learning

Deep Learning [16,21-26]
Fake Account Detection in Social Media Using [96]
Big Data Analytics

Big Data
Big Data [10-15]
Smart Data & Social Media [10,16-20]
Supercomputing
Parallel Computing Environment [13,20,27-31]
Evolution of FPGA [30]
Human Computing and Machine Learning [32]
Decision-Making and emerging Big Data [33]
Quality of Social Media Data in Big Data [34]
Big Data privacy in public Social Media [35]
Economic Tasks
Detect novel frauds [42]
Trading performance [43]
Exchange rate prediction [44]
Stock prediction [45]
Trade on the stock market [46]
Company stock prices [47]
Forecasting of financial time series [48]
Fraud detection& Financial Time Series Prediction [41,49,50]
Deep Time-Series Clustering [51]
Fake news

Detecting and Fighting Fake News [3, 52-57]

Detecting Fake News Spreaders [58]
Study of Detecting and Fighting Fake News with ~ Our Survey
Big Data, Deep Learning and Supercomputing

B. Related Works

The next subsections provide instructions on how to
insert figures, tables, and equations in your document. The
table 1 shows many surveys for Big Data [13-18], and in
particular in the field Smart Data and Social Media [13,19-
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23]. In Deep Learning, we have [19,24-29]. Even the
Parallel Computing Environment has been covered
[16,23,30-33]. Some studies have also touched on the
Evolution of FPGA [33], Human Computing and Machine
Learning to Make Sense of Big Data [34], Decision-Making
and emerging Big Data, Quality of Social Media Data in Big
Data and Big Data privacy in public Social Media [35].

There are also studies that addressed data acquisition
for Recent Neural Learning Approaches of Marketing,
Business, Finance and Fraud detection, from Twitter only
[36-38], Twitter & Facebook [4], all the Web [5] and
Connected Objects (Smart Data) and All the Web [22,39-
41].

Other studies have focused on Economic Tasks such
as Detect novel frauds, Trading performance, Exchange rate
prediction, Stock prediction, Trade on the stock market,
Company stock prices, Forecasting of financial time series
and Fraud detection and Financial Time Series Prediction
[41].

All of these studies only looked at work done only on
Big Data, Deep Learning, and Supercomputing separately.
Only our investigation will cover, at the same time, the
various models of Deep Learning, including the Capsule
Network model and even the updated model of Spiking
Neural Network with all the Big Data, Smart Data up to the
models of connected objects to arrive at Supercomputing
with all the models of Marketing, Corporate Marketing,
Business strategies, Fraud detection and Forecasting of
financial time series.

III. FROM RAW DATA TO SMART DATA VIA BIG DATA

Data ingestion is the process of collecting raw data from
various silo databases or files and integrating it into a data lake on
the data processing platform, e.g., Hadoop data lake. Today, several
data ingestion tools are available for ingesting a variety of data
onto Hadoop.

Data processing platforms are Data Lake and Data Warehouse
where the first one is a storage repository that holds a huge amount
of raw data in its native format. It has the schema-on-read
characteristic. It is thus more agile as data can be easily configured
and reconfigured following different models during the analysis, as
Hadoop but the data structure and requirements are not defined
until the data is used and typically stores data using a flat
architecture. While the second one is a storage repository that holds

a huge amount of raw data in its native format.
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A. Big Data

Big Data refer to all the digital data produced by the
use of new technologies for personal or professional
purposes, including [12, 32, 35] corporate data (emails,
documents, databases, business processor history, etc.) as
well as data from sensors, content published on the web
(images, videos, sounds, texts), e-commerce transactions,
exchanges on social networks, data transmitted by
connected ob jects (electronic labels, smart meters,
smartphones, etc.), geolocated data, etc.

They include information published on social networks
(age and contact details, reviews, comments, photos,
videos), Web browsing (through the famous cookies) and
online purchases. Massive data duplication is one of the
keystones of the big data architecture. They provide very
interesting clues about consumer behavior and market
trends, making it possible to know your profile, but also
your overall behavior (frequency of use of social networks
and of your online purchases (history of transactions,
expenses made), channels used, hours of connection, etc.).
Cloud computing, hybrid supercomputers (high performance
computing or HPC) and distributed file systems (DFS) are
among the main storage models currently available. Big data
is an essential tool for BtoB and BtoC companies. The data
collected helps them to design personalized marketing
campaigns adapted to the needs, preferences and behavior of
consumers. This information helps improve the customer
experience, attract prospects and retain existing customers.
Improved targeting makes marketing campaigns more
effective and reaches the desired segment, the one that is
most likely to be interested in the company’s products and /
or services. Big data is also a competitive advantage for
professionals who hold a multitude of data, because they can
anticipate changes in behavior and better understand why
consumers have turned to a particular service provider. Big
data is a valuable tool in vast private and public fields
ranging from online sales to scientific research, including
culture, politics (electoral campaigns), transport, insurance,
industry, the banking sector and energy.

Table 2. Comparative table of all techniques and methods
used in Models.

Ref Identification Methods Used Methods
[7,8] Based on Artificial Neural Network  Social Media
(Twitter &
Facebook)
[9] Based on FeedForward Neural Net Social Media (All
the Web)
[41] Based on Hybrid of Deep CNN-  Social Media (All
LSTM (DeepCNN-LSTM) the Web)
[39] Based on Recurrent Neural Net Smart Data &
Social Media
(Entire Web)
[40,59] Based on LSTM Smart Data &
Social Media
(Entire Web)
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Online Listening Tools tracking automatically
Channels to collect Contents are Contents are collected from
all online channels tracked automatically by the Online
Listening Tool, namely Radian6 or any its competitor, such
as Awario, Brand24.com, Brandwatch, Mention, Keyhole,
Socialert.net, SocialPilot.co, Simplify360, etc. from
websites to social media, such as Twitter, Facebook,
LinkedlIn, Instagram, Google+, Youtube and so on [17, 60].
Actually, many networking platforms allow access to their
data via Application Programming Interface (API) [16].

B. Smart Data

Knowledge is thus generated from the data, based on
technologies making complex processing and generating
knowledge, a source of added value to become the
foundation of the new data economy [13, 29]: that’s the
reason for which big data must be transformed into smart
data. It is the information produced every day, in all
situations of life (at workplace, doctor, behind the wheel of
car or baker, via smartphone, smartwatch or computer). It
can be textual data, images or sensors. If this data can be
analyzed, processed and used, we can really speak of it as
raw material. These masses of data, big data, contain
immense potential. Streaming is a way of broadcasting and
reading streaming content (widely used on the Internet). It
involves being connected to internet server, opposed to the
file download requiring to recover all the data of a file.

Table 3. Smart Data application areas.

No Smart Data Smart Data Application
Application
Areas
1 Financial services Fraud detection and prevention
2 Retail Allowing brands to:

- Analyzing the sentiment of their
customers, and

- Offering personalized and contextual
promotions

Possibility of

- Better allocating bandwidth based on
real-time needs, and

- diagnosing the condition of antennas
Preventive maintenance

- Monitoring patient vital signs and

- Reducing readmission rates

- Proactive repairing infrastructures, and

- Balancing the power delivered
according to consumption

- Detecting and preventing intrusion
attempts on the network, and

- Predicting the risk of epidemics
Possibility of detecting risky conduits

3 Telecommunicati
ons industry

4 Manufacturing
5 Healthcare

6 Oil industry

7 Public sector

8  Transport sector

Smart data is based primarily on real-time data
analysis. It refers to an approach to data analysis analyzing
directly data at the source, as a different concept of Big Data
and without the need to transmit it to a centralized system.
Big and smart data are transversal technologies: will impose
themselves in all areas of life by, changing them for life.
Data are collected, converted, placed in databases and
processed in waves, but usually out of date once analyzed.
They refer to the analysis of data directly at the source to
enable immediate decisions, without sending them to a
centralized system. Processing time is reduced to just
seconds. While Smart referring to the intelligence, thanks to
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processing less data (statistical models are responsible for
determining the relevant variables, even most correlated). It
enables to control and qualify data: used for establishing a
coherent marketing strategy. Generating leads to increase
sales in building customer loyalty by providing optimal
experience and satisfaction, unlike Big Data.

The possibilities offered by Smart Data are therefore
numerous. Table 3 shows some among Smart Data
application areas. Virtually all areas of society and the
economy can benefit from the intelligent use of data. Big
data technologies are already widely used in finance and
marketing. Data scientists, marketers, and manufacturers are
experimenting with ways to use edge computing and smart
data devices to generate more revenue, improve decision-
making, and spot equipment issues before they go. Smart
Data can also be useful in many industries.

IV. SUPERCOMPUTING

Supercomputing is now as a continuum of computing. There
is definitely a big need for high capacity systems to enable
applications that need precision and capacity. For these
high-capacity models to work it needs composable systems
that can permit to compose a solution by automating
workflows, using all models of supercomputing. That means
supercomputing is becoming even more useful to research,
among others. The term supercomputing refers to the
processing of massively complex or data-laden problems
using the concentrated compute resources of multiple
computer systems working in parallel (ie. a
supercom puter). Supercomputing involves a system
working at the maximum potential performance of any
computer. Sample use cases include weather, energy, life
sciences and manufacturing, health care, social networks,
mining, recommendation systems, image processing, pattern
recognition and all the predictions.

An information technology forecasts that supercomputing
will have a significant impact on the data processing
operations of corporations and be a competitive necessity
actually [31]. In current supercomputers, storage is typically
provided by parallel distributed file systems for hot data and
tape archives for cold data.

These file systems are often compatible with local file
systems due to their use of the POSIX interface and
semantics, easing development and debugging be cause of
easily running both on workstations and supercomputers.
There is a wide variety of file systems, each tuned for
different use cases and implementing different
optimizations. =~ However, the overall application
performance is often held back by I/O bottlenecks due to
insufficient performance of file systems or I/O libraries for
highly parallel workloads. Performance problems are dealt
with using novel storage hardware technologies as well as
alternative I/O semantics and interfaces. These approaches
have to be integrated into the storage stack seamlessly to
make them convenient to use.
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Table 4. Comparative table of all models using
Supercomputing.

Models Identification Usage of Supercomputing
[20’ 13, 27-3 1] Parallel Computing Environment

[30] Evolution of FPGA FPGAs inherent
reconfigurable na ture & low  power
consumption

[32] Human Computing and Machine Learning to
Make Sense of Big Data

[33] Decision-Making and emerging Big Data

[34] Quality of Social Media Data in Big Data

[35] Big Data privacy in public Social Media

Upcoming storage systems abandon the traditional POSIX
interface and semantics in favor of alternative concepts such
as object and key-value storage; moreover, they rely on new
technologies such as Non-Volatile Memory (NVM)
emulation and burst buffers to enhance performance.
Additional tiers of storage will increase the importance of
hierarchical management. These changes will be disruptive
and require developers to modify their approaches to data
management and I/0. A thorough understanding of today’s
storage infrastructures, is crucially important for designing
and implementing scalable storage systems suitable for
needs of exascale computing [28]. This work integrates the
core ideas of deep learning and its applications in
application domains of Marketing corporate, Business
Strategies, Fraud detection and Financial time series
prediction, to be accessible to all scholars and researchers
[28]. Field Programmable Gate Arrays (FPGAs) inherent
reconfigurable nature and their low power consump tion
have became so complementary to microprocessors: they
are included in few mainstream computer systems for
accelerating application specific performance [27, 30].

Deep Learning and Parallel Computing Environment for
Bioengineering Systems delivers a significant forum for the
technical advancement of deep learning in parallel
computing environment across bio-engineering diversified
domains and its applications.

V. DEEP LEARNING

In recent years, Deep learning methodologies have
achieved impressive results in computer vision [61], speech
recognition, image processing, and handwritten recognition
of characters. They are beginning to interest the economic
world with some very important applications whether in
marketing, commerce, fraud and especially finance. While
they are currently in their infancy in fault diagnosis [26].

It can also overcome limitations of shallow networks
that prevent efficient training and abstractions of
hierarchical representations of multi-dimensional training
data [26] in many instances. Deep learning offers a set of
units such as [62] convolution unit, [63] recurrent unit, and
long-short term memory unit for feature extraction on
samples with distinct features, delving into the math behind
training algorithms used in recent deep networks, explaining
existing  shortcomings, [26]  improvements and
implementations.
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5.1 Discussions about Deep Learning Models Neural
learning is carried out by Feedforward or Feedback neural
network.

Table S. Classification of Social Media-based Recent Neural
Learning Approches of Marketing, Business, Finance and Fraud

detection.
Social Media-based Approaches References
Twitter [36-38]
Twitter & Facebook [7, 8]
All the Web [9, 19]
Connected Objets (Smart Data) and All the Web  [9, 19, 39-41]

In Feedforward, we have supervised learning such as
Feedforward neural network itself for classification [9],
network [36, 37] for image
recognition/ classification or Residual neural network

convolutional neural
(ResNets) [64] for image recognition, and unsupervised
learning such as Autoencoder [63] for Dimensionality
reduction and encoding, Generative Adversarial Network
[38] network for fake data,
reconstruction of 3D models or image improvement and

generating  realistic
with supervised or unsupervised learning such as Restricted
Boltzmann ma chine [63] for dimensionality reduction,
feature learning, topic modeling, classification, collaborative
filtering or many body quantum mechanics. In Feedback, we
have only supervised leaning such as Recurrent neural
network [39, 40, 59,63] for sequences recognition as precise
timing, Bidirectional Recurrent Neural Network [38] for
natural language processing (NLP), Long Short-Term
Memory [63] for temporal data such as stock market values
over a period of time and video frames, Fully Connected-
LSTM [65] for learning non-linear and complex processes
in hydrological or meteorological modeling and Bi-
Directional-LSTM  [37]
processing and language translation. Neural learning can be
trained in either supervised/unsupervised ways by Radial
Basic Function Network [66] for M-means clustering, Least
square function, function approximation and time series
prediction or unsupervised ways by Kohonen Self
Organizing Netowork [66] for dimensionality reduction,

through time-natural language

optimization problems or clustering analysis.
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Fig. 2: Classification of Deep learning Models.
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While feedforward neural networks are not capable of
extrapolation [67], ResNets have increased architectural
complexity as a drawback. They are highly dependent on
implementing batch normalization layers, as well as adding
jump level connections where dimensionality is essential
between the different layers. As a CNN variant designed for
computer vision image classification tasks, ResNets is
proposed to overcome the problems of VGG-style CNNs:
stacking convolutional layers (CNNs) to make the model
deeper does not guarantee increased the precision of the
validation. The ResNet architecture was introduced to
ignore connections: by increasing the number of
convolutional layers, the generalizability and accuracy of
validation decreases. CNN does not encode object position
and orientation and lacks ability to be spatially invariant to
input data: capsule neural networks (CapsNet) are
introduced to solve this CNN problem with the dynamic
routing algorithm [68]. Autoencoders are based on deep
learning regression for the discovery of slow modes in
dynamical systems. However, a rigorous analysis of
nonlinear autoencoders is still lacking: they cannot properly
discover slow [69] modes. Spiked neural networks are
computationally more powerful than other neural network
models, in terms of the number of neurons needed [70].
Abiodun et al. (2018) [21] recommend that future research
can focus on combining various deep learning models in a
single network-scale application, depending on our needs
and the characteristics of the different models of deep
learning.
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limitations.

VI. FAKE NEWS
The concept of fake news is defined as misleading
content including conspiracy theories, rumors, clickbaits,
fabricated news, and satire [57] (See Figure 3). The spread
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of fake news has become a global issue that needs to be
attended immediately [71].

Misinformation Disinformation
Hoax
Satire Rumor Fake News Propaganda
Opinion Spam

Fig. 3: Components of Online Fake News.

This concept drew major attention after the US elections
of 2016 [72]. Fake news is defined by as misleading content
including conspiracy theories, rumors, clickbaits, fabricated
news, and satire [57]. It is defined as misinformation and
disinformation both, including false and forged information,
that is spread on purpose to mislead people or to fulfill a
propaganda. It is considered as a vehicle of purposely
targeted fabricated news spread to affect the cognitive
activities of a user through user-content interaction by
indirectly affecting his behavior. This
unconscious behavior, can further strengthen confirmation
bias among users and aid in further spread of fake news,

unconscious

notably humans have always been attracted to
sensationalism and controversies [73]. It is the case of the
recent spread of false information about COVID 19 vaccines
(and dangerous scientific treatment methods) [74], political
smear campaigns during elections. In order to clearly
understand the spread of fake news, it is important
examining components that can be divided into four main
categories namely creator/spreader, target victims, content

and social context [75] (See Figure 4).
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Fig. 4: Characteristics of Online Fake News.
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Figure 2 shows an overview of online fake news,
beginning by creator/Spreader, News Content, Social
Context and Target Victims. Creator/Spreader may be a
human (as Design Author or Publisher) or Non-human (Bot
or Cyborg). New Content may be Physical (headline, body
text or image/video) or Non-physical (sentiment, rumor or
new topic). Social context may be platform (social media or
main streaming) or distribution (Community of users or
Broadcast pattern). Target Victims may be online or main
streaming users, young, students, temporal-based analysis.

1.1 Types of Fake News

Fake news may be stance, satire, multi-modal, deep fake,
and disinformation. Stance can be classified into four types,
(agree, disagree, discuss and unrelated) [77]:stance
(headline of fake news), whereas a disagreeing stance
(contradictory information), Satire (humor and mockery)
[78] and Multi-modal (spread of fake news) [79] using
multiple means (videos, images, audio, text etc.). Deep fake
[80] is spread through manipulated video clips, images and
recordings (generated by using deep learning techniques).
Disinformation is misleading and false information to
deceive people (political agendas or creating social havoc).

1.2 Features Used in Detecting Fake News

Uncovering and recognizing fake news and developing
automatic fake news detection systems are quite a
challenging task as newer methods are usually came up as
new solutions [52] to mislead people. The key features in
detecting fake news are user-based features, temporal
analysis,
context-based analysis, and network features.

sentiment features, linguistic analysis, social

- User-based features include unique characteristics of
users’ profiles that can be analyzed to find out if the person
is a fake news spreader. They are divided into profile
analysis (based on username, age, profile picture, Geo-
location and account verification status [81]) and credibility
analysis (number of friends and followers): bot accounts
have more followers but follow less of them [53].

- Temporal analysis (timing and frequency of posts, user
engagement) helps to identify bot accounts [54]: Bot
accounts have a more active engagement.

- Sentiment features (triggering emotional response): Bot
accounts use out-of context misleading facts (highly
polarized and exaggerated) to provoke emotions [3, 4].

- Linguistic analysis involves determining the writing
patterns and formats [82]: the excessive use of bold letters in
headings and paragraphs, presence of suspicious tokens such
as URLs, tags, and excessive uppercase words.
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- Knowledge-based analysis involves verifying suspicious
information from credible resources such as using verified
websites (manually or by using Al algorithms).

- Social context-based analysis includes user network
analysis (engagement patterns between online accounts) and
distribution network analyses (distribution of information)
[55].

- Network features have two types of networks analyzed:
Homogeneous networks and heterogeneous networks.
Homogeneous networks include stance networks (users’
stance on a specific idea or news, with classifying as
agreement or disagreement between the main headline and
body of the news) and propagation networks [56]
(relationship between posts and re-posts): fake news gets re-
posted excessively. Heterogencous networks involves
analyzing relationships between multiple nodes (articles,
publishers, users and posts) [57].

1.3 Fake News Dissemination Studies Based on Spreaders
Accounts Features

Fake News Spreads are categorized based on three

categories, namely source, propagation and target based

features, as in Figure 5.

Source-Based Account Detection : A source of fake news
can be a human, bot or cyborg. Features of their source are
classified into three main categories, namely: feature of
personality, historical and of credibility.

Propagation-Based Accounts Detection A propagator,
disseminating fake news widely to increase its reach to
maximum victims [60], has features classified into three
main categories, namely user engagement, time dynamics
and platform-based features.

Target-Based Accounts Detection The target features
identify end users that are affected by the fake news. A
target can be a human, bot or cyborg depending on the
nature and domain of fake news. Although fake news can
reach almost all the users through social media, an easy
target will be those people that are more vulnerable and
prone to get influenced by the fake news [76]. Victim
dynamics mean thoroughly understanding the details of the
end user. The details can include age, gender, education
history, account creation history, network of followers,
location etc. Generally new users with limited exposure to
social media are targets of fake news spreaders, as they tend
to believe anything presented to them due to lack of
exposure [83], as well as Teenagers and aged people with
limited knowledge of possibilities of fake news on social
media are an easy target. Similarly, people with low
qualifications and coming from rural areas are more prone
to be the victims of fake news [84].
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VII. ECONOMIC TASKS: MARKETING, BUSINESS STRATEGY,
FRAUD DETECTION AND FINANCIAL TIME SERIES
PREDICTION
With a wide variety of products and buying behaviors, the
shelves, on which products are presented, are the most
important resources in the retail environment. Retailers can
not only increase profits, but also reduce costs by properly
managing shelf allocation and product display [85]. Using
learning models in the organization of shelves in
supermarkets by grouping products that are usually bought
together; we can extract the following relation: customers
who buy the product X at the end of the week, during the

summer, generally also buy the product Y.

There is also the credit institution that permits to decide
whether or not to grant credit based on the applicant profile,
his / her request, and past loan experiences. The
overbooking (optimization of the number of seats in planes,
hotels, etc.), the targeting of offers (organization of
advertising campaigns, promotions) and the analysis of
business practices, strategies and their impact on sales. This
knowledge, unknown at first, may be correlations, patterns,
or general trends in that data. Table 1shows a comparison of
works with various economic tasks. Experimental data are
necessary to verify the correction of the system or the
estimation of some difficult parameters to mathematical
modeling. Our purpose is to discover, in large amounts of
data, valuable information that can help understand the data
or predict the behavior of future data. We can use several
tools for statistics and artificial intelligence to achieve its
objectives: an essential component of Big Data
technologies, large data analysis techniques and recently
data smart streaming.

Table 6. Comparative table of all economic tasks used..

Economic Tasks References
Detect novel frauds [42] [42]
Trading performance [43]
Exchange rate prediction [44]
Stock prediction [45]
Trade on the stock market [46]
Company stock prices [47]
Forecasting of financial time series [48]
Fraud detection and Financial Time Series Prediction [41,49,50]
Deep Time-Series Clustering [51]

It is often defined as the process of discovering new
knowledge. By examining large amounts of data (stored in
warehouses or in streaming) using pattern recognition
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technologies as well as statistical and mathematical
techniques used for the study, we describe the method used
for the data collections.

There are also other specific tools, such as the model where
some sequence exploration problems lend themselves to the
discovery of frequent item sets and their order, traditionally,
used in marketing applications to detect patterns among
competing elements in large transactions, for example, by
analyzing customer shopping basket transactions in a
supermarket, according to Han et al. [86].

The models can have many real applications because the
data is encoded as sequences in many areas such as bio-
informatics such as genomics and Proteomics [87]. We also
see the development of market basket analysis which
consists of studying sales (Sales receipt analysis) [23].

Thanks to the huge amount of information available online,
the World Wide Web is a fertile ground for research. Its
research is at the crossroads of research conducted by
several research communities, such as databases,
information re trieval and within Artificial Intelligence
(Al), particularly the sub-domains of learning and natural
language processing [22]. We can use the processing of text
corpora to analyze the content and extract knowledge. The
main tasks to be accomplished are the recognition of the
information presented in the document and its interpretation.

VIII. CONCLUSION

This paper exemplifies the comprehensive study of data,
of all data: starting from raw to Smart data to Big Data, while
emphasizing all economic tasks. This study is supplemented
by a overview of supercomputing with a close look at Deep
Learning, its evolution and much more about the future with
Deep Learning.

In this review we have not forgotten the social networks
with their advantage with its popularization in all the tasks of
the daily life of all the populations, but above all the weight
of the fake news that they convey: where the truth will be
more more difficult to decipher, recognize, read, and so on,
that will be our research perspectives and future works.
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Abstract—E-recruitment systems has become an emerging
resource for talent acquisition in recent years. Choosing the
relevant candidates for a given job offer can be sometimes
difficult for the recruiters, since they always seek to select the
best candidates, in a short period of time. While candidates
exploit technical language on their profiles documents , recruiters
try to find the relevant candidates for jobs using their own
terminology which can make the selection very difficult. To deal
with these problems, we propose in this paper, a candidate
recommendation system, which proposes the suitable candidate
curriculum vitae for the giving job offer .Our system is based on
semantic parsing of candidates profiles, to extract meaning from
text to enable natural language understanding, and documents
semantic classification , using deep learning, word embedding
and machine learning clustering. Firstly, the word embedding
representation is used to analyse the textual content of the
candidate's profile, Then we performed a clustering process, to
regroup similar candidate's profile on the basis of their shared
semantic skills terms Thanks to the machine learning. Finally, a
list of top ranked curriculum vitae are recommended for job
Our experiments are tested on a candidates

opportunities .
resumes dataset, coming from a Kaggle platform.

Keywords— Recommender system, Information retrieval,
Semantic Matching, Selection process, Word Embedding

L INTRODUCTION

Since the last two decades, the use of Internet for
recruitment purposes has grown considerably. This
recruitment process, also known as “e-recruitment” is based
on the use of information technology and communications.
In this context, the expansion of the Web has led to an
increase in the number of web platforms for the diffusion of
job offers (also called job board) and consequently the
number of candidates that can be contacted through these
intermediary tools. [1]. Currently, the Internet has been
proved to be an essential medium for recruitment,
CareerBuilder as an example operates one of the largest job
boards in the world. It has millions of job Vacancies, more
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than 60 million actively-searchable resumes, over one
billion searchable documents, and receives several million
searches per hour [2]. According to the LinkedIn report,
only on Linkedln, there are 706 million Users and 20
million Job postings, and a total of about 36 thousand skills
listed. [3]. However, despite the widespread use of existing
platforms of e-recruitment, the main problem faced by
recruiters is to find the best profiles (i.e. the most talented
candidates) for a given job offer. In a strategic and
economic context where cost control is fundamental, the
selection of the most suitable candidate curriculum vitae
(CV) regarding an offer is very important for the
optimization of this fully digital recruitment process.
Concentrating on matching job offers with CVs , the job
offers and the CVs contain technical aspects of the
language, hence in many cases, there is a deep gap between
the job offer and the language which is used by candidates
in their CVs in the same business category. As an example,
consider the “Mobile Application Developer” offer. As
candidates of the Mobile Application Developer community
do not use the term itself directly in their CVs and instead
they use some terms like “Android” and “iOS” which have a
direct relation with “Mobile Application Developer”, we can
say that a deep gap exists between the “Mobile Application
Developer” as main skills required and the language used by
candidates. In a HR staff, each job offer has one or more
keywords which indicate the required skills to having right
candidates. These keywords can basically be considered as
skill areas which recruiters are interested in. For example,
consider the following job description on offer, “ expertise
in Java and Object-Oriented Design and development
principles (e.g. XML, JSON) ™. This description can be
tagged by “xml”, “jason”, “java-ee” which are important
skill areas in Java programming language. In this work, our
main goal is to provide a tool which can help recruiters to (i)
to detect and rank candidates who are skillful in a given skill
area (tag) with respect to the qualifications and duties of the
job offer which are given, (ii) select more effectively
talented profiles, that is to say in the right place at the right
time, (iii) provide tools to connect candidate’s CVs and job
offers automatically.
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To meet the above objectives, In this paper, we propose
here a candidate CVs recommendation system based on
natural language processing and machine learning
techniques for automatically clustering CVs into profiles
and identify the relevant candidates CVs for a given new job
offer. The semantic matching of CV and job offer requires a
textual analysis of the content of both the job offer and CV
using models to interpreted a given skill area (e.g.
“Android”, “JavaScript” and etc.) to a set of relevant words.
These interpretations can be useful to improve the matching
between recruiters queries and the technical textual evidence
(i.e. CVs) associated with each candidate. They can also be
used independently by recruiters to detect important aspects
of each skill area in business categories. Our model is based
on a word embedding method utilizing the specific structure
to interpret a skill area to its relevant words After finding
the appropriate interpretations, we have used scoring
approaches to find the final ranking of candidates CV for a
given job offer.

The remainder of this paper is organized as follows.
Background concepts and related work are introduced in
Section 2. The proposed model will be presented in section
in section 3 The experiments and the evaluation result in
sections 4 and 5, respectively. Finally, we provide
conclusions and future work as well as the limitations of the
proposed approach are discussed in Section 5.

1I. RELATED WORKS

A.  Recommender Systems

The development of the Internet and web technologies
has expanded the range of items available in various areas
such as entertainment, e-commerce, and education.
However, it is becoming difficult to find suitable items that
match the preferences of users. For this reason,
recommender systems are expected to guide users to find
items or product that might be of interest to them. The
main goal of recommender system is to assist people in
decision-making situations under contexts of “information
overload”. The recommender systems have been extremely
used in different areas, such as recommending movies [10],
books [11], user-generated videos [12], products [13],
documents [14], and information on the Web [15]. Various
approaches have been proposed for generating
recommendations, including: content-based filtering,
collaborative filtering and hybrid recommendation systems
[16,17,18].

The Content-based filtering (CBF) approach analyzes
users’ preferences according to the attributes of an item, in
order to build up a personal feature profile and then predict
which items the user will like [19,20]. items . On the other
hand, the collaborative filtering (CF) may be the most
commonly used approaches focus on identifying the
relationship between items or users .Generally, The existing
CF approaches can be divided into two types: user-based CF
and item-based CF [16]. The user-based CF clusters users

Chadli Bendjedid El-Tarf University - EL TARF - Algeria

into different groups or finds the neighborhood of target
users first, and then observes the behavior of neighbors to
make recommendations [20,10]. The item-based CF
approach analyzes similarities between items on the basis of
a user’s ratings among items. These item similarities are
then used to generate recommendations for a user by finding
items that are similar to those the user has previously liked
[21]. Hybrid approaches have been proposed to overcome
drawbacks of the CF and CBF methods [22,18]. They
combine content-based filtering and collaborative filtering
to improve recommendation the prediction performance .
Furthermore, matrix factorization-based methods have been
proposed to discover latent factors of items and users for
enabling effective recommendation [23,24]. Other recent
work have addressed the diversity of recommendations
[25,26].

B.  E-recruitment recommender systems

Recommender systems in automatic recruitment
platforms allow HR agents to search and identify the the
best candidates in a small temporal period . To this aim,
there are many e-recruitment systems consider a important
part of the recruitment process, concentrating on matching
job offers with CVs. In this context, several
recommendation systems have been presented in the
literature In particular, Kessler et al. [27] presented the
project e-gen to assist a recruitment consultant. The aim,
perform analysis and categorization of job offers and the
candidates' responses. E- gen approach based on vectorial
and probabilistic models to solve the issue of profiling
applications according to a specific job offer. The system
transformed the document into a vector with weights
characterizing the frequency of terms Tf and Tf-idf. Then
compares candidatures and a particular job offer using
measures of similarity such as cosine similarity and Minkow
ski distance, to rank all candidatures in relation to a job offer
as well, they make use of a Relevance Feedback method that
consists of enriching the job offer dictionary by
concatenating already analyzed relevant CVs from the same
job offer. In the same spirit, authors in [28] proposed
extensions to improve the system's performance by adding a
statistical automatic summarization system, namely Cortex,
as a powerful filter to eliminate irrelevant information in
candidate resumes and job offers . In [29] the authors
introduced "prospect" system as decision support tool to
shortlist candidates for job openings . Prospect uses a
resume miner to extract meaningful information from
resumes and job offers using a conditional random field
model to segment and label the CV. Then, to rank the CV
based on the job offer, the system compares the information
from both documents using three established retrieval
models: Okapi BM25 , Kullback—Leibler divergence
algorithm or Lucene scoring. We note in the literature
another system to match job offers and candidates CVs . In
[30] the authors proposed system namely Expert system
based on ontology to represent individual CVs and job
offers. the system ranks the CVs based on proximity to the
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job offer ontology with respect to each resume ontology.
The CVs with ontologies most similar to those of the job
offer are ranked near the top. In addition, a framework for
job matchmaking is proposed by [31] where the system
strategy is based on ontologies used to enhance information
from resumes and job offers. The framework is a web-based
system developed to match professional competencies from
CVs and job offers . The ranking of a resume with respect to
a job is determined through semantic similarity . Finally,
another approach which is essentially based on ontology
was proposed in [32]. This work considered the problem
information extraction process from CVs . Thanks to
ontologies, the system processes a CVs by first converting
the CV documents into plain text, sentence segmentation,
applying an ontology knowledge base to find concepts in
each sentence, term normalization, and finally classifying
each sentence.

III. THE PROPOSED RECOMMENDATION APPROACH

In this section, we introduce the architecture for the proposed
semantic recommendation system of the relevant candidates
resumes for a giving job offers. The architecture of the
proposed framework is illustrated in Fig. 1. The framework
can be divided into two modules namely: learning the
predictive model step (preparation, in the top frame of Fig. 1),
and the recommendation step (execution, in the down frame of
Fig. 1).

Fig. 1. The architecture of the curriculum vitae recommender system.

In the learning stage, there are three main steps. Firstly, the
system concerns the preparation and the formatting of these
heterogeneous data. As a second step, we will use embedded
layers of deep neural networks to represent the textual resumes
documents in a sub dimensional word embedding space. Then
we will apply a clustering procedure to discover similar
classes among this representation of the resumes. The idea is
to create a topology of resumes classes, that belong to similar
resumes categories. In the second phase, the recommendation
comes in two stages. Firstly, the system concerns the
embedded representation of the job offer textual documents
and projected in the learned embedded space model to
extracting latent topics and identifying the nearest pre-
generated cluster of resumes, compared to this new offer in
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term of its similarity, with the centroid of the cluster. Since we
already have an association for each cluster with its
corresponding winner resumes, thus we recommend to the
input job offer. In the following sub-sections, we describe in
more detail the different steps of the proposed method.

A. Document Preprocessing

In this work , we need to perform some preprocessing steps to
prepare the candidates CVs contents. These preparations
represent natural language processing techniques such as
tokenization, stop word removal and stemming. Tokenization
is the process of mapping a stream of text content into words,
phrases, symbols or other significant elements, called tokens.
These tokens, when filtered, can be used to build the language
dictionary. Most of the words in the documents occur very
often, but they are basically meaningless words as they are
used to connect the words well organized to form a sentence
they are commonly words with little useful information like
““and”, “‘or”, “‘but”, “‘will” and others. Generally, it is
assumed that stop words, which does not denote content or
context of text documents. Stemming is the process of
combining the different types of a word into a typical
illustration, the stem . The main goal of stemming is to reduce
the derive of words frequency. Other preprocessing used are
converting all text to lowercase aimed to enable the model to
recognize better different cases and to avoid confusion during
processing. Removing White Spaces, special characters,
punctuation from the text like “.?!” and also the symbols like
“@#$” and overlaying useless terms for text features such as
Numbers and links.

B.  Deep learning-based word embedding model

Once all NLP pre-processing terminated we used the corpus
of candidates CVs to represent each document in the vector
space model. The development of deep learning drives
continuous innovation of text representation . To that aim, we
have used a deep learning to produce the embedding
representation of CVs Natural language
modelling technique like Word Embedding is used to map
words or phrases from a vocabulary to a corresponding vector
of real numbers. As well as being amenable to processing by
Machine Learning (ML) algorithms, this vector representation
has two important and advantageous properties: (i)
Dimensionality Reduction — it is a more efficient
representation, and (ii) Contextual Similarity — it is a more

documents

expressive representation. In preceding works on Bag of
Words (BoW) approach have shown that it often produces
huge, very sparse one-hot encoded vectors, where the
dimensionality of the vectors representing each document is
equal to the size of the supported vocabulary [4,5]. Word
Embedding aims to create a vector representation with a much
lower dimensional space. These are called Word Vectors. For
our purposes , Word Embedding is used for semantic parsing
of candidates CVs, to extract meaning from text to enable
natural language understanding, and documents semantic
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classification. For a language model to be able to predict the
meaning of text, it needs to be aware of the contextual
similarity of words. The vectors created by Word Embedding
preserve the similarities, thus words that regularly occur
nearby in text will also be in close proximity in vector space.
Fig. 8 gives an example of an intuitive representation of some
candidates profiles in a word embedding space. Theoretically,
candidates that belong to the same fields are supposed to be
close to each other in the produced space model. Later,
candidates represented with these profiles
categorized in the same clusters (e.g. data scientist and deep
learning expert are in the same cluster of computer scientist
profiles). This is the main purpose of word embedding
implementation in the first stage of our learning algorithm.

are to be

Fig. 2. Example representation of resume using Word2vec.

1. Word2Vec ( CBOW and skip-gram model )

One of the best known algorithms for producing word
embedding models is Word2vec. This framework initially
developed by Mikolov et al. [6,7-8] for representing words as
vectors and implemented by Google, which released a version
of the code for academic purposes. The Word2Vec model is a
shallow neural network-based model which is used for word
embedding. This model, which was trained with a large corpus
of text, creates a unique vector for each word in a high
dimensional space. That is, word2vec can be used to find the
semantic relationships between words. Word2Vec uses two
main model architectures to create word vector representation:
Continuous Bag-of-Words (CBoW) and Skip-gram. Figures 2
and 3 show the difference between the two models. The
CBoW architecture model predicts a word based on the
surrounding context words while the Skip-gram architecture
model uses the current word to predict the surrounding words
in a fixed size window ;

INPLUT PROJECTION OUTPUT

wit-2)

wit-1)
sUM

- wit)

[\

wits1)

wire2)

Fig. 3. Continuous bag-of-words (Mikolov et al., 2013)
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< w(t+2)

Fig. 4. The Skip-gram model architecture.

In CBOW, the model uses encoders neural networks to
generate embeddings of a target word from an input context.
While a language model depends on the preceding words in
the corpus for its predictions. Mikolov et al. thus use both the
n words preceding and following the target word wt to predict
it. The basic idea of CBOW is to maximize the following
average log-likelihood :

T
1 :
Ia= fz log piwl Wge Wi, Wig 1 Wiy )
t=1

instead of feeding n previous words into the model, the model
receives a window of n words around the target word wt at
each time step t. In the deep neural network, this probability is
computed through the softmax layer(exp):

Wiyl " EXp( h' Vi)
P (Wl Wiy eees Wi, Wiy 1o Wi ) = ———————
Dy exp(h vy

where, h is the intermediate state vector which is the word
embedding vwt of the input word wt of a vocabulary V

The skip-gram model allows to do the inverse of CBOW. The
goal of skip-gram is to predict the context words by
computing the the log probabilities of the surrounding n words
to the left and to the right of the target word wt to produce the
following average log-likelihood:

1 : ;
IE:?Z Z log p (wyp1lwy)

T
t=1 -n=j=n=0

Similarly the skip-gram model computes p(wt+jjwt), with the
softmax layer as:

P (Wi 1wyl = M‘r—:—
D By P VeV )

2. Doc2Vec

In 2014, Doc2vec that is an extension of Word2Vec, was
presented by Mikolov [6,7-8] as a set of approaches to
represent documents a fixed-sized continuous vector that are
document embeddings. It is an unsupervised learning
algorithm that represents an input large document in the
paragraph vector with PV-DM (Paragraph Vector with
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Distributed Memory) and PV DBOW (Paragraph Vector with
Distributed Bag-of-Words) forms . The difference between
these two methods lies in the prediction task employed for
learning the document vectors . The PV-DM method is similar
to the continuous bag-of words (CBOW) for the Word2Vec
model [33,34] which attempts to predicts the target word
using given words sampled from a paragraph and the identifier
of the paragraph , whereas PV-DBOW predicts the words
contained in each paragraph using only the identifier of the
paragraph. Le and Mikolov (2014) showed that PV-DM
performed better in embedding words and documents , but this
method is slower to train as it has more training sets than PV-
DBOW for a given corpus. Thus, as it focuses more on the
quality of document embeddings rather than training time
.Although Le and Mikolov (2014) recommended using the
concatenation of PV-DM and PV-DBOW in a difficulties
situation, The PV-DM performed well when used by itself in a
less difficult case.

C. Expertise domain extraction

Once resumes vectors are embedded into a semantic space, we
followed the primary step of our learning algorithm, by
classifying the documents vectors in numerous clusters, in-
order to extract the emerging topics from the datasets, during
which the CV vectors in neighboring semantic space are
clustered into a typical cluster. Since each document is
represented through a numerical embedding vector, we've
tested two of the foremost widely known clustering algorithms
to discover correlated documents in the database which are
hierarchical and K means clustering algorithms. As deep
learning based word embeddings models maximizes the vector
product between the embedding vectors and also the context
vectors, cosine distance has been chosen as an appropriate
metric for measuring distances between word vectors in
semantic space and clustering nearby word vectors into a
standard concept.

D. Candidates CVs Recommendation

Once the steps of the learning phase terminated, then the
model can be used in the recommendation phase. Our
recommendation approach recommends CVs documents that
are similar to those offers preferred by the recruiters based on
the semantic similarity between documents. The first step
consists of finding the cluster of candidate's profiles to which
job offer belonging to, compared to this offer in terms of its
similarity, with the centroid of the cluster (since a centroid is a
candidate’s profile). For the semantic cluster previously
calculated, the recommender system produces candidate CVs
, scores and ranks the CVs for the input job offer. In the actual
calculations, we used the cosine similarity measure [35] to
select one corresponding CVs for giving job offer . The
cosine similarity (cos) is given by the equation bellow :

oy
S

|

co 5[5" ,_F:I =

i
[
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where P represents the candidate CV and J the job offer . The
two documents are converted into vectors by some vector
representation (e.g., Doc2vec). The cosine similarity value is a
number in the interval [0, 1], where the value 0 indicates that
the vectors are completely different and the value 1 indicates
that. Finally, the recommendation list of CVs documents
based on the semantic recommendation is derived. In this list,
the recommended CVs documents are ranked in descending
order of the recommendation score. The most important
candidates are those that are at the top of the ranked list, the
users of the tool can then select the candidates that are having
an increasing score

IV. EXPERIMENTAL RESULTS

A. Description of the dataset

To evaluate the proposed approach, we need an unstructured
database of CV documents. The literature on publicly
available datasets is fairly rare in this context. In fact, these
datasets may contain personal data (addresses, phone numbers,
etc.), and regulations such as the GDPR make it more difficult
to distribute datasets for research purposes as well. In
addition, collecting and labeling datasets with such
information is costly in terms of both the task itself and the
knowledge require. Experimental data are collected from the
online data science platform Kaggle [39], Kaggle is a platform
that hosts data science competitions for business problems,
recruitment, and academic research purposes The members of
a Kaggle community can collect the useful benchmark dataset
to better evaluate their approaches. In this work, 25 business
classes are represented in the dataset which consists of
different domains: computer, medicine and finance and so on.
The data set contains 1219 CV written in English. We
analyzed a total of 1202 resumes because some resumes
appear to be corrupted or unavailable. Each instance is
represented by the plain text of the CV and a category
indicating the work sector pertaining to the CV.

B.  Evaluation Mertic

The system performance is evaluated in terms of precision,
recall, and F-measure [9,36,37]. These metrics have been
commonly used in information retrieval. Precision is
determined by the fraction of the recommended profiles
documents that are actually found to be interesting for a giving
job offers. On the other hand, Recall involves the fraction of
the interesting profile documents that are correctly identified
by the recommendation process. The equations of precision
and recall are measured in the following formulas:

number of comactly recommendad Profile documants
number of meommendad Profils docimmants

Precision =

murnbar of correctly eeommandsd Profils docimmants
number of collected Profils documents

Recall =
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F-measure use both precision and recall to compute the score
for balancing the trade-off between precision and recall. More
specifically, The F-measure (or F1 score) is the harmonic
mean of precision P and recall R as shown in the following

formula:
2 ® Precision »x Reczll

Precision + Recall

Fl =

L. RESULTS AND DISCUSSION

The result is under development

II. CONCLUSION

In this paper, we have presented candidate
recommendation system based on semantic knowledge using
deep learning, word embedding and clustering algorithms. The
objective is to select the best candidates for a job offer. The
system is divided into two main stage, the learning stage and
the recommendation stage . Concerning the learning stage, we
used some preprocessing steps to prepare the candidates
documents contents the we wused word embedding
representation of candidates documents . Finally the we
applied an unsupervised machine learning algorithm in order
to regroup similar documents on the basis of their textual
content. The proposed system suggests the recommendation of
candidates in the top ranked for the disseminated job offer in
which may be at best match to the job . As future work, we
will use anthor semantic representation technique such as
fastText and Glove.
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Abstract—A pruning-based discrete cosine transform
(DCT) approximation is proposed. It is based on pruning
the parametric eight-point transform. The new proposed
transform is investigated in terms of processing time,
energy consumption and image quality for image
compression in the context of wireless multimedia sensor
networks (WMSNs). Our experimental results showed
that the proposed algorithm provided a significant
savings in processing time and energy with competitive
performance in image quality. Digital hardware
architecture is proposed and implemented on 40-nm
Xilinx Virtex-6 XC6VSX475T-2ff1156 FPGA device. The
designed architecture presents high efficiency in terms of
clock speed, hardware resources utilization and power
consumption. Therefore, a large set of WMSN
applications requiring low bitrates can benefit from the
proposed scheme when embedded into multimedia sensor
nodes.

Keywords— WMSNSs, image compression, approximate
DCT, pruning approach, energy conservation, VLSI, FPGA

. INTRODUCTION

Advances in low-cost CMOS camera have fostered their
integration into sensor node in wireless sensor networks
(WSNs), which then led to the emergence of a new class of
WSNs, referred to in the literature as wireless multimedia
sensor networks (WMSNs) [1]. WMSNSs consist of a network
of tiny, battery-powered camera nodes with a limited
embedded processing, storage and communication
capabilities. Each camera node has the ability to capture large
volumes of images from the monitoring area, process them
and transmit wirelessly processed data over the network to
the sink. Unfortunately, the huge amount of visual flows
manipulated by the resources-constrained camera node
requires higher power consumption and higher bandwidth
usage. In other words, the sensor node will spend more
energy which causes the battery power to drop faster and
hence, affect the whole network lifetime. One of the most
effective solutions to reduce energy dissipation and to use the
bandwidth in more efficiency way is to compress images at
source. Habitually, image compression is an ideal choice to
overcome the bandwidth and energy dissipation bottlenecks.

Chadli Bendjedid El-Tarf University - EL TARF - Algeria

Therefore, the well-known JPEG standard compression
algorithm can be used in this context.

Over the past years, JPEG compression method has
gained widespread acceptance; and it is most often used in
image compression. Nevertheless, this method is very time
and energy consuming in WMSNSs context [2]. This is due to
the encoder complexity; and mainly to the DCT transform
step which consumes more than 60% of the computation
requirements of the JPEG algorithm [3]. Thus, adapting the
JPEG encoder to the resource-constrained WMSNs by
reducing the DCT complexity seems to be the most perfect
solution to gain in time and energy. In this way, we proposed
a low complexity DCT transform which combines an
approximate DCT with a pruning approach. The aim of the
former is to reduce the draconian computational demands of
the DCT in terms of number of arithmetic operations,
whereas the latter aims to compute only coefficients that are
likely to be significant. Such a DCT design, leads to a drastic
reduction in the computational cost of the compression
process and thereby the energy dissipated by the camera
sensor node.

In this article, our goals are: (1) to focus on the adaptation
of the standard JPEG compression algorithm to the
requirement of WMSNSs, by proposing a considerable
reduction of the computational cost of the DCT transform;
and (2) to design an efficient and low-complexity 2-D pruned
DCT digital hardware architecture aiming to relieve the main
processor of the camera node from the computational
complexity of the DCT.

Il. BACKGROUND

A. Discrete Cosine Transform

The forward one-dimensional N-point DCT [4] of N input
samples x(0),..., x(N-1) is defined as seen in (1):

X(k) = \E a(k) ¥N-3x(n).cos (ant1)kn Q)

2N

withk=0,1, ...,N-1 and a(k) is defined as follows:
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a(k)={77 k=0

1 otherwise

The above-mentioned equation can be easily formulated
as matrix multiplication according to:

X=Cx 2

where x is an N x 1 input vector and C is an N x N matrix
called the kernel matrix of the transformation whose basis
vectors are sampled cosines, given by:

C(k,n) = \/% .a(k).cos [(2"“)"”] fork,n=0,1,., N-1

It can be easily verified that the kernel matrix C is
orthogonal, i.e., it fulfill the condition C! = C'. So, the
inverse 1-D DCT transformation which is defined as a
mapping from the frequency-domain to the spatial domain
can be also written as matrix multiplication:

x=CT.X (3)

Since the DCT is separable transform, the 2-D DCT
transformation can be obtained by means of two separate 1-
D DCTs. First, 1-D DCT transform is carried out over every
row to get the 1-D DCT coefficients. Then, another 1-D DCT
is run again over each column which yields to the 2-D DCT
coefficients, see Fig. 1. This process is called row-column
decomposition and it can be easily formulated in matrix
notation as follows:

F=c.x.cT (4)

where X is an N x N input matrix, C is the N x N kernel
matrix, F is the corresponding transform-domain N x N
output matrix and superscript “ T ~ denotes the matrix
transpose operation.

By virtue of orthogonality, the reverse 2-D DCT
transformation can be expressed as presented in the
following:

X=CT.F.C (5)

B. DCT Approximation

A DCT approximation is a transformation which provides
a close estimation of the exact DCT computation at low-
complexity requirements. It has the following mathematical
structure:

C=D.T (6)

where D is a scaling diagonal matrix typically constituted
of irrational numbers in the form of 1/+/n (n is a small
positive integer value), and T is a low-complexity matrix
which contains elements only in the set {0, +1/2, +1, +2}[5,6].

The irrational numbers in the diagonal matrix requires
high computational complexity which makes the DCT
approximation computationally expensive. Fortunately, the
diagonal matrix D does not introduce any extra
computational complexity, since it can be absorbed into the
quantization step [6-9]. Therefore, the low-complexity matrix
T is the only source of the computational complexity in the
approximation.

According to (6), the forward 2-D DCT approximation
can be written as below:

F=C.X.CT=D.(T.X.TT).D @)

The same idea can be used for the inverse 2-D DCT

approximation, thus, in accordance with (3), it can be
expressed as:
X=CT.F.Cc =T".(D.F.D).T (8)

I1l. PROPOSED PRUNED DCT APPROXIMATION

A. Pruned Bouguezal-Ahmad-Swamy approximate DCT

In [8], a one-parameter 8-point approximate transform is
proposed and it is referred to as BAS-2011. Its transform
matrix is obtained by introducing an arbitrary parameter in
the kernel matrix of the transformation reported in [7], and by
carrying out some row permutations to improve the transform
energy compaction capability. In the case when the arbitrary
parameter a is taken equal to 1/2, the resulting transform is
given by:

c@ = p@ 7@ — p©s) 705 )

where D is a diagonal matrix given by:

and
T =

1 1 1 1 1 1 1 1
1 1 0 0 0 0 -1 -1
1 12 -1/2 -1 -1 -1/2 1/2 1
0 0 1 0 0 -1 0 0
1 1 - 1 1 -1 -1 1
0 0 0 1 -1 0 0 0
1 0 0 0 0 1 -1

11/2 1 1 -1/2 -1/2 1 -1 1/2]

(11)

The associated fast algorithm of the transform matrix T
requires only 18 additions and 2 bit-shifts operations, see Fig.
2(a).

The proposed k-pruned version of the transform presented
in (9) is expressed as follows:
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Fig. 2. Signal flow graph for the BAS-2011 [8] and proposed pruned BAS-
2011 (k = 2) transform matrices. (a) Original (18 adds. and 2 bit-shifts). (b)
Proposed (10 adds.). Dashed arrows mean multiplications by -1.

Ck = Dk . Tk (12)
where D, is a k x k scaling diagonal matrix, T}, is a semi-

orthogonal k x 8 pruned transform matrix, given
respectively by:

Dy = diag(Doo, D11, -+ Dk-1,4-1) (13)
and
t0,0 tO,l e t0'7
t t . t
o= VLY (14)
tho k1 -ty

with, t; ;,{i, j =0,1,...,7} are the entries of Ty and 0 <k <7

Block diagram of the 2-D DCT computation using row-column decomposition.

B. Choice of the Pruning Value k

The problem to be addressed in this section is: what value
of k has one to choose? In other words, how far it is possible
to decrease the pruning value k to meet the WMSNSs
constraints without severely degrading the transform
performance, i.e., the visual image quality?

With an 8 x 8 image block, after applying the 2-D DCT
transform, the important low frequency components gathers
towards the top-left corner while the less important high
frequency components are at the bottom-right corner. That’s
means that most of important AC coefficients are in the 2 x 2
square-shape around the DC coefficient. Thusly, by means of
analyzing the grey-scale set of 512 x 512 standard test
images available from [10], we noticed that the 2-D BAS-
2011 DCT transform [8] can concentrate 96.05 % of the
average total image energy in the 2 x 2 low frequency
transform-domain coefficients. These four significant low-
frequency coefficients contain an important fraction of the
total image energy and they are almost sufficient to represent
the entire image information. Moreover, in image
compression applications, after quantization process, long
sequences of zeros are produced, especially at the higher-
frequencies [11]. Further, since many of WMSN applications
do not strongly require high quality imagery and due to the
limited transmission energy and bandwidth, images are
compressed at high compression ratio, i.e., at low bitrates (<
0.5 bpp) [12, 13]. The more an image is compressed at low
bitrates, the more DCT coefficients are considered less
important (close or equal to zero). So, by judiciously throw
away the unimportant information (i.e., high frequency
components) and restrict the computation to the 2 x 2 low-
frequency coefficients, computational efforts may be saved
which also results in low power consumption with less
bandwidth usage and thus, extending the network lifetime.
On the basis of the above facts, the pruning value k equal to
2 is an appropriate choice, which is also suggested in other
works [14, 15]. Consequently, the proposed pruned BAS2011
in (12) will be:

C2 = D2 . TZ (15)
where D, is a 2 x 2 scaling diagonal matrix, T, is a semi-
orthogonal 2 x 8 pruned transform matrix, given respectively
by:

. 1 1
D, = dlag(ﬁi (16)

and
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/111111 1 1
TZ‘[110000—1 —1] (17)

Fast algorithm for the proposed T, transform matrix is
illustrated graphically as shown in Fig. 2 (b).

Based on the row-column decomposition method
presented in Fig. 1, the 2-D k x k pruned DCT approximation
transform can be carried out with two stages of 1-D k-pruned
approximate DCT transforms, by performing eight row-wise
calls of 1-D k-pruned DCT to the 8 x 8 input block followed
by k column-wise calls of 1-D k-pruned DCT to the
intermediate result, see Fig. 3. Therefore, the proposed
forward and inverse 2-D k x k pruned DCT approximations
(k = 2) are given respectively by:

FZZCZ.Xg.C;=D.(T2.X8.T2T).D (18)

Xzzcg.Fz.CS:TBT.(D.Fz.D).TS (19)

C. Complexity Assessment

Let AC,_p(Ty) be the arithmetic complexity of T} .
Therefore, the arithmetic complexity of the 2-D k x k pruned
DCT can be given by:

AC,_p(Ty) = 8.AC,_p (Ty) + k.AC,_p (Ty) (20)

For the particular case when k equal to 2, we can derive
the following expression:

AC,_p(T) = 10.AC,_p (T) (21)

Comparison in terms of arithmetic complexity of the
proposed algorithm with pruned and non-pruned DCT
transforms is given in Table 1. Selected methods include: (1)
the BIinDCT-C8 [16]; (2) the Bouguezel-Ahmad-Swamy
(BAS2011) [8]; and (3) the zonal BinDCT-C8 [15].We also
assessed the complexity of the exact DCT according to Arai-
Agui-Nakajima (AAN) fast algorithm [17].

It is obvious from Table 1 that the proposed pruned 2-D
BAS2011 DCT exhibit lower additive and bit-shift
complexities than the original 2-D BAS-2011 DCT [8]. The
proposal requires 68.757% less operations overall, while it
maintains good energy compaction (96.05% of the average
total image energy). Moreover, the proposed method
outperforms the recently proposed zonal BinDCT-C8
presented in [15], requiring 100% less bit-shift operations and
16.67% less arithmetic additions for both 1-D and 2-D
versions.

TABLE I. COMPUTATIONAL  COMPLEXITY  ASSESSMENT  OF
DIFFERENT 1-D AND 2-D DCT METHODS.
1-D 2-D
Method Mult | Add. | Shift | Mult | Add. | Shift
AAN [17] 5 29 0 80 646 0
BinDCT-C8 [16 ] 0 24 5 0 384 80
E?SZOH( a=05) o | 18| 2 0o | 288 | 32
Zonal BinDCT-C8 0 12 1 0 120 10
[15]
Proposed 0 10 0 0 100 0

IVV. PERFORMANCE EVALUATION

The evaluation was carried out by considering the
microcontroller AMTEL ATmegal28 of Mica2 and MicazZ
motes, operating at 8 MHz with an active power consumption
of 22mW [18]. Furthermore, we consider the quantization
table and the Huffman encoder given in the Annexes of the
JPEG standard [19].

A. Image Quality

Our quantitative evaluation is performed using the peak
signal-to-noise ratio (PSNR) as figures of merit. To this end,
a set of well-known gray-scale 512 x 512 test images namely,
Lena, Baboon, Peppers, Barbara and Living room taken from
[10] are used.

PSNR is given in decibels (dB) and is defined as:

PSNR = 10 x log (=) 22)
where d is the maximum possible pixel value of the
uncompressed image (255 when gray-scale image is
considered). MSE is computed using (23).
1 2
MSE = ?L1Z§y=1(xij—y”) (23)

Table 2 reports the PSNR measure for the selected images
encoded at very low bitrate (0.26 bpp) according to the
proposed pruned BAS-2011 and zonal BinDCT-C8 [15].

Fig. 4 shows a visual image quality evaluation of the
proposed algorithm. PSNR measure is also included for
comparison. Reconstructed Lena, Barbara, Peppers, Baboon
and Living room test images encoded at 0.26 bpp are depicted
in the figure, from which we can clearly see that the proposed
method has a competitive visual quality performance as

@ coefficient computed
coefficient pruned

XXX X (X)
e0000000 o0
e0000000 o0
e0000000 o0
00000000 —| !Dkpruned | 5 @@
00000000 DCT over rows o0
e0000000 oo
e0000000 oo

k
k| ®@®
[ X J
1-D k-pruned
— DCToverk [
columns

Fig. 3. The 2-D k x k pruned DCT with row-column decomposition (pruning value k = 2).
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a. PSNR =27.20 dB b. PSNR =24.14 dB c. PSNR = 24.27 dB

Fig. 4. Reconstructed Lena, Barbara, Peppers, Baboon and Living room test images given at bitrate of 0.26 bpp. (a) Exact DCT [17]. (b) Zonal BinDCT-
C8 [15]. (c) Proposed method.
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TABLE II. PSNR OF GREY-SCALE 512 X 512 TEST IMAGES GIVEN AT
0.26 BPP FOR EXACT DCT [17], ZONAL BINDCT-C8 [15] AND PROPOSED
SCHEME.

Living
room

Image Lena | Peppers Baboon | Barbara

Exact DCT [17] | 30.98 30.48 27.20 24.12 24.65

Zonal BinDCT-

C8 [15] 27.59 26.03 24.14 22.78 22.90

Proposed 28.00 26.16 24.27 20.70 22.90

compared with the exact DCT [17] and zonal BinDCT-C8
[15].

B. Processing Time and Energy Consumption

The processing time and energy consumption can be
computed according to (24) and (25):

T=C/F (24)
E=TXP (25)

where C is the computation cycles given by simulation, F and
P expresses respectively, the frequency and the active power
consumption of the microcontroller.

Computation cycles C is  obtained  using
WinAVR20100110; an open source software development
tools for the Atmel AVR series of RISC microprocessors.
Compilation is performed with « —O3 » optimization setting.

Table 3 gives respectively, computation cycles, execution
time and energy consumption related to 8 x 8 block of pixels
according to the proposed method and other DCT transforms.

As expected, the software-based simulation results
proved clearly the efficiency of our scheme not only on
arithmetic costs, but in both execution time and energy
consumption. Performance evaluation showed up to 50%,
60.87% and 91.18% execution time and energy savings when
compared to other methods, namely zonal BinDCT-C8 [15],
zonal BinDCT-C7 [14] and JPEG (1JG fast) [18].

V. PROPOSED 2-D PRUNED DCT DIGITAL HARDWARE
ARCHITECTURE

A. System Hardware Architecture

In this section, efficient and low-complexity 2-D pruned
DCT digital hardware architecture is designed. The proposed

TABLE III. DCT CYCLE COUNTS, EXECUTION TIME AND
ENERGY CONSUMPTION RELATED TO BLOCK ON THE ATMEGA128
MICROCONTROLLER.

DCT Execution Time Energy

Method (cycles) (ms) (1)
JPEG (1JG fast) [18] 8131 1.02 22.44
Zonal BinDCT-C7

[14] 1840 0.23 5.06
Zonal BinDCT-C8

[15] 1437 0.18 3.96
Proposed 713 0.09 1.98

Chadli Bendjedid El-Tarf University - EL TARF - Algeria

architecture employs two realizations of 1-D pruned DCT
approximation module and one transpose buffer block in-
between, all directed by an FSM-based (finite state machine)
control and command unit. A basic sketch of the proposed
system is depicted in Fig. 5.

The two 1-D pruned DCT modules can be either the
proposed pruned BAS2011 approximate DCT described
earlier in the paper or the competitor zonal BinDCT-C8 [15].
Fig. 6 depicts the designed digital hardware architecture for
the proposed pruned BAS2011 DCT approximation and zonal
BinDCT-C8 [15], which accepts both 8 parallel data inputs
and produces 2 parallel data outputs. The fine-grain pipeline
is adopted in the designed architectures in order to increase the
throughput rate. Three 1-stage pipeline registers are inserted
at strategic places within each fast algorithm for purpose to
minimizing the critical path delay.

B. FPGA Implementation

The 2-D pruned DCT proposed hardware architecture was
described in VHDL, and the Xilinx ISE tool 14.7 version is
used to synthesize and implement the design on a 40-nm
Xilinx Virtex-6 XC6VSX475T-2ff1156 FPGA device.

The FPGA implementation was evaluated for hardware
complexity, power consumption and clock speed performance
considering the following metrics: the number of occupied
configurable logic blocks (CLB), look-up table (LUT) and
Flip-Flop (FF) counts, the minimum clock period (Tmin), in ns.
The maximum clock frequency, which was determined by the
inverse of the clock period as Fmax = (Tmin) %, in MHz. Reported
values were obtained after the place-and-route (PAR) process
from Xilinx device utilization summary and post-PAR static
timing report. Using the Xilinx XPower Analyzer, we
estimated the frequency normalized dynamic power (Dp)
consumption, in mW/MHz, with 100 Mhz clock frequency.
We also reported area-time (AT) complexity and area-time-
square (AT?) complexity for comparison, where, area is
measured as the number of consumed CLBs and time as the
minimum clock period. The AT-complexity and AT?-
complexity are considered to be important measures with
which VLSI circuits are assessed. The values for each design
are listed in Table 4.

By analyzing the obtained results, it can be seen that the
design associated to the proposed pruned BAS2011 DCT
approximation presents the best performances in terms of
hardware resources utilization, clock speed and power
consumption. These results are pinpointed by all the
considered metrics quoted in Table 4.

A\AZ

1-D pruned _/_)}
DCT module

Transpose
buffer

1-D pruned
DCT module

VY

Y

FSM Control and Command Unit

Fig. 5. Digital architecture of 1-D pruned DCT approximation. (a) Proposed
pruned BAS2011. (b) zonal BinDCT-C8 [15].
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V1. CONCLUSION
X7 X6 X5 Xa X3 X2 X1 Xo

| In the present article, a low complexity DCT transform
which is suitable for energy conservation in WMSNSs is

, introduced. The proposed transform which was based on the
D LD T n n | comb_ination pf a DCT approxima_tion with a _pruning
9 Q Q technique, achieved computational savings by computing only

| Flip-Flops Register the most low frequency coefficients. Quantitative and

qualitative image quality assessments were performed,
showing the competitiveness of the proposed method. The
experimental works conducted on the Atmel ATmegal28
microcontroller revealed that our algorithm is very promising
and guarantees significant savings in processing time and
energy consumption. We designed dedicated digital hardware
architecture for the proposed pruned DCT approximation and
provided its implementation on 40-nm Xilinx Virtex-6 FPGA
technology. An examination of the VVLSI implementation of
the proposed method in terms of hardware resources
. Flip-Flops Register utilization, clock speed and power consumption provided the
v )l( best performance results.

—(¥
L

| Flip-Flops Register

S

(a) Application  Specific Integrated Circuit (ASIC)
implementation in CMOS 45 nm technology is planned in the
future in order to demonstrate the practicability of the
proposed transform and the designed architecture in digital
VLSI realization.
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Abstract— In recent decades, Huang et al. proposed a
new learning algorithm for single-layer neuronal
networks (SLFN) called Extreme Learning Machine
(ELM). Compared to classic learning algorithms, ELM
offers an extremely fast learning speed, better
generalization performance and minimal human
intervention. The ELM has been successfully applied
either for classification and even regression problems.

In this work, we implemented the Single Layer Feed-
Forward (SLFF) neuron networks for the regression
and prediction of defects affecting Turbofan Engine.
For the learning of this network, we used the ELM
algorithm. For the results comparison, we implemented
in parallel the same network type but with another
learning algorithm which is back-propagation. As
evaluation criteria, we have chosen the accuracy and
time required for learning. Finally, the results show that
the ELM learning of a SLFF is more perform than the
BP learning of a SLFF.

Index Terms— Feed-forward neural network,
regression, Extreme learning machine, Back-
propagation, Turbofan Engine, Accuracy, Time
learning and testing.

I. INTRODUCTION

Neuronal network is the combination of a set of
formal neurons, presented in a graph. This network is
distinguished either by architecture, or by the level of
complexity such as the number of neurons and also
the presence or absence of feedback loops, or also by
the type of neurons i.e. the activation functions, or by
the target objective: supervised learning or not,
optimization, dynamic systems.

Feed-forward neuronal is a very well-known type
of neuronal networks in recent decades, have been
widely used in many areas through their benefits, such
as complex non-linear mappings approximation
capacity directly from learning data, and also ability
to offer models for many natural and artificial
phenomena, which are difficult to deal with
conventional parametric techniques. However, this
type of network requires a setting of all its parameters
following the existing dependence between its
different layers, which make the learning process of
this slower network.

Single-Layer-Feed-Forward, the purpose of this
work, is one of the most basic and popular feed-
forward neuronal networks through their learning and
fault tolerance capabilities. Despite the advantages of
this network, but the problem still lies in its learning
phase even if we use the most popular learning
algorithms  such as  Forward  Propagation,
Computational Graphs, Backward Propagation with
Gradient Descent [9], Quasi-Newton Method [10],
Conjugate Gradient [11], and Levenberg-Marquardt
Algorithm [12-13]. So the learning phase of this
network remains relatively slow in the best situations,
since in some cases it can also easily remain blocked
in a local minimum.

Extreme Learning Machine (ELM) is a new fast
learning algorithm developed recently to improve the
effectiveness of SLFNs. With this new ELM
algorithm, the learning settings (weight and bias)
hidden nodes can be determined in a random and
independent manner. The output weights of the
network can be determined analytically by a simple
general reverse operation. The ELM has been
successfully applied for classification and regression
problems with many applications in the real world
[14-17].

Vs. The classical learning algorithms, the major
difficulty lies in the manual setting of the control
parameters as the learning rate, the learning periods,
etc. and also local minima. On the other hand, the
ELM put an automatic adjustment of these parameters
without any users' intervention. This feature makes
ELM faster compared to other traditional methods.
However, the classification of the ELM cannot be
optimal because the learning parameters of the hidden
nodes are assigned randomly in the beginning, then
they remain unchanged during the learning phrase.

The main objective of this work is to do a
comparative study to choose the best learning
algorithm of a Single Layer Feed-Forward neuron
network between ELM and Back-propagation. The
criteria on which we will choose the best algorithm
are learning time and accuracy. Finally, for the
validation and test of the chosen algorithms, we will
use the data from  Turbofan  Engine.
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Il. SINGLE LAYER FEED FORWARD NEURAL NETWORK FOR REGRESSION

A. SLFF-ELM for regression

For a regression problem, if we have a given set of
learning samples S = {(x;,¥;) withi=1,..,N} c
R x R, then, the output of a SLFN trained by the
ELM can be represented as follows [1-4]:

fu(x) = i hi(x)B; = h(x)B, wherex € R? (1)

With:
e L Number of hidden nodes.
e hi(x) with i = 1 to L: the function of the

hidden node.

e S with i = 1 to L: is the output weight
between the hidden node and the output
node.

Remarks:

- Hidden calculation nodes can be sigmoid,
additive and radial-based functions (RBF)...

- To minimize the error of the least squares, we can
get the objective loss function:

ming ||HB —Y||? )

Where:
H = [h(x)", h(x)", .. h(ey)™]" 3
Y = [y, y2, o on]" 4)

Two solutions of the objective loss function are
provided by Huang et al., Where they are equivalent
on the basis of the Woodbury identity:

g = {(HTH)_lHTY, forN =1L

~ HT(HH™)"'Y, for N <L

The ELM is easily adjusted on the basis of the
principle of minimizing the empirical risk (ERM) in
the objective loss function. The complexity of the

ELM is controlled by limiting the output weights  to
small values. Thus, the objective function is:

ming : = [|B11Z + €5 XN, 116112 (6)

S. th(xl)ﬁ =y, — fi: Vi

Where ¢ is the regularization parameter that
compensates for the standard of output weights and
less square learning errors.

®)

Finally, the solution of the objective function is:

-1
(HTH+1) HTY, forN =1

g= ,_1 ™
HT (HHT +5) Y, for N <L

B. SLFF-BP for regression

The single layer is the most basic and successful
neuronal network architecture with feed-forward
network topologies in industrial applications, while
the most used supervised learning technique for
training this type of networks is the back-propagation
algorithm. The back-propagation term means the
process by which the network error derivatives are
returned to the network and used to adjust the
weights, and decrease the error by each iteration. In
this way, back-propagation offers a method of
minimizing errors between the calculated outputs and
the desired outputs [5-6].

There are generally four steps to developing a
BP neural network: Step 1 for pre-processing where
input data and targets are defined. Step 2 for building
the network where the dataset has been divided into
training, validation and test subsets. Step 3 for the
network learning phase. Step 4 for the test phase
where the trained network was used to simulate the
test data.

The generalized neuronal regression network is a
neuronal network architecture that can solve any
function approximation problem with sufficient data.
The architecture of this network consists of four
layers: an input layer, a hidden layer, a summation
layer and an output layer.

The expected value of the output y considering the
input vector x is given by:
f_w yf(xy)dy

E [ ] e yfey)dy ®)
If the density f(x, y) is unknown it must be estimated
from a sample of x and y observations, with n is the
number of observations of the sample, p is the vector
dimension of the variable x and o the smoothing
factor.

fly) =

1
T
n(zmp [2p+1

o[- ) 22

The squared distance between the input vector x and
the x; learning vector is defined as:

Df = (x —x)"(x — x;) (10)
Finally, the output is determined by:

2
ST yiex _bi
” i=1Yi®XP| —52

f=—"F%x"
el 2

202
The coefficient of determination R2 between the
modeled output and measures of the training and
testing data set with observed value T;, predicted
value A;and average value T is:

(11)

RZ ZL l(Al T) (12)
S (1-T)"
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I1l. SIMULATION RESULTS

A. Case study

For the implementation of the selected
algorithms, we have chosen as a case study the
aircraft engine turbo machinery. A benchmark of this
system, called C-MAPSS dataset, is available on the
official site of NASA (National Aeronautics and
Space Administration). This C-MAPSS database is
divided into four subsets from FDOO1 to FD004 of
several multivariate time series, and each subset is
divided into two parts, one for learning and the other
for testing phases. Each subset has 26 columns:
motor number, time step, three operational sensor
settings and 21 sensor measurements. Each
subassembly is derived from the motors operating
under normal starting conditions. But, they are
different in terms of manufacture and also in degrees
of initial wear, which is unknown to the data
analyzer. Over the course of the time series and at
some point, all engines begin to degrade. The main
objective is to predict the correct RUL value for each
engine in the test sets. Figure 1 shows the aircraft
engine turbo machinery with its main elements [7-8].

Fan Combustor N1 LPT

=L

\ Nozzle
HPT

LPC HPC N2

Figure 1. Simplified diagram of engine simulated in C-MAPSS [7].
B. For SLFF-ELM-LR

The implementation of the SLFF algorithm trained by
ELM for linear regression results the following
figures:

Figure 2 shows the learning phase of the chosen
algorithm. The objective of this step is to propose a
function by the chosen algorithm, where the learning
base is defined as an input of this function, and the
Turbofan engine RUL base as an output. Linear
regression based on the SLFF-ELM algorithm results
this function:

Output = 0.3 x Target + 33
Where:
v' Output: is the predefined RUL of Turbofan

engine.

v' Target: is the training data from sensors installed
on Turbofan engine

v" Regression Slope is 0.3

Regression Offset is 33

v' Determination coefficient (which has to measure
the prediction quality of a linear regression) is
0.6. Therefore, we have a good determination
coefficient since it is closer to one compared to

AN
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Figure 2. Learning phase of SLFF-ELM-LR

Figure 3 aims to graphically show the test phase of
the chosen algorithm that is trained in the previous
step. This new step aims to propose a function by the
chosen algorithm, where the test base is defined as an
input of this function. The displayed output presents
the calculation made by the algorithm chosen to
determine the RUL of the Turbofan engine. The
linear regression based on the SLFF-ELM algorithm
in the test phase results this function:

Output = 0.43 * Target + 22

With:

v' Output is the calculated RUL of the Turbofan
engine

v' Target: test data from sensors installed on
Turbofan engine.

v Regression slope is 0.43

Regression Offset is 22

v Determination coefficient is 0.7, therefore, we
conclude that we have a good determination
coefficient since it is closer to one than to zero.

AN
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Figure 3. Test phase of SLFF-ELM-LR

C. For SLFF-BP-LR

Figure 4 shows the learning phase of the selected
algorithm SLFF-BP-LR, which has the objective of
determining the mathematical function that defines
the relationship between the cloud of the learning
base as an input, and the base of the RUL of the
Turbofan engine as output. The linear regression
based on the SLFF-BP algorithm results this
function:

Output = 0.0063 * Target + 76

With:

v' Output is RUL of the Turbofan engine

v' Target: data from sensors installed on Turbofan
engine

v" The slope of the regression is 0.0063

The regression lag is 76

v' The coefficient of determination is 0.1. We
therefore have a poor coefficient of
determination since it is closer to zero than to
one.

\

The objective of this figure 5 is to test the linear
regression model based on SLFF-BP trained in figure
4. Then, the resulting function, which is well
presented in the figure 5, has as an input the test base
of the Turbofan engine, and then it provides an
output that presents the calculated RUL of the
Turbofan engine. The function has the following
formula:

Output = 0.006 * Target + 76
With :
v' Output is the calculated RUL of Turbofan
engine.

v' Target: test data from the sensors installed on
Turbofan engine

v The regression slope is 0.006

v" The regression Offset is 76

v The determination coefficient is 0.12. We
therefore have a poor coefficient of
determination because it is closer to zero than to
one.

: R=0.10962

140 F ™0 Data
Fit
Y=T
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Figure 4. Learning phase of SLFF-BP-LR
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Figure 5. Testing phase of SLFF-BP-LR

D. SLFF-ELM-LR vs SLFF-BP-LR

This section aims to make a comparative study
between the implementation of the two algorithms
SLFF-ELM-LR and SLFF-BP-LR. We used as
evaluation criteria the time needed for learning and
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testing, the accuracy, and the coefficient of
determination. We can summarize the results
obtained in the following table:

SLFF-ELM-LR SLFF-BP-LR
Training Testing Training | Testing
Time 0.0207 0.0047 2.0968 0.1101
Accuracy 39.0478 36.3620 | 41.3763 | 41.3671
r 0.6 0.7 0.1 0.12
m 0.3 0.43 0.0063 0.006
b 33 22 76 76

With a simple comparison of the results, we notice
that:

1) For the time criterion

For our study case, the simulation of the two
algorithms bring out a very important difference in
terms of learning and testing time between the two
algorithms, such that: for the SLFF-ELM-LR
algorithm, we found that it takes 0.0207 s for learning
and 0.0047 s for testing. In the other side, for SLFF-
BP-LR algorithm, we found that it takes for learning
2.0968 s and for testing 0.1101 s. Therefore, we
noticed that for both learning and testing phases, the
SLFF-ELM-LR algorithm is the fastest compared to
the SLFF-BP-LR algorithm.

2) For the accuracy criterion

The implementation of both algorithms showed
us that the accuracy results for both algorithms are
really very close. So, we scored for the SLFF-ELM-
LR algorithm, a learning accuracy reaching 39.04 %
and a testing accuracy reaching 36.36 %. In the other
side, the accuracy of the SLFF-BP-LR algorithm, for
learning reach 41.37% and for testing reach 41.36%.
Thus, for this criterion, we notice that for our case of
study, the SLFF-BP-LR algorithm keeps the best
results in terms of accuracy.

3) For the determination coefficient

- For SLFF-ELM-LR, the new function developed
in the test phase is with an increase in the slope
value, a decrease in the offset value, on the other
hand the most important thing is that the new
function developed in the test phase is with a
determination coefficient closer to one, this
means that the chosen algorithm is efficient
thanks to good learning achieved.

- For SLFF-BP-LR, the new function developed in
the test phase kept almost the values of its
parameters determined in the learning phase such
as the regression slope, the offset regression, and
even the coefficient of determination. And the

problem lies in this last parameter, since its value
is close to zero than one, therefore, it means that
the chosen algorithm is not performing well due
to a bad learning performed.

I\VV. CONCLUSION

In this paper, we have performed a comparative
study between two learning algorithms: Extreme
Learning Machine and Back-propagation of the same
type of neural networks, which is a Single Layer
Feed-Forward for regression. For this comparative
study, we have chosen Turbofan Engine as a case
study, and as evaluation criteria: time required for
learning and testing phases, accuracy, and coefficient
of determination.

The obtained results show that the SLFF trained
by BP achieves the best accuracy rate compared to
the SLFF trained by ELM. On the other hand, the
SLFF trained by ELM, either for learning or testing,
firstly achieves the best coefficient of determination,
and secondly, is faster than the SLFF trained by BP.

Finally, we can conclude that regression by
SLFF-ELM is more efficient in terms of time and
quality of prediction (strong). On the other hand, we
found that SLFF-BP is more efficient in terms of
precision.
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Abstract— Currently, Neural Network is a very
important tool for the data classification, regression and
clustering. In the literature, there are several types of
this network. The two most known are recurrent and
feed-forward. The recurrent is especially for the
regression, and feed-forward is for the classification.
The learning procedure of the neural network can be
subdivided into two broad categories: supervised (adv.
Back-propagation, Extreme learning machine...) and
unsupervised (adv. Propagation) learning.

In this paper, we have presented a comparative study
between two learning algorithms: the Extreme Learning
Machine (ELM) and Back-Propagation (BP) of the
Single Layer Feed-Forward (SLFF) type of neural
network. For the implementation of this study, we have
chosen as a case study the Tennessee Eastman Process
(TEP) and as evaluation criteria: the time required and
the accuracy of both the learning and testing phases.

Index Terms— Feed-forward neural network, Extreme
learning machine, Back-propagation, Tennessee
Eastman Process, Accuracy, Time learning and testing.

1. INTRODUCTION

An artificial neural network (ANN) model has a
structure similar to the human brain that computes
parallel information processing [11]. A neural
network system consists of interconnected neurons.
The network architecture is a set of input nodes,
computing units and output nodes. The input nodes
are the only nodes that input information into the
network, but they do not execute any computational
paradigm. In this network presented in figure 1, the
input nodes are called input layer, the set of output
nodes is called output layer, while the remaining
layers without direct connections from or to outside
are called hidden layers. In a layered network, all
nodes in one layer are connected to all other nodes in
the next layer. The ANN is a powerful tool for solving
the non-linearity imposed by the various constraints
and complexity of industrial systems. ANN based
classifiers can incorporate both structural and
statistical information and achieve better performance
than minimum distance classifiers. In the literature,
several types of neural networks exist, among them

we cite: Stochastic Neural Network [12], Self-

Organizing Map [13], Recurrent Neural Networks
[14] and feed-forward Neural Networks [15], the

object of our work.

Input layer Single hidden layer Output layer

Figure. 1. Single hidden layer feed forward neural network

A feed-forward neural network is a biologically
inspired classification algorithm. It consists of a
number of simple neuron-like processing units
organized in layers. Each unit in a layer is connected
to all units in the previous layer with weights. The
weights on these connections encode the knowledge
of a network. Data enters at the inputs and travels
through the network, layer by layer, until it reaches
the outputs. In normal operation, i.e. when acting as a
classifier, there is no feedback between the layers.
Two known architectures in this type of neural
networks: Single layer feed-forward [16] and Multi-
layer feed-forward [17].

Generally, for Single Layer Feed-Forward neural
network (SLFF) learning, we mainly use the back-
propagation (BP) algorithm. It is used for supervised
learning in neural networks. It is designed to minimize
the mean square error (MSE) between the actual
output of a SLFF and the desired output. Using this
type of learning algorithm can help industrial systems
to learn efficiently on a small learning set, since BP is
gradient descent based learning, it leads to slow
convergence during learning for a large scale learning
set.
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Also for SLFF learning, a new method called
extreme learning machine (ELM) is proposed in [1,4].
This method is a new supervised learning algorithm
spatially for single hidden layer feed-forward where
the weights of connections between input variables
and neurons in the hidden layer and the bias of
neurons in the hidden layer are randomly assigned.
But, on the other hand, the weights of the connections
between the hidden layer neurons and the output
neurons are obtained using the generalized Moore-
Penrose (MP) inverse, considering that the activation
function of the output neuron is linear.

The main objective of this work is the
implementation of the SLFF algorithm trained by
ELM on a benchmark of the TEP system. For the
comparison of the results, another parallel
implementation of the SLFF algorithm trained by
Back-propagation is made. To make a good
comparative study, we will develop for each
algorithm: the learning phase, the test phase,

confusion matrix and error histogram.

II. EXTREME LEARNING MACHINE
A. ELM definition

ELM (Extreme Learning Machines) is invented in
2006 by G. Huang. It’s a learning algorithm for a
feed-forward neural network type, which can tends to
provide good generalization performance at
extremely fast learning speed, because it uses Moore-
Penrose generalized inverse to set its weights [1-6].

B. ELM algorithm
The ELM algorithm consists of these steps:
- Step 1. Randomly assign weights w and bias b.
- Step 2. Calculate hidden layer output Matrix H
g(a)ixl + by) g(w}(xl + by)

H = :

B (g(wyx;v +by) > M

g(wﬁx& + by)

- Step 3. Calculate output weight matrix § = H'Y,
where:
e Y: Training data target matrix.
e  Ht: Moore-Penrose generalized inverse of a
matrix H.
- Step 4. Calculate the new target matrix Y:

Y=Hp )
- Step 5. Calculate the optimization objective
function.
min
IHB =Yl = g lHB — Y A3)

III. BACK-PROPAGATION NEURAL NETWORK

A. Back-propagation definition
Back-propagation is a type of artificial neural
network learning algorithm. It is based on the fine-
tuning of the neural network weights according to the
error rate obtained in the previous iteration, whose
the objective is to reduce this error rates and make
the model reliable by increasing its generalization [9-
10].
B. Back-propagation algorithm
The Back-propagation algorithm consists of these
steps:
- Step 1. Randomly assign weights o, B and
bias b.
- Step 2. Calculate the output for every neuron
from the input layer, to the hidden layer, to
the output layer.

Sj=Xk1 g + by “)
Where:
e Z=KorM
e g activation function
ep=worf
- Step 3. Calculate the error & between
calculated outputs Y. and desired outputs Y ;.
&= YC - Yd
- Step 4. Travel back from the output layer to
the hidden layer to adjust the weights such
that the error is decreased.
- Step 5. Keep repeating the process until the
desired output is achieved

IV. CASESTUDY

Figure 2. Tennessee Eastman control problem [18].

The authors of [18] offer the Tennessee Eastman
process as a simulated model for evaluating industrial
complex process monitoring technologies. A
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condenser, a separator, a reactor, a compressor, and a
stripper are the five main components (Figure 2).

The reactor receives four gaseous reactants (A,
C, D, and E) as well as inert B. It generates two
components (G and H) as well as the undesired by-
product F. The following are the reaction equations:
(A@+C(@+D(@~-G6D

A(g) +C(9) +E(g) » HD
A(g) +E(g) »F()
3D (g) - 2F (D)

The reactions are all irreversible, exothermic,
and roughly first-order in terms of reactant
concentrations. The reaction rates are expressed as a
temperature-dependent  Arrhenius  function. The
reaction that produces G has higher activation energy
than the reaction that produces H, resulting in greater
temperature sensitivity.

The TEP presented in [18] is open loop unstable
and should be used in a closed loop configuration.
The procedure was proposed by the authors of [19] as
a plant-wide control mechanism. This control
structure is used in this article to evaluate the
performance of Extreme Learning Machine and
Back-Propagation on fault diagnosis.

The condenser cools the reactor product stream
before it is supplied to a vapor-liquid separator.
Through a compressor, the vapor exits the separator
and is recycled to the reactor feed. To prevent inert
and by-product accumulation, a portion of the recycle
stream is purged. The separator's condensed
component is transferred to a stripper, which removes
the residual reactants. G and H are transferred to a
downstream process which is not depicted in the
diagram after exiting the stripper's base.

Finally, the inert and by-products are vaporized
and purged from the vapor-liquid separator. XMEAS
(1) to XMEAS (41) and XMV (1) to XMV (12) are
the 41 measured and 12 modified variables,
respectively, in the process.

Twelve pre-programmed faults (IDV (1) to IDV
(12)) that have been pre-programmed are used to
depict various process operation situations.

V. SIMULATION RESULTS

This section aims to present the results obtained
after the implementation of two algorithms SLFF
trained by ELM and SLFF trained by BP. The
comparative study between the two chosen
algorithms is based on the development of four
stages: 1) learning phase, 2) test phase, 3) confusion
matrix, and 4) error histogram. The realization of
these four steps helped us to determine two
evaluation criteria: 1) the time required for the
learning and testing phases, and 2) the accuracy
obtained also for the learning and testing phases.

A. For Learning phase
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Figure 3. Learning phase of SLFF-ELM
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Figure 4. Learning phase of SLFF-BP

Figures 3-4 present successively the learning
phase of the SLFF algorithm trained by ELM and
SLFF trained by BP. The x-axes show the TEP
observations, and the y-axes show the 12 TEP classes
(pre-programmed faults). The cloud of blue points
shows the actual classification of observations
distributed over 12 classes. The cloud of red dots
shows the classification proposed by the chosen
algorithms of the observations distributed over 12
classes. For more details:

- In figure 3, we see that the first 500 observations
(the x-axis) are really assigned to the first class,
on the other hand, we found that the SLFF-ELM
algorithm proposed another classification where
most of the first 500 observations are classified
to the first class with a few in classes 4, 6, 10,
11, 12 (see the first column in Figure 3).

- In figure 4, we see that the first 500 observations
which are really assigned to the first class, the
SLFF-BP algorithm has also assigned these first
500 observations to the first predicted class
(good classification), but the problem lies in the
other classes where he classified most of the
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observations of the other classes into his first and
eighth predicted classes (wrong classification).

B. For testing phase

After the learning phase, the objective now is to
test the two chosen algorithms. Figures 5 and 6
present the results of the classification of the TEP test
base. The x-axes show the TEP test observations, and
the y-axes show the actual classes for the blue dot
cloud and the predicted classes for the red dot cloud.

So the difference between the two figures is very
clear. Therefore, this result is expected, since this
phase is based on the learning phase. So the bad
learning of SLFF-BP algorithm gives bad
classification of test base. For the SLFF-ELM
algorithm, it makes a good classification for classes
1,2,3,7,8and9.

Test phase
Classification of real observations
Classification of observations by SLFF-ELM

12 S
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Observations

Figure 5. Test phase of SLFF-ELM
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Figure 6. Testing phase of SLFF-BP

C. For Confusion Matrix

Figures 7-8 present the confusion matrices of the
classification proposed successively by the SLFF-
ELM and SLFF-BP algorithms. These matrices are
numerical presentations of the graphs of the test
phases. Each column of these matrices presents the
classification by one of the two algorithms of the

observations of the real class, which has the same
index as this column, on the different existing
classes. Each line represents the set of observations
(of the different real classes) assigned by one of the
two algorithms to this new class which has the same
index as this line. Also, the last column and the last
line are reserved for the calculation of the
percentages of well and badly classified observations.
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Figure 7. Confusion Matrix by SLFF-ELM testing
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Figure 8. Confusion Matrix by SLFF-BP testing

For more details, for Figure 7, we note that:

- For the first column, we have 479 observations
actually assigned to the first class (the x-axis).
These particular observations are classified by
the SLFF-ELM algorithm as follows: (256—C1),
(57-C4), (7-C5), (B1—-C6), (32—C10),
(39—C11), (7—C12). According to the last box
of the first column, the percentage of correctly
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classified observations expects 53.4% (256/479),
and also the percentage of misclassified
observations expects 46.6% (223/479).

- For the first row, the SLFF-ELM algorithm
assigned to its first predicted class 833
observations where it took (256 from C1), (3
from C3), (129 from C4), (10 from C5), ( 114
from C6), (1 from C7), (1 from C8), (20 from
C9), (127 from C10), (130 from C11), (42 from
C12). According to the last box of the first line,
the percentage of correctly classified
observations expects 30.7% (256/833), and also
the percentage of misclassified observations
expects 69.3% (577/833).

Therefore, we see that:

- The SLFF-ELM algorithm gives a good
classification reaching 57.2%, and a bad
classification reaching 42.8%.

- The SLFF-BP algorithm gives a good
classification reaching 24.4%, and a bad
classification reaching 75.6%

D. For Error Histogram
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Figure 9. Error Histogram of SLFF-ELM testing
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Figure 10. Error Histogram of SLFF-BP testing

Figures 9-10 successively present the error
histograms of the test phases of two algorithms

SLFF-ELM and SLFF-BP. These are histograms of
the errors between the actual classes and the
predicted classes after the SLFF learning phases
either by ELM or by BP. The error value indicates
how much the predicted classes differ from the actual
classes, so it can be negative. The Y-axis shows the
number of observations from the TEP test base,
grouped by error values. Zero error line
corresponding to the zero error value on the error X-
axis. In our case, the zero error point falls below the
box with the center 0.55 for SLFF-ELM and 0.275
for SLFF-BP. Therefore, we see:

- For the classification by SLFF-ELM, the error
ranges from -10.45 to 10.45, but the dominant
error value is -0.55 which is for most
misclassified observations.

- For the classification by SLFF-BP, the error
varies from 0.275 to 10.73, but there are several
dominant values of the error among them 10.37,
10.18, 9.075... which are really very important
for most of the misclassified observations.

E. SLFF-ELM vs SLFF-BP

This point aims to summarize the work done
previously in the following table. It clearly presents
the two criteria chosen: the time and the precision of
the learning and testing phases, to carry out the
comparative study and choose the best classification
algorithm between SLFF-ELM and SLFF-BP. As a
result:

- For the classification by SLFF-ELM, we have
for the learning time 0.7354s, and for the test
time 0.282s, with an accuracy reaching 84.17%
for the learning and 57.17% for the test.

- For the classification by SLFF-BP, we have for
the learning time 0.3527s, and for the test time
0.0518s, with an accuracy reaching 23.42% for
the learning and 24.38% for the test.

Learning Learning | Testing Learning | Testing
Algorithm time time Accuracy | Accuracy
SLFF-ELM 0.7354s | 0.2820s 84.17% 57.17%
SLFF-BP 0.3527s | 0.0518s 23.42% | 24.38%

The results presented in this table show that the
learning of SLFF by BP is faster than its learning by
ELM. On the other hand, ELM achieves the best
accuracy rate, either for learning or testing.

VI. CONCLUSION

In this modest work, we carried out a smart
classification of a very complicated TEP benchmark.
This smart classification is made by one type of
neural network which is Single Layer feed-forward
trained by two algorithms: Back-propagation and
Extreme Learning Machine. The objective to be
achieved is to select the best algorithm according to
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the two evaluation criteria: the time and the precision
of the learning phase and also of the test phase. In
order to simplify the determination of these two
criteria, we have developed for each algorithm: the
learning phase, the test phase, confusion matrix and
error histogram. Finally, we can conclude that for the
classification of TEP observations, the results show
that, SLFF-BP provides a faster classification than
SLFF-ELM for both phases (learning and testing).
On the other hand, SLFF-ELM achieves better
accuracy rate than SLFF-BP.

VII. REFERENCES

[1]. Q-Y. Zhu, AXK. Qin, P.N. Suganthan, G-B. Huang,
Evolutionary extreme learning machine, Pattern Recognition,
pp. 1759-1763, Vol. 38, 2005.

[2]. G-B. Huang, Q-Y. Zhu, C-K. Siew, Extreme learning
machine: Theory and applications, Neurocomputing, pp.
489-501, Vol. 70, 2006.

[3]. G-B. Huang, D. H. Wang, Y. Lan, Extreme learning
machines: a survey, International Journal of Machine
Learning and Cybernetics, pp. 107-122, Vol. 2, 2011.

[4]. G-B. Huang, H. Zhou, X. Ding and R. Zhang, Extreme
Learning Machine for Regression and Multiclass
Classification, IEEE Transactions on systems, man, and
cybernetics—part b: cybernetics, pp. 513-529, Vol. 42, April
2012.

[5]. S. Ding, X. Xinzheng, R. Nie, Extreme learning machine and
its applications, Neural Comput & Applic, pp. 549-556, Vol.
25,2014.

[6]. Y. Wang, Z. Li, L. Feng, C. Zheng, and W. Zhang,
Automatic Detection of Epilepsy and Seizure Using
Multiclass Sparse Extreme Learning Machine Classification,
Journal of Computational and Mathematical Methods in
Medicine, Vol. 2017, Jun 2017.

[7]. M. Andrychowicz, M. Denil, S. G. Colmenarejo, M. W.
Hoffman, D. Pfau, T. Schaul, B. Shillingford, N. de Freitas,
Learning to learn by gradient descent by gradient descent, in
the proceding of 30th Conference on Neural Information
Processing Systems, Barcelona, Spain, 2016.

[8]. A. Likas, A. Stafylopatis, Training the random neural
network using quasi-Newton methods, European Journal of
Operational Research, pp. 331-339, Vol. 126, 2000.

[9]. G. Lera and M. Pinzolas, Neighborhood Based Levenberg—
Marquardt Algorithm for Neural Network Training, IEEE
Transactions on neural networks, Vol. 13, No. 5, September
2002.

[10]. A. Reynaldi, S. Lukas, H. Margaretha, Backpropagation and
Levenberg-Marquardt Algorithm for Training Finite Element
Neural Network, in the procedening of UKSim-AMSS 6th
European Modelling Symposium, 2012.

[11]. Oludare Isaac Abiodun, Aman Jantan, Abiodun Esther
Omolara, Kemi Victoria Dada, Nachaat AbdElatif Mohamed,
Humaira Arshad, State-of-the-art in artificial neural network
applications: A survey, Heliyon, Vol. 4, Issue 11, November
2018.

[12]. P. C. Bressloff, Stochastic neural field theory and the system-
size expansion, Society for Industrial and Applied
Mathematics, pp. 1488—1521, Vol. 70, No. 5, 2009.

[13]. T. Kohonen, Essentials of the self-organizing map, Neural
Networks, pp. 5265, Vol. 37, 2013.

[14]. A. Malhi, R. Yan, and R. X. Gao, Prognosis of Defect
Propagation Based on Recurrent Neural Networks, IEEE
Transactions on instrumentation and measurement, VOL. 60,
NO. 3, March 2011.

[15]. F. Haddadi, S. khanchi, M. Shetabi, V. Derhami, Intrusion
Detection and Attack Classification Using Feed-Forward
Neural Network, in the proceeding of the Second
International Conference on Computer and Network
Technology, Bangkok, Thailand, 23-25 April 2010.

[16]. S. M. B. Baruah, D. Nandi, P. Gogoi & S. Roy, Primate
vision: a single layer perception, Neural Computing and
Applications, pp. 11765-11775, Vol. 33, 2021.

[17]. M. Oczak and All, Classification of aggressive behaviour in
pigs by activity index and multilayer feed forward neural
network, Biosystems Engineering, pp. 89-97, Vol. 119,
March 2014.

[18]. V. Sylvain , T. Teodor , K. Abdessamad, Réseaux bayésiens
pour l’identification de wvariables hors-contrdle. In the
proceeding of the Seme Conférence Internationale
Francophone d'Automatique (CIFA'08), Bucarest, Roumanie,
2008

[19]. M. Douglas , Hawkins. Regression adjustment for variables
in  multivariate quality control, Journal of Quality
Technology, pp. 170-182, Vol. 25, 1993.

Chadli Bendjedid El-Tarf University - EL TARF - Algeria

Page 104



The 1*" International Conference on Autonomous Systems and their Applications (ICASA'22

Forecasting the New Cases of Tuberculosis in
Algeria Using Random Forest as a Machine
Learning Model
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Abstract: Tuberculosis is a serious public health
problem that remains one of the world's deadliest
infectious diseases. It is difficult to control this
disease that requires special strategies for the
execution of immediate response and intervention
actions. In this paper, we present a forecasting
approach using random forest time series
forecasting aiming to provide public health
managers in Algeria a tool to rely on accurate
predictions that can detect the evolving incidence
phenomena of Tuberculosis. Recently, Random
Forest (TB) Time series forecasting using machine
learning algorithms has gained popularity.
According to the results obtained, our proposed
tool presented a high performance in relation to the
error metrics, consisting of the best model
compared to the most other forecasting techniques.
Time

Keywords—Forecasting,  Tuberculosis,

Series, Random Forest.

I.  INTRODUCTION

Tuberculosis (TB) is an airborne infectious disease
caused by a bacteria named “Mycobacterium
Tuberculosis” that usually affects the lungs, although it
can affect almost any part of body. The Mycobacterium
Tuberculosis is an acid-alcohol resistant bacillus
(BAAR) that can be acquired by breathing
contaminated air droplets coughed or sneezed by a
person nearby who has active Tuberculosis [3] [13].

An estimated 9.9 million people have developed
tuberculosis worldwide with a total of 1.5 million
people died of TB in 2020 (214,000 according to WHO
[16].

Tuberculosis remains a health issue in Algeria
[4,12,17]. 20649 cases of tuberculosis were declared in
2019, a predominance of extra-pulmonary tuberculosis
is notable with an incidence of 32.18 by 100.000
persons and 6392 cases of pulmonary tuberculosis with
an incidence of 11.82 by 100.000 persons [17]. Thus,
an accurate forecast of infectious tuberculosis based on
predictive models is crucial for public health authorities
to clearly understand its epidemic characteristics, track
updates in advance, and choose the main response
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actions related to the surveillance of the TB disease and
the deployment of emergency support.

Recently, mathematical models have been used to
project the future infectious diseases, and its impact on
the future development of infectious diseases related
morbidity and mortality [2]. In healthcare systems,
decision maker needs efficient models and tools to
facilitate the prevention and to predict the health
resources and capacities for its handling. To this end,
some notable works have been proposed in the
literature, such us the grey system [5] the Holt-Winter
methods [6-7], and the Box-Jenkins approach [9-12].

In this paper, we propose a new approach using
random forest technique as an efficient tool to forecast
TB in Algeria, while selecting Medea province as a
pilot study area. Having proven to be the most efficient
algorithm for prediction and classification, random
forest algorithm [1] relies on multiple decision trees
and accepts the results of the predictions from each
tree. Based on the majority votes of predictions, it
determines the final result.

The remainder of the paper is organized as follows:
section 2 describes the material and methods, through
the detailing the data and the process to handle it, and
the development of the methods and tools we used to
build the forecasting model. Section 3 presents the
application of the proposed forecasting model on the
collected data and highlights the findings. Finally,
conclusion and future works are provided at section 4.

II. MATHERIALS AND METHODS

A. Study area and Data collection

Medea is a province, in northern Algeria, localized
at Lat.: 36°.28’N Lon.: 2°.73’E, Height: 1030 m. For
Medea province, data for the monthly incidence of TB
were obtained from January 2008 to December 2020,
from various national data sources and research works
such as those from [17] [4].

B. Statistical method

We developed a TB forecasting model using
Random Forest regression that allowed over-dispersion
of data. Mean monthly predicted cases were estimated
through regression on multiple independent variables
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that include monthly retrospective TB cases, mean
temperature and precipitation. The forecasting model
was developed using three processes: 1) data
preprocessing and its descriptive analysis, 2) model
construction and training using data from 2008-2018;
and 3) model validation by forecasting cases in 2018—
2020. Our statistical analysis was conducted with our
implemented tool using Python 3.9.7.

C. Random Forest Method

Random forest is a supervised machine learning
algorithm that constructs several decision trees. The
final decision is made based on the majority of decision
tree. Decision tree suffer from low bias and high
variance. Random forest converts high variance to low
variance. A random forest eradicates the limitations of
a decision tree algorithm. It alleviates the overfitting of
datasets while improves precision.

Prepare the data
nput the datg for the RF model

h 4
Divide the data
into training and

Train the model
on the training

data test sets

Predict and
on the test data calculate metric
set performance

Make prediction

Plot prediction
and display

Fig.1. Machine learning process flow.

Random Forest (RF) constitutes a valuable tool for
time series forecasting. It requires that the time series
dataset be transformed into a supervised learning form
first. The walk-forward wvalidation is a specialized
technique for evaluating the RF model.

RF model is an ensemble machine learning method
proposed by Breiman [1]. It creates multiple CARTs,
wherein each tree is trained on a bootstrap sample of
the original training data using a randomly selected
subset of input variables, and taking the average
outputs of the CARTs as the final prediction. One of its
most important features is the calculation of the
variable importance, which measures the association
between a given variable and the accuracy of the

prediction, based on the percentage of increase in the
mean square-error.

A random forest algorithm is based on many
decision trees. It generates such trees that constitute a
‘forest’. The algorithm is trained by means of bagging
or bootstrap aggregating. Bagging has as function to
improve the accuracy of machine learning algorithms
through the increase of the number of trees to increase
the precision of the outcome. Based on the predictions
of the decision trees, the random forest algorithm
establishes the outcome.

As a machine learning technique, Random Forest
completes the task of learning from data with specific
inputs to the machine. The random forest process starts
with inputting training data into the selected algorithm.
Training data being known or unknown data to develop
the final random forest algorithm (Fig.1). The type of
training data input does impact the algorithm, and that
concept will be covered further momentarily.

Fig.2. observed TB incidences.

1. RESULTS

From January 2008 to December 2020 there were
11475 tuberculosis notified cases in Algeria with a
monthly average 74 cases. Fig.2 depicts the diagram of
the tuberculosis incidence from 2008 to 2020. It shows
in increase of such incidence from January 2014 and
the peak is reached at May 2019 while the minimum
number of cases is declared at January 2009.

We apply our model on the collected data as
follows:

1- Data are pre-processed to deal with the missing
values and the outliers.

2- Data are splitted into a training data (80%) and
test data (20%).

3- The RF model is built using the training data.
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4- The RF model is evaluated using the test data.

5- also called the Root Mean Square Deviation
RMSE measures the average magnitude of the
errors. It is concerned with the deviations from
the actual value. When RMSE value is near the
zero this indicates that the model has a perfect
fit. When the RMSE is low, this implies that the
model is better and its predictions are with good
precision. When the RMSE is high, this
indicates the presence of a large deviation from
the residual to the ground truth. RMSE helps in
figuring out if the feature is improving the
model’s prediction or not, thus, it can be used
with different features as it.

RMSE =

y-test and y-predicted data

A — original

Fig.3. observed vs. predicted TB incidences.

We constructed a Random Forest model, which
delivered a good accuracy in predicting the incidence
of infectious TB with a RMSE of approximately 15%.
Fig.3 depicts the observed vs. predicted incidences and
shows that the two measures are very closed. The
model may be used as an important tool by public
health authorities.

IV. CONCLUSION AND FUTURE WORK

Tuberculosis remains a health public issue in
Algeria. We have built a forecasting tool of
tuberculosis cases by means of random forest as a most
notable machine learning method in order to provide
useful information with public healthcare managers to
help them for formulating appropriate prevention and
preparedness measures. Timely and accurate
tuberculosis infectious disease forecasts could help
public health responses for informing key preparation
and mitigation efforts. Built on the collected TB

Chadli Bendjedid El-Tarf University - EL TARF - Algeria

dataset, the random forest model demonstrated a high
forecasting accuracy. It can be used to forecast the
epidemic level, highlighting its potential and practical
applicability. As future works, we plan to conduct
exploring a random forest model for prediction TB
incidences while taking into account the environmental
and other variables, and for modeling other major
infectious diseases.
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Abstract— Wireless sensor networks use hundreds or
even thousands of micro sensors that capture information in
their neighborhood and send it to the base stations for
processing. These sensors sometimes operate in hostile
environments out of human reach and they use batteries for
functioning. Energy consumption and management in these
sensors is a crucial challenge. Thus, several protocols
propose algorithms management to save energy in these
sensors. LEACH protocol (Low Energy Adaptive Clustering
Hierarchy), the first hierarchical protocol, uses the notion of
node’s clustering of the network. In this paper we present a
survey of the state-of-the-art of routing techniques in WSNs,
the most recent research works, the advantages and
disadvantages of each study

Keywords—wireless sensor networks, routing protocols,
hierarchical routing protocols, energy efficiency.

1. INTRODUCTION

The number and scope of WSN applications has been
expended thanks to their recent rapid development [1].
Smart grids and renewable energy systems are two
popular examples of systems that require vast amounts of
data to be collected. WSNs have a variety of uses,
including assisting with peak load management and
optimizing power generation resources. With the
expanding size of smart grids, maintaining network
performance, dependability, stability, and economy of
scale have become increasingly difficult [1, 2].
Comparing to traditional communications in electrical
power networks it is fair to conclude that WSNs have
numerous advantages over them. In order to improve
different aspects of electric power systems with
applications in the three phases of electricity generation,
distribution and consumption, the technology of WSNs is
becoming more widely [3]. That makes them an important
component of all complex electrical power systems.
Sensor node devices collect data and transfer it to the sink,
from where the user can subsequently access over the
internet, as depicted in Figure 1. The challenge is to
develop secure, energy efficient and adaptable WSN
systems. Wireless sensors can be installed in client
appliances and electric power meters to create a network
capable of supplying real-time data on electricity
consumption to customers. The challenge is to handle
power use in the most optimized and efficient way [4]. A
well placement of WSN nodes is impractical and comes
with a high cost. That is why, once deployed, the
wireless sensor nodes must be able to self-organize
and integrate into an efficient wireless communication
network [5]. Many IoT application turn to use WSNs to
collect data thanks to their low cost and deployment
flexibility [1, 6]. The properties and limits of WSNs must
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be properly understood before they can be used
successfully. The use of energy remains the most
challenging constraint [7]. There is other WSN metrics
such as memory storage efficiency, processing power, and
data throughput. But since energy consumption and the
lifetime of WSN are the most important restrictions, other
metrics are used to evaluate the worth of WSN network
protocols and algorithms. Numerous studies have been
carried out to solve the WSN energy limits [8,9].

We compared numerous hierarchical routing techniques.
Due to the importance of routing in WSNs, we have
attempted to give a detailed review of various routing
algorithms and protocols, as well as their effects on WSN
performance. These protocols are classified into chains,
trees, grids, and area-based networks. We examined and
discussed numerous hierarchical routing protocols for
WSNs and their impact on the performance of the WSN
networks. LEACH is a hierarchical-based wireless sensor
network where the cluster head is picked randomly form
the entire area and will deliver data to the base station
immediately via single hop transmission. It is worth
mentioning that LEACH does not fall into the chain, tree,
grid, or area-based network categories even though it is
classified as hierarchical-based wireless sensor network.
Therefore, this survey compares and contrasts various
parameters applied in cluster creation for several upgraded
LEACH improvements in order to determine the aspects
to consider while forming a cluster.

Various hierarchical routing algorithms for WSNs are
examined, and their performance is discussed for further
investigation. Finally, we'll wrap up this essay by
highlighting the most pressing difficulties and suggestions
for further studies in WSN.

The rest of this article is structured as follow: Section 2
highlights the most relevant routing protocol surveys.
Section 3 focuses on providing background information
on WSNs, while Section 4 presents a classification of the
WSN routing protocols. Chain-based, tree-based, grid-
based, and area-based hierarchical routing algorithms are
examined and discussed in Sections 5, 6, 7, and 8,
respectively. Finally, Sect. 9 brings this study to a close
with a conclusion.

II. ROUTING PROTOCOLS

Routing protocols are categorized into data centric,
hierarchical, location based and multipath based routing
protocol [14, 18].

When creating any WSN protocol, numerous aspects are
taken in consideration such as fault tolerance, energy
efficiency, scalability, latency, power consumption, and
network topology. Hierarchical routing algorithms TEEN
and APTEEN’s energy preservation technique is to select
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an appropriate cluster head and manage the frequency of
data transmission [18]. To save energy, the location-based
protocol LAP maintains a table of neighbor nodes to
choose the best transmission channel for forwarding data
packets. The real time protocol RPAR satisfies a packet
transfer deadline while maintaining the intended
transmission rate.

In this survey, each algorithm is presented with its
advantages and disadvantages to finish with the
limitations of WSN. In the heterogeneous -clustering
algorithm m-BEENISH nodes have five distinct energy
levels, and nodes with higher energy levels have a better
probability of becoming cluster heads [12]. LEACH is a
hierarchical routing algorithm that helps nodes save
energy while communicating data. The latest LEACH
versions and improvements are divided into two primary
groups: (1) single hop transmissions and (2) multi-hop
transmissions. Knowing the geolocation of sensor nodes is
expensive since data extraction and communication use a
lot of energy, when it comes to cluster head selection,
energy consumption is also a crucial consideration [12].
There are some security concerns on LEACH because
several sensor nodes are linked together to transmit
sensitive and private data. Many ways are suggested for
securing LEACH, including hop-by-hop, end-to-end data
aggregation, and other security procedures [13]. By
clustering protocols, we mean dividing a large network
into groups in order to transmit data in a reasonable
amount of time. Many applications may benefit from
knowing where nodes are located such as environmental
monitoring and mobile applications. To identify their
location, a GPS feature can be added to sensor nodes.
Combining tree-based network with duty cycles may
reduce the delay time.

The k-neighborhood algorithm aims to decrease the
number of neighborhood links. The neighborhood nodes
organize their sleep schedules and routing paths among
themselves to save energy. But collisions may happen
when numerous nodes send data all at the same time and
every node may have its own sleep schedule. That makes
the simple broadcast method is not a practical solution.
Furthermore, in high-density networks, redundant data
will be delivered [15, 16].

In order to decide the multicast strategy, some analysts
advocated taking into account the chance that a node
rebroadcasts a packet during the current active period, as
well as the possibility that the node does not go to the
sleep mode and remains on after the active time. On the
other hand, a flag may be added to the packet in order to
store the quality of links to all of its neighbors and the
status of broadcast packets to avoid redundant
transmissions. Maintaining the Integrity of the
Specifications

III. BACKGROUND OF WIRELESS SENSOR NETWORKS:

WSNs have smart sensors built in, allowing it to provide
smart services and applications. They are frequently used
because of their sensing, wireless communications, and
processing aptitudes. WSN has smart sensors built in,
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allowing it to provide smart services and applications.
Figure 02 depicts the most significant examples.

Smart
Environneme
nt

Smart
Metering

. Figure 01. smart WSNs applications

WSNs are made up of a large number of low-cost wireless
sensor nodes that operate on low power in areas where
traditional networks are unable to compete. The difference
between WSNs and other traditional data communication
networks is that sensors are widely distributed, and nodes
are frequently broken due to extreme weather conditions.
The topology of some deployments may shift over time,
necessitating the reconfiguration of links between nodes,
which may cause some instability and use more energy.
That is why WSNs may be unreliable in the field. As a
result, maintaining stable WSNs is a tricky task that
necessitates  sophisticated monitoring and control
mechanisms tailored to specific deployment.

Since sensor nodes are deployed in hostile environments,
it is impossible to intervene with physical maintenance to
recharge or replace sensor batteries. That is why, energy
use is the most difficult constraint in WSNs and energy-
efficient routing algorithms must be applied. The number
of dead nodes can be an indicator of the WSN
management. Building an efficient routing protocol that
manages well the remaining energy of sensor nodes is a
big challenge [19-20]. Furthermore, when batteries are
infrequently installed in distant settings, it is often
difficult to repair or recharge them. Every node requires
electricity to operate its sensor transducer, communicate
with other sensor nodes, and perform CPU calculations.
Energy is required to sense and process data but also to
provide data communication between nodes. And that
consumes the majority of the energy. To construct a
reliable data transmission network between a Utility
Company and its consumers, for example, a significant
number of sensor nodes is required. And to maintain the
WSN  reliability, the most economical use of battery
power is required.

A. Robust wireless sensor networks criteria

There are various parameters to consider when
determining a reliable WSN, and the importance of each
parameter varies depending on the application [21].
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Efficient power usage: Sensors get their energy primarily
from batteries, which we believe is difficult to charge or
refresh due to the large number of sensor nodes in
somewhat hostile and hazardous environments. Also, since
the sensor nodes are deployed randomly, it is difficult to
locate them. Designing energy-efficient algorithms reduces
the energy-efficient routing algorithms [19-20].
Scalability: the routing algorithm should be scalable for
various network sizes when it is designed [22, 23].
Reliability: Because a dead sensor node cannot
communicate any data, reliability is also associated to
routing and energy usage. Specially if the dead node is a
cluster head. The whole cluster will be less performant.
Congestion has an impact on reliability, hence congestion
control measures in the routing algorithm are practically
always required, depending on the application.
Self-organization: if a sensor node collapses, or the
network topology changes, sensors should be able to
reorganize themselves. In such dynamic scenarios, routing
protocols which are adaptative and able of following real-
time topology changes must be used [24, 25].
Adaptability: frequent changes in cluster members may
occur, such as sensor nodes joining or exiting a cluster.
That is why it is important to design a flexible routing
algorithm for sensor networks to accommodate these
changes [26].

Security: Personal and private data can be delivered via a
sensor network. As a result, for data transfer, a secure data
communication network is required to prevent data from
being transferred, deleted, or altered along the way.
Routing protocols should not operate without considering
security. [27, 28].

B. Wireless sensor networks constraints

It's always difficult to find the right balance between ideal
criteria for a resilient WSN, especially when individual
WSN applications impose extra constraints. [29]. The
most important constraints are shown in Fig. 3 and
explained further down:

e Limited and unstable energy supply. : Sensor nodes
are supplied with batteries as a source of power.
That makes the number of dead nodes in a network
an indicator of the WSN’s energy management.
Networks can be employed in situations when
changing node batteries is challenging. That is why
designing an energy efficient routing algorithm for
WSNs that takes in consideration the amount of
remaining energy in the entire network is a
challenging issue [19-20].

e Massive, random, and varying node deployment :
sensor node deployment might be static or random.
Supposing that the sensor node distribution changes
over time, adaptable routing algorithms must be up
to date in order to manage the network in an
energy-efficient manner [30].

e Unreliable network environment sensor nodes may
be susceptible to collapse due to physical damage
or lack of energy. This has an impact on the WSN's
performance. Reliable routing algorithms should
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give the possibility to sensor nodes to reorganize
themselves around a dead or unreliable node [31].

e Scalability : the optimal routing algorithm should
adapt to every network scale and changings in
physical communication channels between sensor
nodes.

Dynamic Limited
Network Battery Power

Application

Knowledge Heterogeneity

Qality of 4 Real world
Service \ / J integration

WSN Data
CONSTRAINTS Aggregation

Figure 02. WSNs constraints

IV. CLASSIFICATION OF WIRELESS SENSOR NETWORKS

The routing protocols of the WSN can be classified
into three basic structures [14, 17]:

e Flat routing algorithms Data collecting,
functions, transmission, and power consumption
are all same among sensor nodes.

e Hierarchical routing algorithms There are
numerous clusters of sensor nodes. Using various
well-known criteria to identify the node with the
highest energy level in each cluster, it is usually
chosen as the cluster head.

e Location-based routing algorithms : sensor nodes
must be able to self-localize or calculate their
location to be able to send data toward specific
regions.

IoT sensor networks most likely choose hierarchical
routing protocols. That is why in this survey multiple
hierarchical routing protocols are analyzed in details (see

Fig. 4).
WSN routing|
protocols
I [ ]

: 3 Location

[ I ] 1

Chain based Grid based Area based
BATR ﬂ Ring Routing

Figure 03. WSNs routing protocols classification
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The following main categories can be used to

categorize hierarchical routing: (1) chain-based, (2) tree-
based, (3) grid-based, and (4) area-based routing.
Table 2 compares hierarchical routing algorithms based on
energy consumption. The performance of hierarchical
routing algorithms in terms of energy consumption is
compared in Table 3

V. HIERARCHICAL CHAIN-BASED ROUTING ALGORITHMS

In chain-based hierarchical routing, the entire WSN
is divided into many chains, with a leader node chosen
for each chain. Until the packets reach the leader node,
each sensor node will transfer them to the next closest
node. Data aggregation is done through transmission.
Then the leader node sends the aggregated data to the
base station. Nodes always send data to the closest
node and the chain’s formation does not change
frequently which makes the chain-based routing simple
to run. So, the formation of a chain does not consume a
lot of energy. However, in the case where there might
be several nodes in a chain, and the source is far from
the leader node, the distance that the data takes to reach
the leader node will be so long, and that causes time
delays. Time-sensitive applications will not be efficient
in these cases. Furthermore, data transmissions will
always involve nodes that are quite near to the leader
node. This puts a lot of strain on these nodes, and their
energy consumption rises as a result. The following are
the most important chain-based routing algorithms

e Power-efficient gathering in sensor information
systems (PEGASIS) [29] every node in the network
is aware of the location of other nodes location. The
farthest node from the sink will send data to the
closest node until it reaches the leader. Leaders then
will send the aggregated data to the sink and rotate.
Since the leaders can be switched and any node in
the network can participate in data transmission, the
burden is shared and the load is balanced to some
extent. However, data is passed through many
intermediate nodes which takes long latency delays.
That makes it not suitable for time-critical
applications or for large-scale networks.

e Concentric clustering scheme (CCS) [30] In
contrary to PEGASIS, which only contains one
chain, CCS is constructed with numerous chains.
CCS is separated into layers due to its many chains.
In each chain, one cluster head will be chosen.
Until data reaches the cluster head, all nodes in
each chain will send data to the nearest node. The
data will then be sent to another cluster head on the
next higher layer until it reaches the base station
from the cluster head on the farthest chain. Because
data is sent among cluster heads up to the base
station, the distance traveled is substantially
reduced when compared to PEGASIS. As a result,
the time delay is reduced, making it more suited to
large-scale networks. on the other hand, the cluster
head on the chain closest to the base station will
have a higher traffic load and will likely be
consumed sooner than others. It's worth mentioning
that residual energy isn't taken into account when
choosing the cluster head. As a result, a low
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residual energy node may be chosen, but it will be
quickly drained.

e Energy-balanced chain-cluster routing protocol
(EBCRP) [31] The entire network is divided into
several rectangular portions, and a ladder algorithm
is used to create one chain in each rectangle area.
Cluster heads are chosen based on residual energy
and rotated to distribute the load. Data is collected
by the cluster head of each chain from all nodes in
its chain and sends it immediately to the base
station. The ladder algorithm used by EBCRP is
more energy efficient than the greedy algorithm
since the total transmission distance may be shorter.
The weight and burden of traffic is shared. This
prevents any single cluster head node from
becoming exhausted. The entire network, however,
is separated into rectangles. Within a rectangle,
neighboring nodes may not be on the shortest
distance path and hence waste more energy.
Furthermore, EBCRP is not ideal for large-scale
networks due to single-hop transmission.

TABLEI. COMPARISON OF HIERARCHICAL CHAIN-BASED ROUTING

PROTOCOLS
Algorithm Structure Energy Taking into Location
consumption | accountremaining | information
energy for of elected
electing a leader leader
PEGASIS chain High No No
[29] based
CCS [30] chain High No Yes
based
EBCRP [31] chain High Yes No
based

VI. HIERARCHICAL TREE-BASED ROUTING ALGORITHMS:

For tree-based routing, the nodes are split into several
branches, leaf nodes, and parent nodes. The data is sent
from the leaf node to its parent node, then to the next
parent node, and so on, until it reaches the base station.
Because the data has been aggregated, some data
replications can be eliminated. The tree topology is simple
to create; each node simply needs to relay data to the next
higher level node that is closer to the base station, with no
need for cluster formation. This may lower the amount of
energy required for tree routing. The disadvantage of tree
formations is that if a tree's parent node fails, all data
transmission beneath its branch will be lost. Furthermore,
because of the increased data flow, the parent nodes that
are extremely close to the base station and have numerous
branches attached will consume a lot of energy.
Furthermore, if the branch contains a large number of
nodes, data transmission may be delayed, and energy
consumption may increase. The following are the most
important tree-based routing algorithms:

A. Energy-aware data aggregation tree (EADAT) [32]

The sink is where the tree begins to grow. To begin
transmission, each node will set a timer for itself, and the
time spent waiting is proportional to its remaining energy.
The shorter the waiting period is, the bigger the remaining
energy is. The node will then choose the node with the
most remaining energy and the closest distance as its
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parent. When a parent node's remaining energy falls below
a certain level, it broadcasts a message to its child. The
child can then choose a different parent to transmit to. In
EADAT, residual energy is taken into account while
choosing a connection node and path. As a result, the
likelihood of selecting an exhausted node is lowered, and
failure transmission is avoided. Furthermore, by
prioritizing the node with the most energy, some load
balancing can be achieved, extending the network's life.
However, while residual energy is one of the parameters
used to choose the way, the final path may not be the
shortest, consuming more energy overall and involving
many more nodes in data transmissions. As a result, total
energy consumption may rise, and time delays may
lengthen

B. Balanced aggregation tree routing (BATR) [33]

The base station gathers all node's global position data
and generates the routing paths. BATR will build a
minimal spanning tree based on energy consumption and
determine the number of child nodes beneath the tree to
balance the load. Because BATR considers energy usage
when constructing the routing path, it can extend the
network's lifetime. Furthermore, by evenly dispersing the
child nodes among several trees, the loading can be
balanced. When making a tree, however, the remaining
energy of each node is ignored. As a result, some nodes
with low residual energy will be consumed sooner,
resulting in transmission failure

C. Power-efficient data gathering and aggregation
protocol (PEDAP) [34]

The least spanning tree is also used to calculate energy
usage in this procedure. The tree is constructed using data
volume and transmission distance. In addition, the
remaining energy of nodes will be taken into account
during data transmissions. PEDAP can balance the energy
consumptions and reduce the delay time after evaluating
the distance for transmissions. However, the tree's
development could be complicated, and the energy
required to calculate the path could be significant. As a
result, the setup energy, particularly for large-scale
networks, may be rather substantial.

TABLEII. COMPARISON OF HIERARCHICAL TREE BASED ROUTING
PROTOCOLS

ABREVIATIONS:

LIEL= Location information of elected leader

TIAREEL= TAKING INTO ACCOUNT REMAINING ENERGY FOR ELECTING
ALEADER

E C =ENERGY CONSUMPTION

Algorithm | Structure | EC TIAREEL | Organisation | LIEL
EADAT tree Low Yes Centralised No
[32] based
BATR tree Medium | No Centralised No
[33] based
PEDAP tree Low Yes Centralised Yes
[34] based

VII. HIERARCHICAL GRID-BASED ROUTING ALGORITHMS

The entire network region is separated into several
grids, each with its own leader. All nodes in a grid will
send data to their leader, who will then forward it to the
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leader of the next grid until it gets the base station. Grid-
based routing is easy to set up because it is based on the
geographical position of the nodes. Because the grid size
is predetermined and only the location information of the
grid leader is necessary, it is claimed that the data can be
delivered more efficiently. However, if a grid has a large
number of nodes, there may be a lot of traffic and the
leader node's energy will be consumed quickly. The
following are the most important grid-based routing
algorithms:

A. Position-based aggregator node election protocol
(PANEL) [35]

The aggregator is chosen based on the location
information. The entire network is segmented
geographically, with the aggregator being the node closest
to the reference point. The aggregator will collect data
from its cluster members before sending it to the base
station. Because every node has the potential to become an
aggregator, load balancing can be achieved by sharing the
responsibility of communicating with the base station. It's
worth mentioning that gathering the location of sensor
nodes will consume some energy, which will raise the
setup cost.

B. Two-tier data dissemination (TTDD) [36]

The grid is divided into cells, with certain nodes
relaying data from the mobile sinks to the source. The
mobile sink will send a flood of data requests to the
intermediate nodes. Until the data reaches the network's
boundary, the source uses a greedy algorithm to select the
next relay nodes. The mobile sinks will travel across the
grids, extracting data from the source's closest node. For
on-demand applications, TTDD 1is ideal. However,
because flooding consumes a considerable amount of
power, it is not ideal for large-scale or high-traffic
networks. Furthermore, mobile sinks may not move at the
same rate as the route generated. There may be a time
delay, and retransmission may be necessary, consuming
additional energy.

C. Hierarchical geographic multicast routing (HGMR)
1371

The entire network is separated into various cells
based on their geographic location in this case. There is an
access point for managing location information within
each cell. The network is organized in a hierarchical
manner. The data will be delivered from the highest level
access points to the lowest level access points via the
source. Because the accessing points for HGMR can be
rotated, different nodes will play corresponding roles in
data transmissions. This helps to keep energy
consumption in check. The network is appropriate for big
scale networks since it is separated into several cells and
layers. The transmission from higher level access points to
lower level access points, on the other hand, ignores the
issue of location. As a result, the path may not be the
shortest, resulting in a time delay and the consumption of
additional energy.

TABLE III. COMPARISON OF ENERGY CONSUMPTION OF HIERARCHICAL
GRID BASED ROUTING PROTOCOLS
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Algorithm | Structure | Energy Taking into account remaining
consumption | energy for electing a leader
PANEL | grd Low No
[35] based
TIDD grid High No
[36] based
HGMR grid Medium No
[37] based

VIII. HIERARCHICAL AREA-BASED ROUTING ALGORITHMS

The entire sensor network is divided into numerous
areas, each of which can be customized in size. To gather
data, the base station or sink will issue a data request to
the closest nodes in the area. The data request will be
flooded until the source of the data is identified. The data
will subsequently be sent from the source node to the sink.
This is appropriate for mobile applications where the
mobile sink is constantly moving within a defined area.
The following are the most important area-based routing
algorithms:

A. Line-based data dissemination (LBDD) [38]

This is an example of a standard area-based routing
protocol. A vertical line of nodes divides the entire
network into two equal areas. The data will be stored in
the nodes on the vertical line in order to serve requests
from the sinks. All nodes will be aware of each other's
location. The data will be sent from the source node to the
line's closest node. A sink will send a perpendicular data
request to the line. The receiving node will process the
request and proceed to relay it to other nodes on the lines
in both directions. Finally, the data-storage node gets the
request and transmits the data to the sink directly. The
structure's setup and communication are straightforward.
If the number of nodes on the connection is minimal,
however, they may face a significant strain. These nodes
will quickly be depleted. Furthermore, because a flooding
technique is applied for data requests, if more nodes are
assigned to the line, the energy consumption of all nodes
involved on the line would increase. As a result, this
protocol isn't appropriate for large-scale networks.

B. Ring routing [39]

A ring topology is proposed. The procedure is
similar to that of LBDD. Instead of a line, a ring is
formed. The ring's relay nodes can be swapped out for
conventional nodes. The ring structure is easy to build.
Because the relay nodes on the ring are rotated to protect
any one node from overload, it enhances load balancing
among nodes. The source node may locate the closest
relay node in a shorter distance using the ring topology,
which reduces data transmission time and energy
consumption. However, if the network is extensive, the
ring structure setup costs could be significant, as data
requests are sent to all of the ring's associated nodes,
causing an overhead.

C. Railroad [40]

Railroad, a data dissemination architecture for
large-scale WSNs, was described. One rail divides the
network and organizes the data requests. The train is
in the heart of the network, allowing for convenient
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access to all nodes. The data request will be forwarded to
the rail until it reaches the source node, which will then
deliver data to the sink immediately. Unicasts, rather than
flooding, are used to send data requests from the sink. A
rail structure is more flexible than a line or ring
construction, and the rail's relay nodes may be easily
reached by normal nodes, reducing the distance and time
it takes for the source node to deliver data to the railway's
relay nodes. However, because the rail is often slightly
longer, data requests transmitted along it may take longer
and cause delays. In large-scale networks, these delays
become more pronounced.

TABLEIV. COMPARISON OF ENERGY CONSUMPTION OF
HIERARCHICAL AREA BASED ROUTING PROTOCOLS

Algorithm | Structure | Energy Taking into account
consumption remaining energy for electing
a leader
LBDD area Low No
[38] based
Ring area Low No
routing based
[39]
Railroad | area Low No
[40] based

IX. CONCLUSION

Above, we divided hierarchical routing techniques into
four categories: (1) chain-based, (2) tree-based, (3) grid-
based, and (4) area-based routing. We went over the main
features and characteristics of each type of hierarchical
routing algorithms in great depth.

We've come to the end of our survey. Routing strategies in
WSNs is a well-studied topic with a plethora of study
findings. We offered a detailed review of hierarchical
routing approaches in WSNs that have been discussed in
the literature in this survey. The goal of all of these
strategies is to increase the lifespan of the WSN without
sacrificing data transmission performance. Finally,
depending on the routing approaches, we categorised
hierarchical routing techniques.
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Abstract— facial expression analysis is rapidly becoming an area
of intense interest in computer science and human computer
interaction design communities. Psychological studies have
suggested that facial motion is fundamental to the recognition of
facial expression.

Expression is the most important mode of non-verbal
communication between people. Recently, the facial expression
recognition technology attracts more and more attention with
people’s growing interesting in expression information. In this
paper, we propose LBP histograms based automatic facial
expression recognition system to recognize the human facial
expression like happy, fear, sad, angry, disgust and surprise.
Initially facial image is segmented into three region from which the

[-INTRODUCTION:

Facial expression analysis plays a significant role for human
computer interaction. Automatic analysis of human facial
expression is still a challenging problem with many applications.
Face identification and recognition has lead to the development
of different algorithms for various applications such as
automated access control, surveillance, image retrieval...etc [5].
Facial expression analysis has wide range of application in areas
such as Human Computer Interaction (HCI), psychological area,
image understanding, face animation etc. Humans interact with
each other both verbally and non-verbally [6].

Most approaches to automatic facial expression analysis
attempt to recognize a principal set of prototypic emotional
facial expression .i-e- fear, sadness, disgust, anger, surprise and
happiness, from the survey, it was revealed that most of the
facial expression systems were based on the Facial Action
Coding System (FACS), [3], [10].

It is a system designed for human observers to describe
changes in the facial expression in term of visually observable
activations of facial muscles. Facial Expression Recognition
should not be confused with human emotion recognition as is
often done in computer vision. Facial expression recognition
deals with classification of facial motion and facial feature
deformation in the abstract classes that are purely based on
visual information. But emotions are result of many different
factors such as emotional voice, pose, gestures, facial
expressions etc.

Nowadays, Facial Expression Recognition is getting more
and more attention from the research community. Facial
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uniform local binary patterns (LBP) texture features distributions
are extracted and represented as a histogram description. A
Support Vector Machine is used to classify different kinds of facial
expressions. We have carried our experiments upon Yale face
database and JAFFE face database. The Yale Face Database
contains 165 grayscale images in GIF format of 15 individuals.
JAFFE Database, available at htp:/www.kasrl.org/jaffe.html
consisting 213 images posed by 10 Japanese female models. The
proposed model reports 95.77% of classification accuracy.

Index Terms- Japanese Female Facial Expression (JAFFE)
database; facial, expression; recognition; Matlab; Local Binary
Pattern, feature extraction, Yale face

expression plays an important role in smooth communication
among individuals. The extraction and recognition of facial
expression has been the topic of various researches subject to
enable smooth interaction between computer and their users. In
this way, computers in the future will be able to offer advice in
response to the mood of the users [13]. Recently, a number
of new technologies for Facial Expression Recognition have
been developed. Our goal is to create a system, which can be
trained from training images for the facial expressions and used
to recognize the facial expression in the test images.

The remainder of the paper is organized as follows: next
section describes wavelet transformation and the filters. Section
IIT describes Methodology. Faces classifier using SVM is given
in section IV. Results is describes in section V.

II- WAVELET TRANSFORM

The wavelet transform is similar to the Fourier
transform (or much more to the windowed Fourier transform)
with a completely different basis functions. The main difference
is that Fourier transform decomposes the signal into sinus and
cosines, i.e. the functions localized in Fourier space; while the
wavelet transform uses functions that are localized in both the
real and Fourier space. Generally, the wavelet transform can be
expressed by the following equation:

F(a,b) = [ fOOW{qp ()dx (1)
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where the * is the complex conjugate symbol and
function y is some function. This function can be chosen
arbitrarily provided that obeys certain rules.

As it is seen, the Wavelet transform is in fact an infinite
set of various transforms, depending on the basis functions used
for its computation. This is the main reason, why the
term “wavelet transform” id used in very different situations
and applications. There are also many ways how to sort the
types of the wavelet transforms. Here we show only the division
based on the wavelet orthogonality. We can use orthogonal
wavelets for discrete wavelet transform development and non-
orthogonal wavelets for continuous wavelet transform
development. These two transforms have the following
properties [1]:

1. The discrete wavelet transform returns a data vector of
the same length as the input. Usually, even in this
vector many data are almost zero. This corresponds to
the fact that it was decomposed on a set of wavelets
that are orthogonal to its translations and scaling.
Therefore, we decompose such a signal to a same or
lower number of wavelet coefficients spectrum. Such
wavelet spectrum is suited for signal processing and
compression because it eliminates information
redundancy.

2. The continuous wavelet transform, in contrary, returns
one dimensional array larger than the input data. For a
1D data, we obtain an image of the time-frequency
plane. We can easily see the signal frequencies
evolution during the duration of the signal and
compare the spectrum with other signals spectra. As it
uses non-orthogonal set of wavelets, data are highly
correlated and redundant.

In mathematics, a wavelet series is a representation of a square-
integrable (real-or complex-valued) function by an
orthonormal series generated by a wavelet. Nowadays, wavelet
transformation is one of the most popular and commonly used
for time-frequency transformations.

Basic idea: The fundamental idea of wavelet
transforms is that the transformation should allow only changes
in time extension, but not shape. Based on the uncertainty
principle of signal processing,

AtAw >+ (2)
2

Wavelet transform is a popular tool in image processing and
computer vision, because of its ability to capture localized time-
frequency information of image extraction. The decomposition
of the data into different frequency ranges allows us to isolate
the frequency components introduced by intrinsic deformations
due to expression or extrinsic factors (like illumination) into
cetrain subbands. Wavelet-based methods prune away these
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variable subbands, and focus on the subbands that contain the
most relevant information to better represent the data.

1-D Continuous Wavelet transform (CWT) can be defined as
follows:

WT(s,v) = =7, F(OPse(0) 3)
Yo (8) = = (S-elt) (4)

is basis function

y(t) is called mother wavelet. Yhe parameters S and

T, are the scaling and shift parameter, respectively. Discret
Wavelet transform (DWT) is a sampled version CWT. The 2D-
DWT, for m x n images, is defined as follows:

1

DWT(j,k) = Fff; f@y(G-k)dx ()

Where j is the power of binary scaling and k is a constant of
the filter. The 2D-DWT is computed by successive low pass-
band and high pass-band filtering of the image. Applying 2D-
DWT on an image will decompose it in four sub-bands LL, LH,
HL and HH corresponding to the approximation of horizontal,
vertical and diagonal features respectively. The sub-band
denoted by LL is approximately at half the original image. While
the sub-bands HL and LH contain the changes of images or
edges along vertical and horizontal directions, respectively. The
sub-band HH contains the details in the high frequency of the
image.

Features based on Gabor filters have been used in image
processing due to their powerful properties. Gabor Kernels are
characterized as localized, orientation selective, and frequency
selective. A family of Gabor kernel is the product of a Gaussian
envelope and a plane wave. We have considered the face images
with certain degree of orientation and large variations in the
facial expressions. We used ‘K’ images with ‘N’ expressions for
each face so that ‘KxN’ faces images are used. In the training
stage, each N expression from K images is grouped together to
form different expression groups which is used as the database.

Each image is convolved with a Gabor kernel of variance and
bandwidth as pi and a window size of 9*9. In order to reduce the
computational complexity we have used a reduced form of 60
Gabor filter bank. Since expression features are highly described
by high frequency components, three frequencies, v=(0,1,2,3)
and four orientations w=(5,6,7,8,9) are used. A phase-sensitive
similarity function is applied to match the Gabor features of a
facial pixels of test face and the images in the database.

- METHODOLOGY:

The proposed methodology is based on the facial
texture information of permanent facial feature components
such as eye, eyebrow, nose and mouth to recognize the facial
expression.

Initially frontal view image is segmented into three
regions, upper region E (eye and eyebrow), middle region N
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(nose) and lower region M (Mouth). The uniform rotation
invariant LBP texture feature distributions are extracted from
these three regions and represented as a weighted 7 dimensional
histogram descriptor h=[h1, h2, h3, ...... h7].

A- Local Binary Patterns (LBP):

The basic local binary pattern operator, introduced by Ojala
et al [13], was based on the assumption that texture has locally
two complementary aspects, a pattern and its strength [6]. In
that work, the LBP was proposed as a two-level version of the
texture unit to describe the local textural patterns. The original
version of the local binary pattern operator works in a 3 X3
pixel block of an image. The pixels in this block are threshold
by its center pixel value, multiplied by powers of two and then
summed to obtain a label for the center pixel. As the
neighborhood consists of 8 pixels, a total of 28 =256 different
labels can be obtained depending on the relative gray values
of the center and the pixels in the neighborhood. See Fig. 1
for an illustration of the basic LBP operator.

At a given pixel position (xc,yc), LBP is defined as an
ordered set of binary comparisons of pixel intensities between
the centre pixel and its eight surrounding pixels. The decimal
form of the resulting 8-bit word (LBP code) can be expressed
as follows:

LBP(xc Ve ) = ZZl:OS(tn — 1 )Zn (6)

Where ic, corresponds to the grey value of the centre pixel
(xc,yc), in to the grey values of the 8 surrounding pixels, and
function s(x) is defined as:

s(x) = {10 ll]{; ;8 (7)

To extract the feature of the facial expression, the images are
divided into local regions RO, R1, Rm-1 and texture descriptors
are extracted from each region independently. For every region
a histogram with all possible labels is constructed. This shows
that every bin in a histogram represents a pattern and contains
the number of its appearance in the region.

b) LBP calculation result

(a) Original Image

FIG 1: Feature extraction using LBP (Local Binary Pattern)

Histogram

COMDINES gEOMEUIC [EAUre and EexXure reaure. 10 aetermine
the matching degree of textures used for LBP histogram.
Feature of LBP algorithm is robust to lighting changes. It
divides into mxn image of a small block for local feature
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extraction and calculates LBP histogram in small block. All
LBP histogram connections are used as feature descriptors for
the entire image [Fig.2] is the result of applying LBP feature
descriptor in the JAFFE database.

I I
Image LBP Histogram

Fig2: SVM input values

We are used 213 images from the database; input matrix for
classifier is of size 256x256. This methodology divided into
following steps:

e Extract average face from the original images of
database;

e Divide average image in the three blocks such as

upper (eyes), middle (noise) and lower (mouth).

Compute the LBP code for each pixel in a block.

Compute the histogram over the block.

Normalized the histogram.

Concatenate normalized histograms off all blocks.

Use SVM to classifier these features into different

classes such as anger, disgust, fear, happy neutral, sad

and surprise.

IV. Faces classifier using SVM approach

Several classifiers have been proposed and used in facial
expression recognition systems to handle the issues of non-
linearity, dimensionality and generalization, and three main
classification can be distinguished, namely, the HMM (hidden
Markov Models), the SVM (Support Vector Machines) and the
feedforward neural networks (FFNN).

Support Vector Machines (SVM) is a two-class
classification method that finds the optimal decision hyper-
plane based on the concept of structural risk minimization.

Support vector machines (SVM) are supervised learning
models with associated learning algorithms that analyze data
and recognize patterns, used for classification and regression
analysis. The basic SVM takes a set of input data and predicts,
for each given input, which of two possible classes forms the
output, making it a non-probabilistic binary linear classifier. As
the dimensions of face image data is very large, although the
satisfactory recognition rate can be obtained, but the processing
time need so long as the large dimensions.

The expression classification is done by a SVM classifier.
SVM are a set of related supervised learning methods used for
classification and regression. It shows better classification
accuracy than Neural Networks if the data set is small. SVM
rearranges the data points according to a mathematical function
or Kernels and transforms it into a feature space which allows
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the classification. SVMs exhibit good classification accuracy
even when only a modest amount of training data is available.

Based on the analysis above, we proposed a integrated
method which is combined with 2D DWT, LBP and SVM
approach for facial expression recognition. At first stage, the
original images are decomposed into low frequency images by
applying wavelets transform, the high-frequency components
were ignored, while the low-frequency components which
contains the primary information can be obtained. And then
LBP histogram is used to deal with feature extraction. After
generating feature vector, distance classifier and SVM are used
for classification stage. We used “one-against-all” SVM multi-
classification for recognizing face, and n SVM classifiers
should be trained.

We have carried our experiments upon Yale face database
and JAFFE face database. The Yale Face Database contains 165
grayscale images in GIF format of 15 individuals. For each of
the subject, there are 11 images, one per different facial
expression or configuration: center-light, w/glasses, happy, left-
light, w/no glasses, normal, right-light, sad, sleepy, surprised,
and wink. The JAFFE face database we use in our experiments
contains 213 images of female facial expressions. The head is
almost in frontal pose. Original images have been rescaled and
cropped such that the eyes are roughly at the same position with
a distance of 80 pixels in the final images (resolution:
256pixels*256pixels) the number of images corresponding to
each of the 7 categories of expression (Neutral, Happiness,
Sadness, Surprise, Anger, disgust and Fear) is roughly the same.
A few of them are shown in fig3 [3], [4]

meutral  happimness

sadness  swpise anger dll.gns'.

fear

(b)

Fig.3: Examples of Facial Expression a) JAFFE database b)

Yale face database

In this paper, a new facial expression recognition technique
based on LBP analysis (LBP), on wavelet subband is proposed.
We extract image features of facial images from various wavelet
transforms (Haar, Daubechies, Coifet, Symlet, Biothogonal and
reverse biothogonal) by decomposing face image in subband 1
to 8. These features are analysed by LBP and SVM.
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Facial expression analysis requires multiclass SVM for
classification. The one against-all approach constructs M binary
SVM classifiers, each of which separates one class from the
others.

Our program has been tested using JAFFE face & Yale face
Database, consisting of 213 images posed by 10 Japanese female
models. We select 130 samples for training; the remaining 100
samples are used as the test set. In our facial expression
recognition experiments, we extract image feature of facial
images from 49 wavelet transforms by decomposing face image
in LL sub-bands at 8 levels (1 to 8). The wavelets used are Haar
1,DB 1 to DB 10, coif 1 to coif 5, sym 1 to sym 10; bio 1.1, 1.3,
1.5,2.2,and RBIOL 1.5,1.4,2.2,2.4,2.6 and 2.8.

Table 1 and Fig.4 depict some sample results for db 5 sym10
and bio2.2 wavelets.

DB5 SYM10 BIOR2.2
Level | Rec.acc | time | Rec.acc | time | Rec.acc time
1 95.00 7.00 | 95.50 7.99 | 95.00 6.85
2 95.50 5.50 | 96.00 6.80 | 95.50 5.30
3 95.50 5.30 | 96.00 6.50 | 96.50 5.20
4 91.00 5.90 | 96.50 6.90 | 92.50 5.40
5 90.50 6.25 | 89.00 7.20 | 87.00 6.00
6 86.00 6.50 | 81.00 7.65 | 82.00 6.02
7 83.50 741 | 79.00 8.35 | 78.00 6.40
8 75.00 7.23 | 76.50 8.70 | 74.50 6.80

TABLE 1: RECOGNITION ACCURACY IN PERCENTAGE AND TIME REQUIRED FOR

THREE SAMPLE WAVELETS DB5, SYM 10, BIOR 2.2.
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Fig 4: Graph Recognition accuracy in percentage and time
required for three sample wavelets DB5, SYM 10, BIOR 2.2.
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database expressions | Average Recognition

Rate(%)
Yale Face Happy 80.70%
DataBase normal 89.55%
surprise 92.03%

sad 88%
JAFFE face Happy 85.70%
DataBase normal 93.55%
surprise 91.03%
sad 89.55%

Table 2 Performance ratio for two database

VI-CONCLUSION

The facial expression recognition system has been used in
communication to make the answer machine more interactive
with people. The answer machine has become more intelligent
by analysing the client’s voice and dealing with the responses
according to their emotions.

Local Binary Pattern (LBP) [1] is one of the most popular
and efficient appearance-based feature descriptors [3, 4]. It has
proven to be highly discriminative and its invariance to
monotonic gray-level discrepancies makes it a robust feature
descriptor in two-dimensional space. In general, an LBP
operator measures each pixel of a given image by thresholding
its neighborhood with the value of the center pixel and forms the
results into a binary pattern. Then, the occurrence histogram
based on the resulted binary patterns can be computed over an
image or a region of the image, which is proven to be a powerful
feature descriptor. Now, due to its discriminative power and
computational simplicity, LBP is broadly utilized in image
pattern recognition. Moreover, it receives tremendous success in
facial expression recognition as it is insensitive to illumination
variations and well describes subtle appearance details of the
local features on human faces [5].

As LBP is proven to be of high performance as well as low
computational cost, it is frequently applied in pattern recognition
on static images. Following the steps of LBP, Zhao ef al. [6]
started to explore appearance-based feature descriptors on
dynamic or temporal information, which combines appearance
and motion.

The proposed method of facial recognition is innovative in
this area with combination of LBP + 2D wavelet transform and
SVM for identification of seven different facial expressions sad,
disgust, anger, happy, surprise, fear and neutral with reduced
features for storage of JAFFE & YALE face database work for
both person dependant and independent mode.

We recorded and compared the recognition performance at
various levels of the wavelet basis functions. Obtained accuracy
with only LBP was about 89% whereas the recorded average
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accuracy using LBP with wavelet in sub-bands 2 and 3 was up
to 95.77%.
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Abstract— Collaborative Filtering technique is commonly
used in the context of recommender systems; however,
obtaining better prediction accuracy and overcoming the main
limitations of the standard CF recommendation algorithms,
such as sparsity. This paper presents a movie context-aware
model to alleviate the sparsity problem. The proposed
algorithm learns users' latent interests using latent Dirichlet
allocation (LDA). Then, by incorporating a weighting
mechanism, it combines the explicit contextual parameters and
their degree of importance in the prediction process. To learn
the weights of these features, the PSO method is used. The
experiments showed that the proposed algorithm achieved
better performance compared with baseline on MovieLens
datasets.

Keywords—  Collaborative  Filtering,
Modeling, PSO, LDA, Sparsity problem.

Context, Topic

I. INTRODUCTION

Context-aware recommender systems (CARS) are a
promising way of generating more relevant services to users.
They produce personalized recommendations in accordance
with users’ current context [1]. Indeed, in many domains
such as electronic commerce, movies, news or restaurant
recommenders, considerable contextual information are
available along with the rating data. Depending on the
application domain, certain contextual information can be
very useful for providing better recommendations [2]. Last
few years, the importance of contextual information has
motivated many researchers to incorporate them in their
systems [3], [4]. However, the notion of context is complex
and not easily integrated into recommendation process [5].

In the other hand, a good recommender system must
learn and integrate the impact of each contextual information
to make appropriate suggestions for various situations.
Clearly, some contextual features can be more relevant in a
given application than others. For example, location is of
more importance in restaurant recommendation, whereas
gender is the most influential parameters for shoes
suggestion.

This paper focuses on item based collaborative filtering
algorithm to take advantage of contextual data. The most
important step in this technique is to measure the similarity
between users or items [6]. However, when items have few
co-ratings, similarity based approach suffers from the data
sparsity problem, especially for large datasets consisting of a
huge number of users and objects. In the other hand,
integrating contextual information represents a real challenge
in recommender systems. Specifically, data sparsity becomes
more severe when user preferences are filtered with
contextual factors [7]. In fact, using many contextual
parameters increases the data sparsity and few context
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factors in recommendations fail to bring the contextual
impact [7]. Thus, this study address these two issues by
considering the latent properties of items to calculate the
similarity scores and by directly incorporating context into
the prediction process instead removing items that are
irrelevant in a given context.

The main contributions of this paper are summarized as
follows: a context-aware collaborative filtering model for
movie recommendation is proposed. It combines latent
interest and explicit contextual features using Latent
Dirichlet Allocation (LDA) and Particle Swarm Optimization
(PSO). Firstly, the dimensionality space is reduced by
extracting the latent properties from the unstructured text
describing items (plot summaries, titles, and genres). The
latent contexts are modeled as numeric vectors which are
automatically learned through the application of LDA.
Moreover, a weighting function is proposed to integrate
explicit contextual factors (user’s age, user’s gender, user’s
occupation, movie’s runtime and evaluation time) with their
degree of importance in prediction score calculation.
Specially, the time evaluation is introduced into the proposed
weighting function to increase the importance of the most
recently accessed items because the user’s interests change
over the time. In addition, the proposed system uses a
particle swarm optimization algorithm to assign suitable
weights to different contextual features. The efficiency of our
model compared to other collaborative filtering methods is
demonstrated by checking the implementation on the
Movielens 100k data set.

The remainder of this paper is organized as follows:
Section 2 reviews related works in context-aware
recommender system and the use of LDA and PSO in these
systems. In section 3, the proposed model is exposed and a
detailed description of how the system employs the LDA and
PSO is also provided. Section 4 introduces the dataset, the
evaluation settings and metrics. Section 5 discusses the
results of the experiments. Finally, section 6 provides
conclusion and future works.

Il. RELATED WORKS

With the advent of the World Wide Web and big data,
recommender systems are becoming more and more popular
[8]. The purpose of these systems is to suggest different
services to different users. Recently, the research attentions
have been raised by context-awareness in the recommender
systems. Consequently, the rating function is modeled in a
multi-dimensional space as R: Users x Items x Contexts -
Ratings [9]. Particularly, many attempts have been made to
exploit the time context for wusers modeling and
recommendation process [10], [11]. Some approaches model
the interest drift of users over time as the transition of latent
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states within a hidden Markov model (HMM) [4], [12], [13].
Braunhofer and Ricci [14] presented a model which predicts
the contextual factors influencing customers when evaluating
an item in order to use only relevant contextual information
in the recommendation process. In their research work, Zhou
et al. [15] selected the optimal features based on the
similarity between a feature and a set of other ones to remove
the redundancy. They presented a content-context
interaction graph model that completely fuses and captures
the interactions between content and contexts. Tensor
factorization (TF) can also be used to model the time context
[16], [17]. It extends the traditional two-dimensional Matrix
Factorization problem into a n-dimensional version by
integrating contextual information [18]. Ren et al. [19] made
a contextual recommendation using location, queries, and
web content.

In the other hand, latent context can be very useful in
increasing the efficiency of recommender systems. Hence,
unsupervised tools such as Latent Dirichlet Allocation
(LDA) have been used to learn the latent characteristics [20].
LDA is a machine learning process that associates a text
which is seen as an unordered word list with a topic vector
[21]. It models each document as random mixtures of latent
topics and defines each topic by a word distribution. LDA's
popularity is due to its simplicity and modularity [20]. Lin et
al. [22] used user reviews from the Airbnb platform for
deriving the features of the products and creating customer
preferences. The authors implemented the LDA technique to
infer both the features and preferences.

A number of researches on recommender systems have
exploited Swarm Intelligent technique such as Particle
Swarm Optimization (PSO) [23], [24]. PSO is a population
based technique firstly developed in 1995 by Kennedy and
Eberhart [25]. It is used by many researchers to select
feature, or assign weights to different factors in the
recommender system [23], [26]. The Work of Ujjin and
Bentley [27] applied the PSO to learn users' personal
preferences and provide the recommendations based on the
adjusted Euclidean distance. Katarya and Verma [28]
combined k-means clustering algorithm with Fuzzy c-means
and PSO to classify the types of movies according to users.
They employed K-Means to provide initial parameters to the
PSO algorithm then they use PSO to optimize Fuzzy c-
means clustering.

I1l. SYSTEM OVERVIEW

The present paper aims to address the sparsity problem
and improve the prediction in collaborative filtering systems.
Consequently, the proposed method exploits the hidden
properties of items to compute the similarity matrix using
LDA. Then, it directly integrates context in the prediction
process by introducing a weighting function which combines
contextual information with their degree of importance. The
overall framework of the training stage of TMPSO-CF model
is presented in Figure 1. In summary, the following steps are
performed :

A. Building item neighborhood using LDA

This paper uses the LDA to identify latent properties of
items from their textual descriptions (plot summaries, titles
and genres). The item similarity scores are then computed in
the latent topic space to estimate the movies neighborhood.

Chadli Bendjedid El-Tarf University - EL TARF - Algeria

The movie’s similarity scores are computed through the
following steps :

A.1. Preprocessing unit

In the first phase, the textual descriptions of movies are
preprocessed by the python NLTK toolkit to filter out noisy
data and non-informative words that do not add any
distinctive character in the movies. In particular, each
sentence is tokenized into a list of words. The stopwords,
punctuations, words with low or high inter-document
frequency are removed. The upper-case is conversed to
lower-case. Finally, the terms stemming from the same
lemma having differences due to inflectional morphologies
are unified (Lemmatization). Then, all preprocessed words
are extracted to build the vocabulary. Thus, each movie is
considered as a bag of words (BoW). It is represented as a
vector in this term space, with value in each cell indicating
the number of occurrences of the corresponding word.

A.2. Preprocessing unit

The preprocessing step is followed by the training of a topic
model through LDA to learn the hidden properties in terms
of the probability distributions of topics in each movie, and
the probability distributions of words over each topic. Given
N movies with a textual description of the movie i
(i €{1,..., N}) having Vi words, the generative process is
shown in the LDA Algorithm 1. LDA generates the
probability distributions of topics p(T|l) for each movie I,
where the topics T = (Ty, To,..., Tn_topics) are composed of
the word probabilities p(Wj|Ti) for words Wj, j=1,.., n_words
where n_words is the number of words in the vocabulary.
Note that n_topics is the pre-defined number of topics. The
topics are considered as the features of movies, and the topic
density in the model is controled by Dirichlet
hyperparameters o and f which play an important role in
learning accurate topic models. The pseudo code of LDA
algorithm used by the proposed model is shown in the LDA
Algorithm 2.

LDA Algorithm 1
Step 1: Choose a multinomial distribution ¢z for
topic t (te{1,...,T}) from a Dirichlet distribution
with parameter f.
Step 2: Choose a multinomial distribution @i for
movie i (ie{1,..., N}) from a Dirichlet distribution
with  parameter a.
Step 3: For aword w;j (je{1,...,Vi}) in the movie i:
Step 3.1: Select a topic zj from 6.
Step 3.2: Select a word wj from ¢z;.

LDA Algorithm 2
Input: Movielens 1M dataset, CMU Movie
Summary Corpus, initial values of a, pand T.
Output: Movie-topic probability distribution,
Topic-word probability distribution.
Step 1: Preprocessing textual descriptions of
movies.
Step 2: Building the vocabulary.
Step 3: Converting the movies textual descriptions
into simple vectors representation (BoW).
Step 4: Training the LDA model using the Gibbs
sampling method.
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Fig. 1. Training stage of the proposed model

A.3. Similarity computing unit

Each movie is represented in this latent topic space using
the movie-topic distribution as its feature wvector. The
similarity between items i and i' in the latent topic space is
from Hellinger distance (HD) between their latent topic
distributions. It is expressed by Eq. (1):

sim(i,i')=1-HD(i,i‘):1-% i(\/ﬁ—\/ﬁ)z 1)

1

B. Particle Swarm Optimization

This study assumes that ratings, which are most similar in
context, are more relevant in making predictions. Thus, the
PSO is used to find the most appropriate feature’s weights in
order to control the contribution of the contextual factors in
the recommendation process. In the PSO algorithm, a swarm
is a group of particles which represent candidate solutions.
For a d-dimensional space, the particles correspond to d-
dimensional vectors. The position and velocity of the ith
particle are represented by X:= (xi1, xiz, . . ., Xig) and Vi
= (Vig, Viz, . . ., Vid), respectively.

B.1. Representation scheme and initial population

In this paper, the positions of particles are viewed as
weight vectors of real values in the range of [0, 1]. In
addition, the sum of values of each position should be equal
to 1.The dimension of the positions is equal to the number of
the used features, i.e. 5. A position of one particle can be
represented by the vector (wa, Wg, Wo, Wr, Wr). Where wj is the
weight of the user’s age, wy denotes the weight associated to
the user’s gender, W, represents the weight of user’s
occupation. wy is the weight corresponding to the movie’s

Chadli Bendjedid El-Tarf University - EL TARF - Algeria

runtime and w designates the weight of the evaluation time.
Velocity and position of the particles are initialized in a
uniform random manner.

B.2. Fitness function

The objective function forms the heart of the PSO
algorithm. It is used to quantify the optimality of the weight
vector. The contextual feature values used in this study are
multiplied by the weight vector to compute the weighting
function which is used in the prediction calculation. Thus,
the RMSE measure is treated as the fitness of the PSO
algorithm used by the proposed model. Consequently, to
achieve the lowest fitness, it is necessary to search the
optimal position. The fitness function is given by Eq. (2):

Z(uiko (Pél - Plui )2 (2)

|Q| is the cardinality of the training set. . P'y; and Py are real
and predicted ratings, respectively. The prediction on an item
i for a user u is computed by the sum of the ratings given by
the user u on the items similar to i. Each ratings is weighted
by the corresponding similarity sim (i, j) between items i and
j and by a weighting value f(u, j) which is used to model the
context of the user u for the item j. Formally, the predicted
rating pu,i is given by Eq. (3):

fitness=

k R,; xsim(i, j) x f (u,i)
P =R+ % ) )

Zk: (sim(i, j)x f (u,i))
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Sim(i,j) is the degree of similarity between items i and j. Ru,j
is the rating of user u for item j. K is the neighborhood size
of item i. The proposed weighting function f(u,j) is
formulated via a simple linear combination of values and
weights to represent the context of ratings. Its values are in
the range of 0-1. It is defined according to Eq. (4):

Fud)= 3w [ )]+ w, [Bl+ w e ] )

I=apr

Where (wa, Wg, Wo, Wy, W;) represents the weight vector. xq
and X, reveal the coded variables that correspond to a user’s
gender and user’s occupation, respectively. Xa and x, are the
values of the user’s age and movie’s runtime, respectively.
The variables x;, I=a,g,0,r are normalized through the eq. (5):

h, (x) = %;”(') (5)

Al represents the interval of variation of the contextual
information |, where le[age (a), gender (g), occupation (0),
runtime (r)].

txw,

e ™ is defined in the range of [0, 1]. It is a monotonic
decreasing coefficient with an exponential form in order to
express the changes of user’s interests over time by making
users’ most recent evaluations more significant than the older
ones. The parameter t can be expressed by Eq. (6):

At (6)

to represents the time of the last evaluation given by user u. tq
is the time of the last evaluation given by the user u to an
item having the same genre as item i. At corresponds to the
average duration between each two successive rating of user
u.

B.3. Particle dynamics and termination condition

At each time step, each particle i keeps the information
about its personal best position (pbest Pi(t)) and the swarm
best position (gbest g;i(t)). The particles move throughout the
search space by updating their velocities and their positions
according to equations (7) and (8), respectively:

Vj (t +1) = ij (t) +C1r1(Pj (t)' X,(t)) +C2r2(gj(t)-Xj(t)) (7)
X (+D) = X, (0 +v, (t+1) ©®)

N is the number of particles in the swarm. The inertia weight
w is an important parameter to strike a better balance
between global and local exploitation. ¢; and c, are positive
acceleration con The inertia weight w is an important
parameter to strike a better balance between global and local
exploitation. The linear decreasing inertia weight has been
widely used to update the value of w according to Eq. (9):

W(I) = Woan -1 X(W

start

- Wend )/meax (9)
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Where Nbmax is the maximum number of iterations, | is the
iteration index, wstart and wend are the maximum and
minimum values of the inertia weight, respectively.

stants. ¢; expresses the confidence of a particle in itself,
while c, expresses the confidence of a particle in its
neighbors. r1 and r. are random numbers within the range of
[0, 1]. The stop criterion of the PSO algorithm is to reach a
maximum number of iterations. At the end of the algorithm,
we get the optimal weight vector which will be used to
calculate predictions.

IV. EXPERIMENTAL EVALUATION

To demonstrate the effectiveness of the proposed model,
several experiments have been conducted on the most
popular Movielens® dataset and CMU Movie Summary
Corpus? . All experiments have been performed by randomly
splitting Movielens dataset into two subsets: training set
(80%) and testing set (20%). Two types of experiments have
been performed: The first one concerns the training of the
LDA and PSO algorithms. It consists in carrying out
numerous tests to select the best configuration of their
parameters. The second category concerns the evaluation of
the overall quality of the proposed model after learning it.

A. Datasets

Movielens is widely used to evaluate recommender
systems. This dataset is provided by the University of
American Minnesota GroupLens project group. The
ML100K dataset consists of 943 users, 1682 movies and
100,000 ratings. The information of users includes: UserID,
Gender, Age and Occupation and those of the items are
MovielD, Title and Genres. All ratings are contained in the
file ratings.dat. Each line of this file represents one rating of
one movie by one user, and has the following format:
UserID::MovielD::Rating:: Timestamp. The lines within this
file are ordered first by UserID, then, within the user, by
MovielD. Ratings are made on a 5 star scale. Timestamps
represents seconds since midnight Coordinated Universal
Time (UTC) of January 1, 1970. The sparsity of the
ML100K dataset is 93.7%.

The CMU Movie Summary Corpus is also used in this
paper. It contains plot summaries for 42,306 movies and
metadata for 81,741 movies such as genre, release date,
runtime, languages, etc. Each movie is indexed by a
Wikipedia Movie ID.

B. Evaluation Metrics

The proposed model is evaluated from two different
perspectives: predictive accuracy and classification accuracy.
Predictive accuracy measures the accuracy of a prediction
value on a target item. The Root Mean Squared Error
(RMSE) is The frequently used metrics in predictive
accuracy [29]. The formula and RMSE is defined in
equations (10).

Y
RMSE:\/Z(‘”)GQ(PS_PUJ) (10)

! http://www.grouplens.org/
2 http://www.cs.cmu.edu/~ark/personas/
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|Q] is the cardinality of a training set. P, and P, are real and
predicted ratings, respectively.

Classification accuracy evaluates the rate of correct
predictions. Precision and Recall are the two popular metrics
for classification accuracy. Precision is a percentage of
recommended items that are relevant while recall is a
percentage of the relevant item that is recommended [29].
Precision and Recall are defined in equations (11) and (12),
respectively.

. Number of correct recommendations
Precision = : (11)
Total number of recommendations

Number of correct recommendations (12
Total number of relevant recommendations

Recall =

V. EXPERIMENTAL RESULTS AND ANALYSIS

In this section, each user is considered to be an active
user and the item ratings for each of them are predicted. The
recommendation algorithms are evaluated by comparing the
predicted ratings with the actual ratings. The proposed model
is compared with some baseline models. Item-CF denotes the
item based collaborative filtering algorithm. Context-CF
represents the item based collaborative filtering algorithm
using the proposed weighting function defined in Eq. (4)
with w; =1 foreach | =3, g, o, r, t. LDA-CF denotes the item
based collaborative filtering using LDA algorithm. PSO-CF
is the item based collaborative filtering using the PSO
algorithm to estimate the weight vector of the proposed
weighting function. Since a different neighborhood size K
leads to different recommendation results, the impact of K is
also considered in this experiment. Recommendation results
are calculated and compared under the condition of different
K. The training modules of LDA and PSO algorithms are
learned only once, and ratings in the test set have never been
used in the training process. The Table 1 summarizes the best
settings obtained after the adjusting the parameters of the
LDA and PSO algorithms used in the TMPSO-CF model.
Notice that the parameter o is linearly decreased from 0.9 to
0.4 during the iterations.

TABLE I. CONFIGURATION PARAMETERS
Algorithm Parameter Value

Number of iterations 80

Number of particles 40

PSO Initial inertia weight (Wstart) 0.9

Final inertia weight (Weng) 0.4

C1 15

Cy 15

Number of topics 50

LDA o 0.5
B 0.02

Figure 2 illustrates the evolution of the RMSE through
the neighborhood size. It can be seen that the error decreased
with the increase of neighbour count for Item-CF approach.
However, for the other methods, the errors start with a
relatively high value and then they reach the lowest points at
k = 20. It is also observed that the values of RMSE almost
increase with the increase of the neighborhood size in the
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range of 20-100. Furthermore, all values of TMPSO-CF,
PSO-CF, Context-CF and LDA-CF are lower than traditional
item-CF. Consequently, models that consider latent interests
and/or explicit context perform better than the item based
collaborative filtering algorithm.

125 1
Item-CF
12 ] e Context-CF
d e [ DA-CF
— PSO-CF
115 ] ———TMPSO-CF
1.1

RMSE

o8 \//

09 +—r—m-—m—/—mr———r—r————

Neighborhood size

Fig. 2. RMSE with different neighborhood size

Figure 3 outlines the evolution of Precision through the
neighborhood size. The results indicate that the proposed
method performs best. Moreover, under different
neighborhood size, our model mimics PSO-CF, and both
perform significantly better compared with the remaining
methods. For Item-CF, the Precision follows an increasing
trend in the beginning, and it remains stable when the size of
the neighborhood is greater than 40. This means that the
number of the relevant items increases when more similar
items are considered.

0,7

Item-CF
= (Context-CF
= [ DA-CF
— DSO-CF

0,65 == TMPSO-CF
£
£ 0,6 1
=]
&
=™
0,55
O=5 ....,....|....|....|....,....,....,....,....',

Neighborhood size

Fig. 3. Precision with different neighborhood size

Figure 4 illustrates the evolution of Recall through the
neighborhood size. It is clear that the increase of the
neighborhood size decreases the Recall of our model, PSO-
CF and Context-CF when K = 20 ; and decreases the Recall
of LDA-CF when K = 40. The probable reason is the
importance of considering the most similar items for these
models. To sum up, the experiments also verify that the
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proposed method enhance prediction performance. This is
beneficial to find the proper tradeoff between efficiency and

performance.
0,6
Item-CF
e Context-CF
= .DA-CF
05 | = pso-cF

= TMPSO-CF
O=4 _/_/_/_——
0,3 _/_/-_

Recall

0.1 +—rr—rrrr——rr—r—
Neighborhood size

Fig. 4. RECALL with different neighborhood size

V1. CONCLUSION AND FUTURE WORK

This study, proposes a context aware collaborative

filtering method to address the sparsity problem and improve
the prediction in movie recommender systems. It combines
Latent Dirichlet Allocation (LDA) and Particles Swarm
Optimisation (PSO) to suggest films that are not only
popular in the community, but also ones that are similar in
content and context. Experiments on Movielens data set,
show that the proposed model achieves significantly better
recommendation quality than the baseline collaborative
filtering methods. In a future work, we intend incorporating
additional contextual information to extend the proposed
model.
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Abstract -The purpose of this article is not to compare
the execution of a program (written in C language)
executed under a general microprocessor and its execution
under FPGA in sequential then in parallel. Because it is
evident that the FPGA which will win this duel especially
in parallel execution. Our aim is to beat a specialized
microprocessor such as DSPs which are designed for signal
processing by an implementation under FPGA.

This article revolves around DSPs, their definition and
their optimization tactics, and we have taken as an
example the DSP C6000 from the giant Texas Instrument
[1].

We chose an FIR filtering algorithm to implement it under
DSP. We have proposed an optimization strategy on this
DSP to make the most of the reliability of the C6000 DSPs.
Then the same algorithm will be carried out and
materialized under FPGA in sequential and then in
parallel. The results and discussions will come at the end of
this article.

I. INTRODUCTION

The most famous processing applied to a signal is filtering.
And the more the signals that we are going to process are of an
analog nature we need to make assemblies using analog
components (resistor, capacitor, coil, etc.) [2]

Analog components are always susceptible and sensitive to
temperature, mechanical vibrations, variation in supply voltage
and the tolerance of the values of each component.

Each time we are going to have a change in the characteristics
of the filter to modify or adjust the transfer function of an
analog filter, we are obliged to change the electronic card or
some elements of this card because its components are less
configurable and more than not reconfigurable.

To fight against this? we have to digitize the analog signal then
apply digital filters

Digital filters are invented to make flexible modifications or
adjustments [3]; because these are algorithms implemented on
a processor dedicated to digital signal processing such as DSPs
or reconfiguration and programmable platforms such as CPLD
and FPGA circuits (figure 1)
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Fig. 1 : Digitization cycle and signal filtering

A. Analog signal digitization

1) Position of the problem: We talk about signal
processing when we talk about: Speech processing, video
processing or image processing.

2) Need for a specialized pP s: We need micro-processors
that can run around 25 MOPS.

TABLE |
PROCESSING CAPACITY FOR ONE pP AT MEDIUM POWER (25 MOPS)

Frequency of Period between uP of 25 MOPS
sampling two samples
speech 8 KHZ 125 ps 1250 operations
Audio 44 KHZ 22.7 ps 227 operations
Video 5 KHZ 200 ns 2 operations

The table above (Table 1) gives the approximate number of
operations achievable between two samples for a uP of 25
MOPS. As can be seen, the applications that can be
implemented may be relatively more complex for signals in the
speech band, while the processing of a video signal in real
time seems out of reach for such pP [4]. This explains the
major efforts made by manufacturers to market architectures
capable of supporting multimedia applications.

3) Need for a specialized pP (DSP): DSPs are able to
work in real time, do not require an operating system to
supervise, small in size, architecture adapted for digital signal
processing, RISC coding and low power consumption [5].
With the key to digital signal processing algorithms which is
the sum of products (SOP).
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Is a DSP equipped with a unit that calculates the sum of the

products (MAC) more than enough to work comfortably in 3) Classes of digital filters: In the literature of digital
real time? filters [2], we find the following two classes:
* Classes of -FIR- filters (with finite impulse response).
So, what are the modifications introduced on the architectural * Classes of -IIR- filters (infinite impulse response).
axis of uP to move towards real-time processing? In what follows we will study only the class of FIR filters.
 From Von-Neumann architecture to HARVARD 4) FIR Filter: The FIR filter is a FEED FORWARD
architecture. system, its output is given by the following equation
« From single-bus architecture to multi-bus architecture. (digital convolution).

» From single DATA space to multi-bank DATA space

with the use of cache memories. e
- From non-pipelined execution to pipelined execution. ~ ¥(n) = Z b(k)x(n — k)
»  From the execution of a single instruction per cycle to k=0

the execution of a packet of instructions (parallelism).

&, Filter operation ¥(0) = 3 bx(0 — k) = b(0)x(0) + BH(~1) + b(2)x(~2)
1) Temporal filtering: We let the signal pass in ; k=0
moments if necessary. @)

Causal x(t)=0 if t<0

y(1) = Z b(k)x(1 — k) = b(0)x(1 — 0) + b(Dx(1 — 1) + b(2)x(1 - 2)
k=0
= b(0)x(0)= 5(0)x(1) + B(1)x(0)

:
!
a

“4)
e Either the filter FIR b={-1, 0, 1}.
I—\I' NL% «  Implementation
Time.
Fig. 2 : temporal filtering u(l)> L] > L] —l
y(t)= x(t).zk: rect(t—t, ) :
We observe that the temporal filtering is a simple
multiplication with rectangles of level "1"
2) Frequency filtering: Frequencies are passed
through as needed We note that after each calculation of z(i) by the SOP formula,
Pl - the memory elements in Z-1 form a buffer with a shift of the
i ) samples by x(i).
e Frequency So the filter behavior is as follows:
1 ——‘ «  Loading of the 1st buffer element by x(i).
+  Calculation of z(i) by the SOP.
vl rreaseney - Buffer is shifting by one position.
— So, really in C/C++ we will program the behavior of the filter
Frequency b.
Fig.3 : frequency filtering Code in C/C++
// load the 1lst buffer element by x (i)
buffer = x[1i];
On frequency is a simple multiplication, so on time is a // calculation of the output of the filter by the
convolution S
z(1) = 0;
for (k=0;k<3; k++) {
3 4= * .
Y(f)=X(f)><H(f) : z (1) buffer[k]*b[k];
Y(f )= X(f )X H(f ) // shift the buffer by one position
for (k=2;k>0;k--) {
UTE? ) buffer[k] = buffer[k-1];
}

y(t)=x(t)*h(t)= [ x()h(t—7)dz
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C. IMPLEMENTATION OF THE ALGORITHM UNDER DSP C6X
(C6000 CPU):

1) Presentation of DSP C6x (C6000 CPU):To effectively
implement the behavior of the FIR filter, it is necessary to
work with a specialized processor such as DSPs. In this
article, we will use the DSPs of Texas Instrument (TI)
class C6x. This class has the following general view:

CA2ICA4ICHTx denica

Frogram Cacheqragram memory
3Z-bitaddress

255-bt data
CA2MCBNCETK CPU
Power Program Teich
down Insinaction ceepatch [See NotE) Conird
PR TEQisiens
Data path & Cata path &
| DAA, EMF Conuel
| Fegsierfiea | | regimediien || ledie
-+« Test
Ernegam -
1] s1] ] D1 D2] M2] s2] L2 on
PHEMUpLE  —w

|

Additionsl
Dats cache/data memorny ) I?an. M
301 ackiess :-&fjmmﬂs.
G-, 16-, 32-bit dastar (54-oit dtar, CB4x ol "

Fig. 5 : Architecture of DSPs RI C6X

C6x DSP (C6000 CPU) has [5] :

» A CPU of two REG FILE A & B banks, 8 units (4 per
bank).

e 2 cache memories (DATA CACHE & CODE
CACHE).

A DMA (Direct Memory Access).

*  An EMIF (External Memory Interface).

* Aset of peripherals (Timers, Serial ports, etc.)

PROGRAM CACHE
MEMORY CONTROLLER

4 Giga byte
Memory

Space

MEMORY CONTROLLER
DATA CACHE

Fig. 6 : programmable unities of DSP C6X

Our CPU (Fig. 6) is a 32-bit extended to 40-bit processor
based on :
LOAD/STORE technology [7] (RISC type instruction set)
« There are no direct operations between the internal
registers and the addressable memory space).

« A memory space of 4 Giga byte addressable in byte.

« 16 32-bit registers for bank A and 16 32-bit registers
for bank B.

e 4 units per bank (Load, Memory, Store and Data),
therefore a total of 8 units.

+ Byte-addressable DATA cache memory.

* Addressable PROGRAM cache memory in 32 bytes.

+ Two accesses can be made at the same time to the
DATA space.

+ Load and Store units perform 32/40 bit operations.

*  Memory and Data units perform 32-bit operations
only.

*  The destination of units L1, S1, M1 and D1 is always
a register of REG FILE A.

» The destination of the L2, S2, M2 and D2 units is
always a register of REG FILE B.

» The source of the L, S and M units can be from the
same REG FILE or a mixture between the two REG
FILE (use of the crossed path).

» The source of unit D is always from the same REG
FILE.

« The only unit that generates addresses to the DATA
space is unit D either through the direct or cross path.

The C6000 CPU uses a pipeline of 11 stages corresponding to
the three phases FETCH (4 stages), DECODE (2 stages) and
EXECUTE (5 stages). [6]

Fixed-Point Pipeline Stages

I I T T I T |
¢—— Fetch ———p Decode —p¢——— Execute —— ¥

| | | | | ] | ]
The goal is not the study of DSP, but we will exploit it to
implement our FIR filter in order to compare with a hardware
solution on FPGA circuits.

In this section, we will present how to optimally
implement the FIR filter on the Texas Instrument C6x
DSP.

2) Implementation on the C6x DSP: In this section, we will
present how to optimally implement the FIR filter on the Texas
Instrument C6x DSP

. The first step: make the C/C++ of the algorithm to
implement.

N = 20; // nombre de coefs dans le filtre

S = 0;

for (i=0;i<N;i++) {

S = S + TABL[i]*TAB2[i];
}

The SOP formula is a simple Dot.Prod of two arrays as coded

in C/C++

. The second step: make a detailed organization
diagram.
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CNT € 40

. Third step: translate the flowchart into linear assembler
(LOOP BODY ONLY)

«  Seventh step: allocation of registers on the light of the
scheduling table.

PTR1, T1 - A4, A6 (.D1)
PTR2, T2 - B4, B6 (.D2)
P > A5 (.Mlx)

S 2 A0 (.L1)

CNT = BO (.L2)

LOOP =2 (.S2)

« Eighth step: translates the scheduling table with register
allocation to the real C6000 assembler (LOOP BODY

LOOP : LDH *PTR1++, T1
LDH *PTR2++, T2
MPY T1, T2, P
ADD P, S, S
SUB CNT, 1, CNT
[CNT] B LOOP

ONLY)
LOOP: LDH.D1 *Ad++, A6
|| LDH.D2 *B4++, B6 (1)
SUB.L2 BO, 1, BO (1)
[BO] B.S2 LOOP (1)
NOP 2 (2)
MPY.M1X B6, A6, A5(1l)
NOP 1 (1)

ADD.L1 A5, A0, A0 (1)

. Fourth step: make the dependency graph (DEPENDENCY
GRAPH)

Dependence number 1 PTR2

PRI LDH LDH

Dependence number 2

1
SUB

~1 7

‘ 2 independent path5|

Fig. 8 : dependency graph of the instructions
«  Fifth step: calculate the number of cycles per branch:
1st branch =5 + 2 +1 = 8 cycles
2nd branch =1 + 6 =7 cycles
« Sixth step: select the longest branch and align the
independent paths to end at the same cycle by the
instruction (SCHEDULING TABLE).

Cycle D1 D2 M1 M2 LEil
LQH [LDH
1

6 | | v | [ | [ |

Fig. 9 : SCHEDULING TABLE

« Ninth step: calculate the number of cycles to execute the
code.

Number of cycles=(1+1+1+2+1+1+1)xN cycles

If N = 40 then 8x40 = 320 cycles. (N is the number of samples

to process.)

There are other optimization methods on the DSP C6000 that
give a fairly significant gain on the execution speed axis, such
as the software pipelining method. Also, Loop Unrolling,
Word wide (VLIW), Software pipelining

Software pipelining presents the most efficient method to
optimize a code of a loop. And this method is based on the
combination between the complementary methods and the
maximization of the use of the calculation units per cycle or
more (stage).

D. Materialization of the program
Under FPGA (low density) > sequential approach
Under high density FPGA > Parallel approach

1) Sequential approach:

Entitée

Input (signal)

o -

T T

ReSet Clock
Fig. 10: general view of FIR filter circuit
Input x[i]
Pointer (k)

B constants > ROM
Accumulator S
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The proposed circuit to materialize the FIR filter in its global

view is composed of:

* Input x[i] of size 16 bits containing the digitized value of
the signal to be processed

*  Clock: to synchronize circuit operations

*  Reset to return to the initial circuit state

*  The 32-bit size signal values after processing by the

circuit.
Point le— Ep.
Input OILeR = Rst Coeff.
Tlﬁ 3 { 32
/ /
0 : / / 0
1 1
+
2 . %
¥ 6 16
3 , L)t 3
4 / v / 4
) }
* | 32 3
A
6 | 6
7 M 7
B 32
Buff 32 ROM
Es—» Sum Rstl

Every 10 Tops of
clock for one sample

r 32
Eo —» Output
32

Fig. 11: detailed FIR circuit

The proposed circuit is detailed as follows:

e Input x[i]: contains the elements resulting from the
digitization of the signal with a size of 16 bits

* Buff: Buffer (BRAM) of size (16*8) to store the signal
elements

* A ROM of size (16*8) containing the filter coefficients in
this case they are constant

* A Pointer (k) which points both to the buffer and to the ROM
* An accumulator S to store the result of the production of each
element by the coefficient and which automatically calculates
(accumulates) the sum of the products when it is full (8
multiplications) (Es=1)

* The result is routed to the circuit output and the control
signal RST1 is reset to 0 to process other signal elements
Finite state machine (FSM):

Rst
@ G @CMP@CMP@

IDLE o o o [e] o o
INIT 1 o 1 [e] 1 o
CMPT o 1 o 1 o] o
Test o o o o o o
Done o o o o (o] 1

2) Parallel approach:

0 1 2 3 4 5 6 7

Coef.0 \Coef.l lcqef_z Coef.3 Coef.4 lCoef.S Coef.6 lCoef.‘,' \

Inone (1) top
clock per sample

Fig. 12: FIR circuit detailed in Parallel

According to figure 12, the implementation of the FIR filter in
parallel (in a case of 8 elements)

Shows a shift buffer where each element is pointed by a
coefficient to do the multiplication the result and added “two
by two” by an adder at the first level for the four multiplication
results then the second level of two elements, the final result is
routed to circuit output.

Noted, that at each clock top, an element is loaded into the
buffer and when the buffer is full (full buffer=1) the
calculation of the result is done by a single clock top.

E. RESULTS AND DISCUSSION

TABLE 2
RESULTS
. Gain
Implementation Number of cycles (Real optimization)

Real code (sequential) 640 640/640 = 1
Optimized 320 640/320 =2
Software pipelining 47 640/47 = 13.6
FPGA sequential 320 640/320=2
FPGA parallel 40 640/40 =16

TABLE 3
DEVICE UTILIZATION SUMMARY (ESTIMATED VALUES) FOR SEQUENTIAL
IMPLEMENTATION FPGA

Logic Utilization Used Available Utilization
Number of Slice Registers 209 54576 0%
Number of Slice LUTs 103 27288 0%
Number of fully used LUT-FF pairs | 39 273 14%
Number of bonded IOBs 50 218 22%
Number of BUFG/BUFGCTRLs 1 16 6%
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TABLE 4 REFERENCES
DEVICE UTILIZATION SUMMARY (ESTIMATED VALUES) FOR PARALLEL

IMPLEMENTATION EPGA [1] 1.  https:/;www.ti.com/lit/ds/symlink/omap-

N - T T 1132.pdf?ts=1648333673253. 2022.

L Utilizat Used Availabl Utilizat .

ogic LUiization s¢ vafable Hization [2] 2. Frénéa, M., Notes de cours (version2) Antenne de Bretagne,
Number of Slice Registers 66 54576 0% E.C.A.d. Bretagne, Editor 2013.
Number of Slice LUTs 35 27288 0% [3] 3. GARNIER, H., Conception de filtres numériques, 2016.
Number of fully used LUT-FF pairs 13 33 1% [4] 4. ) Rlcardo, P., et al., Scalable Sensor Data Processor: Testing and

Validation. 2016.

Number of bonded IOBs 50 218 22% [5] Seminar Report On The C6000 Family: Architecture, Pipelining and
Number of BUFG/BUFGCTRLs 1 16 6% General Trends 2006 — 2007

[6] 5. Instrument, T., SPRS762E -AUGUST 2011-REVISED
. JANUARY 2017. 2017.
* We note from what has been presented in table 2 that the [7]1 6. http:/Awww.ti.com/sc/docs/dsps/support.htm. 2021.

execution of the FIR algorithm under DSP 6000 gives a
satisfactory result, especially after optimization and its
specialized instruction set (the MPY) also its super-scalar
architecture.

* Under FPGA, although there is a great improvement in
parallel design, we note that the consumption of the
components in sequential seems high contrary to what was
planned (sequential consumes less) this influences the choice
of the FPGA type (low or high density).

F. HORIZONS:

* We intend to improve this study by relying the most on
optimization on the DSP side (other optimization techniques
such as: Unrolling loop, Word wide, Software pipeline) and
improve the design and implementation on FPGA solutions in
parallel order to reduce the number of electronic components
and promote its use on low density FPGAs

G. Annexes
[ s |

iE Cursor 1 |4

Annex 1: screen cut, execution of SOP algorithm on

with  number of coefficients equal to 8

sequential
[ tesaom |
; Jebjck 1
Rbjrst lo

E Cursor 1 0ns _

Annex 2: screen cut, execution of SOP algorithm on sequential
with number of coefficients equal to 8

Chadli Bendjedid El-Tarf University - EL TARF - Algeria

Page 133



The 1*" International Conference on Autonomous Systems and their Applications (ICASA'22)

Integrating Reinforcement Learning with Analytic
Hierarchy Process for Autonomous Service Web
Composition

Sofiane AOUAG
LASTIC laboratory, Department of
Computer Science, University of Batna
2, Pole Fesdis 05110 RN, 05110 Fesdis
Batna, Algeria

sofiane.aouag@gmail.com

Selma ZEGGADA
LASTIC laboratory, Department of
Computer Science, University of Batna
2, Pole Fesdis 05110 RN, 05110 Fesdis
Batna, Algeria
s.zeggada@univ-batna2.dz

Abstract— The service composition process is a highly
complex task that presents several problems, mostly associated
with continuous development of candidate web services. A
large number of existing web services have different Quality of
Service (QoS) and often change over time to improve their
efficiency. An effective composition must satisfy user
requirements. QoS aware service composition has become an
important research area to find a near-optimal composition in
dynamic environments. To address the aforementioned issues,
several existing service composition approaches based on
artificial intelligence techniques have emerged, especially in
machine learning and deep learning. Various approaches
based on reinforcement learning (RL) have substantially
contributed to the advancement of the paradigm of service
composition process. In this paper, we propose a new
autonomous service composition approach based on Multi-
Objective Model Decision Process (MOMDP) combining with
analytic hierarchy process (AHP) to solve the large-scale
adaptive service composition with multiple criteria in
uncertain environments.

Keywords— Service Composition, QoS, Reinforcement
Learning, Markov Decision Process, Multi-Objective, Analytic
Hierarchy Process

I. INTRODUCTION

The composition of services implies the ability to select,
coordinate, interact, and interoperate existing services. In
service computing, the goal of combining multiple services
through service composition is to meet complicated user
requirements [1]. With the increased development of Web
services, many Web services emerge and have the same
functional attributes [2]. The research topic led to
reinforcement learning (RL). RL is a kind of Machine
Learning algorithm in the Artificial Intelligence domain. It
uses the observed reward to learn an optimal policy (or
approximate optimal policy), to maximise the cumulative
reward [3]. RL is a type of trial-and-error learning that has
been applied to adaptive service composition scenarios in
order to identify the best behaviour approach without prior
training samples [4]. In the context of service composition,
on the one hand, the environment is constantly changing and
some QoS may continuously evolve. On the other hand,
there exist increasingly complex composition flows and
a huge number of candidate services [1].

To deal with a dynamic environment, many research
works introduced RL into the process of service composition
and proved that it can optimize the service composition
solution and adapt it to the dynamic environment. [5].

The purpose of a multi-objective decision is to select
a preferable solution from a collection of choices while
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taking into consideration numerous criteria, such as price,
quality, appearance, etc.[6]. These criteria can be
contradictory (we can hardly maximize the quality and
minimize the price at the same time) [7]. To solve this
problem, we propose an adaptive service composition based
on reinforcement learning which is modeled by a Markov
Decision Process (MDP).

Based on many previous studies, several approaches
focused on selecting best services among many web services.
In this context, multicriteria decision-making (MCDM)
techniques are introduced, [8] described how analytic
hierarchy process improves (AHP) its efficiency. It is only
used during the selection stage, and it can be employed to
express the complexity of user preferences and requirements.
However, we have found no work using AHP in the whole
process of service composition, although many research
works have been conducted to satisfy these search strings.

The AHP method's principles are described as follows:

(D) Hierarchical structuring in (classes - criteria - weight). (II)
Structuring of priorities (under criteria - ranks), (II) Logical
consistency and (IV) Semi-quantitative method [5]. The
Expert Choice software developed in the US by F. Saaty
(1985) is the applied software of the method [8]. In our work,
we use the AHP method at selection step to choose a set of
appropriate services based on the comparison of the different
characteristics, two by two, through its weighting, from the
construction of a square matrix [8]. The main goal of using
AHP is to reduce the search space, striving for efficient
computation. In this work, we propose a multi-level
approach to service composition that combines RL and AHP
to accelerate web service discovery, selection, and
composition.

We propose an approach called MOMDP (Multi-
objective Model Decision Process) for selecting an optimal
service composition among all possible permutations without
knowing the users’ preferences in advance. In this paper, we
are attempting to enhance the proposed technique for an
adaptive composition in an uncertain environment.

The remainder of this work is structured as follows: the
next section outlines the background of some recent
approaches. In Section 3 we present the problem formulation
in detail. Section 4 is dedicated to present the proposed
approach. A discussion of the approach in section 5. Finally,
the paper is concluded in Section 6.
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II. RELATED WORKS

In the literature, a large number of adaptive service
composition approaches have been proposed. QoS-aware
Web service composition has been widely studied in the
areas of Service-Oriented Architecture (SOA) and Service-
Oriented Computing (SOC) [9]. Authors in [10] and [11]
used Markov Decision Process (MDP) to model service
compositions. [2] Presented a mechanism self-adaptivity to
enable a service composition to adapt to its environment
autonomously by utilizing Reinforcement Learning in
dynamic environments.

A typical technology is used by [9] for planning and
Optimization that proposed a novel multi-objective approach
to handle QoS-aware Web service composition. The
proposed approach uses conflicting objectives and various
restrictions on quality matrices. Reinforcement learning is
employed to deal with the uncertainty characteristic inherent
in open and decentralized environments. Gao et al. [3]
presented a fast learning method, which is an uncertainty
planning method, it is used to compose web services.
Invocations of web services are viewed as uncertain actions,
while service quality is viewed as partially observable
variables.

The main contribution of the work of [6] is to propose the
first approach in the literature able to provide a web services
composition that explicitly takes into account the users’
expectations and preferences on the QoS. Agent technology
has gained increasing popularity in service oriented
architecture (SOA); A learning model of the service-oriented
MAS for the service composition problem is shown in the
paper of [12]. It adopts the principle of reinforcement
learning and is based on the Markov game and Q-learning. In
the same context, [13] suggested a multi-agent Q-learning
algorithm, in which each agent would benefit from the
advice of other agents in the team.

In recent years, extensive research efforts have been
spent on the development and the optimization of service
compositions, Wang et al.[14] combined RL with skyline
computing where the latter is used to reduce the search space
and computational complexity. Authors in [15] defines a
complete calculation method for QoS (Quality of Service) of
composite services, and uses as a measure of the quality of
composite services, by combining Skyline with Ant Colony
Algorithm (ACO). Liu et al. [5] proposed an adaptive service
composition based on deep reinforcement learning, where
recurrent neural network (RNN) is utilized for predicting the
objective function.

The work of authors in [8] provides an in-depth
investigation of the AHP-based Web Service selection
methods presented in the literature (2020). The authors prove
that the AHP is another open area that can be focused on in
the future. In general, RL is an effective method to solve
adaptive service composition. However, this method will
become inefficient when facing a large number of candidate
services. Our proposed architecture stands out from previous
work, by using in the first hand the AHP method to minimize
the set of services candidates belonging to the Pareto optimal
set and then using Q-learning to find optimal or near optimal
service composition.
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[II. PROBLEM FORMULATION

In general, Markov Decision Process (MDP) represents
the environment in Reinforcement Learning (RL). In this
section, we describe the theoretical model based on the
process of dynamic service composition. Our proposition
uses Markov Decision Process (MDP) to define elements for
controlling uncertain events. An MDP is a framework that
involves creating mathematical formulas and models for
sequential decision-making [3] In fact, the process of
composition must satisfy user preferences. In our case, QoS-
aware service composition is a multi-objective optimization
problem. Thus, the Multi-objective Markov Decisional
Process (MOMDP) will be the model of our composition
approach. We first define the key concepts of the model.

A. Definition 1 (Web Service)

A web service WS is modeled in [14] as a 6-tuple W S =
<ID, In, Out, Pr, E, QoS >, where

e [D: is the identifier of the web service.
e [n:isthe input of Web service.
e QOut: is the output of Web service.

e  Pr: is the precondition state that guarantees
the successful invocation of the Web service

e  E: is the effect to the environment after invoking
and running the Web service

. QoS: is an n-tuple < Cy, C», . .. ,C , >, where each
C; denotes a QoS attribute (e.x., Cost, Price,
Reliability, Availability, and Response Time) of a
WS.

More precisely, we will start by describing the formalism
of multi-objective MDP. Therefore, MOMDP is an extension
of MDP [13], where decision-making depends on several
criteria. These criteria are introduced to the decision process
through the reward function, which implies repercussions on
the rest of the formalism [11].

B. Definition 2 (Multi-Objective Markov Decision Process
(MOMDP)).

Define An MOMDP is defined where an action aj from a
set of actions 4 ={a;, a>, . .., an} acts on a number of
criteria modeled as a vector criteria Z= {z;, z, . . ., zy}.
There are (C > 1) objectives that the agent wants to achieve,
and then it gains the following reward vector from the
environment when it moves to the next state [13]. It is
therefore appropriate to modify the definition of MDP in
order to include the consideration of these criteria, thus, a
multi-criterion MDP is defined as:

. a set of states S,
. a set of actions 4,
. " r r
e afunction of transition p(s, @, 5 ), s, S€ S, a € 4,

e afunction of reward r(s) = {ri(s), r2(s), ..., ri(s), .
., rn(s)} where each ri(s) represents the reward
obtained in state s for criteria i (in the same way as

in single-criteria MDPs).
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In the multi-objective case, the reward function returns a
vector. More formally,

'v1(s) 'r1(s)
v(s) = v2(s) r2(s) +
.L“J‘I.{S] .*m.'iS]
pl(s")
max, Esrp{s,&s'] * 1:255’] M
am(s")

Where each vi, i€ 1 ... n are the values of the different
criteria. In the general case, the direct application of the max
operator is impossible. The same action does not maximize
all the criteria. We are looking here to get a satisfactory
policy and not all policies.

C. Definition 3 (MOMDP-Based Web Service Composition
(MOMDPWSC)).

An MOMDP-WSC [9] is defined as a 6-tuple: MOMDP —
WSC =<S, so, S;, A, P, R >, where

e Sis a finite set of world states.

e Sy € S is the initial state that every service
composition starts from this state.

e S, is a set of terminal states, and the service
composition terminates.

e A(s) is a set of Web services ws that can be invoked
in state s € S, and the precondition must be satisfied by
s

e P is a probability that a Web service ws€ A(s) is
invoked and a transition is occurs from its current state
s to a resulting state s’, where the output of ws is
satisfied; the probability of transition denoted as:
P(s"|s,ws).

e R is a reward function when a Web service
ws € A(s) is invoked, and the service consumer
receives an immediate reward » = R (s'[s,ws).

The selection of web service ws is established with multiple
QoS criteria, then the agent receives the following reward
vector:

O(s,ws,s"\=[O1(s,ws,s "), Qa(s, ws,s"), )
,Oum(s,ws, s")]
Where each Q; denotes a QoS attribute of ws.

A MOMDP involves multiple actions and paths for an
agent to choose [16]. The solution to an MOMDP-WSC is a
decision policy m. A policy is a function or a decision-
making process that allows transitions from one state to
another [5], which is defined in the process of composition
as a service selection ws € A by agent i in each state s.
These policies are actually mappings from states to actions,
defined as follow:

m:S— A 3)
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IV. PRPOSED APPROACH

After modeling the services’ composition environment
as a MOMDP-WSC, we are interested in finding a solution
for our model. The fully automated composition takes care
of the whole composition process and performs it
automatically [17], with that, no user intervention is
required. Knowing that the composition is a relatively
complex process, it goes through several steps. Therefore,
any solution proposed for the service composition process
must follow the life cycle and the sequence of steps of a
composition.

To respond to the requirements above, our proposal is
the development of a Service Oriented Architecture (SOA)
solution to effectively process the composition of services.
Figure 1. Describes the architecture of the proposed
approach based on SOA.

Request Specification of the functional

requirements + QoS

|
A 4

p
< Workflow > ]

Abstract composition model

................................................................

< Discoverer >
Finding corresponding service
Clustering similar services

|

A ——
e _a \\L
ot S N TR
Services |/ # 8 )\ (g2 \ ... (& &)
Clusters \\ '. ../ \ Q’. / \\ aS)
P e o B DR SO E e S Op Sy P T
< Selector >
reducing search space

Selecting candidate services

Selection
based LI o ol

on AHP |I T :

<Composition engine>
Based on Q-leaming

Choose optimal policy with
best reward

<Execution engine>
Executing and monitoring
the composite service

“ffective compositio
}F!I.cnlnc cC mpo.sm( D oy
satisfying user requirements

Figure 1: Architecture of the proposed approach based on SOA

A. Integrating reinforcement learning and AHP to solve the
model

Based on many previous studies, we propose an approach
for multi-objective service composition in dynamic uncertain
environments. We combine Q-learning with AHP in order to
find an optimal composition. The sequence of our proposed
architecture is structured as follows:
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1) Workflow: After the specification of the functional
requirements and QoS criteria, workflow is defined as an
abstract model, in order to define the nature of the elements
that will be used in the composition.

2) The Discoverer: The role of the discoverer is to
find the corresponding web services for each of the
participating tasks. i.e. the concrete web services which
correspond to the different tasks are localized. All the
services found for each task will be organized in a Service
Cluster (SC). It contains similar web services witch
performing the same single task, and though they may differ
in their quality attributes.

3) The Selector: A Web service has more than one QoS
attributes and the range of various attributes are not the
same, which makes them not directly comparable [6].
Therefore, there is a need for a decision process to choose
the most suitable web service among a set of candidates.
The main issue of the selector is the comparisons of the
several candidate services by evaluating multiple criteria
and speeding up the convergence rate of the algorithm [10].

In general, most of the proposed methods in the
literature do not reduce the number of candidate services
selected in the step of discovery; which makes the process
of learning take more time, therefore, for this reason, we
propose to use AHP method to limit a large number of
candidate services and to reduce the search space. The
selector aims at applying the analytic hierarchy process
(AHP) on the service cluster (SC) appropriate to solve
multicriteria decision problems, based on the prioritization
of criteria for comprising several solutions satisfying a set of
criteria [12]. Figure 2 shows the step of the hierarchical
structuring in AHP method.

Choose a service
Goal from Service Cluster
[
Criteria |
Alterntrves WS1L WS2 WS3 WS4 Wsn

Figure 2: Hierarchical structuring process of AHP method

Once the hierarchy is built, the selector systematically
evaluates its different elements by comparing them to each
other [8].

4) Composition Engine: After finding the candidate
services for all the tasks and linking each task to its chosen
web service, the concrete composite service is created. Our
model of composition is based on Q-learning which is a
technique of RL. It does not require any initial model of the
environment. Q is the function that measures the quality of
an action performed in a given state of the system [14]. In
what follows, we present an algorithm of the composition
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engine based on Q-learning in order to calculate the optimal
policy. The Q-learning algorithm is an effective RL method.
In this paper, we rely on the original work [14], [5] that
utilizes Q-learning to solve service composition problems.
So, the user satisfaction can be used to describe the reward.
QoS is generally used for modeling user satisfaction. The
algorithm uses the e-greedy strategy to choose an action for
getting a reward [17]

Algorithm: Reinforcement Learning for Autonomous
Service Composition with multiple objective

1:Initialization

2: Vs, Va is initialized arbitrarily

3: Repeat

4: For each episode ep do

5: Initialize state s

6: repeat

7: for each step of episode ep do

8: Select a service from service cluster (sc)

9: choose a € A(s) based on e-greedy policy

10: execute service a , observe reward r and state s'
11: Q(s, a)«— Q(s, a)*+ af r+y max a'Q(s', a")—Q(s,a)]
12: s s’

13: end for

14: until state s reach one terminal state

15: end for

16: until convergence condition is satisfied, algorithm
converges

5) Execution engine: During the run step, the execution
engine creates an instance of the process by running the
composite service. At this stage, we can define a model for
handling exceptions that defines how the exceptional
situations that produce the execution of a composite service
can be handled, without leading to the termination of the
composite service

V. RESULTS AND DISCUSSIONS

As defined in section 4, the architecture of the hybrid
proposed approach is based on SOA. At first, an AHP
method is introduced in the selection stage to facilitate the
efficiency of the composition algorithm and reduce the
search space. The main objective of adopting the pre-
selection paradigm refers to the large existing number of
services. In May 2021, programmableweb.com’ declared
over 24.207 APIs in more than 60 fields. AHP improves its
efficiency in many recent studies cited in section 2. The core
of our framework is the composition engine; it is based on
one of the RL algorithms.

The present service composition test employs test data
created automatically by the AnyLogic? tool for simulation
and testing. So we have applied our algorithm written in
Python to compare the different configurations according to
the obtained results. This experiment is carried out to verify
and evaluate the efficacy of our algorithm.
So, we've evaluated the models generated against different

! https://www.programmableweb.com/category
2 hitps://www.anylogic.com/ (Janury 2022)
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objective criteria. At each iteration, the AVG time taken to
locate randomly selected elements from randomly generated
models.

The order preparation of products stored in different
depots requires optimizing management of stock. The main
target is to optimize delivery date with minimizing costs.
This problem is described by stating four objectives:

e Optimized transport fee: this is dependent on how
product is dispatching in different depots.

o Minimizing waiting time: an example can be given as
follow: if Depot N°1 has 20 pallets of required
products, 10 of which are reserved to be delivered July
05", Knowing that new supply would arrive on July
1%, a new reservation is made for June 28™. We can
confirm the reservation and guarantee that the July 05
reservation will take place on the newly delivered
pallets.

o Optimize the pallet selection based on trailer size:
type of pallet, for example, Stackable pallets feature
bottom support and may be stacked on top of another
loaded pallet to provide stability during storage and
transit. The charging time is variable.

e Optimize the reservation in accordance with stock
motion planned and possible cancellation of
reservation.

Result with fixation of delivery date

e AVG (transport
fee)

—— AVG [time
Transport)

AVG (number
of stock motion )

~—8— AVG (time
Wainting)

Result with optimized delivery date

16
14
12 2 —— AVG (stock
10 foadingtime}
2 7 —@-AVG(time
4 Wainting)
é = 6 AVG (number
Y % 5 " of stock motion )
¢ : s ¢
P P S ——— AVG (time
S o » o Transport)
& & ° o

Resultwithout optimized multi-objective

15
13 ——AVG [stock
loading time)
7 —8AVG(time
Wainting)
AVG (number
of stock motion )
e AVG (time
Transport)
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Result with optimized multi-objective

—— AVG {stock
loading time)

~i- AVG (time
Wainting)

AVG (number
of stock motion )

—— AVG {timwe
Transport)

Figure 3: Primary results obtained by application of different parameters

A. Result Analysis

At each iteration, we determined the maximum value
acquired from the created model's substantial cost. Besides
the fact that our method runs automatically, it is
nevertheless adaptable based on the preconditions that may
be specified.

When we add max (delivery date) = X as parameter, the
results are affected by any canceled reservation. For
example, if a reservation for July 1% is canceled, this may
result in the cancellation of stock movements, which further
optimizes transport costs by canceling scheduled stock
movements. It should be noted that our simulation does not
address the issue of manufacturing demand; however, we
will address this in the future as we enhance our system. The
application of our algorithm shows clearly the optimization
of the results obtained compared to those given by the
simulator (max value is greater than our calculated max time
value) by optimizing stock movements in order to reduce
the cost of transport. As defined in section 4, the
architecture of the hybrid proposed approach is based on
SOA. Q-learning has much better usage of web services in
all cases in terms of obtaining the optimal solution.

CONCLUSION

We consider our work as an intelligent web assistant; we
have described new autonomous systems for service
composition based on Multi-Objective Model Decision
Process (MOMDP) combining with Analytic Hierarchy
Process (AHP) to solve the large-scale adaptive service
composition  with  multiple criteria in  uncertain
environments. A WSC-MDP model is designed for the
proposed framework, which can also deal with a
dynamically changing environment. In the literature, most
of the works do not use the reduction of the research space.
We propose an SOA architecture from the discovery of the
service to the effective composition which is not sufficiently
studied; they focused on one stage of the process, especially
the selection stage. We actually try to improve the efficiency
of the proposed method in next regular paper. One of the
important directions that we plan to further explore in
future research is the use of multi-agent technology to
integrate with AHP and deep RL-learning.
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Abstract—This paper proposes an intelligent control of
efficient single stage bridgeless single ended primary inductor
converter (SEPIC) to achieve an high power indices while
powering brushless direct current (BLDC) motor. The pro-
posed AC/DC PFC converter can generate unity power factor
(PF) and low voltage stress across the switching device. The
overall system is composed of two stages: (1) AC/DC SEPIC
PFC system, which is regulated by a cascaded voltage current
loop controllers. For voltage loop, it represents either PI or
fuzzy logic controller. For current loop is designed by non-
linear constant band hysteresis control; (2) a DC/AC voltage
source inverter derived BLDC motor. The performances of
the proposed application are tested and verified based on
power quality indicators. The effectiveness of the controllers
are evaluated via SIMULINK/MATLAB environment. The
obtained results demonstrate that the present control achieve
unity power factor. In addition, it has a significant enhance-
ment of both DC link voltage and BLDC motor’s speed

performance.

Index Terms—Bridgeless SEPIC, BLDC motor, Fuzzy logic
control, hysteresis current control, PI control, Power factor

correction.

Amar BOUAFASSA

Department of Electrical, Electronic
and Automation engineering
National Polytechnic School

Constantine, Algeria

amar.bouafassa@gmail.com

I. INTRODUCTION

Nowadays, a permanent synchronous brushless DC mo-
tor becomes a fundamental device in numerous applications
including marine defense [1], robotics [2], pumping systems
[3] and demotic appliances. Compared to asynchronous mo-
tors, a BLDC motor has a couple of preferable advantages
including high efficiency and reliability, long life, fast rate
of voltage and current, noiseless [4] and easy to control [5].

Control design of BLDC motor usually uses three com-
mon regulation loos, first loop is for PWM or hysteresis
current controller [6], [7], second is for speed regulation
such as PID and fuzzy logic. A traditional PID can provide
an accepted performance but it always suffers at large exter-
nal disturbances and parameter variations, which the results
will be erroneous. Fuzzy control offers an ameliorated
speed performance but the robustness is still not touched
the requirement range. As solutions of these drawbacks a
nonlinear robust controllers have been designed to ensure
robustness and smoothness of the speed performance. The
third control loop is for electronic commutator device that
is used to fill up the gap generated by separated mechanical
commutators, three hall sensors or optical encoders are used

in this loop control.
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Recently, BLDC motors often work with a cascaded
PFC converter and VSI system, this PFC converters play
a key role in eliminating power loss, improving DC link
voltage quality and increasing power quality signals such as
power factor, efficiency and total harmonic distortion values
(THD) to meet the international electronic commission
standards (IEC 61000-3-2) [8].

Generally, the connected full bridge rectifier in front
of PFC converter creates many problems in power quality
indices as high conduction loss and heat dissipation, espe-
cially at low voltage. Hence, the total efficiency decreases.
Due to this, diode rectifier becomes unnecessary large
and expansive circuitry [9]. To address these drawbacks,
a bridgeless PFC converter was suggested and proposed
rather than conventional bridge PFC converters [10]. In the
process of improving the dynamic performance of AC/DC
PFC converters, various bridge/bridgeless topologies were
studied in literature. PFC boost converter is one of the most
known AC/DC device because of it’s simplicity and low
cost. However, it has a couple of restrictions, such as low
efficiency, high voltage stress across the switching device,
low efficiency and high inrush current [11]. To avoid the
aforementioned drawbacks, a novel bridgeless topologies
are designed as bridgeless boost [12] and SEPIC [13]. They
provide numerous convenient for AC/DC applications be-
cause they successfully reduce THD and restrict the inrush
current at starting operations, but it is costly due to the extra
passive components. In [9] a modified bridgeless SEPIC
were designed and proposed to overcome the previous
disadvantages, this PFC device has a high power factor
and low stress voltage across the main MOSFET switch.
However, it was designed to work in continuous conduction
mode. Hence, the control circuit will be complicated to
achieve an effective power quality. The authors in [14]
propose an efficient bridgeless SEPIC PFC converter; this
one has high efficiency with simple control circuit because
it is designed to operate in DCM.

Moreover, it is befitting to low cost converter for high

voltage systems [15].

The basic purpose of this article is to use a intelligent
cascaded based voltage/current loops to control the pro-
posed efficient bridgeless SEPIC [15] derived BLDC motor
in order to improve power factor, DC link voltage as well
as speed performance. For voltage loop, PI or fuzzy logic
controller are developed to predict the reference current of
PFC converter, and a fixed band nonlinear hysteresis con-
troller is designed for current loop to find the appropriate
control law.

The remaining parts of this article are arranged as follow.
The system description is presented in section 2. In section
3 a control design of the proposed application is discussed.
The results/discussion and conclusion are given in section

4 and 5 respectively.

II. THE PROPOSED SYSTEM’S OVERVIEW

The overall system consists of two main blocks, the first
one presents efficient bridgeless SEPIC PFC device with
its controller and second refers to BLDC motor with its

electronic commutator device as illustrated in Fig 1.

L2
Vae Bridgeless  Vdc
SEPIC PFC
L
i i ] 4
ha | S :52
H Fuiz\r Iu-gi: §
i+ + Hysteresis +-
| controllers [**":

Fig. 1: Overall description of proposed system

A. Proposed SEPIC power factor corrector

The suggested PFC rectifier contains of two power
MOSFET switching devices that are activated using the
same trigger signal as shown in Fig 2. When MOSFET
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switches are OFF the capacitor C; charges while switches

ON the capacitor C1 discharges energy to the load.

Vs

Fig. 2: Efficient bridgeless SEPIC PFC converter

1) Mode analysis : The proposed PFC converter has

three main operation stages as described in Fig 3. In order
to simplify the analysis L; = Ly + L. In order to achieve
high power factor, the inductor current L; should operates

in DCM. Hence, Inductor L; will be in phase with source

voltage.
Mode 01 [tg,t1]: During this time, both sl and S2 are

activated at the same time as illustrated in Fig 3a. The

current 47 rises with rating of ‘2—1 while the output

inductor current ¢y decreases with rating of —VC%ZV“ as

described in (1) and (2):

. . Vin

ip1(t) = ifpw(t) + f(t —tp) (D
1

—Ve —Vel
Lo

Such that i, refers to freewheeling current.

Vi

ira(t) = igu(t) - (t —to) @

Subtracting (1) and (2) gives expression of switch current

isl(t) : (C)
. Vi Ve —Va oA -
is1(t) = (=2 + =) (t —to) (3) Fig. 3: Operation stages of SEPIC converter
Ly Lo
Mode 02 [t;,72]: In this mode, both S1 and S2 are
disactivated and diode D3 is activated as depicted in Fig the output inductor current iz(t) rises with value of

3b. The voltage across main switch S1 is clamped to Vo %(f — 1) as:
and input current iz, drops by V&L_lvd (t—ty) from its initial V4
value as: ira(t) =ir2(t) + L(; (t—1t1) )

Veo — Ve
1

ir1(t) =ip1(t) — (t—t1) (4)  During this mode, §; is a ratio of sub-interval t1,ts to
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switching time 7's and it can be expressed as:
2VinD

0 =—-
YTV = Vi

(6)
Where: Vj, = 2V — V;y,

Mode 03 [¢2, t3]: During this mode as shown in Fig 3c, D3
and D4 are disactivated.at t3 the current 77,1 and iy arrive
at iy, . this stage keeps unchanged over T until the start

of new one.

B. BLDC motor drive

Generally, VSIs are utilized as motor drivers. Switching
logic signals are generated through the electronic commuta-
tor and values are logically based on rotor position. The hall
sensor provides a logic signals called hall-effect signals,
these signals are converted into six pulses in order to control
the IGBTs of VSI [16]. Table 1 describes all the states of

these signals in details.

TABLE I: BLDC motor control

. Hall sensor switching logic
POSION |y o [ m3 | s1 | s2| s3] s4lss | se
0-60 T Jo |1 [t o o1 oo
60-120 |0 |0 |1 |[1 o o [0 |0 |1
12080 [0 |1 |1 o [o |1 |o [0 |1
180240 [0 |1 o o [1 |1 o [0 |o
240300 |1 |1 o o |1 o [o |1 |o
300360 |1 |0 |0 o o |o [1 |1 ]o

III. CONTROL DESIGN DESCRIPTION

In this work, a voltage/current loops regulation is applied
to control the proposed bridgeless PFC converter. PI or
fuzzy logic are used for estimating intermediate voltage
as shown in Fig 4 while hysteresis controller is utilized as
current loop,forcing the output voltage to track the reference

voltage.

A. Fuzzy logic controller

Recently, FLCs have become popular solution to control
a complicated systems due to its simplicity and no require-

ments of mathematical information. FLC was inspired from

Vie

 Plor Fuzzy

Vet ,
controller

Vin

Fig. 4: illustrative schema of Controller paradigm

human thinking in the basis of linguistic variables which
are near to human language, these variables are operated
via rules that determine a specified knowledge of system’s
behavior. In this work, FLC has been designed to maintain

output voltage constant around the desired value.

The control schema is shown in Fig 5. A 25 rules are
used to reach the optimal performance of DCM bridgeless
SEPIC PFC device, as illustrated in Fig 6 and Table 2. Fig
7 illustrates the 3D mesh plot of I/O interaction.

v

dt

Fig. 5: FLC control schema [17]
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0.5
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Fig. 6: I/O membership functions

Fig. 7: 3D mesh of the proposed FLC

B. Hysteresis current controller

Hysteresis current control is one of known nonlinear
techniques due to its simplicity and robustness. This method
forces the current of PFC converter to be within a specific
band as illustrated in Fig 8.

. AV
lref —1= — —s=1
2 %
) . Aj
zref—z:—7—>s:o

Fig. 8: illustrative schema of HCC

TABLE II: Fuzzy rules

change of error
error

NB | NS | ZE | PS | PB
NB NB | NB | NS | NS | ZE
NS NB | NB | NS | ZE | PS
ZE NB | NS | ZE | PS | PB

PS NS | ZE | PS | PS | PB
PB ZE | PS | PS | PB | PB

IV. RESULTS AND DISCUSSION

The proposed application as shown in Fig 1 is developed
and implemented in MATLAB/SIMULINK environment.
Response of DCM brigdeless PFC SEPIC powered BLDC
motor is tested by (PI or fuzzy)+ hysteresis controllers.
All parameter specifications of bridgeless PFC SEPIC is
given in Appendix A.

A. Performance of bridgeless SEPIC PFC powered BLDC

motor

Figures 9a, 9b, 9c, 9d depicts respectively the wave-
forms; input current/voltage I;,, Vi, inductor current Iy,
power factor and output voltage Vpc for the proposed
efficient bridgeless SEPIC PFC converter when it drives
Brushless permanent synchronous motor. As depicted in
Fig. 9a, inductor current I, is in phase with supply
voltage V;,, which results a unity power factor, this power
factor is bounded between 0.9959 as minimum value and
0.9974 as maximum power factor (Fig. 9¢). The inductor
current I7o has 2.5(A) as peak value and operates under
DCM mode which also helps the system to reach high
power factor as presented in Fig. 9b. Intending to enhance
output voltage of proposed PFC modified bridgeless SEPIC
converter, an intelligent control based fuzzy logic is sug-
gested. As illustrated in Fig. 9d, fuzzy logic controller has
been successfully improved the DC-link voltage when it is
compared with conventional PI controller. The settling time
is enhanced to 0.04 (s) when it was 0.6(s). Moreover, the

overshoot is also attenuated from 34% to 10%.
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Fig. 9: Performance of Proposed PFC SEPIC feded BLDC motor

B. BLDC motor performance

As it can be observed, Fuzzy logic controller has been

successfully improved the dynamic response of BLDC

motor (speed, torque, current).

1 =
0.8 —]
0.6 .
0.4

0.2
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time(s)

Fig. 10: Switching signals of VSI
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Fig. 11: Stator current (A)

Based on switching gates control (Fig. 10), the speed of

BLDC motor ameliorated. FLC has ability of eliminating

speed overshoot (0%) and speeding up the transient re-

sponse (settling time equals to 0.05 s).
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Fig. 12: Speed performance of BLDC motor (rpm)
50 factor and high DC-link voltage without any power loss or
o - —— | voltage stress across the MOSFET device. The proposed
system was implemented in MATLAB/SIMULINK tools.
20 1 the DC-link voltage of PFC SEPIC was improved under in-
- | telligent control and power factor was almost unity (0.995).
In addition, the results show the improvement of speed,
e i 1 stator current and electromagnetic torque of BLDC motor.
%o 05 1 1.5 2 APPENDIX A

time (s)

Fig. 13: Electromagnetic torque (N.m)

Furthermore, the proposed controller improved both the
stator current (Fig. 11) which reduced peak value to 28
(A), and electromagnetic torque (Fig. 13) with peak value
of 38 (N.m).

V. CONCLUSION

This work presented design and simulation of efficient
bridgeless PFC SEPIC converter feded BLDC motor. The
studied system was controlled via cascaded current/voltage
controller, hysteresis regulation was designed for current
loop and fuzzy logic controller was developed for voltage
loop. this control schema was applied in order to ameliorate
the dynamic response of BLDC motor. Moreover, DCM
bridgeless PFC SEPIC was proposed to provide unity power

SYSTEM’S PARAMETER OF SEPIC CONVERTER

Output voltage Vpc = 400v, input voltage V;, =
220vrms, input inductance L., = 1.5mH and input

capacitance C 2 = 0.047uF.

APPENDIX B
CONTROL DESIGN

PI controller: K; = 28, K, = 0.1
Fuzzy controller: K, = 0.1, Kao. =1 and K,, = 8.2
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Abstract—Wireless sensor networks (WSN) are nowadays an active
area of research. One of the main reasons of this activity is their
military applications. Indeed, armies can place sensor nodes in order to
control war zones, monitor borders, supervise battlefields and achieve
many other duties with the least amount of casualties. A long-lasting
WSN uses sensors that are equipped with an energy harvesting system.
Furthermore, in most cases and typically for military applications,
sensor nodes are susceptible to breakdowns due to the harsh
environment in which they operate. In this paper, we propose a
Generalized Stochastic Petri Nets (GSPN) that considers the energy
harvesting (EH) capability and that takes into account sensor
breakdowns. Our model proves to be able to simulate the actual
behavior of the WSNs and hence can estimate the parameter values to
ensure the longevity of service.

Index Terms—Wireless sensor network, Military application
domain, GSPN modeling, energy harvesting, breakdowns,
performance evaluation.

I. INTRODUCTION

A Wireless Sensor Network (WSN) is a large set of small devices
named sensor nodes (SNs) that can communicate wirelessly. SNs can
detect events pertaining to several phenomenons such as temperature,
humidity, pressure, speed, acceleration, etc. They send report packets
on these events to a base station (sink) for further or real-time
processing. WSNs are used in various applications, such as
agriculture, ambient monitoring, health, construction industry, smart
cities, military applications, and many others [1]-[4]. WSNs have
become an excellent tool for military applications involving intrusion
detection, perimeter monitoring, information gathering and smart
logistics support in unknown and far-reaching areas [5].

An SN is composed of several units to accomplish its functionality
such as the sensing unit, the processing unit, the transceiver, and the
energy unit. This last unit is equipped with a battery that can store
only a little amount of energy. Hence, the lifetime of SNs is strongly
depended on the battery charge.

Among the solutions that enable to extend the SNs lifetime, we
can equip them with harvesters to get energy

M’Hamed Bougara University of Boumerdés
Independence Avenue, 35000, Boumerdes, Algeria
boumen7@gmail.com

from their environment (sun, wind, heat, pressure, and others)
and convert it to electrical energy. This technique is called
energy-harvesting [6], [7] and wireless networks equipped with
such SNs are called energy harvesting wireless sensor networks
(EH-WSN) [8]-[10].

Usually, when an SN detects an event, it creates a report
message and sends it to a neighbor of next-hop to reach the sink.
So, a neighbor of next-hop can be considered as a service station.
However, in actual life, the service station may fail and requires
to be repaired. This breakdown phenomena [11] can be
encountered in several areas such as computer networks, sensor
network (our case), flexible manufacturing systems and many
others. There are two types of breakdowns: Active breakdowns
and Idle breakdowns. The first one means that the breakdown
occurs when the server is functional. Whereas, the idle
breakdown occurs when the server (a neighbor in our case) is
idle. Let us define two values of probability: pactive and pidle (for
active and idle breakdowns respectively). If pactive = pidle > 0
this discipline is called independent breakdowns and if pactive > 0

and pidle > 0 (generally pactive 6= pidle ) the strategy is called
dependent breakdowns (see Fig. 1).

Therefore, the independent breakdown discipline is a special case
of the dependent breakdowns approach. In this later, the failure
probability depends on the server state. Hence, the values pactive and

pidle could be equal or not [12].

Modeling approaches allow to evaluate the performances of this
kind of networks before an actual construction. GSPN formalism is
used to model the retrial phenomenon in [13]. In [14], [15], the
authors tackle other circumstances such as the sleeping mechanism
and the message losses [15] by considering the sensor-neighbors
relationship. A GSPN model with unreliable orbit is introduced by
P.Wuchner et al. [16] to evaluate the performance of WSNs. The
Authors also consider the sleeping mechanism and present an
analysis that shows the influence of the sleep/awake ratio on the
response
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Breakdowns
idle ¢ Dependent
Breakdowns Breakdowns
Probability= pidie (pactivezpidie)

Fig. 1: Breakdown disciplines.

time. In [17], the authors propose a modeling of energy harvesting
and energy consumption in an SN. They propose to represent sensor
battery by quantum levels and show with experimental analysis the
influence of energy harvesting on the mean response time and the
mean battery charge. Authors in [18] use GSPN to model the case of
clustered networks with two leaders by cluster. In [19]the authors
proposed modeling by Colored Generalized Stochastic Petri Nets to
show the effect of different packet types on the system performances.
In [20], OUKAS and BOULIF proposed a Petri net model for a
double sleeping strategy considering the lack of power at night. All
these approaches do not consider the possibility of breakdowns
which are very likely to occur in military applications.

Given this need, we propose in this paper a GSPN modeling
that considers failures and repairs of neighbors and SNs with
energy harvesting capability. In addition to these considerations,
our modeling takes into account retrial attempts and sleeping
mechanism techniques to address energy conservation. We
represent the energy in the SN battery using the quantization
approach [17].

The rest of this paper is organized as follows: In section 2, we
present some military domain applications. In the next section,
we give a short description of the GSPN formalism. In section 4,
we construct a GSPN model for EH-WSN. In the next section, we
show and discuss some performance evaluation results. Finally,
we draw our conclusion as well as some directions for future
works.

II. DEFENCE APPLICATIONS OF WSNSs

The sensor types and their capabilities determine and constrain the
application of WSNs [4], [21]. Implementing WSNs in military
applications has triggered various studies. Sensor networks can be
used in several areas such as intrusion detection, enemy tracking,
target classification, battlefield surveillance (see Fig. 2), battlefield
damage assessment, target system, detection of nuclear, biological
and chemical attacks, transient signal localization, helicopter
detection, sea mine detection and many others [21], [22].

A hybrid, large-scale wireless sensor network for missile
defense that consists of terrestrial and satellite nodes is
introduced in [24]. They argue that a ballistic missile defense
system should be capable of providing a layered defense against
multiple ballistic threats of all ranges and in all phases of flight
[24], [25]. The proposed network has been considered as a
system-of-systems (see Fig. 3) with the objective of real-time
tracking of multiple ballistic missile threats. The terrestrial nodes
will be both mobile and fixed resources and platforms, such as
land-based stations, warships, fixed-wing aircraft, and unmanned
air vehicles. The satellite sensor platforms will be Geostationary
Earth Orbit (GEO) and Low Earth Orbit (LEO) satellites,
carrying search and track IR sensors, respectively [24].

III. GSPN PRESENTATION

Generalized Stochastic Petri Nets are a powerful tool for
modeling and evaluating the performance of discrete,
stochastic and concurrent systems [26].

A GSPN is a graphical and mathematical formalism composed of
places, tokens, transitions, and arcs. Places (represented by circles)
may contain marks (or tokens, represented by big dots or by their
number). A transition represents a discrete event. There are two types
of transitions: Timed transitions and Immediate transitions. The
firing of a transition that belongs to the first type needs a time delay.
Arcs link places and transitions. The firing of a transition consumes a
number of tokens equal to the weights of the input arcs (an input arc
links a place to a transition) and produces a number of tokens to the
associated output place equal to the weight of their output arcs. An
inhibitor arc with a weight equals to w forbids the firing of a
transition if the number of tokens in the input place is less than w.
Fig.4 represents the graphical building blocks of GSPN modeling.

In general, places can represent resources, the number of marks in
a place being the number of copies of this resource. Transitions can
represent actions. The firing of a transition corresponds to the
realization of the associated action.

Furthermore, each timed transition is associated with a delay
parameter that represents the waiting time before the firing can
occur. According to their behavior, timed transitions have two
semantics: single server (the simple case) and infinite server. Single
server semantic models the natural understanding of a restricted
resource that can only perform one action at a time (the firing delay
parameter is divided by the number of tokens in its input place). The
infinite server stands for an arbitrary number of resources, from
which one is activated for every token individually [26].

After the construction of a Petri net, two kinds of analysis can
be conducted on it. Qualitative analysis that covers, among
others, liveness, boundedness, strong connectivity, ergodicity.
Quantitative analysis is achieved after the qualitative analysis and
consists of calculating the performance parameters after solving
the network in the stationary state. After deriving the reachability
marking graph, the solution of the network in the equilibrium
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Fig. 2: A military surveillance scenario [23]
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Fig. 4: GSPN graphical building blocks.

state provides the vector of stationary probability denoted .
We present basic performance laws in GSPN modeling
[26], [27]:
e The mean number of marks in a place P :
P= ) M(P)m (0

M eM
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e The probability of an event A denoted prob(A):

prob(A) = Y m. (2)

i AMEM

where Mj satisfies A.
e The mean debit of a transition T with rate A
denoted

X = Aprob(|P| > 0) (3)

where |P| is the number of tokens in the output place P of
the transition T.
e The mean sojourn time in a place P denoted
wait(P):
2imen Mi(P).mi
A
where P is the output place of the timed
transition 7 and / its mean debit.

wait(P) = 4
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Fig. 5: Petri net Modeling for EH-WSNs with unreliable sensors

IV. PETRINET MODELING FOR EH-WSNS WITH
UNRELIABLE SENSORS

Fig.5 represents our proposed GSPN that describes how does a
given node interact with its neighbors. Table I recapitulates the
description of all places. When an incident is detected by a sensor, it
creates a message and attempts to send it to a next-hop neighbor.
Alternatively, if it receives a message from another sensor, it takes
care to forward it to a neighbor that is closer to the sink. If there is no
idle next-hop neighbor (no token in the place Neighbors), the
message joins the orbit (this action is triggered by the firing of the
reject transition) for further call attempts. If there is at least one idle
neighbor, the transition Send start fires and the message enters the
transmission process. The sending process reach its end when the
transition Send fires.

TABLE I: Places description

Place signification initial
marking

Incidents source of a messages N

Attempt message sending attempt

Orbit message waits for an idle next hop 0

Neighbors idle next hop neighbors s

Msgs messages in sending process 0

SN down neighbors requiring a repair 0

Battery energy quantum number in the SN C

Standby The SN is sleeping 0

On the other hand, SN are susceptible to breakdowns. The
firing of the transition Be down represents a crash of a

next-hop neighbor. The place SN down contains the crashed
neighbors. After a repair operation, a down neighbor becomes
operational and joins the place Neighbors when the firing of the
transition Repair occurs. The proposed model is generic and
hence it can be customized for military applications by
considering the high probability of SNs destruction. Particularly
on battlefield, it is known that collocated sensors can be
simultaneously destroyed by a single hit (see Destroy transition).
For all the timed transitions, The inter-firings times are supposed
to be exponentially distributed. Table II lists them with a short
description. Table III describes immediate transitions.

In our model, a sensor can switch between two states: Active and
Standby. In order to save energy and enhance the battery charge,
each sensor stays in the standby sate until the battery charge becomes
greater than a given threshold t.

Regarding the energy considerations, the presence of a
rechargeable battery is represented by the place Battery that
initially contains C quantum of energy. The number of quantum
increases when the transition Harvesting fires and it decreases
when the sensor is activated (See Working transition). We
suppose that a quantum is the amount of energy required by the
sending of one message.

V. PERFORMANCE EVALUATION AND DISCUSSION

To analyze our GSPN model, we use the TimeNet tool [26],
[28]. The simulation inputs rate values are presented in Table II
and we use for the remaining inputs the values:
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TABLE II: Timed transitions description

Transition Signification Firing rate Value

Arrival Arrival of a message tarrive 0.01

Send Success-full sending to a t send 20
next hop

Be down A next-hop neighbor t down 0.001
breakdown

Destroy Destroy a neighbor t dest 0.0001

Recall Retrial of a message t recall 15

Repair Repair of a next-hop t repair 0.01
neighbor

Harvesting Energy recovery t harvesting 10

W orking Working energy consump- t working 0.01
tion

Go sleep The main sensor joins the t sleep 0.01
sleeping state

Be awake Activation of the main t awake 0.001
sensor

TABLE III: Immediate transitions description

Immediate transition  Signification Priority

Send start start sending to a next-hop neighbor 2

Reject message joins the orbit 1

(N; s; C; t)=(10; 3; 20; 5). These values have been chosen to
prove the ability of our model to evaluate the EH-WSNs.

TimeNet helps us to derive the reachability graph of the
system and obtain the vector of stationary probabilities.

Fig. 6: Mean response time versus harvesting rate
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Fig. 6 represents the mean response time versus the
harvesting rate. It is clear from the figure that the mean
response time decreases when the harvesting rate increases.
The mean response time stabilizes near the value of 0:167
seconds.

Fig. 7 represents the mean response time versus the down rate. We
vary the breakdown rate to show its influence on the mean response
time. When we have a lot of breakdowns among the next-hop
neighbors, the mean response time increases because the sensor loses
a long time in the orbit.

Fig. 7: Mean response time versus failure rate
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Fig. 8: Mean Battery charge versus harvesting rate
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Harvesting rate

Fig. 8 shows the influence of the harvesting rate on the mean
battery charge. We notice that the mean battery charge increases
when the harvesting rate increases. These results are logical and
coincide with the reality. The mean battery charge stabilizes near
the value of 72 % when the harvesting rate value is greater than
0:1.

Fig. 9 shows the influence of the sleeping rate on the mean
battery charge. The mean battery charge enhances when the
sleeping rate enhances. The SN saves more energy when it is in
the sleeping state. The battery of the sensor becomes almost full
when the sleeping rate is greater than the value of 1 whatever be
the configurations.
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Fig. 9: Mean Battery charge versus sleeping rate [8]
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VI. CONCLUSION [15]

In this paper, we proposed a Petri net modeling for EH-WSNs
with the presence of unreliable sensors. We considered retrial
attempts, duty cycles for sensor operating in harsh condition to
mimic the actual behavior on battlefields. The analysis of the
numerical results by using several scenarios proves that our
model allows the network supervisors to adjust the input values
to have the suitable behavior of the network before its actual
deployment.

[16]

[17]

[18]

In our future work, we want to enhance our modeling by
adding awareness of existing protocols in WSNs and by
comparing the results to other simulation approaches.

[19]
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Multi-classification of thyroid nodules using Machine
learning and deep learning
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Abstract— Histology is considered an essential study in
the management of thyroid nodules which are solid or fluid-
filled masses that form in the thyroid gland. It is sometimes
a truly diagnostic tool for benign or malignant lesions,
sometimes a screening tool with a selection of nodules
justifying surgery. certain histopathology doctors, in
particular the new histopathology doctors, sometimes
encounter difficulties in diagnosing these thyroid nodules
because their pathological types are complex. This project
aims to automatically classify histological images of thyroid
nodules to help easily and quickly diagnose histopathology
or to help confirm the microscopic diagnosis. We have
compared two classification methods on a real basis to make
the choice of a good diagnostic aid classifier. The work
consisted of four steps, first the acquisition of images, then
a step of preprocessing of the acquired images, then a step
of feature extraction was carried out, finally, the
classification step was carried out with two approaches, the
Machine Learning approach (classification with Support
Vector Machine (SVM) and K-Nearest Neighbor Method
(KNN)) and Deep Learning approach (classification with a
simple Convolutional Neural Network (CNN) architecture).
The best classification results were obtained with the
Machine learning approach by SVM with an accuracy of
95%. Thus the deep CNN method does not bring any added
value compared to SVM but this conclusion may relate to
the size of the database. Therefore, we will continue these
comparisons with a large database.

Keywords—Histology, =~ Thyroid, feature extraction,
Classification, Machine learning, Deep learning, CNN.

I. INTRODUCTION

Thyroid nodules are solid or fluid-filled masses that form in
the thyroid gland, are common diseases presenting clinically and
their pathological types are complex. Thyroid nodules fall into
two categories, benign thyroid nodules, and malignant thyroid
nodules. Benign thyroid nodules are nodular goiter and thyroid
adenoma. As for malignant thyroid nodules, they are represented
in papillary carcinomas, follicular, medullary, and anaplastic
carcinomas of the thyroid .Thyroid cancer requires surgery,
whereas only follow-up is necessary in the case of benign
nodules, which is why the differential diagnosis of thyroid
nodules is essential. The gold standard for tumor diagnosis is the
pathological diagnosis of resected specimens. Currently, the vast

Kamila KHEMIS
Biomedical Engineering dept. Faculty of Technology
Univercity of Tlemecn, Algeria
Khemiskamilal3@gmail.com

majority of pathological tissue cuts are acquired by pathologists,
and long-term collections of samples are used for clinical
diagnosis. Nonetheless, manual differential identification of
thyroid tumor histological pictures remains difficult for three
major reasons: firstly, the ability to correctly diagnose samples
is highly dependent on the professional training and experience
of the pathologist, and such experience cannot be acquired
quickly; secondly, the task is time-consuming, expensive, and
boring; thirdly, it is difficult for the human eye to distinguish
subtle changes in the tissues; As a result, pathologists may
become fatigued, which might lead to an incorrect diagnosis.
Thus, determining the correct histological diagnosis of thyroid
nodules is difficult[1].

An algorithm is used to allocate test data to specified groups
in classification tasks. These algorithms have been increasingly
used in the field of medical imaging and have been applied to
the pathological diagnosis of different diseases, machine
learning algorithms (ML) and deep learning algorithms (DL)
were used[2].

In this study, to make an automatic diagnosis of thyroid
nodules in histological images we applied automatic learning
algorithms (Support Vector Machine SVM and K-nearest
neighboring KNN) and also deep learning algorithms
(Convolutional Neural Networks CNN, which is a class of deep
neural networks). This study aimed to reveal whether the
automatic and deep methods have the potential to improve
diagnostic efficiency and improve the amount of inter-observer
agreement in thyroid nodule categorization.

The remainder of this document is organized as follows:
Section 2 details related work; Section 3 details the dataset and
the method used; Section 4 presents the results and discusses the
obtained results; and Section 5 concludes the study.

Il. RELATED WORK

Several new and personalized deep learning models have
been proposed by researchers to classify histopathological
images of cancers of the following organs: bone (Song et al.,
2018)[3], blood (Achi et al., 2018)[4], brain ( Xu et al., 2015[5];
Yonekura et al., 2018[6]), Breast (Nejad et al., 2017[7]; Feng et
al., 2018[8]; Alom et al., 2019[9]), Colon (Ciompi et al.,
2017[10]; Wang et al., 2017a[11]; Xu and Zhang, 2018[12];
Korbar et al., 2017[13]), Lung (Hou et al., 2015[14]), Gastric
(Sharma et al., 2017[15]), Pancreas (Chang et al., 2017b)[16]
and Prostate (Otélora et al., 2018)[17].
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Transfer-learned deep learning models have also been
widely used to classify histopathological images of cancers of
the following organs: blood (Tambe et al., 2019)[18], brain (Xu
et al., 2015)[5], breast (Xie et al., 2019[19]; Bejnordi et al.,
2017[20]; Chang et al., 2017a[21]; Spanhol et al., 2017[22];
Gandomkar et al., 2018[23]), cervix (Wang et al., 2017b)[24]
and the colon (Ponzio et al., 2018)[25].

Few works have been reported in the literature on the
classification of thyroid histopathology images using artisanal
features and traditional machine learning techniques (Ozolek et
al., 2014 [26]; Huang et al., 2014 [27] ; Jothi and Rajam, 2016
[28], 2017 [29)).

Few works have been reported in the literature on the
classification of thyroid histopathology images with the
application of deep learning methods (Wang et al., 2019)[1] and
transfer learning methods (V. G. Buddhavarapu and A. A. J.
J,2020).[30]

I11. MATERIAL AND METHOD

To compare the effectiveness of the deep method to the
automatic methods, our work is divided into two axes: the
automated approach is treated on the first axis, while the deep
approach is treated on the second. In both cases, the images are
preprocessed and the test will be done without then with an
increase in the database. Regarding the automatic approach, we
tested the SVM machine vector support and the K-Nearest
Neighbors. We tested a simple CNN Architect for the deep
approach. The classification was applied after a feature
extraction step. Certain texture properties and fractal dimensions
were chosen as parameters. In the deep approach, this step does
not exist.

A. Image acquisition

We used an image dataset of 28 histological images of the
thyroid. The image dataset was acquired from patients who were
diagnosed with thyroid tumors. These images are acquired at the
histology laboratory of the Faculty of Medicine of the University
of Tlemcen using a microscope Olympus CX41 and a DP12
camera. Pathological slides were stained with hematoxylin and
eosin (H&E) for morphological evaluation. All images were
scanned at x40 magnifications. Each image was labeled with
one of 3 classes : 0: normal thyroid (NT), 1: follicular adenoma
(FA), 2: papillary thyroid carcinoma (PTC). Labeling was done
by a pathologist. 10 images were classified as normal thyroid,
10 images were classified as follicular adenoma and 8 images
were classified as papillary thyroid carcinoma (PTC).

B. Prepossessing

1) Contrast enhancement

Color images were employed in our work. We noticed that
these images are not of good quality this is due to either the poor
quality of the blade or the acquisition device (DP12). To
improve the quality of the images, we tested some filters
(median filter, Gaussian filter), but unfortunately, we didn’t get
satisfactory results (loss of information), so we opted for a
contrast enhancement. Fig 1 shows the result of such processing.

2

7 o”?:isvho "3‘;

P ¢ .Q L 0
S A PR TR
; *'ejv’ Wile 3}%
e et

e T
"0_&5'9,. \‘Gq

h'¥ s

(a) original image

(b) image improved

Fig. 1. Contrast enhancement

2) Data augmentation

deep learning methods need a large database in order to give
a better result, In order to slightly increase the number of images
in our database (only 28 images). In order to slightly increase
the number of images in our database, we used the process of
flipping and rotating images.

We augmented the data by flipping and rotating the images.
Each image fragment was flipped horizontally and rotated 0°,
90°, 180° and 270° Through this process of flipping and
rotating, we quadrupled the size of the data.

We obtained a total of 112 images: 40 TN images, 40 AF
images, and 32 CP images.

C. feature extraction

Feature extraction is a component of image processing that
often goes hand in hand with classification. Indeed, to establish
a classification rule (supervised or unsupervised), we generally
rely on a set of numerical criteria describing the object or
phenomenon observed. We have used textural features to
criticize these criteria.

In image processing, texture analysis involves calculating a
series of measurements to define a perceived texture on an
image. Texture analysis returns information about the spatial
arrangement of colors or intensities in all or part of this image
texture was measured using some approaches, including co-
occurrence matrix, fractals, Gabor filters, and wavelet transform
variations[31]. We chose the texture measurement by GLCM
and fractal dimension, taking into account what has been
reported by researchers in medical image analysis regardless of
the image acquisition mode and the investigative organ.

1) The Grey Level Co-Occurrence Matrix (GLCM)

The Grey Level Co-Occurrence Matrix (GLCM)[32]
technique is a second-order statistical approach for texture
extraction. GLCM is a matrix that represents the relative
frequencies of a pair of grayscale images at a certain distance (d)
and angle (o). The distance d varies from 1 to the size of the
image while o is in four directions, i.e., 0°, 45°, 90°, and 135°.
GLCM readings generated from various pairs of angles and
distances have a wide range of features. The selection of the
optimum angle is critical for extracting textual information from
images with strong directional qualities. Typically, the four
directions are chosen and the average of the four GLCMs'
properties is used[33].

According to Haralick, there are 14 textural characteristics
retrieved from the gray level co-occurrence matrix. Contrast,
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correlation, homogeneity, energy, and dissimilarity are the most
commonly employed. They are defined below[34].

Energy :
fl= Ziij(i:j)z 1)
Contrast :
f2= S (B B oG DI i —jl = n) )
Correlation :
_ ZiZj(i:j)p(irj)_Nxﬂy
f3 = MR )

Homogeneity :

f4= 58 g P ) (4)

Dissimilarity :
f5 =Xl —jl.pG.)) ©)

2) The fractal dimension

Fractal dimension is a crucial metric in fractal geometry that
has a wide range of applications, including image processing.
Image analysis is a high-level picture processing approach for
determining image attributes including texture, roughness,
softness, surface, and robustness[35]. The fractal dimension
may be calculated using a variety of methods. The box-counting
approach was adopted in this investigation because it is simple,
automated, and adaptable to models with or without self-
similarity[36]. Each image is covered by a series of descending-
size grids in this approach, and two values are recorded for each
grid: the number of squares intersected by the image, N(s), and
the lateral length of the squares, s. The regression slope D of the
line formed by plotting log(N(s)) concerning log(1/s) indicates
the degree of complexity, or fractal dimension, between 1 and 2
(1 <D < 2). Animage with a fractal dimension of 1, or 2, is
considered completely differentiable or very rough and
irregular, respectively. The linear regression equation used to
estimate the fractal dimension was[37] :

log(N(s)) = log(K) + D log (1/s) (6)
where K is a constant and N(s) is proportional to (1 /s)™?

D. Classification

Image classification, in particular the selection of
methodologies and strategies for utilizing the results of image
processing and pattern recognition, is a significant problem for
image analysis jobs. The results of the picture categorization are
then validated using classification methods[38]. The main
objective of the classification in our project is to say with high
accuracy if a given sample of the thyroid is healthy benignant or

malignant. We, therefore, have three groups and the multiclass
classification is the appropriate tool.

We were interested in two classification approaches the
machine learning approach with the Support Vector Machine
method and the K-nearest neighbors method and the deep
learning approach with the convolutional neural network.

1) Multiclass classification using Machine learning

a) Multiclass classification using Support
Machine (SVM)

In its simplest type, SVM does not support multi-class
classification natively. It supports binary classification and the
separation of data points into two classes. Datapoint separation
calculations depend on a kernel function. There are different
kernel functions: linear, polynomial, Gaussian, radial base
function (RBF), and sigmoid. In simple terms, these functions
determine the fluidity and efficiency of class separation, and
playing with their hyperparameters can lead to over-adjustment
or under-adjustment. For multi-class classification, the same
principle is used after breaking down the multi-class problem
into several binary classification problems.

Vector

The three most popular multi-class SVM methods: One Vs
Rest, One Vs One, and Directed Acyclic Graph Support Vector
Machine[39].

The One-to-One approach breaks down the multi-class
problem into several binary classification problems. A binary
classifier for each pair of classes.

Another approach that can be used is One-to-Rest. In this
approach, the distribution is defined on a binary classifier for
each class.

The Directed Acyclic Graph Support Vector Machine
approach is built by introducing one vs one classifier into the
nodes of a Directed Acyclic Graph (DAG) decision[39].

In our work we have 3 classes (normal thyroid, papillary
carcinoma, follicular adenoma), to classify them we have chosen
the one-to-rest approach, with the use of two different nucleus
functions: linear and RBF.

b) Multiclass classification using k-Nearest Neighbours
(KNN)

K-Nearest Neighbors (KNN) is a collection of approaches
for classification and regression. As a non-parametric learning
algorithm, the nearest K-neighbors are not limited to a set
number of parameters. However, their complexity will depend
on the size of the learning base.

The KNN algorithm can compete with the most accurate
models because it makes extremely accurate predictions.
Therefore, it can be used for applications that require high
precision but do not require the generation of human-readable
models, as KNN does not produce comprehensible models. The
K-nearest neighbors have been used in several fields and many
applications such as statistical estimation and pattern
recognition, prediction of economic events, estimation of the
capacity of a lithium-ion battery, distance measurement, text
categorization, and multi-label classification[40].

Chadli Bendjedid El-Tarf University - EL TARF - Algeria

Page 156



The 1st International Conference on Autonomous Systems and their Applications (ICASA"22)

the KNN algorithm will have a very important parameter
which is the 'k', 'k’ is a parameter that refers to the number of
nearest neighbors to include in the majority of the voting
process.

In our work we used the KNN to make a multi classification,
we chose the value of K=3.

2) Multiclass classification using Deep Learning

a) Multiclass classification using Convolutional Neural
Network (CNN)

Deep Learning, as a branch of Machine Learning, uses
algorithms to process data and mimic the thinking process in a
human. Image classification has seen a breakthrough in
performance, thanks to the rise of convolutive neural networks.
A CNN consists of an input layer, convolution layers, pooling
layers, fully connected layers, and an output layer. The input
layer of a CNN includes the input image. A convolution layer
consists of a set of filters. The filters are convoluted with the
input to produce a set of feature maps. This is why we do not
need to perform the traditional and separate phase of feature
extraction as with SVM or KNN.

In CNN this phase is performed automatically with filters.
Feature maps are passed to a non-linear activation function to
generate the activation maps. A pooling layer is used to reduce
the size of the activation cards. This reduces the number of
parameters that can be learned for the following layers. A fully
connected layer is a one-dimensional (1D) arrangement of
neurons where each neuron in a fully.

connected layer is connected to all other neurons in the
previous layer via a weight. The final output (classification)
layer of a CNN consists of a set of neurons using which the
model generates (predicts) the image class label. A typical CNN
may consist of several convolution layers and one pooling layer
followed by one or more fully connected layers[30].

In our work, we used a simple CNN architecture. Fig.2
presented the architecture used.

So our architecture is 10 layers. We entered our database of 3
classes with a fixed size of 64x64x3 (the first layer). We used 3
convolution layers with filters of 3x3 size and with different
numbers of filters (32, 64, 128 respectively, with RelLU
activation function). After each convolution layer, we put a
pooling layer (Max pooling) with filters of size 2x2. The
flattening layer is used after the last pooling layer, then a fully
connected layer is defined with 128 units (with the ReLU
activation function). In the end, a layer of 3 units is connected
(the 3 units represent the 3 classes) the activation function used
is softmax because we will have more than two classes.

‘4" MaxPooling 223 |y, —»| MaxPooling 252
Dense Layer 128 Cowvolution 128-
Units

Fig. 2. CNN architecture.
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E. Evaluation metrics

In this section, metrics to evaluate our method have been
introduced. In all our experiments, we have divided the dataset

4

as follows: First, we have tested the classification methods
mentioned above (SVM and KNN) with an 80% learning base
and a 20% test base. Second, we applied these classifiers with
an 85% learning base and a 15% test base. We evaluated the
classification performance of histological thyroid images
proposed in our dataset in terms of accuracy (ACC) (equation
(7)), precision (Pre) (equation (8)), recall equation (9)), F1 score
equation (10)). The definitions of evaluation metrics are as
follows :

ACC = TP+TN (7)
TP+TN+FP+FN
TP
Pre = TP+FP (8)
Recall = —2 9
TP+FN
Fl = 2.Pre.Recall (10)
Pre+Recall

In the above formulas, TP, TN, FP and FN are respectively
the numbers of true positives, true negatives, false positives and
false negatives.

For the CNN assessment, we calculated learning accuracy
and test accuracy.

IV. RESULTS AND DISCUSSION

In this section, the results of the classification will be
presented. These results were obtained after programming in the
Python programming language, the IDE used is PyCharm
version 2019.3.1.

As mentioned earlier, we used two learning methods in our
work, machine learning and deep learning.

The classification algorithms used in the machine learning
method are the Support Vector Machine (SVM) and the K-
Nearest Neighbors (KNN). For the SVM there are several
kernels, we used two types of the kernel, the RBF kernel, and
the linear kernel. For the KNN we set K to 3 (K=3).

To see if the number of images in the database (the total
number of images) and if the number of images used for training
compared to the number of images used for the test influenced
the classification results, we went through 4 experiments:
classification without augmentation of the database with 85%
image for learning and 15% image for the test, classification
with augmentation of the database with 85% image for training
and 15% image for the test, classification without augmentation
of the database with 80% image for training and 20% image for
the test, classification with augmentation of the database with
80% image for learning and 20% image for the test.

Table | presents the results of the classification of thyroid
histological images, using the SVM and KNN classifiers, with a
learning base of 85% and a test base of 15%, without base
augmentation and with augmentation. First, we used SVM and
KNN classifiers with a database of 28 images (the base before
augmentation), and we split this database into 85% images for
training (23 images) and 15% images for the test (5 images), we
got unsatisfactory results. Then, after augmentation of the
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database we got 112 images, we split this database to 85%
images for training (95 images) and 15% images for testing (17
images), we obtained satisfactory results with an accuracy of
94% for the SVM classifier (RBF), 94% for the SVM (linear)
classifier and 64% for the KNN classifier.

Table Il presents the results of the classification of thyroid
histological images, using the SVM and KNN classifiers, with a
learning base of 80% and a test base of 20%, without base
augmentation and with augmentation. we used SVM and KNN
classifiers with a database of 28 images (the base before
augmentation), and we split this database into 80% images for
training and 20% images for the test, we got unsatisfactory
results. Then, after augmentation of the database we got 112
images, we split this database into 80% images for training and
20% images for testing, we obtained satisfactory results with
95% accuracy for the SVM(RBF) classifier, 95% for the SVM
classifier (linear), and 65% for the KNN classifier.

We noticed that the size of the database influenced the
classification results as well as the number of images used for
training and testing. In this part, the classifier which gave us the
best result is the SVM with an accuracy of 95%. The database
used is 112 images, with a learning base of 80% and a test base
of 20%.

The classification algorithms used in the deep learning
method are the Convolutional Neural Network (CNN).
Although the size of our database is very small to make a
classification using CNN, despite that, we created a simple
architecture of CNN and we have obtained encouraging results.

CNN was tested on an augmented basis with 85% and 15%
for learning and testing respectively. We obtained a learning
accuracy of 93% and a test accuracy of 75%, a great difference
between the two exactitudes. This indicates that we have over-
learning, so our classifier can make mistakes, so our classifier is
not performing. The over-learning of our architecture may be
due to an imbalance between the number of images used for
learning that is very large compared to the number of images
used for the test.

To improve the results we have increased the number of
images used for the test and decreased the number of images
used for learning, we have tested CNN modal score on a learning
basis of 80% and a test base of 20%. We obtained a learning
accuracy of 87% and a test accuracy of 81% (Table I11).

According to our results (Table I1/Table I11), we can say that
the Deep Learning approach does not bring a capital gain
compared to SVM anyway with an advantage of SVM which
consists of the possibility of freely choosing the characterization
attributes of our images and a disadvantage of CNN which is the
obligation to have a large database. should be noted that the free
choice of pretreatment and extraction of characteristics is an
important added value because it is the part of the treatment that
translates as faithfully as possible (with the help of the
histopathologist recommendations), in the form of parameters,
the signature (biological/histological...) of images to be treated,
something that does not take place in the deep approach
(completely automated).

TABLE I. RESULTS OF CLASSIFICATION OF THYROID HISTOLOGICAL
IMAGES WITH A LEARNING BASE OF 85% AND A TEST BASE OF 15%, WITHOUT
AUGMENTATION IN THE BASE AND WITH AUGMENTATION.

without augmentation With augmentation
SVM(R | SVM(lin | KNN(K | SVM(R | SVM(lin | KNN(K
BF) ear) =3) BF) ear) =3)
ACC 0.60 0.60 0.60 0.94 0.94 0.64
F1 0.53 0.53 0.53 0.94 0.94 0.64
Rec 0.60 0.60 0.60 0.94 0.94 0.64
all
Pre 0.50 0.50 0.50 0.95 0.95 0.66
TABLE Il RESULTS OF CLASSIFICATION OF THYROID HISTOLOGICAL

IMAGES WITH A LEARNING BASE OF 80% AND A TEST BASE OF 20%, WITHOUT
AUGMENTATION IN THE BASE AND WITH AUGMENTATION.

without augmentation With augmentation
SVM(R | SVM(lin | KNN(K | SVM(R | SVM(lin | KNN(K

BF) ear) =3) BF) ear) =3)
ACC 0.66 0.66 0.66 0.95 0.95 0.65
F1 0.60 0.60 0.60 0.95 0.95 0.64
Rec 0.66 0.66 0.66 0.95 0.95 0.65
all
Pre 0.55 0.55 0.55 0.96 0.96 0.65

We can say that the strength of deep approaches emanates
from the great capacity of databases, thus reinforcing learning
and in cong, the adjustment of attributes (automatic), however,
guest the acquisition of a large database is often a true technical
obstacle how much even one tries to divert it with logical
methods such as the increase of the data (rotation, scaling...).

In the final we compared our classification results with those
of the literature, considering only research teams who have
worked on the same thyroid pathologies as us) (Table 1V).

We can conclude that our results are competitive with those
of literature which is for us satisfactory. So this work (proposed
tools SVM/CNN) responds to the medical problem posed and
remains open to future developments (more pathologies after
expansion of database).

TABLE IlI. RESULTS OF CLASSIFICATION OF THYROID HISTOLOGICAL

IMAGES BY CNN.

learning base of 85%
and a test base of

learning base of 80%
and a test base of

20%

15%

Accuracy training

87%

93%

Accuracy testing

81%

75%
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TABLE IV. COMPARISON BETWEEN OUR RESULTS AND THOSE OF [5]

Y. Xu et al., “Deep convolutional activation features
LITERATURE

for large scale brain tumor histopathology image classification
and segmentation,” in 2015 IEEE international conference on

Classification method Number of images Results acoustics, speech and signal processing (ICASSP), 2015, pp.
Closest Matching Rules 219 H&E stained 947-951.
(CMR) [28] thyroid histopathology Accuracy = 100% [6] A. Yonekura. H. Kawanaka. V. B. Prasath. B. J

images. . .
Aronow, and H. Takase, “Automatic disease stage

classification of glioblastoma multiforme histopathological

A combination of SVM-L + thyroid combinations = images using deep convolutional neural network,” Biomedical
SVM-Q + SVM-RBF + CMR histopathology images. 99.54% engineering letters, vol. 8, no. 3, pp. 321-327, 2018.

and SVM-L + SVM-Q + CMR [7] E. M. Nejad, L. S. Affendey, R. B. Latip, and I. Bin

multi-classifier system 219 H&E stained Accuracy of

classifiers [29]

DCNN deep convolutional 11,715 H&E stained Accuracy VGG-19 =

neural networks with VGG- thyroid histopathology 97.34%
19, ResNet-v2. [1] images.
Transfer Learning (VGGNet, 221 H&E stained
ResNet, InceptionNet and thyroid histopathology DenseNet

DenseNet) [30] images.
Classification SVM, KNN, 112 histological images SVM Accuracy =
CNN. of the thyroid. 95%

V. CONCLUSION

In this work, classification methods have been proposed to
identify histological images of thyroid nodules. In terms of data
pre-processing, a pre-processing module including contrast
enhancement and base augmentation with the rotation method
was applied to process the dataset. As a result, the accuracy of
the classification was improved due to the more rich and
balanced experimental data available. In terms of characteristic
extraction, the GLCM method and fractal dimension were used.
Finally, In terms of classification, we trained the SVM classifier
with two kernel types 'RBF' and 'linear', we also trained the KNN
classifier with K = 3. SVM gave better results compared with
KNN. And the in-depth learning model with CNN, the results
were lower than those of SVM.

Classification results (the best of them) were competitive
with those of littérature and may be improved with a bigger
database for all methods.
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Abstract— Allocating resources among a set of agents
having preferences among bundles of indivisibles resources is
known to be NP-complete problem. In this paper we are
interest to fair division that reduces inequality among agents.
For this purpose, we model the problem in CSP problem and
apply an algorithm to construct all complete sub-graphs
between bundles with respect to XOR operator. Among these
complete sub-graphs we apply a branch and bound taking into
account the compute of Gini index. We propose another
inequality index called MxMn index which allows us to prune
during the search of allocations.

Keywords—component, formatting, style, styling, insert (key
words)

L INTRODUCTION

Fair division is a mathematical theory based on an
idealization of a real problem of dividing equally goods or
resources among participants (agents).

The theory gives explicit criteria for different types of
fairness. Its purpose is to obtain algorithmic solution leading
to a fair share (fair division), or to demonstrate their
impossibility and study the properties of these shares, both in
theory and practice.

Several criteria can be selected to characterize a fair
division: The most fundamental criterion is the Pareto
efficiency; an agreement is Pareto efficient (Pareto optimal)
if there is no other feasible agreement that would make at
least one agent strictly better off while not making any of the
others worse off (Endriss 2010). An allocation, assigning a
bundle of goods to each agent, is called envy-free if no agent
strictly prefers one of the bundles assigned to another agent
to their own bundle (Endriss 2010). An agent will be
happiest if they receive all the goods, and they may feel
entitled to at least 1/n of the value of this full bundle. The
criterion of proportionality is satisfied when each agent
believes that they received a fair share of the goods (Endriss
2010).

A fundamental model in fair division is Cake cutting
(Branzei et al 2013). The mathematicians of the Polish
School in the 1940s (Banach, Knaster, Steinhaus) were the
first to recognise the problem of fairly dividing a cake
between several agents as a question of considerable
mathematical interest (Endriss 2010).
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In recent years, this problem has received significant
attention in computer science (resource allocation,
multiagent systems,...) (Chevaleyre et al 2006).

Several works exist to study the cake cutting problem
(caragiannis et al 2011) (Brams et al 2012) (Cavallo 2012)
(Branzei and Miltersen 2013) (Chen et al 2013). Externalities
in the fair division of indivisible goods are considered in
(Valez 2011).

Generally, in the literature, several fairness criteria such
as: Pigou-Dalton principle (Dalton 1920) (Pigou 1912),
Lorenz curve (Lorenz 1905),... and several inequality
indices such as: Gini index (Gini 1912), Robin Hood index
(Kondor 1971), Atkinson index (Atkinson 1970),... exists.
The most widely used inequality index is the Gini index
which is based on Lorenz Curve. In general, Lorenz curve
and Gini index are used for complete allocations, in other
words they need to find all possible allocations (search in all
space of solutions) then compare between them.

In this paper, we propose a new index for measuring
inequality between agents, the main advantage of this new
index is that it can be used in the Branch and Bound without
finding all allocations.

II.  RELATED WORKS

In (Lumet et al 2010), authors study the problem of fairly
allocating a set of indivisible goods to a set of agents having
additive preferences. They propose a formal model of this
problem, based on the notions of ex-ante and ex-post fairness
and propose some algorithms aiming at computing optimal
allocations in the sense of ex-post egalitarianism.

(Asadpour and Saberi 2007) propose the first
approximation algorithm for the problem of max-min fair
allocation of indivisible goods.

In (Ogryczak and Sliwinski 2002), authors introduce and
analyze an alternative compromise solution concept of the
conditional minimax for equitable approches to resource
allocation problems.

(Lesca and Perny 2010) propose several operational
approches for solving fair allocation problems in the context
of multiagent optimization. Authors present and discuss
various social welfare functions that might be used to
maximize the satisfaction of agents while maintaining a
notion of fairness in the distribution.
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(Bouveret et al 2010) study the problem of fair division
when agents have ordinal preferences over alternative
bundles of goods (incomplete preferences).

In (Chevaleyre et al 2009) authors present distributed
mechanisms for allocating indivisible goods. They study
convergence properties for such distributed mechanisms
when used as fair division procedures.

In (Weller 1985) (Barbanel 1999) authors prove that for a
single heterogencous good (cake) they exist allocations
which are envy-free Pareto optimal. For finding an envy-
free and Pareto optimal allocation for multiple homogeneous
divisible goods an algorithm is proposed in (Reijnerse and
Potters1998). The proposed algorithm is based on market
clearing using Fisher’s model. For the same problem
(Devanur et al 2002) propose a polynomial time algorithm.
In the case of 2 agents, (Brams and Taylor 1996) propose a
centralized algorithm based on two methods; the first one
divides proportionally each of goods between the two agents,
the second method (“adjusted winner”) finds a Pareto
optimal allocation. For multiple agents an equitable solution
which offers some level of truthfulness is proposed in
(Brams et al 2006). (Zivan et al 2010) propose a centralized
method for reducing untruthful manipulation in envy-free
Pareto optimal resource allocation.

III. BACKGROUND

A. Constraint Satisfa ction Proble m (CSP)

In the literature, combinatorial problems are found as
planning problems, assignment, resource allocation... These
problems have been formulated as Constraint Satisfaction
Problem (CSP) (Nonobe and Ibaraki 1997).

Constraint Satisfaction problem involve a set of
variables, associated domain for each variable (values) and a
set of constraints. The goal of a CSP is the assignment of
values to its variables that will satisfy all constraints (Jones
2000).

A Constraint Satisfaction Problem consists of:
- a set of variables X = {Xl yees X }
-a set of domains D = {Dl yeens D, } where D, s the

domain of variable X, (a domain for each variable)

-a set of constraints C = {Cl,...,Cm}

A solution to a CSP is an assignment of values to variables
such that no constraint is violated.

A satisfiable (consistent) problem is problem which has a
solution, otherwise is termed unsatisfiable (inconsistent).
Several types of constraints exist, for example: unary
constraint which specifies one variable, binary constraint
which specifies two variables. If in a CSP each constraint is
unary or binary the nit termed a binary CSP.

A Constraint Satisfaction Problem can be represented by
a constraint graph. Each node in this graph represents a
variable and an arc connecting two variables iff exist a

constraint containing these variables. In general, CSPs are
NP-hard (Frost 1997).

B.  Measu ring inequal ity in MARA
Let N= { 1,...,n} a set of agents and let R = {1,...,m} a

set of resources (goods). Each agent has its own preferences
over goods and equipped with utility function.
An allocation 4 is a function mapping agents to the bundles

of goods they receive with A(7) N A()) ={ } for any
i # j (each good is allocated to one and only one agent).
For each allocation A4 we attribute a utility vector
u(A) = (u,(A),...,u,(A)); u;(A) is the utility of agent
i in allocation 4.

An ordered utility vector of allocation A4 is a vector
u" (A) which is obtained from u( A) by ordering its
elements in ascending manner. In other words, the first
element in vector u(A) is the first agent in allocation 4 and

the first element in vector # (A) is the poorest agent for
the same allocation.

To compare different allocations (represented by utility
vectors) in terms of the inequality, several fairness criteria
(Pigou-Dalton principle, Lorenz curve,...) and inequality
indices (Gini index, Robin Hood index,...) are used.

Definition 1: Pigou-Dalton transfer (Endriss 2013) A move
from allocation A to allocation A' is called Pigou-Dalton

transfer if there are two agents i, j € N such that the
following conditions are satisfied.

A(k) = A'(k) forall k € N \{ij}
e, (A) = u; (A)| > | (A) —u; (4)]
u, (A) +u, (A) Su,(A) +u, (4)

In other words, Pigou-Dalton is done only between two
agents i and j, such that inequality between these two agents
is reduced and total utility is not diminished.

Definition 2: Lorenz curve (Endriss 2013). For any

agent keN, et
Then the

allocation A  and  any

koo
L,(A):= Zizlui .
(L1(A),...,L,(A)) is called the Lorenz curve of A.

vector

According to this definition, Li(A) is the egalitarian social

welfare of 4, L, (A) is the utilitarian social welfare of 4

and L,(A) is the sum of the utilities of the k poorest
agents in A4.
The mean utility of 4 is W(A) =L, /n.

An allocation A4 is Lorenz dominated by an allocation A’ if

L(A) < L(A"). We write L(A) < L(A") if for all agents
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ke N L,(A)<L,(A")and that inequality is strict at

least one case.
Definition 3: Gini index (Endriss 2013). The Gini index of

allocation A is G(A) = Zk=1 k.u(A4) — L, (A4)
2o ke A)

The Gini index is the most inequality index used for
measuring inequality.
An inequality index is a function mapping utility vectors to

avalue v € [0,1], with 0 represents perfect equality and 1
represents complete inequality.
Definition 4: Robin Hood index (Endriss 2013). The Robin
Hood index of allocation A is :
1
H(A) = ﬁ-max{k- wA)—L, (4)/ ke N}
n(A

The Robin Hood index is the ratio of maximum distance
between the line of perfect equality and the Lorenz curve
and the mean utility. We call an agent rich if its utility
exceeds the mean utility and poor otherwise.

IV. PROBLEM MODELING

Let’s take a set of variables (Agents) A= {a1,...,an}.

Each variable a; is characterized by a set of domains (bids)
B={b ,..b y 3

For each variable a;, we attribute for each value b_/,,- a
table TAB;; of size n (number of agents). For each index
k such as (k € {1,...,n}and k#i): TAB;, [k] is the
number of bids of agent @, which are compatibles with bid
b;;. When k=i : TAB,, [k] = —1. FiG(a) represents the

data structure used in our approach.

For two agents a; and @, two bids b,

and b_ ;g are
compatibles iff b,; Nb,, =¢.
The first phase of our approach is elimination of dominated

bids. A bid b, is dominated by another bid b, iff
(b)) 2 v(b, ;) and b [<|b,|

The second phase is combination phase: At first, let’s take
randomly 2 agents @; and a; from 4. For each bid bj’i of

agent «;, we compute the number of bids of agent
which are compatibles with this bid and we put the result in

TAB,,[1]. 1t TAB,,[1]= 0 then the bid b,, is eliminated
(no bid is compatible with it) (see FiG(b)). We do the same
process for agent a; .

In the next iteration, we choose another agent a, from A.
The combination phase is executed for the set of choosed

agents (2 by 2). For each agent
and for each bid by,

a; # a, already choosed

of agent a;we verify: if

TAB,, [t] = (then the bid is eliminated, we propagate this

information to the set of neighbors of this bid (see FiG(c))
(all compatible bids) for decrementing the counter of
compatible bids with this agent (see FiG (d)).

A solution (allocation) is represented by a complete sub-
graph (see FiG(e)).

At the end of this phase we obtain all possible solutions (all
possible sub-graphs) (see FiG(e)).

Our proposed algorithm is as follows

Algorithm Found Solution
n.= |A| (nb agents)
Q={}
While (|0] < ) do
Select a; from A
If Make-Compatibility ( a;,Q )=true
Add (a;, Q)
Remove (a;, A)

Search Complete Subgraphs
END

Make Compatibility (a;,Q)
For each a ; € O do

For each b, ; of a; do
cpt:=0
For each b, ; of a; do
If compatible ( by ;,b; ;)
Make-arc ( bk,j ,b,,i)
Neighbor (bk,j ,b; ;)=true
cpt:=cpt+1
TAB, [ j1:=TAB,,[j]+]
TAB, [i]:= cpt

If (TAB, ,;[i]:=0)
0=0-{a)

Propagation (b, ;,0")
END
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Propagation (b, ;,0")

Form:=1ton

If TAB, [m]>0

For each b, , of a, do

m

If Neighbor ( bk’j ,bf m)=true

TABf,m[]] = TAB],m[J] _1

Neighbor ( by ;,b ,):=false

If TAB, ,[j]1=0
Q= Q'_{am }
Propagation (bf,m 0"

Remove (b, ;)

END

FIG (d)
Example

Let’s take an example with 3 agents, each agent has 3 bids.

-
FIG (¢)
After we found all solutions, we attribute for each solution
its Gini index (calculated as definition 3), the solution which
FIG (a) has a minimum Gini index is selectionned as fair allocation.
In our example, we have 2 possibles allocations 4 and B.
-1 2
ERENEN The utility vectors of these allocations are: u(4)=(7,4,9)
o] | & and u(B)=(1,8,4) .
The ordered utility vectors of A4 and B are:

u' (A)=(4,7,9) and u' B)=(14,8).
Now, we compute the Gini index for each allocation.
For allocation 4:

L [ T[]
N Li(A)=4, Ly(A) =11, L3(4)=20 . The mean
N utility of 4 is: W(A) = 20/3

The Gini index of 4 is:

FIG (b
®) C(1:203-4)+(2:203-11)+(3-203-20) _ 499

(1:203)+(2:203)+(3-203) 39,99

GI(4) 0,12
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For allocation B:

L(B)=1,L (B)=9, L (B)=13 . The mean utility
1 2 3

of Bis: W(B)=13/3
GI(B) =0,26.

In this case, allocation 4 is equitable than allocation B
because GI(A) < GI(B) and it is choosed as the

solution of our problem.

Using geni index to find the best fair allocation necessitates
finding all possible allocations (search in all space of
solutions) then compute a geni index for each allocation and
the allocation with minimum gi is returned.

we propose another approach which find at first one solution
then it find another solution iff its more equitable. This
solution is based on novel inequality index called MxMn
index.

We apply the MxMn index on the ordered utility vector of

an allocation 4, u” (A). We note u, (A) the i” element

in this vector.
The MxMn index is defined as follows:

Definition (MxMn index): The MxMn index of allocation A,
represented ordered utility vector

. byoogn

u (A)=w (A),...,u (A)), is defined as the sum of
1 n

difference between two successif elements in " (A).

n—1
Formally MxMn(A) = Y (u 1 (A) —u; (4))

k=1
The allocation which has a minimum MxMn index between
all allocations is considered as the fair allocation.

Proposition 1: The allocation with minimum MxMn index is
considered as the fair allocation.

Proof: According to definition of MxMn index which is the
sum of inequalities between agents , intuitively, an
allocation with a minimum MxMn index represents an
allocation which has the minimum sum of inequalities
between agents. So its considered as the fair allocation.

In our example, the MxMn index of allocation A4 is:
MxMn(A4)=5 and the MxMn index of allocation B is:
MxMn(B)=7. In this case, the allocation A is the fair
allocation.

According to definition of MxMn index, it needs a complete
allocations and and finding all possible solutions
(allocations). So we need to compute MxMn index with a
manner in which we can use it when searching a solution.
Our aim is to not use the MxMn index in dissociation in the
search process but we aim to use it during(INTEGRATED)
the search process.

It is enough to note that the MxMn index can be calculated
in a more direct way without having the utilities of all the
agents.

Proposition 2: The MxMn of allocation A represgnted by
an ordered utility vector u (A) = (u; (A),...,u (A))is

the difference between the maximum utility and the
minimum utility in this allocation (vector). Formally
' —u)y=u"-u".
i1 i n 1

=1

Proof : if we suppose that the ordered utility vector #" (A4)
represents  the  distances  between  points. So
u,, (A)—u; (A) is the distance which separates the point

u;, (A) and the point u; (A). The sum of all distances

between each two successive points is the distance which
separates the last point and the first point.
Let's take an example with 4 agents as the following figure

* *
w, —u

4“3

* *
u, —u

3 2

*
U, —u
1

Fig. 1. MxMn Example

The MxMn of this allocation, A represgnted by the ordered
u (A) = (u (A),...u (4)

utility vector 1 4 is computed

as follows: . N o v

MxMn(A)=u —u)+w —u)+@w —u)
. 2! 32 4 3 which

u —u
isequalto 4 L

Definition (MxMn index): The MxMn index of allocation
A represented by an ordered utility  vector

u (A)=(u, (A),....u,(4) is the difference between the
maximum utility and the minimum utility in this allocation.

MxMn(A)=u (A)—u (A)

This approach based on MxMn index search at first one
solution S and computes its MxMn index.

1-cpt:=0

2-choose randomly a bid b from the first agent a,,
3-cpt:=cpt+1

4-choose a compatible bid b’ from an other agent a
5-cpt:=cpt+1;

6-if (u, (b) > U, (b)) then begin
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7- max :=u_ (D)
8- min :=u, (b
9- End

10-else  begin

11- max :=u, (b")

12- min :=u_ (b)

13-compute MxMn(S") = max— min
14-if MxMn(S')>MxMn(S) then prune
15-else begin

16- While (cpt<n) do

17- begin

18- For each agent a;

19- Begin

20- Choose a bid " compatible with all
choosed bids

21- Cpt:=cpt+1

22- If (szk ") > max) then begin
23-

max :=u, (b")

24- goto
(13)

25- end

26- if (%k ("< min) then begin
27-

min :=u, (b")

28-

goto(13)

29- end

At the end of this approach, we obtain a solution with
minimum MxMn index. The main advantage of this
approach is reducing the possible solutions for not searching
in the all entire space of solutions.

Before each combination between bids we try to filtering
bids for elimination of bids which are not useful.

Filtering bids: let's take n the number of agents and m the
number of resources. In an allocation A. E is the set of

agents belong to this allocation. The choice of bid bj’,. must
be made of manner that the number of resources not yet

allocated after the bid b, (noted by m — ‘b i ‘) greater

than or equal the remaining number of agents (noted by
n —|E| ). So if m —‘bj’i‘ <n —|E| then eliminate the
bid bi’l. .

Proposition 3: The allocation obtained at the end of our
approach is the more fair possible allocation.

Proof: In our approach, at first we obtain an allocation 4,
we compute its MxMn index. The aim is finding an
allocation A" more fair than 4 by combining bids. For each
combination, we compute the max and the min for this
partial allocation noted by P, these values are updated at
each combination. We test if the MxMn index of this partial
allocation P is greater or equal than MxMn index of

allocation 4, formally ~ MxMn(P) > MxMn(A).

According to proposition 2, MxMn(P)=max-min then we
prune (according to proposition 1) because it is unnecessary
to continue the combination of bids since the MxMn index
of the complete allocation it will be greater than or equal
the MxMn index of the partial allocation P, else we continue
the combination phase. If we obtain a new complete
allocation A’ (combining without prunning) this allocation is
fair than the previous allocation 4. In this case A <« A'

and A'<— @ and the process is repeated until no new

complete allocation is possible.
The last obtained allocation is the best possible fair
allocation.

The advantage of using MxMn index is: more we found new
complete allocations more we prune faster and more
because each new complete solution has a MxMn index less
than the previous allocation.
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Object Detection and Classification in Videos via
Optical Flow and VGGNet

Merouane Labeni
Department of Computer Science
Mohamed seddik benYahia University
Jijel, Algeria
labmer@gmail.com

Abstract— Object detection and tracking in video streams
are a vital field of research that gives appropriate information
about objects and their trajectories. An interesting technique
to fix these goals is using off-the shelf motion estimation such
as optical flow with an image classification approach recently
gives well results called ConvNets or CNNs for Convolutional
Neural networks. This paper presents a single-fastest object
detection and tracking based on a combination of a proposed
detection-tracking algorithm and a ConvNet model. An
implementation of proposed technique has been performed
using python programming language.

Keywords— Image/Video Processing, Optical Flow
Analysis, Object Detection, Object Tracking, Deep Learning.

[. INTRODUCTION

Image/video processing is the field of treatment and
handling images. There are different properties of an
image/frame such as color, pixels correlation and motion,
object number, their placements, and other elementary
details to extract image features such as edges, objects and
contours.

Convolutional Neural Networks (also called ConvNets)
is one kind of feed-forward neural networks. It is an efficient
recognition process which is widely used in pattern recog-
nition and image processing. It has many features such as
simple structure, less training parameters and adaptability. It
has become a hot topic in voice analysis and image recog-
nition.

The pre-trained VGGNet [1] ConvNet -used in this paper
for image identification and classification- is a deeper
convolutional neural network that is trained on the ImageNet
database [2].

Figure 1 shows the general architecture of object detect-
ion, identification and tracking. The proposed technique
consists on a combination of a set of ideas, which are: optical
flow analysis, isobarycenter computing, Euclidean distance,
slicing, classification and tracking. Section II desc-ribes
background information, section III lists related works,
section IV explains proposed method, section V describes
technique illustration and analysis.
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Video Frames

Optical Flow

v

Isobarycenter

Detection — +

Offsets generation

v

VGGNet Predictions

Loop

Tracking

Fig. 1. The whole architecture of the technique.
II. BACKGROUND INFORMATION

A.  Python OpenCV

OpenCV is a C++ tool with functions that cover many
fields of image and video processing [3]. OpenCV-Python is
a Python wrapper around original C++ implementation. So it
is an adequate tool for fast prototyping for many computer
vision applications [4].

B.  Optical Flow

Optical flow or optic flow is the image motion of objects
as the objects, camera or scene changes between two
successive images [3].

Two assumptions are imposed for using optical flow:

o First, the pixel intensities rest unchanged between
two frames.

e Second, the pixels in neighborhood have similar
motion.

A pixel I(x,y,t) in initial frame (at time t) moves by
distance (dx,dy) in next frame and that after dt time.
Subsequently, and for the same pixel I(x,y,t) where its
intensity rests unchanged, we can express [4]:

1oy, t) =1(x +dx, y+dy, t+dt) (1)
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OpenCV implements several optical flow methods, in our
work we use calcOpticalFlowFarneback method based on
[5]. That is considered a best method for computing optical
flow vector [3].

C. Isobarycenter and Euclidean Distance

Isobarycenter

With a set of points A4, 4,, ..., 4,, € E and a real number
A, it exists a single point H € E verifying [6]:

H=AY", A 2)

Where A = 11—1
This point is called Isobarycenter of Ay, A,, ..., A, points
affected by 01 as coefficient, (i.e., the %Al + %AZ + ..+

1 .
;An point).

Euclidean Distance

Using the Euclidean norm [[(x, )|l = /x% +y? the
distance between two points P = (x,y) and P' = (x',y") is

[7]:

d(P,P)=|P-P'll= J(x—x)2+ ¥ -y)> G)

That is called the Euclidean distance

D. Slicing

Slicing is an operation that allows us to extract an object
from an image [8]. An image I can be represented by a 2D
array of size ny X n, (gray scale). A color image is
represented by a 3D array of size n; X n, X 3 (i.e., width X
height X channels ) [9]. In these two cases a slicing
operation can have —within Numeric Python library- one of
two following forms:

o Object = image[ a:b, c:d ] in gray scale;
o Object = image[ a:b, c:d, : | in color image.
Where a >0, b < ny, c=20andd < n,.

E. Video Processing and Object Tracking

Videos are a sequence of images and hence dealing with
videos is similar to how we dealt with images with a few
exceptions (i.e., temporal dimension presents in video
sequences), tracking objects in a video is a field of video
processing [10], given the primary set of points Rol (Region
of Interest), a tracker calculates the motion of these points
using the direction of change in the next frame (like the KCF
[11] tracker). In every consecutive frame, we try to look for
the same set of points in the neighborhood. Once the new
positions of these points are identified, we can move the
bounding box (i.e., object container) over the new set of
points [10].

F. Artificial Intelligence, Deep Learning and ConvNets

Modern artificial intelligence systems and machine
learning algorithms have revolutionized approaches to
scientific and technological challenges in a variety of fields.
We can observe remarkable improvements in the quality of
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state-of-the-art computer vision, natural language processing,
speech recognition and other techniques [12]. Deep learning
DL is a specific subset of ML -Machine Learning-
methodologies using ANNs -Artificial Neural Networks-
strongly inspired by the connection of neurons located in the
brain of human [13].

CNNs —Convolutional Neural Networks- consist on
different types of layers (i.e., convolutional, down-sampling
and fully connected layers), using these layers, deeper
architectures are proposed for classification tasks like:
AlexNet (2013), VGGNet (2014), ResNet (2015),
SqueezeNet (2016), DenseNet (2017), FractalNet (2017),
and others [9]. The ConvNet —CNN- network learns to
classify images into categories and to do the final score, each
layer learns important features from the previous layers. First
layers capture lower features such as colors and edges, and
deeper layers compose these lower features into higher
features such as parts and shapes. Many companies use these
technologies for analyzing and reporting huge amounts of
data like GoogleTM, Micro-Soft, Amazon, FaceBook, and
others [14].

G. Keras Library

Keras is the important library of Tensorflow v2.0 [15]
used for implementing machine learning and deep learning
models. It performs modular-building models (i.e., CNNs
and RNNs architectures) by stacking different types of layers.
Keras is useful for fast prototyping. It works with
convolutional and recurrent layers and integration of both,
and runs seamlessly on CPUs or GPUs [16]. The VGGNet [1]
model used in this paper for classification task is one of the
Keras pretrained models.

III. RELATED WORKS

These last years, a lot of works are proposed for object
identification and classification with help of image/video
processing and deep learning methods, notably in recent
ConvNets --CNNs architectures that got an important
enhancements, which allow them to surpass the standard
computer vision techniques in many computer vision areas
[17].

Recently, an interesting ConvNet model is proposed,
which is called R-CNNs (for Regional Convolutional Neural
Networks), this model combines two tasks that are detection
and classification [18]. However, in its initial form, R-CNN
network is computationally expensive during training and
evaluating processes. To fix this problem Fast R-CNN and
SPPnet [19] have been proposed, the idea consists on the
introduction of sharing convolutions across proposals.
Authors In [20] have proposed the addition of a Region
Proposal Network (RPN), which uses convolutional features
in the detection process directing to Faster-RCNN.
Moreover, authors in [21] have proposed the Region-based
Fully Convolutional Networks (R-FCNs), which is based on
fully convolutional architectures, like FCN [22] — go further
and avoid the per-proposal evaluation of Fast and Faster R-
CNN. This change results in a significant speedup over
Faster R-CNN on the PASCAL VOC datasets [21].

Some studies like [23] proved that the use of sharing
convolutions across proposals can be extremely efficient for
object identifications goals. In this work the principal goal is
to locate and classify Friesian cattle in areal images. The
deep architecture used to fix this challenge is the R-CNN
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adapted from the VGGNet-M-1024 network used as
complement of several other network architecture proposals
[24]. In another approach called YOLO described in [25] the
authors formulate object detection as a regression problem
for spatially separated Bounding boxes (i.e., objects
containers) and related probabilities of different classes, this
model imposes rigorous spatial constraints on patch (i.e.,
bounding box) predictions as each grid location only predicts
two boxes and can only have a single class. This constraint
influences on the model performance by limiting the number
of nearby objects that the model can predict. In [26] an
algorithm based YOLO [25] with GMM -Gaussian Mixture
Model- was proposed, the idea consists on using the concepts
of deep learning, this algorithm has given good accuracy for
feature extraction and then object classification.

Authors in [27] have proposed an approach called
SqueezeNet that represents a very small CNN network. This
model uses a bottleneck approach which it allows to reach
the AlexNet [28] level accuracy in detection process.

Comparing the model proposed in this paper to other
detection systems like [23][25-28] we can emphasize the
main difference, adopted by our approach, that consists on
the use of the VGGNet[l] ConvNet power and some
mathematical concepts to allow reasonable object detection
and tracking. However our approach gives alternate and
weaker results in the case of a multi-detection and multi-
tracking scenarios.

IV. PROPOSED TECHNIQUE

The methodology proposed in this paper based on an
integration of a proposed algorithm for “object detection and
tracking” and a pretrained ConvNet for “object identification
and classification” to provide better quality and accuracy for
single-fastest object identification and tracking in video
frames. A deep learning model called VGGNet [1] (that
represents a pretrained model of ConvNet architectures) is
used to classify detected object, we then pass its
classification back to use as object label to provide
information about detected object. A tracking algorithm
takes place and waits for object classification confidence that

surpasses an acceptation threshold for starting object tracking.

The technique includes these steps: Optical flow analysis,
offsets computing based on isobarycenter concept, extract
sub-image using slicing, VGGNet [1] predictions, and object
tracking. Thus, the proposed technique to detect, classify and
track object and its illustration will be presented in the rest of
the paper.

A. Optical Flow Analysis

We use the calcOpticalFlowFarneback method based
on [5] for computing optical flow generated between frames
(see Fig. 2), this method is used to detect object which is in
motion across frames using a camera or video records, with
the constraint that the object (foreground) is faster than the
camera (background), for that we take (n+1) frames and
compute the optical flow between each doublet of frames, by
extracting the fastest pixel that has the fastest motion
(represented by either dx in X-axis or dy in Y-axis) for each
generated flow, we obtain n fastest pixels, then we calculate
their isobarycenter.
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gray = cv2.cvtColor (im, cv2.COLOR_BGRZGRAY)

#f compute flow

flow = ev2.calcOpticalFlowFarneback (old gray,gray, None,\
0.5,3,15,3,5,1.2,0)

old gray = gray

for i in range(w):
for j in range(h):
if (abs(flow[j,1,0]) == fastestmotion or \
abs (flow[j,1,1])==fastestmotion ):
print('x=",1i, 'y=', 7, 'dxdy=",£flow[],i,0],flow[],1,1])
fastestpixels.append((i, j, fastestmotion))

Fig. 2. Code for optical flow computing and fastest pixels extracting.

B. Isobarycenter and Offsets Computing

With help of equation (2) we compute the isobarycenter
of n fastest pixels extracted in the previous step. After
computing the isobarycenter with help of equation (2), we
calculate the sum of Euclidean distances using equation (3)
between the isobarycenter and all the fastest pixels extracted
above then we it apply a normalization step that allows a
reasonable detection. The normalization step consists on
scanning the sum for the first pass (this gives first offset):
right-to-left, and second pass (this gives second offset): left-
to-right applying an exponential formula (4), we suppose that
the sum = abcd (a four digit number) and i is initialized to
three :

d-et+c-e"t+b-e"2+a-e'"3, righttoleft @)
a-et+b-e"t+c-e2+d-ei"3, lefttoright

The goal of the normalization step is decreasing the great
sums and increasing the small ones. The results of this step
are two offsets used for bounding boxes definition (for both
detection and tracking). Figure 3 resumes this process.

Isobarycenter

e

Sum of Euclidean
Distances

v

Normalization

Offsets

Object which is in motion

Bounding box 1

A B

Fig. 3. A: Offsets computing, B: Object detection.

C. Extract Sub-Images Using Slicing

In this step we use slicing (see Fig. 4) for determining the
object (sub_images) boundaries based on each offset
computed previously, using two offsets we allows to
decrease the execution number of the detection process (i.e.,
by giving another opportunity for object identification before
restarting object detection). In our case we use 3d-array
images (video color frames) then a slicing operation through
these images we gives a 3d-array sub-images.
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while True:

=0
img=im
coordvec, im=coordinates (n, w, h)
for i in range(2):

x1,yl,x2, y2=coordvec[i] [0], coordvec)
[i][1], coordvec[i] [2], coordvec[i] [3]
a,b,ec,d=x1,yl,x2-xl1,y2-yl
box=img[yl:y2,x1l:x2,:]
cv2.imwrite('img'+str(k)+'.png',box)

Fig. 4. Code for bounding boxes extraction using slicing.

D. The VGG19 model

In this paper we use a variant of VGGNet [1] model
called VGGI19 (see
sub_images (i.e., detected objects).

143
4064
NN
SExE56
BB s e
b 18006 1had06 1e]x 1006 12121000

TS

B

Fig. 5. VGG19 model [29].

E. Object Tracking

If the object classification confidence (explained by a
probability) returned by the VGGNet [1] model -using the
first offset- surpasses the threshold (see Fig. 6) the system
starts tracking by calling the tracker() function (this last has
five parameters: actual bounding box boundaries, actual
frame, fastest pixels number, frame width and height) and
shows a classification label in the object front that represents
its VGGNet [1] identification. Else we use the second offset
for creating a new bounding box (sub-image) and starting
new attempt for object identification, if the classification
confid-ence is lower than threshold we restart the detection
process (else the system starts tracking). During tracking our
model tracks the fastest object, hence in a multi object
scenario the detection can pass to another object in the video,
for this we restart detection at each m times interval.

pr=vggl9 ('img'+str(k)+'.png')
attempt+=1# trials

if pr[0] > threshold :
tracker (coordvec, im,n, w, h)
break

k+=1

Fig. 6. Code for object detection and tracking.

In this step we use our detection algorithm for objet
tracking based on optical flow analysis, by activating the
bounding boxes definition function (i.e., the coordinates()
function mentioned in Fig. 4) along frames and showing its
new position across frames.

V. TECHNIQUE ILLUSTRATION AND ANALYSIS

For illustrating the value of our technique we execute it
in three different scenarios with help of videos records
(dynamic camera) and a notebook camera (static camera),
these scenarios are based on fastest pixels number n, the first
scenario parameters are n =5, 10 and 15, for the second one
the parameters are #n=5 and n=15. For both first and second
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Fig.5) for predicting extracted

scenario the threshold is fixed at 0.5 (i.e., 50%). In the third
scenario we choose a set of targets (objects in frames) and
we increase the threshold at 0.75 (75% of confidence).

For all scenarios we show the attempts (Trials) number
until object successful identification (i.e., identification that
surpasses acceptation threshold).

e Scenario 1 : Using video records
1) n=5:

i

-

Fig. 7. Detection of airliner (80.1%), cock (52.5%) and elephant (82.9%).
1) n=10:

2) n=15

timber_wolf
"I,m"er "m.-- | limberwolf

it g |

Y
4

I

Fig. 9. Detection of pickup (53.5%), cheetah (79.8%) and timber wolf
(60.7%).
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e  Scenario 2 : Using notebook camera

il

kpfe* Qok”

-

Fig. 10. Detection of soccer ball (99.4%), iPod (51.1%) and notebook
(66.1%).

2) n=15

Fig. 11. Detection of soccer_ball (95.7%) and sunglass (56.2%).

For both first and second scenario the technique has
given well results for object detection, the fastest pixels
number n has its utility in the first scenario when background
(camera) moves with foreground (object), the great values
for n increasing object detection accuracy and object fast
detection. In the second scenario small n (e.g, n=5) is
satisfactory for a good detection. Therefore the object
tracking (colored rectangle) has given acceptable results in
the two scenarios.

e Scenario 3: Testing the technique capacities

In this scenario we increase detection threshold to 75%
and we execute the detection process for each target then we
score the target successful identifications under threshold and
its identification higher than threshold. We double the n
parameter when the background speed is near the foreground
speed (i.e., object speed). In these scores each detected object
is followed by the trials number until acceptable detection
and the associate percentage of confidence.

Figure 12 shows that the technique gives well results
when the acceptation threshold has a higher value.

For thresholds that equal or higher then 0.9 (90%) we
should use a TensorFlow [15] GPU version, CPU (like our
case) version allows a limited detections' number (16 trials)
with a slow detection.
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Cock: True (7 Trials)
cock 2 0.517(51.7%)
cock 4 0.514(51.4%)
cock 6 0.746(74.6%)
cock 7 0.824(82.4%)0k

Cheetah: True (5 Trials)
cheetah 2 0.532(53.2%)
cheetah 5 0.818(81.8%)0k

Taby: True (2 Trials)
tabby 1 0.451(45.1%)
tabby 2 0.757(75.7%)0k

Airliner: True (2 Trials)
airliner 2 0.869(86.9%)0k

Duck: False
ptarmigan 8 0.771(77.1%)

Kite: False
kite 4 0.382(38.2%)
stingray 6 0.95(95%)

African_elephant: True (3 Trials)
African_elephant 3 0.864 (86.4%)0k

Pickup: False

pickup 1 0.375(37.5%)
pickup 2 0.098(09.8%)
pickup 9 0.198(19.8%)
pickup 15 0.263(26.3%)
Segmentation fault

(core dumped) at 17th Trial

Fig. 12. Third scenario scores.

Fig. 13. Erroneous detections with dynamic camera.
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Figures 13 and 14 show some system erroneous
detections due to the technique constraint overtaking (i.e,
background fastest than foreground) or to the VGGNet [1]
erroneous predictions.

Fig. 14. Erroneous detections with static camera.

V1. CONCLUSIONS

In this paper an approach using python programming
language has been developed. Python is an amusing
language that contains a rich library (i.e, Matplotlib, Numpy,
Tensorflow, Keras, OpenCV etc.) which can used to detect,
classify and track objects when object detection and tracking
are basic data for security tasks.

This work proves that object detection, identification and
tracking can be accomplished based on optical flow handling,
mathematical concepts, and deep learning methods. This
paper has showed, for both detection and tracking goals, that
optical flow analysis and ConvNet architectures are well
suited towards these goals.
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Phishing website detection using deep learning and
machine learning.
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Abstract— the website phishing detection is turning into an
important analysis space, attracting augmented focus owing to
the growth of several phishing attacks. What is more, as a
result of attackers inventing numerous manners, phishing
spotting has become a principal preoccupation of developers. A
lot of phishing detection schemes are introduced in the
literature, such as URL analysis, visual similarity, list-based
approach, machine learning...etc. each of them has its benefits
and its disadvantages. Recently, deep learning has seen great
interest in the phishing detection field and has achieved
considerable results.

During this paper, we propose a website phishing detection
approach based on URL features and using three classifiers:
Convolutional Neural Network (CNN), Logistic Regression,
and Decision tree, we also apply various performance measures
to evaluate the effectiveness of the proposed solution and
compare between the deep learning model (CNN) and the
machine learning classifiers. The experiment results show that
the CNN model outperformed the machine learning classifiers
(Logistic Regression (LG), and Decision tree (DT)) in terms of
all performance metrics used and reached the accuracy value
of 96.19 %.
Keywords—Phishing detection,
Decision tree, Cyber security.

CNN, Logistic regression,

I. INTRODUCTION

Nowadays, users' privacy on the web is affected by
various cyber threats, among which is a phishing attack. A
phishing website is a social engineering threat aiming to get
sensitive data like passwords, MasterCard details, and,
usernames, typically for malevolent causes, by sitting as a
reliable entity in an online transmission [1].

The harms of phishing we face today are increasing
rapidly directly affecting the privacy of individuals and
causing big economic losses [1].

In keeping with the 2021 4th quarter Anti-phishing unit
survey report, the number of phishing attacks has grown to
316,747 in December 2021, and the financial field is the
most affected by this attack probably due to the due to the
remnants of COVID 19, which confirms that the phishing
attack is still active and that the attackers still inventing
numerous manners to carry out this attack [2].

Phishing attacks are often prevented by software solutions
and educating users to spot phishing websites. There are
several software-based anti-phishing solutions developed in
the literature such as black/white list, heuristics-based
solutions, visual similarity, machine learning, deep
learning...etc [1]. Machine learning and deep learning have
been largely used in the phishing detection field since it is a
binary classification problem. Generally, supervised
learning methods are used with URL analysis by extracting
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features. Moreover, these approaches have been very
successful and achieved very high results in phishing
detection because they can be applied to a large-scale
dataset, also deep learning models such as CNN can
overcome the problem of manual feature extraction [3], [4].
In this paper, we propose a website phishing detection
approach based on URL features and using three classifiers:
Convolutional Neural Network (CNN), Logistic Regression,
and Decision tree, we also apply various performance
measures to evaluate the effectiveness of the proposed
solution and compare between the deep learning model
(CNN) and the machine learning classifiers.

After the introduction, the remainder of the paper is
organized in this way: Section two provides the related
works, and the proposed solution is presented in section
three. Then the experiment and validation are given in
section four. Finally, section five gives the conclusion of the
paper.

Il. RELATED WORKS

A. Machine Learning

Several ML-based approaches are carried out in the
phishing field with the combination of heuristic methods,
the performance of this solution depends on the algorithm
used, the feature number and types, and the volume of the
training data [3], [4], [5].

Kumar et al in their study [6] used several classifiers such as
Logistic Regression, Naive Bayes Classifier, Random
Forest, Decision Tree, and K-Nearest Neighbor based on the
attributes extracted from the URL lexical structure. They
used the ratio of 7:3 for splitting the dataset into train and
test. The Naive Bayes classifier reached the highest
accuracy value of 98% with a precision=1, recall=0.95, and
F1-score=0.97.

Korkmaz et al [7] introduced a machine-learning-based
anti-phishing system by using different algorithms on three
different datasets. The algorithms used were Support Vector
Machine (SVM), Logistic Regression (LR), K-Nearest
Neighbor(KNN), Decision Tree (DT), Naive Bayes (NB),
XGBoost, Random Forest (RF), and Artificial Neural
Network (ANN). In terms of training time, NB, DT, LR, and
ANN algorithms gave better results. Also It was observed
that the models using LR, SVM, and NB have a low
accuracy rate. They deduced that the RF algorithm or ANN
algorithm may be used owing to the reduced training time
along with a high accuracy rate.
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Chen et al, [8] presented a heuristic anti-phishing method
that applies gestalt and decision theory concepts to model
perceptual similarity. They used a logistic regression
algorithm to normalize the characteristics of the page
content.

Alam et al [9] introduced an anti-phishing attack method
using Random Forest and Decision Tree. They used 32
features with feature selection algorithms like principal
component analysis (PCA) to reduce the redundancy of the
data. The Random Forest algorithm reached a maximum
accuracy value of 97%.

B. Deep Learning

Recently, various deep learning model-based works such
as LSTM, CNN, RNN...etc, are applied in the phishing
domain and achieved very high results [4].

Convolutional neural networks (CNN) are one of the more
used deep learning models showing good results in phishing
website detection [10]. Several CNN-based anti-phishing
solutions are carried out in the literature.

Authors in [11] presented a deep learning-based technique
for classifying phishing called HTMLPhish. They applied
the CNN model with the content of an HTML document on
a web page without using manually engineered attributes.
The CNN model learns the semantic dependencies of
HTML text content. Their approach achieved an accuracy
value of 93 %

URLNet is a CNN-based approach to detect malicious URL
presented in [12]. Authors implemented Convolutional
Neural Networks to both characters and words in URL
strings to learn the URL embedding in a collaboratively
optimized framework. Their technique worked end-to-end
without the need for expert features it also worked on large
datasets and significantly improved performance.

Authors in [13] presented a deep learning-based solution for
detecting URL phishing websites, they used a character-
level Convolutional Neural Network (CNN). The accuracy
value achieved by their system is 95.02%.

I1l. THE PROPOSED METHODOLOGY

Fig. 1 shows an overview of the proposed phishing
website detection solution. Our methodology consists of
four main stages: Input Data, Feature preprocessing,
detection models, and classification output.

In the first stage, the input data consists of a publicly
available dataset that was obtained from Kaggle [14]. It
contains 87 Features, such as having an IP address, length of
URL...etc. Then in the second phase, these features are
passed to a pre-processing stage, (data cleaning and
removing null sample cases, balancing and shuffling
dataset...etc). In the third stage, the feature vector resulting
from the preprocessing stage is introduced as input to the
detection model, where three classifiers are used such as 1D
CNN, Logistic Regression, and Decision tree, each classifier
is tested separately with the same dataset. Finally, in the
fourth stage, the website is classified as legitimate or
phishing.

IVV. EXPERIMENT AND VALIDATION

To build the three models we used the Jupyter notebook in
the Anaconda 3 environment using a python programming
language with the help of the TensorFlow and Keras
packages.

The dataset used consists of 87 features and 11430 samples
divided into 5715 phishing and 5715 legitimate.

A. Training and test

The dataset is split into two parts with a ratio of 80% for the
training dataset and 20% for the testing dataset. The input
data are defined as the features and the output as the status
index (1 in case of phishing and 0 in case of legitimate).

In our experiment, three classifiers are separately built,
trained with the training data, and evaluated with the testing
data. The 1D CNN, the logistic regression, and the decision
three to make a comparison between them.

1D CNN model: the CNN model consists of two
convolutional layers, two batch normalization layers, two
max-pooling layers, flatten layer, and two dense layers.
Dropouts are applied after each pooling layer and after the
first dense layer.

The parameters used for the CNN model are presented in
TABLE 1.

TABLE I. PARAMETERS OF THE CNN MODEL.
Convi1D | ConvlD | Optimizer | Learning Dense epochs
Activation layers rate layer
function filters Activation
function
ReLU 32/64 Adam 0.001 Sigmoid 40/100

B. Performance measures

To evaluate our approach, we used the performance metrics
shown in the equations (1), (2), (3), (4), (5), (6), (7), (8) [5].

TPR = —————
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Where:

e TPRis the true positive rate.
FPR is the false positive rate.
FNR is the false-negative rate.
TNR is the true negative rate.

C. Results and Discussion

TABLE 2 shows the results obtained by each classifier with
the same dataset using different performance measures. And
Fig. 2 and Fig. 3 show the accuracy and loss models of the
CNN classifier at different numbers of epochs (40 and 100
respectively).

TABLE Il RESULTS OBTAINED BY THE PROPOSED SOLUTION USING
THREE CLASSIFIERS.
Algorithm | Accuracy(%) | Precision(%) | Recall(%) F1-
used (avg) (avg) Score(%)
(avg)
CNN 96.19 96 96 96
Logistic 94.40 94 95 94
Regression
Decision 94.05 94 94 94
Tree

By analyzing TABLE 2 we notice that the CNN classifier
gives the highest accuracy value of 96.19% and also gives
the highest result values based on the precision, recall, and
F1 score.
we also notice that the logistic regression and decision tree
classifiers give very similar results according to all the
performance measures used. The accuracy value reached by
the logistic regression classifier is 94.40% and the accuracy
value reached by the decision tree is 94.05%.

By analyzing Fig. 2 and Fig. 3 in the accuracy model we
note that there is a direct proportion between the validation
accuracy value and the epochs, as the number of epochs
increases, the validation accuracy value increases until it
starts to stabilize approximately at the epochs 25, 60(Fig. 2
and Fig. 3 respectively) and achieves the accuracy value of
96.15% at epoch 40 (Fig. 2) and the value of 96.19% at the
100 epoch (Fig. 3). The validation loss value obtained by the
CNN model at the 100 epoch is 0.12%.

All these results lead us to deduce that the CNN model
performed well in phishing detection compared to logistic
regression and decision tree classifiers, which also proves
that deep learning classifiers work well than machine
learning algorithms in the phishing detection field.

V. CONCLUSION

In this paper, we presented a website anti-phishing solution
using URL attributes and testing deep learning and machine

Chadli Bendjedid El-Tarf University - EL TARF - Algeria

learning classifiers, we used the convolutional neural
network (CNN) model, logistic regression, and the decision
tree classifiers.

based on the results obtained by the experiments and
comparing between the three classifiers we noticed that the
CNN model outperformed the machine learning classifiers
in terms of all performance metrics and reached the
accuracy value of 96.19 %, which proves that the deep
learning classifier works better than machine learning
algorithms in the phishing detection field.

In the future, we tend to improve the CNN accuracy value of
this method and implement it in a web extension to ensure
synchronous prediction of phishing websites and protect
online user privacy.
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Fig. 2 Accuracy and loss graph of the CNN model in terms of the number of epochs ( epochs=40).
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Fig. 3 Accuracy and loss graph of the CNN model in terms of the number of epochs (epochs=100).
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Abstract—Recently, the recommendation system has become
one of the most famous solutions in the field of e-shopping and
social media, even to platforms for viewing movies and series,
and many other areas, which are based on the recommendation
system to attract more users and make the user spend more
time in their application , but the problem here is that not
all the developers are familiar with artificial intelligence or
recommendations system algorithm , so we proposed a library
that help developers to integrate recommendation system in
there applications without any previous knowledge about the
field , Our library is based on machine learning algorithms in
recommendation system , also it was tested in one of the largest
movies dataset "MovieLens 100K’ and we obtained with it very
satisfactory results .

Key Words : Recommendation system , Collaborative filtering ,
Python library , Recommender System

I. INTRODUCTION

In recent years, the Internet offers a mass of data very
voluminous to the user, and in front of this overload of
information, it has become difficult to know what data to
search and where to find them to choose the most accurate. In
order to solve this problem, computer techniques have been
developed to facilitate this search and the extraction of relevant
information. The one we focus on is the recommendation
system. It is about guiding the user in his exploration of the
data so that he finds relevant information. A recommendation
system provides a list of items to users based on their past
preferences and needs or the preferences of users who have
the same characteristics. Recommender system is used in
various domains like E-learning [1], search for new movie
[2], Book [3], Products [4], Music [5], E-commerce [6], article
search [7], Tourism [8], Web and many more. The intention
of recommender system is to examine user data and mine
necessary data for further detection. The development of such
systems requires the creation of well-defined recommendation
algorithms by developers. And to accelerate and facilitate
this work we approach in this work to provide a library
that contains predefined methods in this area serves to help
developers by using them directly.

II. RELATED WORK

In the recent years, the philosophy of big data attracts great
attention from several official organizations including govern-
ments, universities, and industries in which the recommender
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systems are introduced to help them to find what they need via
a mechanism that can make prediction depending on different
criteria. many researchers have tried to make recommendation
more understandable and explainable . [9] they propose a novel
dimensionality reduction based collaborative filter recommen-
dation algorithm and an improved Big Data collaborative filter
recommendation algorithm clustering techniques. They use
clustering k-means algorithm and Singular Value Decomposi-
tion (SVD) to cluster similar users and reduce the dimensional-
ity, respectively , The experimental dataset was obtained from
Netflix also for [10] they developed a neural network frame-
work, which was capable to generate abstractive comments
when providing outfit recommendations. They employed a
convolutional neural network with a mutual attention function
to outfit matching and recurrent neural network with a cross-
modality attention function to obtain a concise sentence. [11]
they propose a new effective model-based trust collaborative
filtering for explainable recommendations that aims not only
to improve the quality of recommendation but also to provide
an efficient support for explainable recommendations based on
trustworthiness modeling . The proposed method is evaluated
on Amazon Instant Video dataset in terms of RMSE In [12]
they proposed a Deep feedback network (DFN), which con-
siders both explicit/implicit and positive/negative feedback’s to
learn user unbiased preferences. The significant improvements
in offline and online verify the effectiveness and robustness
of DEN , [13] this work proposes a new method based on
CF recommendation, DDCF, which captures the preference
user variations, including the concept of dynamic time decay,
DDCF dynamically adjusts the decay function based on user
behaviors. , the results indicate that the DDCF performs better
than the traditional collaborative filtering with dynamic decay
function consideration. Experiments conducted on real datasets
have also demonstrated the feasibility of the proposed DDCF
as well as [14] They proposed trust matrix measure , which
combines user similarity with weighted trust propagation,
The recommendation model using different machine learning
techniques and then used trustbased filtering to recommend
with more accuracy, Results imply that DNN with trust model
proved to be the best model with high accuracy of 83% with
0.74 MSE value and can be used for best movie recommen-
dation , [15] In this study they choose the user collaborative
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filtering to generate recommendations for online teaching. they
use person correlation to calculate proximity between learners,
and use rule-based association recommendation to derive top-
N recommendations from neighborhood of customers. this sys-
tem works flows are divided into five sections: Data Collection,
Data ETL, Model Generation, Strategy Configuration, and
Service Delivery, all of which are essential for any education
systems recommendation.The proposed study used a model-
based approach matrix factorization, the ALS algorithm asso-
ciated with a collaborative filtering technique, which fixed cold
start, parsimony and scalability issues. the proposed movie
recommender system showed 97% accuracy and predicted the
top 1000 ratings for movies, [17] This study demonstrates a
way to build a large-scale recommender system by simply
writing a series of SQL-like queries. they implemented a
variety of recommendation algorithms and recommendation
functions as user-defined Hive. this study demonstrates that
how Apache Hivemall can easily be used to create a scalable
recommendation system with satisfying business requirements
and for [18] they offers a fast and scalable general-purpose
library algorithms of the recommender system, It aims two
common collaborative filtering scenarios: diction and predic-
tion of items based solely on positive implicit opinions.

III. COLABORATIVE FILTIRING

A recommender system is a form of information filtering
that seeks to predict the “preference” a user will give to
an item, such as a product, movie, song, etc. therefore a
recommender system makes a prediction based on a user’s past
behaviors and interactions. More specifically, it is designed
to predict the user’s preference for a set of items based on
their experience. these systems are generally categorized into
two types based on the data used to make recommendations:
the first type is the Content-based filtering, which uses item
attributes. The second is the Collaborative filtering, which uses
user behavior in addition to item attributes. Collaborative filter-
ing filters information using and data collected by the system
from the interactions of other users. It is based on the idea
that people who agreed in their assessment of certain items
are likely to agree again in the future. These systems focus
on the relationship between users and items. The similarity
of items is determined by the similarity of ratings of those
items by users [19] , Figure 1 shows the recommender system
structure.

IV. PROPOSED MODEL

According to the foregoing, we noticed that to put a
recommendation system in your application or website, it
is required that you have previous knowledge in the field
of artificial intelligence and the algorithms of suggestions,
etc. This requires a lot of time and effort, so we suggested
that we provide a library that provides all the features of
the recommendation system, and you can use it and enjoy
the features of the recommendation system without any prior
knowledge of what was previously mentioned. This will save
time and great effort for developers in the future, and to make

User 8 |

Movie A Movie A
L Simitarity

ﬁ w . ﬁ

Movie B Movie B

Likely to watch ﬁ

Movie C

Fig. 1. Basic structure of collaborative filtering .

our library more effective and accurate we focused on having
our work already tested on a large dataset and experimenting
with several machine learning algorithms.

A. Model Definition

Our model is based on three necessary steps Fig. 5 :
First, save the data from users our data structure is very simple
it’s based on (user_id , item_id , rating , time ) Fig. 2 .

user_id movie_id rating time
0 196 242 3 1997-12-04 15:55:49
1 186 302 3 1998-04-04 19:22:22
2 22 377 1 1997-11-07 07:18:36
3 244 51 2 1997-11-27 05:02:03
4 186 346 1 1998-02-02 05:33:16
5 295 474 4 1998-01-07 14:20:06
6 15 265 2 1997-12-03 17:51:28
7 253 485 5 1998-04-03 18:34:27
8 305 451 3 1998-02-01 09:20:17
9 6 86 3 1997-12-31 21:16:53

Fig. 2. Sample of what the data we use looks like

Second, training our data Fig. 3, in our work we try so
many machine learning algorithms as : SVD (Singular Value
Decomposition) , SVD++ (Singular Value Decomposition++) ,
NMF (Non-negative Matrix Factorization) , KNNBaseline (K-
Nearest Neighbors Baseline) , etc . and in our library we use
the algorithm who gets the highest result when trying it on
the selected dataset , and finally the suggestions in this step
we give for every user list of suggested item based on what
we get from result of training part .

B. Dataset

To ensure the accuracy and effectiveness of our proposal we
had to test it on the dataset . So we chose MovieLens-100K
dataset , it’s contains 716 users that rated 3,952 movies (items)
with 100,000 rating from 1-5. You can see the analysis of the
ratings Fig. 4 .
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movieid 1 2 3 4 5 6 T 8 9 10 RS.Rate(2,7,5,15-04-2022 22:25:01°)
user_id RS.Rate(6,6,2,'21-04-2022 20:00:00)
RS.Rate(8,10,3,20-04-2022 20:12:00’)
RS Rate(1,7,5,04-05-2022 19:00:23)
RS.Rate(1,11,5,03-04-2022 14:10:52°)

1 50 30 40 30 30 50 40 10 50 30

2 40 NaN NaN NaN NaN NaN MaN MNaN MNaN 20

3 MNaMW MNaM MNaM MNaWN MNaWN  MNaM  MaM  Mah  Mahl  NaM RS Rate(264’10—04—2022 185052’)
4 MNaN MNaM NaMN MNaN MNaN MNaMN MNaMW MNahN MNaN  NaN RS_Rate(3’6’5”11_04_2022 225052’)
5 40 30 NaN NaN NaM NaN MaN MNaN NaN NaM RS.Rate(3,12,4,10-03-2022 20:10:02’)

40 NaN NaMN NaN NaN NaN 20 40 40 NaN RS.Rate(5,7,5,25-04-2022 15:05:15”)

NalN NaN NaN 50 NaN NaN 50 50 50 40 RS.Rate(5,10,5,'10-01-2022 14:51:007)

6
7
8 NaM NaN NaMN NaN MNaMN NaN 3.0 MNaN NaN NaN
Q

Result = RS.TOP10(2) # Will return the id of the 10

J 4, .
Mal  MaM  MNaN  MaM  MNaM 5.0 0 MNaN MNaN NaMN item recommended to user (2)

10 40 NaN NaN 40 NaN NaN 40 NaN 40 NaN
print(Result) # [2, 12, 11, 1, 9, 5, 10, 3]

Fig. 3. Matrix contain the data used on train

35000 -

30000 1 -

25000 .

20000 -
15000 - I I I
10000 1 . .

[ | ]
coop 4 — . .

Fig. 4. MovieLens-100k dataset rating histogram

TRAINING

C. Library functions demonstration o

r r N
There is two main functions in our library . X ! g — v
Rate(user_id,item_id,rating,time) here every time a user rate
an item you call our function to save this rate so we can use -l ®
it later in suggestions . Filotids
Top10(user_id) and here you prove a user id and we suggest
for him 10 items .

+ Uand V are column orthonarme
+ T has arthonormal rows
» I is diagonal matix with singuler vaiues

D. Example

Here is a simple example showing how to use our library
by giving rating data then call ToplO function to suggest
items to the user . e

OUTPUT

import RecTulips as RS

RS.Rate(1,2,5,"10-04-2022 19:50:52°)
RS.Rate(1,5,4,,30-03-2022 10:34:10’)
RS.Rate(3,4,1,"11-03-2022 19:50:52")
RS.Rate(5,3,2,"12-04-2022 17:05:02°)
RS.Rate(5,5,5,'22-04-2022 18:53:40°)
RS.Rate(4,1,4,’ 25-04-2022 20:51:00’) Fig. 5. Concept of the proposed model
RS.Rate(7,9,4,'20-04-2022 20:20:13")

RS.Rate(7,8,3,°25-03-2022 10:50:17")
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V. EXPERIMENTAL RESULTS

The proposed model are implemented in Python using
Kaggle platform Test environment configurations provided in
Table I, with a help of surprise library [20] .

TABLE I
TEST ENVIRONMENT CONFIGURATIONS

RAM
GPU
GPU Memory
Disk

13.00 GB
Tesla P100-PCIE
15.9 GB
73.1 GB

In these experiments , we work with 4 different machine
learning algorithms SVD , SVD++ , KNN , NMF as mention
before , and we relied on measuring the results on the
following metrics the Root Mean Square Error (RMSE)
shown in Equation 1 , Mean Absolute Error (MAE) shown in
Equation 2 , Fit time , Test time .

RMSE = /(1) S0, (s — )% (1)

MAE = (1) 3" | |y — 2| 2)

TABLE 11
COMPARSION OF MACHINE LEARNING METHODS IN MOVIELENS-100K
DATASET
H Method RMSE MAE  Fittime Test time H
SVD 0.9311  0.7312 6.59 0.31
NMF 0.9896  0.7753 5.14 0.41
KNN(n=50) 0.9319 0.7323 0.76 6.59
SVD++ 0.9368  0.7380 106.47 7.88

Table II shows the value of RMSE , MAE , Fit time , Test
time for all the four algorithms , we can see that the SVD
Algorithm is the best in RMSE , MAE Also in Test time so
we can concluded that the SVD algorithm is the best algorithm
in this case for many reasons the first one is the RMSE score
so he is more accurate than any other also for the Fit and Test
time SVD make 6.59 sec for Fit 100,000 row and take 0.31
sec for test it’s a great result especially that our library will
work in real-time so the fit and test time is so important for
the speed of our library or the speed of the application that
will use our library .

VI. FUTURE WORK

Despite all the efforts made by researchers in this subject,
it still has not reached perfection, so it is necessary to work
in the future to develop it through the following points:

A. Use Deep learning

Despite the satisfactory results that the current recommenda-
tion systems give through machine learning algorithms only,

but we still believe that the results can be developed more,
reach more accuracy, and reach more satisfactory results.
We can reach these results through the use of deep learning
algorithms [21] and others, so we are working in our research
In the future, we should provide a recommendation system or
a recommendation system library using deep learning [25].

B. Recommendation system dedicated to a specific field

The problem that we have noticed in the recommendation
systems or in the offices available for the recommendation
systems[20 , 23 , 24], is that it is general and not specific
to a specific field. In fact, we can consider this a strength
and at the same time we can consider it a weakness that can
be a strength point, as it is used in any field, whatever its
form or His method and at the same time, of course, will not
provide all the characteristics needed for this field, and will
not provide the necessary accuracy, as it is not intended for it,
so we recommend that connecting systems or offices dedicated
to certain fields be provided, for example: E-Commerce , E-
Learning , Music , Films , etc .

Providing custom recommendation systems for specific fields
by providing functions that represent that field, for example:
Video_Watched() , Music_Listened() , Cours_Readed() , etc .

C. More privacy

Recommendation systems often use privacy and sensitive
information about users to provide more accurate suggestions
about a personality, but the user must have more privacy
and that this information is not clear to the owner of the
application, this can be provided by several methods such as
encrypting the information before using it to be identifiable
by The party of the machine only or limit the information to
areas [22].

D. Libraries for more programming languages

We noticed that the Libraries currently available for rec-
ommender systems are limited to a very limited number of
programming languages such as Python and NodelS, so we
suggest that they be generalized more to more programming
languages to facilitate the task for a larger number of devel-
opers around the world.

E. Hybrid recommendation systems

Most of the research in the field of recommendation sys-
tems, if not all, is done using one format, whether collaborative
filtering or content-based filtering , especially offices, so we
suggest that a new format be used that is a hybrid [26] between
the two systems to provide more accurate results.

VII. CONCLUSIONS

Providing a library that provides a recommendation systems
service with all its many characteristics and advantages, which
facilitates the process a lot for programmers and allows them
to use the advantages of recommendation systems without any
previous knowledge in the field of artificial intelligence. This
is what makes this field more important, so we have provided
a complete library that provides a service of recommendation
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systems in the programming language Not only that, but we
focused on making the results provided by our library very
satisfactory, so we worked on experimenting with several
algorithms for recommender systems and comparing between
them and choosing the best and optimal of them in our case .

We focused in our results on two important factors, namely
accuracy (RMSE , MAE ) and speed (Fit time , Test time )
, accuracy in ensuring that the results given by our library
are satisfactory and effective, and speed in giving results to
the user as soon as possible to ensure a very smooth user
experience.

The experiments we conducted were on a dataset called
MovieLens-100k, and we tested a significant number of rec-
ommender algorithms to: SVD , SVD++ , NMF , KNN.

And we came out with the conclusion that the Singular
Value Decomposition (SVD) algorithm is the best in terms of
accuracy and speed .
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Abstract—Automatic Speech Recognition (ASR) systems are
vulnerable to environmental noises, which significantly affect
their performance. MFCC is the most employed technique for
extracting the features from the speech signal, it is very effective
for non-noisy environments, but it is very sensitive to noise,
which affects dramatically the robustness of the ASR. In this
research, the Mel frequency Cepstral Coefficient (MFCC)
feature is modified to increase the robustness of the ASR against
noises. the modifications made consist of the use of the
differential power spectrum (DPS) instead of the power
spectrum (PS), and use of the power function instead of the
logarithmic non linearity in the algorithm. We used mean and
variance normalization (MVN) to reduce cepstral coefficient
mismatches between training and testing conditions, followed by
the auto-regression moving-average filtering (MVA) in the
cepstral domain. The experiments were conducted using LASA
database which contains Arabic digits. In the test phase, the
samples of the database were corrupted by four background
noises at different levels of noise. The experimental results show
that the proposed technique significantly improves accuracy
recognition compared to the standard MFCC, the relative
improvement is more than 28%.

Keywords—Robust  speech
Differential power spectrum

recognition, MFCC, MVA,

I. INTRODUCTION

In automatic speech recognition systems, noise
robustness is a critical consideration. The majority of them are
sensitive to the environment in which they are employed.
When the mismatch between the training and testing
conditions is large, the ASR performance degrades
significantly. Noise corrupts speech samples and generates a
mismatch due to distortion in speech attributes under realistic
noise conditions. As a baseline, most ASR systems use the
MFCC [1] features. But it has been demonstrated that MFCC
should not be used in noisy speech settings. As a result, many
MFCC versions have been proposed to improve the robustness
of the ASR system [2, 3]. Other features exist based on
Perceptual Prediction approaches, such as relative spectra
linear prediction (RASTA-PLP) [4] or perceptual linear
prediction (PLP), are more effective in noisy environments.
To enhance the environmental robustness of ASR systems, a
number of compensation techniques have been developed
such as cepstral mean normalization (CMN) [5], and variance
mean normalization (VMN) [6, 7]. For effective
compensation, there is an approach that combines CMN and
VMN plus ARMA filtring called (MVA) [8, 9, 10], Recent
research has shown that using a deep neural network (DNN)
[11] and convolutional neural networks (CNNs) [12, 13]
improve significantly robustness of the ASR.

Chadli Bendjedid El-Tarf University - EL TARF - Algeria

Hakim Doghmane
Department of Electronics and
Telecommunications
8 Mai 1945 - Guelma University
Guelma, Algeria
doghmane.hakim@univ-guelma.dz

Faiz Maazouzi
Department of Mathematics and
Computer Science
Mohamed Cherif Messaadia University
Souk Ahras, Algeria
f.maazouzi@univ-soukahras.dz

In this study, we present a technique for extracting speech
features that enhances the robustness of ASR systems. The
main contributions of this paper are as follows:

 For improved acoustical distortion resistance, we employ
the cepstrum obtained from differential power spectrum
(DPS) rather than power spectrum (PS).

o We employ power-law nonlinearity (PLN) functions instead
of the log nonlinearity functions used in MFCC, in order to
suppress weak signals and their variations.

o We employ the MVA technique to reduce speech feature
distortion; it has been proven in [8, 9, 10, 14] that it
enhances the robustness of small-vocabulary ASR tasks
greatly.

e We perform a comparison between our proposed feature
and a set of robust acoustic features such as: minimum
mean-square error (MMSE) spectral amplitude estimator
[15], Power Normalized Cepstral Coefficient (PNCC)
features [16], and Normalized modulation cepstral
coefficients (NMCC) [17] features.

The remainder of this paper is laid out as follows. In section
2, we present the structure of our proposed feature extraction
algorithm. In section 3, we present the experimental results
and we compare our proposed feature with the most
commonly used features in the literature. In section 4, the
work is concluded.

Il. ARCHITECTURE OF THE PROPOSED FEATURE EXTRACTION
TECHNIQUE

In this section, we present the different processing steps
leading to the Proposed Robust Cepstral Features (PRCF)
coefficients. The structure of PRCF is represented by the
figure below.

Speech Signal
d(|STFT|?)
W ->| Pre-emphasis |—>| Windowing |—> Id—fl
v

| Gammatone energy

| Power Function Nonlinearity |

| Discrete Cosine Transform

v

| MVA

PRCF Coefficients

Fig. 1. Structure of the proposed feature extraction algorithm
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Firstly, we apply a pre-emphasis filter of the form H(Z) =
1—0.97Z71 to input speech signal in the time domain to
increase the high frequencies. A short time Fourier transform
(STFT) is performed using a Hamming window with frame
duration of 25.6ms and a frame shift of 10ms. DPS of speech
signal x(t) is obtained by differentiating the power spectrum
with respect to frequency, it is defined by

dX(w)

D(w) = @
Where o denotes frequency. There are several discrete
counterparts for approximating of the formula above; we
chose the difference equation given by

d(k) = x(k) — x(k + 1) @)

[18] demonstrated that this form of approximation produces
better outcomes. Then, an absolute operation is applied to
DPS in order to make its negative parts positive. Finally, a
normalized filter-bank based on 40 channel gammatone-
shaped is applied to DPS; the filter-bank is applied between
130Hz and 6800Hz, whose center frequencies are linearly
spaced in Equivalent Rectangular Bandwidth (ERB) [19].
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Fig. 2. Gammatone filterbank of 40 dimension

ERB scale is defined by
ERBS(f) = 21.4 - log(0.00437f + 1) (3)

The gammatone modeling widely used is a physiologically
motivated technique that may be considered as an
approximation of human cochlear filter-bank. We use
Snaley’s auditory toolbox [20] to get the impulse response of
gammatone filter. In each channel the area under the squared
transfer function is normalized to unity.

f6800

130 Hm(DIPdf =1 (4)

Where H,,(f) is the frequency response of the m®h
gammatone channel. We obtain the short-time spectral power
P(l,m) using the squared gammatone summation as below:
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P(l,m) = Z£1)0_1[|dz(€j“”‘)| Hu(e/0]” ()

[ frame indices, d,(e/“¥) is the short time spectrum of the [¢"
frame of the signal, m gammatone channel indices, K is the
discrete Fourier transform size, it is equal to 1024.

Spectral power is enhanced by the expression
Py(l,m) = P(l,m) - 10 (6)

Where y is empirically defined, it is equal to 4. We apply
nonlinearity by exploiting the power-law nonlinearity instead
of log nonlinearity. This technique is supposed to eliminate
the weak signals and their variability, it provides more
robustness to ASR [16]. The nonlinearity is obtained by the
following formula

P'(l,m) = (Py(l,m))** )

Cepstral parameters are obtained from the spectral power
P’(l,m) using the Discrete Cosine Transform (DCT)

c, k)—\fzm 1P'Q m)005<nﬁk(’”_9) '
M, k=1-K ®)

Where M is the number of gammatone filterbank channels,
M and K are identical.

Three phases are included in the MVA post-processing
procedure, consisting of mean subtraction, variance
normalization and ARMA filtering. For a given utterance, it
can be represented by a N x T matrix of frames, say C, where
each colomn represents the feature vector for a given frame.

¢:(D) ¢.(T)
: : 9)
Cn(1) Cn(T)
The first step is mean subtraction (MS) defined by
Cn(t) = Cr(t) — (10)

Where C,,(t) is the nt" component of the feature vector at
time t, C,(t) is the mean subtracted feature and u,, is the
mean vector estimated from data as

ST Ca(D) (12)
The second step is variance normalization (VN) defined by

Calt) = 2 (12)

where g, is the variance estimated from data as

= 2311 (Ca() = 1n)? (13)
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Where C, (t) is the mean-subtracted and variance normalized
feature at time ¢. The third step is the ARMA filtering
process. It is used with the objective of making the noisy
frame features much similar to clean features.

In this study we have used non causal ARMA filter, which is
defined as

2L, Cnt-0+ 35 Cult+))
C,(t) = 20+1
Cr(®)

ifQ<t<T-Q (1

Otherwise

Where Q is the order of ARMA filter. The filter structure is
based on a study developed in [9], where it has been shown
that non causal ARMA filter provides better performance to
ASR system with respect to other types of filters. We apply
the MV A to static features which are concatenated with their
first and second order time derivatives.

I1l. EXPERIMENTAL RESULTS

This section describes the speech database used in ASR
experiments, and it also provides the topology of HMM
recognizer. At the end of this section, we present the
experimental results to evaluate speech recognition
performances of the PRCF features under a variety of
acoustical environments.

A. Database description

The experiments were performed using LASA database
developed by the LASA laboratory, which was designed for
the evaluation of ASR algorithms [23]. The database contains
a set of Arabic digit utterances pronounced in an isolated
way. It includes 9,000 utterances spoken by 90 adult
speakers. Each digit is repeated ten times by each speaker.
Utterances in the test set were corrupted by four background
noises (white, pink, factoryl and F16) taken from NOISEX-
92 database [24]. Noises are artificially added to the LASA
database at different SNR levels, the SNR is defined as the
ratio of signal to noise energy. Speech database includes two
test mode defined as below:

e Test mode A: Each speaker produces 10 utterances for
each digit: Six are utilized for training, while the other four
are used for testing, which gives 5400 utterances for clean
training, and 3600 utterances affected by four additive
noises in the range of 6 SNRs values (20, 15, 10, 5, 0 and
Clean).

e Test mode B, there are 6000 speech utterances produced
by 60 speakers in the training set, the test set contains 3000
utterances from 30 additional speakers who did not
participate in the training phase. The test set utterances
corrupted by the same noises as in test mode A at 6 SNR
levels.

B. The HTK Recognizer

All of the experiments described here use the Hidden
Markov Model (HMM) toolkit (HTK) [25]. Each digit HMM
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has the same topology, 13 emitting states with 3 Gaussian
mixtures per state, this topology is identical regardless of the
type of feature used. Acoustic model training is carried out
on clean speech utterances in all of our experiments.

C. The effect of filter order on recognition accuracy

To study the effect of the order of the ARMA filter on the
robustness of the proposed feature, we varied its order from
1 to 6, in order to find the optimal order of the ARMA filter.
Table 1 and Table 2 show that the optimal order of the filter
for which the recognition accuracy is better is obtained for
the value Q=2, this value gives a good balance between
robustness to noise and preservation of information.

TABLE I. ACCURACY RECOGNITION (%) WITH DIFFERENT ORDERS
OF THE ARMA FILTER FOR TEST MODE A
Filter order (Q) clean | 20-0dB
1 99.22 95.77
2 99.36 96.02
3 99.19 95.49
4 98.78 94.81
5 98.75 94.54
6 98.64 94.24
TABLE Il ACCURACY RECOGNITION (%) WITH DIFFERENT ORDERS
OF THE ARMA FILTER FOR TEST MODE B
Filter order | clean | 20-0dB
1 97.47 91.70
2 97.07 91.78
3 95.57 91.60
4 96.83 91.28
5 96.47 90.27
6 96.07 89.60

D. Comparison PRFC feature against baseline features

To evaluate the PRCF algorithm's performance, it is
compared to the acoustic features widely employed in
automatic recognition systems. Table 3 shows the
characteristics of the acoustic features used in the
experimental phase.

TABLE III. FEATURES PARAMETERS USED FOR EXPERIMENTAL
ANALYSIS

Configuration features MFCC | RASTA-PLP | PNCC | PNRF
window length (ms) 25 25 25.6 25.6
Frame shift (ms) 10 10 10 10
FFT size 200 256 1024 1024
Number of filter-banks 23 / 40 40
Number of coefficients 12 12 13 13
Appended log frame do do / /
energy
Size A/AA window 3/2 32 3/2 32
(frames)
Feature dimension 39 39 39 39

Tables 4 and Table 5 show the detailed experimental results
obtained in test mode A and test mode B respectively. the
fourth table column labeled (Rel_Imp) contains values of a
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Relative Improvement of the proposed algorithm extraction
methods. Relative improvement is defined as

Rel_Imp = ﬂ X 100% (15)
t

r,, is the recognition rate of our proposed algorithm and r; is
the recognition rate of comparison feature extraction
methods. The table column denoted by ‘Avg 0-20dB’
expresses the results recognition rate averaged from 0 dB to
20 dB over a four noise types.

In test mode A, at the SNR 0-20dB, PNRF with (Q = 2)
achieve an error rate reduction of 21.54% as compared to
MFCC baseline, 22.67% as compared to RASTA-PLP,
10.28% as compared to MFCC+MVA and 3.22% as
compared to PNCC feature. In test mode B, at the SNR 0-
20dB, PNRF with (Q = 2) gives 21.22% error rate reduction
as compared to MFCC baseline, 21.21% as compared to
RASTA-PLP, 9.41% as compared to MFCC+MVA and
1.79% compared to PNCC feature. PNRF gives a relative
improvement over the baseline MFCC of 28.92% in the test
mode A, and 30.07% in the test mode B. In the clean test,
PNRF feature does not affect the performance of the
recognition like the other features (MVA, RASTA-PLP and
PNCC) on the contrary, it yields more performance as the
standard MFCC features for both test modes.

TABLE IV. WORD ACCURACY (%) USING DIFFERENT FEATURE SETS
Features Clean | AvG 0-20dB | Rel_Imp
MFCC 99.25 74.48 28.92
RASTA_PLP 98.11 73.35 30.90
MFCC + CMN 99.00 82.03 17.05
RASTA_PLP + CMN 98.42 75.73 26.79
MFCC + MVN 98.89 85.48 12.33
MFCC + MVA 99.00 85.74 11.99
PNCC 98.34 92.80 3.46
PRCF 99.36 96.02 -
TABLE V. WORD ACCURACY (%) USING DIFFERENT FEATURE SETS
Features Clean | AvG 0-20dB | Rel_Imp

MFCC 99.25 74.48 28.92
RASTA_PLP 98.11 73.35 30.90
MFCC + CMN 99.00 82.03 17.05
RASTA_PLP + CMN 98.42 75.73 26.79
MFCC + MVN 98.89 85.48 12.33
MFCC + MVA 99.00 85.74 11.99
PNCC 98.34 92.80 3.46
PRCF 99.36 96.02 -

IV. CONCLUSION

In this paper, a new cepstral features have been
proposed by introducing a differential power spectrum and
power-law nonlinearity that replaces the existing technique
of log nonlinearity used in MFCC processing. The proposed
feature used the MVA technique as an integral part of the
algorithm and not as post-processing phase. It was verified
that the effectiveness of the proposed feature depends on the
choice of ARMA filter order, the optimal order of the latter
is equal to 2. According to the experimental results conducted
on the LASA database, the proposed feature provides a
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significant improvement in robustness, it outperforms state-
of-the-art algorithms in noisy environments without losing
performance in clean environment as well.
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Abstract— track the vehicle and provide assistance to the
driver is a fundamental research area in the computer vision
community and it handles some common challenges, such as
occlusion, deformation, motion blur, scale variation, and more.
Videos captured at day or night time contains heterogeneous
object, interacting object, edge ambiguity, and shape
complexity where. The most reliable information at night is
headlights. In the proposed study, detecting and tracking
moving vehicles on videos with Kalman filter at night is
implemented with taking into consideration some
preprocessing step and problems of night before a state of the
art of works related with this filter .

Keywords— Vehicle tracking system, Kalman filter, vehicles
on motion at night, video of traffic.

[. INTRODUCTION

Vision-based traffic surveillance an indispensable part of
Intelligent Transport System (ITS), has been widely studied
over past few years [1] .Many applications, including
transportation planning, traffic operating and highway
capacity analysis, are based on the vehicle detection, tracking
and classification .video monitoring system can obtain useful
traffic information from collected video image sequences by
using 1image processing and analyzing technologies,
combining with booming pattern recognition, machine
learning and other correlation theories. Detection and
tracking are both most dynamic research area with number of
application including computerized video surveillance,
robotic vision, traffic detection, vehicle navigation, object
identification and much more. It have been challenging tasks
of classical computer vision and image processing research
because of the issues such as partial or full occlusion of
objects, illusion, camera shaking, extremely high or low-
quality picture, distinct weather conditions including rain,
snow and wind that complicate the vehicle detection,
tracking, and data association processes, and in some cases,
these problems make such systems completely fail. To track
a vehicle at night is a difficult task, in view of the appearance
of the vehicle headlights. In this paper, we extracted frames
from video, we located the vehicle before that we treated
frames and we tracked target vehicles with Kalman filter.
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II. RELATED WORKS

Huda Dheyauldeen Najeeb et Rana Fareed Ghani[2]
presented a  survey contain all method of
detection,representation,feature extraction and tracking in
soccer videos wich are abtainable in related work.

Su-rong Qulet. al[3] improved a new kernelized
correlation robustness tracking algorithm fixed on kalman
filter and motion model to improve the generalization ability
for object tracking in complex scenarios(fast moving, severe
occlusion).Vannat Rin et Chaiwat Nuthong [4] predicted the
collision risk by proposing a reel time detection system of a
front moving vehicle using shifting three frames differences
and tracking with kalman filter. Vijay Paidi et. al [5]
demonstrated a novel methodology to detect the cruising
patterns of multiple vehicles moving in an open parking lot
using deep learning algorithm and kalman filter for tracking

Mengxin Li et. al[6]have displayed The advantages and
disadvantages of multi-target detection technology and
multi-target tracking technology . The performance of multi-
target detection and tracking technologies are compared, the
future development direction of these two technologies are
discussed.

Pin Wang et. al[7] proposed a method based on fuzzy
particle filter of vehicle target recognition to introduce
nonlinear statistics at night toward realizing process of
vehicle target detection and resolved the different problems
of night vehicle target recognition and detection .

Vasanthadev Suryakalaet. al[8] have used a modified
Mixture Model (GMM) and Kalman filter to detect and track
the moving vehicles at a near real time pace using one
modality camera sensors,compared detection with GMM at
day and nightbtime . Chanho Leeet.al[9] described vision-
based lane detection algorithm in real-time, gradient cue and
a color cue together and a line clustering with scan-line tests
to verify the characteristics of the lane markings. It worked
until high noise level and road conditions

Xuan Heet.al[10] performed a real-time algorithm
during night applying kalman filter for lane tracking where
they take into consideration various night scenarios such as
rainy weather and tunnel travel. Md. Haidar Sharif [11]
highlighted the comparative study of existing approaches
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about laser-based detection and tracking algorithms using
laser scanners rather than common video recording RGB
cameras. R. Yao et al [12] have provided a survey of the
video object segmentation and tracking VOST and Video
Object Segmentation (VOS), summarized some object
representation, image features, motion cues, and more. In
addition, they summarized the characteristics of the related
video dataset and supply variety of evaluation metrics. Amir
Salarpour et. al[13] have described a combinational method
for tracking multiple vehicles beyond kalman filter and color
feature .It is used to minimize the computation time, and
exploited the feature of vehicles for the best tracking.
Weigiang Zhang[14] generated data association process of
the tracking objects through computing the likelihood
probability. They exercised Kalman filter for detecting and
tracking dynamic big and small objects by geometry model
and a motion model were utilized to describe tracking static
and dynamic object.

Jahongir Azimjonov et Ahmet Ozmen[15] prepared a
new vehicle dataset and used two methods of detection Yolo
and CNN combined with Yolo .As well as used of Kalman
filter to track vehicles and the bounding-box-based vehicle
tracking algorithm was developed where they raised
classification accuracy.

III. DECTECTION PROCESS

In image processing, identify the objects of interest and
cluster pixels of these object is the first importante process.
Object detection aims to detect the size, direction, and other
information for the target object using the geometric and
object characteristics of image preprocessing for the purpose
of localizing them on a video frame. Detection of the region
of interest in frames can be achieved by various methods
which include frame difference method, optical flow method
and background subtraction where techniques of detection
are shown in figure 1.

Frame Difforencxg

Object | | Optical Flowr
Detectin :
v Recursive
y
Backgpound
Subtraction

Non-Recwsive

Fig. 1. Object Detection methods

IV. TRACKING PROCESS

Object tracking is a technique for re-identifying of the
detected objects and associating them to the best-matched
peers through consecutive frames. It is the process of finding
any object of interest in the video to get the useful
information by keeping tracking of its orientation, motion
and occlusion etc, to clarify features notably used : Pixel,

- Eaknso Filtering

N Pacticte Filtesing

Point Tracking L=
“1 = Multiple Hypothests
Tracking

Sample Template
Matching

o Mean Shint Method

Obgect | . Kemel Tracking -
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Support Vector
3 Machine
- Layering Dased
Trnchking
Pea AR L - Contour Tracking
Trmckiog

T s Shape Muatching

shape, color, and bounding box (Bbox) information are
widely used to trace the detected objects and to extract the

object trajectories..The methods including Kalman or
Particle Filter tracking algorithms, which use bounding box
info, are slightly faster than pixel, shape, or color-based
approaches because of coordinated information of the
detected objects. Tracking techniques are : point tracking,

kernel tracking and silhouette tracking have been appeared
in figure2.

V. PROPOSED METHOD

In this paper we used detection by background substraction
and tracking using Kalman filter before extraction of frames
from videos and preprocessing of night images where these
steps are discussed later.

A. Used dataset

videos are captured in Annaba city summer season at night in
defferents location with 2 types of cameras dome and fixe
from defferent field of view. Figure 3 shows some frames
from data set.

Fig. 3. .some frames from Data set

B. Extracting frames from videos

we divided videos on sequences of frames, in other words,
videos contained around 2min can be fractionated on 3060
frames. Extraction frames from videos are displayed in [13]
in a daytime. Figure 4. Indicate cited example.
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Fig. 4. example of extracting frames from video

C. Preprocessing step
1-Difficulties of lane detection during night

Compared with the uniform illumination at daytime. The
difficulties of lane detection during night include :

(01) The overall gray level of the night image is lower than
that of daytime image and a large number of lane boundary
points are submerged in the background noise .

(02) The alternating light spots in image tend to cose edge
missing.

(03) The headlights affect the illumination distribution of the
night image .(04) The interference of headlights and street
lamp make it difficult for image segmentation

As example [10] have been deleted image noise based on
two dimensional Gabor filter. Therefore the major problem
in night detection is headlights because they moved and can
be detected as the object target.

2-Edge Detection Filters:

It is a common image processing technique, and can be
used for a variety of applications such as image
segmentation, object detection, and Hough line detection.
Use edge detection effectively by using the 'edge' function in
MATLAB®, and also explore the different available
parameters. There are Different Edge Detect Filter Like
prewitt, Sobel, Canny and Robert& more. We discuss Sobel,
Canny, log, laplacien and Prewitt Filter In this paper.

canny e prowitt

Fig. 5. comparaison between original images and images filtred

As shown in figure 5 Sobel detection refers to computing
the gradient magnitude of an image using 3x3 filters. Where
"gradient magnitude" is, for each a pixel, a number giving
the greatest rate of change in light intensity in the direction
where intensity is changing fastest. Canny edge detection
goes a bit further by removing speckle noise with a low pass
filter first, then applying a Sobel filter, and then doing non-

maximum suppression to pick out the best pixel for edges
when there are multiple possibilities in a local neighborhood.
That's a simplification, but basically its smarter than just
applying a threshold to a Sobel filter, but it is still fairly low
level processing.

D. DETECTION BY BACKGROUND SUBTRACTION

Background modeling is an initial step for background
subtraction method. It consisted on building background
model where we can obtained the reference model, it will be
useful in background subtraction. Every video sequence is
compared with reference frame to identify deference between
frames wherever object moving was detected. This detection
method is easy, wherever the external environment changes,
it is more sensitive. For the background subtraction two
types of algorithms are available: recursive and non recursive
process.

Recursive process: In recursive technique no buffer is used.
Based on each input frame a single background model is
updated. So the current model detect a mistake caused from
frames of the distant past. This decreases the storage space,
in this case no necessity of memory to buffer for the data.
There are a quantity of recursive process that includes
median, Gaussians Mixture and Kalman filtering used in
our work.

E. TRACKING BY KALMAN FILTER

The Kalman filter is a cyclic algorithm to estimate the
evolving state of a process when making

measurements in the process .It was used to track an object
in sequence with captured video [16]. In addition it is a linear
approach that operates in two basic phases of prediction and
correction update (when the evolution of the case follows the
linear motion model and the measurements are linear
functions of the case). The prediction phase is accountable
for the scoop of the next state and position of the present
object. However the correction phase provides the
parameters with their instance, they combine the actual
measurement with the previous estimate to improve the
trajectory where the object information detected in the
previous frame is used and provides an estimate of the
object's new position, It has the ability to rating the tracking
locations with minimal datum on the location of the object
steps are explained in figure 6.
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Fig. 6. Kalman tracking steps.
VI. EXPERIMENTAL RESULTS

Detection and tracking of cars on motion at night presented
lot of difficulties, the most of them are cars headlights .In
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this paper we processed captured pictures from monitoring
videos taken on Annaba city located in the east of Algeria
with infrared camera on summer season before that we
preproposed images using hybrid filters of canny, sobel and
prewitt . We detected by background substraction and
tracked vehicles using kalman filter where the utilized filter
facilitates maintaining data association during moving,
stationary, and missed detection where. Figure 7 shows
results of detection and tracking.

Fig. 7. Results ofalman filter tracking.

Fig. 8. some frames results by background subtraction

VII. CONCLUSION

In this work we presented our method of detection and
tracking on real videos captured of vehicles on motion at
night time captured in Annaba city especially in summer
season using infrared static and dome cameras ,accordingly
the same vehicle can be seen in diverse angles of view.
Results appears that canny and laplacian filter are best filters
to detect edges of object with more and pertinent details
before that kalman filter is used to track cars .

VIII. MATERIAL USED

This videos has been realized under a machine that has the
following configuration: Laptop DELL Hard Disk 256
NVME. Windows 10 64-bit operating system, ram: 8, 00
GO. Processor: Intel(R) Core(TM) i5 CPU 8th generation.
Images acquired and analyzed using Matlab 2020a version
It is associated with toolboxes called TOOLBOX allowing
access to functions specific to an application field such as
image processing .

IX. PERSPECTIVES

e We will create a new Data set of traffic video
captured on Annaba city with deferent conditions.

e We will test a combining filter on images to solve
other night problems

o We will write a review article about detection,
tracking and classification of vehicles on motions.

e We shall redact a comparative study between all
methods existing in classification of cars on motion
using deep learning.
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Abstract—The service computing paradigm has been widely
adopted in various domains, such as in Web applications, Cloud
computing and Internet of Things (IoT). Service providers offer
services to their clients depending on their functional and non-
functional requirements. Generally, the process of using a service
consists of three steps discovery, selection, and invocation. This
process is subject to many variables. For instance, no service
with the required properties was found implying a requirement
update, or just the invocation does not work. Therefore, the
service monitoring is a necessary feature to be included by service
providers. In this paper, we propose a model at-runtime approach
to monitor this three-steps-process. We specify the proposed
model using the Petri net formalism and the Flexible framework.
Our approach allows service managers to monitor the three
steps, change requirements when no service can satisfy the
current requirements, and select other services when invocations
fail. The monitoring system notifies service managers about
the request state, the requirement changes required, and the
invocation failures based on the Petri net marking. In addition,
Python expressions can be used at runtime. Finally, a case study
illustrates the approach by the implementation of a compression
service.

Index Terms—Service
model@runtime, monitoring

oriented computing, Petri Nets,

1. INTRODUCTION

Recently, the service computing paradigm has gained more
and more popularity [1]. The main advantage of this paradigm
is that every part of the hardware and software architecture
is offered as a service, which even includes the hardware
infrastructure itself where other services are running at the
same time. Nowadays, services have been expanded in various
areas, such as: cloud computing, Internet of Things (IoT), fog
computing, etc.
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Clients request services to satisfy their desired needs spec-
ified in terms of functional and non-functional requirements.
Generally, service clients follow a three-step process to use a
service. The first step is the service discovery, search based
on a set of functional and non-functional requirements. The
usual result is a list of (functional) equivalent services. The
second step is the service selection. In this step, Clients
may need to come back to the previous step, if an empty
list is returned, that is, they must change their combinations
of functional and non-functional requirements. Otherwise (a
non empty list is returned), the non-functional requirements
(such as price, response time and reliability) are used to
select the most adequate service [2]-[4]. The last step is
the invocation of the selected service. Requesting a service
might end without satisfying the client’s requirements due to
the dynamic nature of the environments where these services
are used. For instance, either services discovered might not
answer in the agreed response time, or we might even get no
response at all when calling them. Consequently, the process of
service requesting has to be monitored by service managers to
detect any unexpected problem and apply corrective strategies
when necessary. Many related works [2]-[12] emphasize the
importance of monitoring service requests and their QoS.
In general, the approaches proposed [13]-[15] offer a high
level of abstraction to monitor service and do not consider
the granularity of service requests. We need to verify some
properties to monitor a service request, such as deadlock
freedom, service delivery assurance and QoS satisfaction.
Hence, using a formalism like Petri Nets (PNs) to model the
process of a service request is of great importance. PNs and
other formalisms are used to model systems but only at build-
time without linking them to the concrete implementations of
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these systems. Therefore, the adoption of a model@runtime
solution to link service models and their invocation is required.
A model@runtime is a solution to model and monitor a
running system. It is based on computation reflection, in which
the system state is reflected on the model and vice versa.
In our previous work [16], we developed a model at-runtime
framework that models Python applications at runtime using
an extension of the PN formalism. In this work, we use this
framework to model and monitor a service request.
The contributions of this work are:

- We propose a PN model that specifies the three-step
process of using a service. This model considers both
the fulfillment and the failure to fulfill the client require-
ments.

- We implement the proposed model using the model at-
runtime framework proposed in our previous work [16].
This framework allows the monitoring of service requests.

- A case study illustrates the benefit of our work.

The next section presents the necessary background to
understand this work, and some related works. Section III
presents our proposal to model and monitor a service request.
Section IV presents a case study that illustrates our approach.
In Section V, we discuss our approach. Finally, we conclude
this work in Section V1.

II. BACKGROUND AND RELATED WORKS

This section outlines the background concepts used in this
work. We focus on the PN formalism used in this work
to model a service request. Then, we explain the notion of
model@runtime, and we present the architecture of our model
at-runtime framework introduced in our previous work [16].
This framework is used to develop the approach presented in
this work. Finally, we present some related works.

A. Petri Nets

A PN [17] is a formalism used to specify system behaviors.
It is a directed bipartite graph that has two types of nodes:
places and transitions, which are connected using weighted
arcs. Places are represented as circles where they can hold a
finite number of tokens, whereas transitions are represented as
rectangles.

Definition II-A.1.
A PN [17] is a tuple T = (P, L, F) where
i) P = (Po,P1-Pm) is a finite set of places.

(i) T = (To, T1:+Tn) is a finite set of transitions.
(iii) F: (PxT)U (TxP)—— {0,1,2-} is a set of
weighted arcs, which represent the flow relation.

A marking m, which is the number of tokens in each
place, represents the current state of the system. For instance,
assuming m = [1, 1, 0] and P = {Pg, P1, P2}, places Po, P,
and P2 contain 1, 1, and 0 tokens, respectively.

A Transition T; is enabled to be fired if its input places
contain at least the number of tokens in each associated arc
(Px{Ti}). If T; is fired, several tokens that equals ({7} xP)

Petri Net (PN)

is consumed from the output places of Tir li_iring Ti leads to

a new marking m’, and it is noted as m —m .

O

Figure 1 depicts a PN that represents the behavior of a
grading system.

¥ AR \l\\ e — =
Q\ : /H —
N LA

Fig. 1. An example of a PN [16]

B. Model@runtime

MDE is a software engineering paradigm. It assists in
software building and maintenance with the aim of increasing
productivity. It provides a software development process based
on models. A model [18] is a system abstraction that can
focus on a specific aspect, such as structure and behavior.
Models@runtime [19], [20] is a solution that considers running
systems. In this solution, the system and the model are causally
connected, meaning that they are updated according to the state
of the other one. A benefit of the use of the models@runtime
is a richer semantic based on the state of the system, which
helps in decision-making [20]. For instance, Figure 1 shows
the state of a running system that has fired the transitions To,
Th and T2 and is about to fire T3, where T3 is colored in
Orange. The transitions represent real actions that calculate
a student grade. Therefore, models@runtime will support
running systems and decision-making by many things, such
as reconfiguring systems [16]. This paradigm offers a model
reflection of the running system at runtime. There are many
techniques that are followed by researchers to provide models
at-runtime, such as reflection [16], [21], heuristics, monitoring
[6], model transformation [22], reasoning [23], etc.

In this work, we use a model at-runtime framework that was
published in our previous work [16]. This framework, depicted
in Figure 2, is used to develop, model and reconfigure Python
applications at runtime. Python applications are modelled
using an extension of PNs where the transitions of the PN
formalism are extended to contain a Python statement and a
guard. An statement is executed when its transition is fired. A
guard is a Boolean expression that should be satisfied when
its transition is fired.
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Fig. 2. The main interface of the model at-runtime framework

The framework has two components: the Model Execution
Engine (MEE) and the Python Execution Environment (PEE).
The former executes the model, whereas the latter executes
Python statements that reflect the former execution. Figure 3
shows the architecture of this framework.

Notify:
Executed/Exception

Python Execution
Environment

> (PEE)

Model Execution
Engine
(MEE)

Send: Statement

Fig. 3. The architecture of the model at runtime framework

A developer uses this framework starting by modeling
the application behavior. Then, he develops the classes and
functions that the application needs. Then, he/she enriches the
model by using statements and guards. Finally, he runs the
application and reconfigures it when necessary.

C. Related works

In the literature, several approaches have been developed
to monitor service compositions. Pistore et al. [15] use a
technique that is called “Planning as Model Checking” to
compose web services and decide which external services
have to be monitored. The aim of this work is to improve
the internal behavior by dealing with external anomalies
that may happen during service requests. Lazovik et al. [5]
proposed a framework to assert whether business rules are

met during service requests or not. They proposed a language
to specify business rules as sets of assertions, which have to
be met during service requests. The framework also provides
the ability to monitor service requests and determine when
business rules are satisfied. Guzel et al. [7] propose a multi-
objective optimization approach that considers QoS, energy
consumption and fairness during the request of IoT services
in fog-based networks. Based on the concept of edge devices
as a service, Hayyolalam et al. [9] proposed a method to
adopt and use Al on resource-constrained edge devices. They
use meta-heuristics algorithms that consider QoS and QoE
during subtask composition. Khan et al. [13] proposed a
blockchain-based distributed infrastructure to monitor, in real-
time, the violations occurred in cloud-hosted services. Yang
[24] proposed a PN model for service composition in IoT en-
vironments. The proposed model evaluates cost-effectiveness
by considering reliability, response time, and cost. Badshah
et al. [14] proposed a third-party monitoring service based on
the service level agreement. This service detects violations and
manages penalties.

Sun et al. [25] proposed a framework to monitor runtime
information during the execution of business processes that
are specified using BPEL. Extended message sequence charts
are used to store captured information. Boucetti et al. [10]
proposed a QoS-aware approach based on genetic algorithms
and neural networks to compose 10T services to consume an
optimal time during service selection. Osypanka et al. [26]
proposed a QoS-aware approach for resource prediction to
reduce the costs of cloud computing. The proposed approach
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works autonomously with the help of many techniques, such
as continuous monitoring, anomaly detection, self-adaptation,
machine learning, and the discovery of computing service
characteristics. Nikam et al. [27] designed a middleware to
provide monitored resources during service compositions in
cyber-physical systems. Gomes et al. [28] proposed a model
at-runtime approach which was built as a middleware to
monitor the satisfaction of non-functional requirements in
cloud services.

[II. PROPOSAL

This section describes our solution proposed to model ser-
vice requests at runtime. It presents a PN model that specifies
service requests. In addition, it shows how to develop Python
methods to bind the proposed model with Python. Finally, it
shows the monitoring process.

A. Overview

The proposed approach requests services dynamically using
the model-at-runtime framework developed in our previous
work [16]. The same framework is used to monitor the whole
process of service requests. This process consists of three
tasks, namely: discovering, selecting, and invoking, which can
all be monitored by the service manager. Figure 4 shows this
process. The process of a service request is modeled as a PN,
while the execution is performed using the model-at-runtime
framework. The service manager monitors the service requests
using the PN marking and the expression evaluator.

Monitoring

I

Fig. 4. A three-step process of a service call

Preparing the framework to call external services starts by
developing Python methods to discover and select services.
This process includes a mechanism to reduce the required
non-functional requirements in case no service can satisfy
them. Next step includes the service invocation of the service
selected. The whole three-step process can be monitored by
the service manager. Figure 5 shows the steps followed by the
service manager.

B. Service Call as a Petri Net

The PN presented in Figure 6 models an external service
call. This process starts by discovering services satisfying
the functional requirements and the initial non-functional
requirements, such as price and response time. Three different
transitions can be fired depending on the outcome. First
option is offered when the list of services is empty, but we
still can reduce our aspirations regarding the non-functional
requirements. The reduction is accounted by adding a token
in the Place "Reduction counter”, and the discovering process

| Reuse the Petri Net model |

v

| Develop Python methods |

v

| Run and monitor |

Fig. 5. Steps of configuring a service call

is retaken. Otherwise, the service call terminates in a fail-
ure, when we cannot reduce the non-functional requirements,
second option. In the last option, a list of services has been
discovered satisfying the current non-functional requirement
set. In this case, a service is selected from the list and invoked.
If the invocation is performed without problems, the service
call ends correctly. Otherwise, the failure is accounted in the
”fail counter” Place, and the selection process is retaken again
discarding this service. If there are no remaining services, the
discovery process is restarted.

Failure
Counter

PO Discover

Reduce
Requirements

O Reduction
Counter

Fig. 6. A Petri net to model a service call

Terminate

C. Preparing Methods

Table I shows the statements and guards that are associated
with each transition of the PN depicted in Figure 6. The
transition “Discover” executes the method “discover” with the
inputs minimum and maximum requirements. This method has
to be developed by the service manager when he has to specify
how the discovery is done. Several approaches that can be
followed are presented in the literature [12], [29]-[33]. The
transition “Select” calls the method “select”. Many selection
strategies can be implemented, such as the first service on
the list. This transition is only fired when exists a list of
discovered services, restriction implemented by the guard
len(discovered_services) > 0 and it implies the selection
of a service. Afterwards, the list is updated by removing the
service selected. Subsequently, the transition “Invoke” exe-
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cutes the “invoke” method to invoke it. The transition “Reduce
requirements” reduces the aspirations of the non-functional
requirements. The service manager should establish a policy
to select the requirements to be sacrificed and their order.
He/she can delegate this task to an optimization algorithm, for
instance, the algorithm presented by Boulesnane et al. [34]-
[36] can be considered. This transition is only fired when there
is no discovered service with the current requirements, and
we can reduce the requirements. The transition “Terminate”
is fired, if there is no available service with the minimum
requirements to invoke. It should notify the service manager or
a dedicated service to act in this case. The transition “Fail” is
fired when the invocation fails and executes the “fail” method,
while the transition "End” is fired otherwise executing the
“end” method.

D. Monitoring

The service manager can monitor service calls using the
marking and the expression evaluator. The PN from Figure
6 shows the number of requirement reductions in the place
“Reducing counter”, and the number of invocation failures in
the place “Failure counter”. The number of tokens represents
the number of reductions and failures. This marking represents
the state of the actual execution. For instance, Figure 7 shows
that the requirements are reduced two times, the invocation
failures are three times, and there is a selected service to
be invoked. The service manager could change the proposed
PN to monitor other partas. For instance, he could monitor
the discovery. He could also change the behavior of the
service call by executing the discovery and the selection steps
simultaneously, for example, changing the initial marking.

The expression evaluator can be used to monitor the value
of Python expressions. For instance, Figure 8 shows the value
of the grade average variables used by a service in charge of
performing the evaluation process.

IV. CASE STUDY

This case study illustrates our approach showing the call and
execution of a compression service. In this scenario, we used
20 services able to compress files. Each service has a different
compression ratio average, but cannot ensure that files will be
compressed with this ratio. “discover” method provides the list
of services and their compression ratio. The requirements are
initialized with a compression ratio of 5:1, and we consider
a reduction step of 1. The lowest accepted compression ratio
is 2:1. If the compressed file is lower than this ration, the
invocation is considered as a failure.

The simulation shown in Figure 9 shows the final state of
the compression process. It ends correctly, but requirements
were downgraded twice and five failures occurred. The failures
happened either because the service was unavailable or be-
cause the compression ratio offered by the compression service
selected was inferior to 2:1, which is unacceptable.

V. DISCUSSION

The primary goal of this work is to monitor service requests.
Therefore, the proposed approach contributes to the field by:

- proposing a model at-runtime to monitor a service re-
quest;

- monitoring the satisfaction of requirements during the
service request; and

- monitoring the resources consumed, in terms of discov-
ered, selected and invoked services, during the service
request.

We model a service request as a PN, which enables the
formal verification of desired properties. The proposed model
offer alternatives to service clients at the discovery and se-
lection stages in case their requirements are not satisfied. In
addition, it allows to inspect the number of failures produced
during invocations. Another feature offered by this model
is the downgrading mechanism available to adapt the client
requirement to the actual services. For instance, Figure 9
shows the number of failures and requirement downgrading
occurred during the execution of the case study. The model has
to be completed with different Python methods to implement
the three steps: discovery, selection, and invocation. It is worth
nothing that this model can be adapted according to the service
manager’s needs.

VI. CONCLUSION

This paper introduces a novel approach that adopts
model@runtime and Petri nets formalism for monitoring the
process of service requests. Petri nets are used to model the
three-step process of service requests, namely : discovery,
selection, and invocation. The proposed solution enables the
verification of the fulfillment of the clients requirements.
It enables also the detection of any anomalies that may
appear during this process, for instance, eithr the available
services cannot satisfy the non-functional requirements, or the
invocation of a selected service cannot be accomplish. The
used framework provides also relevant information such as
the number of invocation failures, the number of requirements’
changes, etc.

Future work includes the development of a GUI that can
deal with business processes in which several instances invoke
several services. It could be accomplish by considering Color
Petri Nets (CPN) to associate each token with a specific service
request. Moreover, we intend to study the problem of service
composition using the proposed framework and study different
selection and discovery algorithms. Other domains can also
be considered with this solution such as real cloud and IoT
environments.
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TABLE I
THE TRANSITIONS AND GUARDS OF THE PN THAT MODEL A SERVICE CALL
Transition Statement Guard
Discover discovered_services = True
discover(minimum_requirements, maximum_requirements)
Select chosen_service = select(discovered_services); len(discovered_services) > 0
discovered_services.remove(chosen_service)
Invoke invoked = invoke(chosen_service) True
Reduce requirements maximum_requirements = minimum _requirements; len(discovered_services) == 0 and

minimum _requirements =

reduce_ requirements(minimum _requirements)

can_reduce_requirements
(minimum _requirements)

Terminate terminate() len(discovered_services) == 0 and
not can_reduce_requirements
(minimum _requirements)
Fail fail() not invoked
End end() invoked
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Fig. 7. Monitoring the state of service call

Expressions Evaluator -
Statement

grade_average 1 [1]
grade average 2

int{grade _average_l1) >= 50 and Int{grade_average 2) >= 50

(2]

(3]

(4]

(5]

grade_average 1

Add Modify Remove

(6]

Fig. 8. Monitoring using the expression evaluator
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Abstract—Deaf and dumb people suffer a lot in their dealings,
not only this, but their families and relatives also suffer from
a big problem in communicating with them, and there are not
many incentives that make ordinary people ready to learn the
language of deaf and dumb people to speak with them in their
own language easily, so a systems capable of converting the
sign language must be made Referring to a readable or audible
language to be a means of linking between a normal person and
a person who does not speak sign language, this currency will
greatly facilitate transactions with deaf and dumb people and will
also give them more opportunities , In this work, I proposed a new
system for recognizing sign languages and translating them into
a readable and audible language. We also tried many artificial
intelligence methods such as YOLO, KNN, CNN, and others, and
we were able to get very satisfactory results, and by using our
dataset .

Keywords : Sign language recognition, YOLO , Deep learning .

I. INTRODUCTION

Sign language is the official language for the deaf and hard
of hearing people or people who have speech problems due
to disability. It is a non-vocal language that depends on the
movements of the hands and arms and some other movements.
There are many sign languages around the world (144 sign
languages [1]) that differ from one language to another or
From one country to another, Figure . 1. shows the difference
between USA and British sign languages.

The difference between them lies in the way the meanings
are expressed in different movements. Each number or letter
has a specific movement that expresses it in sign language,
and these movements are used to spell words Or know the
numbers to communicate between its users.

Ordinary people do not learn sign language because it is
a language used by a small group of people and cannot be
used permanently, as well as difficult to learn, which makes it
marginalized and of no importance to them, and this increases
the complexity of the matter in terms of communicating with
people who only understand sign language, and in fact this is
not Just, and makes the deaf and people with special needs
in a world isolated and backward from the developed world
in which ordinary people live, but with the modern techno-
logical development, movement recognition systems appeared
through different technologies, gloves equipped with sensors
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[2] or pictures and videos. Communication, understanding and
interaction through social networking sites.

Artificial intelligence technology interferes with its tech-
niques in machine learning and deep learning, where the
machine can learn and recognize movements and translate
them from sign language to audio and readable language for
the general public, The machine is trained on the movements
to be recognized, using an appropriate database that contains
images of various types of movements. The data entered is
processed and a trained model is created to produce a smart
program.

An image captured from the user’s device camera is entered
into the smart program, the image is processed, and the hand
is identified in the image as the first step, then the type of
movement is recognized.

A ,f B

Fig. 1. Sign of number 6 , (A) British and (B) USA sign languages .

II. RELATED WORK

Because of the importance of the topic studied, we find
that researchers have presented many approaches to solve
some of the problems posed by this topic ,One of the most
used approaches is Convolutional Neural Network (CNN)
approach [6] [7] they proposed a specific CNN architecture
and use it in a selected dataset but the problem faced with
this approach that is worked only with selected backgrounds
and fixed camera so it will not be used in all cases , In the
same context of Deep Learning [7] are tried other method’s
as deep neural network (DNN) and Long Short-Term Memory
(LSTM) and they get acceptable results in the selected dataset,
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but the previously mentioned problem is still in doubt , other
approaches are using Machine learning algorithms [8] they use
K-Nearest Neighbor algorithm to classification phase using
various backgrounds and effects and they also get very good
results , [9] they choose Support Vector Machine (SVM)
algorithm to work with and for result using dataset with 36
ASL and 12 people x 1 set they get 75.50% accuracy for 26
classes and 67.54% for 36 classes also [10] they used the SVM
algorithm using dataset with 10 ASL gestures and 14 people
x 10 sets for results they get 80.86% accuracy , for other
approaches [11] used MultiLayer Perceptron (MLP) with 32
American Sign Language gestures for 146 people every people
have 1 set and they get 90% accuracy.

III. PROPOSED MODEL

A. Model Definition

1) Object Detection : object detection Techniques that
detect and identify the object through the image work to detect
the objects in the image, after which they are classified to
identify that object. This process takes place through two main
stages, first, determining the coordinates and dimensions of the
object in the image and creating a box surrounding the object
in the image, second The process of classifying the extracted
frame to identify the class of the object in it.

2) YOLO : You Only Look Once (YOLO) is a modern
algorithm used in many object detection applications. YOLO
is known for its speed and accuracy in real-time object
detection. Yolo uses Convolutional Neural Networks (CNNs)
to discover objects in real time. Yolo needs one stage of CNN
to detect objects with a colored box and classify them Figure.
2 shows this process .that by divides the image into parts and
predicts probabilities for each part. This technology has several
versions: YOLO V2, YOLO V3, YOLO V4, YOLO V5 and
more [5]. The yolo architecture consists of 24 convolutional
layers and two fully connected layers. Figure 3 shows the full
architecture.

3) convolutional neural network (CNN) : A convolutional
neural network (CNN) is a widely used type of neural network.
The CNN is made up of neurons that have weight, bias, and
activating functions.

Class probability map

Fig. 2. Object Detection and Classification using YOLO [4]
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Fig. 3. YOLO architecture [4].

4) Training details : We have applied Yolov3 technology
to train a model that determines the position of the hand in
the image and recognizes the type of signal. In the input, Yolo
technology needs an image data-set in the form of a training
part and a testing part. Also, each photo must be attached to
a file with the same name with the photo that contains the
location of the photo’s hand frame in the original image , and
its width and height , and a private key define the class of this
sign .

After the training process, we get a ready -to -use trainer
model, in the prediction part, we only enter a picture into the
model, and the outputs are in the form of a colored box that
determines the location of the sign in the image as well as the
private key that represents the sign type, After that, we may
get the desired, we define each special key with an audio file
and a text file, so that they are displayed in the last with the
image , Figure . 4 . shows the General proposed architecture

Dataset Train

Prediction

Fig. 4. General proposed architecture .
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B. Dataset

Due to the scarcity of sign language datasets for YOLO, we
had to create our own datasets. We have created a database
of numbers from 0 to 9. The creation of this data set is based
on taking pictures of a number of people while they make
references to the numbers. Then the hand is identified in each
image using a special program called Labellmg (Figure 5 ),
where we determine the position of the hand in each image,
and the application creates a file with the same name as the
image and contains the width and height of the bounding box
of the hand as well as the location of the box in the image
(X, Y), (Figure 6). Finally, a private key is placed for each
digital image. About 200 images ( Figure 7 8) were taken
for each digit, nearly 2,000 images for digit recognition. We
identified the hand in each image and gave it a private key for
the number in the file. Attached text with the same name as
the image, using Labellmg .

o] e |

Fig. 5. labeling image application.

1 imed_Onetst - Noteped - 0 X
File Edt Fomat View Help

lhle.mm 0.386806 8.221094 umasl

i cordinaton

Fig. 6. File created through the labellmg application.

C. Classification process

We use 80 % to use the training stage for the process of
pre -processed data, and it uses 20 % for the test.

We divide the data set so that we guarantee the availability
of all conditions in the training part as well as in the test part.
We made adjustments from the original Yolo structure, as we
change the number of channels and the number of filters in the
tafiye class. In the training process, we use the training part of
the data to build a Yolo model. Using Darknet53 (Figure. 9 .
shows the full architecture ) Brereated Weight [13-14] The
training process , which was trained on imagenet, is done
(Figure. 10 .) . The training will stop when the value of the
loss stops to get off .
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Fig. 7. Dataset Specification.

Fig. 8. : A group of people doing different signaling movements.

IV. EXPERIMENTAL RESULTS

We implement our approach using Python Programming
language , for training part we are work with a help of Google
Colab train configuration showed in Table I and for testing part
we work with configuration showed in Table II.

TABLE I
TRAIN ENVIRONMENT CONFIGURATION
RAM 12.68 GB
GPU NVIDIA Tesla K80
GPU Memory 12GB / 16GB
Disk 78.19 GB
GPU Memory Clock 0.82GHz / 1.59GHz
Performance 4.1 TFLOPS /8.1 TFLOPS
CPU Model Name Intel(R) Xeon(R)
CPU Freq. 2.30GHz
No. CPU Cores 2

We work in this experiments with YOLO Algorithm for
object detection and we get a very satisfying results in our
case using our dataset .
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Type Filters Size Qutput
Comvolutional 32 3 x3 256 » 256
Comvolutional 64 3Ix3/2 128x128
Comvolutional 32 1 x1

1x| Comvolutional 64 3«3
Residual 128 x 128
Comvolutional 128 3 x3/2 64 =64
Comvolutional 64 1 x1

2x| Convolutional 128 3 x3
Residual 64 » 64
Comvolutional 256 3 x3/2 32=32
Corvolutional 128 1 x1

Bx| Convolutional 256 3 x3
Residual 32 x 32
Comvolutional 512 3x3/2 16= 16
Corvolutional 256 1 %1

Bx| Convolutional 512 3«3
Residual 16 = 16
Comvolutional 1024 3 x3/2 Bx8
Comvolutional 512 1 %1

4x| Convolutional 1024 3 =3
Residual Bx8
Avgpool Global
Connected 1000
Softrmax

Fig. 9. Darknet [13].
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Fig. 10. Training process.

V. CONCLUSIONS

Almost complete absence of people who are deaf and hard
of hearing and who suffer from speech problems due to
disability from using social networking sites and various fields
of automated media and other fields. This made us think about
looking for solutions to help them, and with the help of the
latest artificial intelligence technologies, YOLO, we were able
to create a smart program that allows translating numbers from
one to nine from sign language into a readable and audible
text.

We also created a special database of 2000 photos, contain-
ing numbers from O to 9 in the British sign language for YOLO
technology, and the first of its kind as it consists of pictures

Chadli Bendjedid El-Tarf University - EL TARF - Algeria

TABLE II
TEST ENVIRONMENT CONFIGURATION
RAM 4.00 GB
GPU NIVIDA Gefore 920M
GPU Memory 2 GB
Disk 250 GB
Operating system Windows 10 Pro
CPU Intel(R) Core(TM) i5-5200U CPU @ 2.20GHz 2.20 GHz

Fig. 11. : Results.

of people who represent signal movements, Each image has
an attached file with the same name that contains the location
of the movement in the image, its width, its height and the
type of movement .

We are aware that there are some open aspects of discussion,
including: (1) Does this data-set achieve the evaluation mea-
sures, (2) Does this data-set include a complete sign language,
(3) Does this data-set study all the obstacles that it may face
on land Reality .

Given the massive progress in this field, we are determined
to produce more versions, this is not the last version. We look
at the expansion of the data-set to include all sign language as
well as improvement in the accuracy of the results and achieve
all standards. The upcoming versions will be more expanded
for this first version.

REFERENCES

[1] Ethnologue. 2019.Languages of the World. Available at
http://www.ethnologue.com/15/show _ family/90008/ (accessed
April 1,2019)

[2] Ahmed, M. A., Zaidan, B. B., Zaidan, A. A., Salih, M.
M., & Lakulu, M. M. B. (2018). A review on systems-based
sensory gloves for sign language state of the art between
2007 and 2017. Sensors, 18(7), 2208.

[3] Alawwad, R. A., Bchir, O., & Ismail, M. M. B. Arabic
Sign Language Recognition using Faster R-CNN.

Page 205



The 1* International Conference on Autonomous Systems and their Applications (ICASA"22)

[4] J. Redmon, S. Divvala, R. Girshick, and A. Farhadi,
“You only look once: Unified, real-time object detection,”
in 2016 IEEE Conference on Computer Vision and Pattern
Recognition (CVPR), 2016, pp. 779-788.

[5] Zhao, Z. Q., Zheng, P., Xu, S. T., & Wu, X. (2019). Ob-
ject detection with deep learning: A review. IEEE transactions
on neural networks and learning systems, 30(11), 3212-3232

[6] Rao, G. A., Syamala, K., Kishore, P. V. V., & Sastry,
A. S. C. S. (2018, January). Deep convolutional neural net-
works for sign language recognition. In 2018 Conference on
Signal Processing And Communication Engineering Systems
(SPACES) (pp. 194-197). IEEE.

[7] Bantupalli, K., & Xie, Y. (2018, December). American
sign language recognition using deep learning and computer
vision. In 2018 IEEE International Conference on Big Data
(Big Data) (pp. 4896-4899). IEEE.

[8] Haque, P., Das, B., & Kaspy, N. N. (2019, February).
Two-handed bangla sign language recognition using principal
component analysis (PCA) and KNN algorithm. In 2019
International Conference on Electrical, Computer and Com-
munication Engineering (ECCE) (pp. 1-4). IEEE.

[9] Chong, T. W., & Lee, B. G. (2018). American sign lan-
guage recognition using leap motion controller with machine
learning approach. Sensors, 18(10), 3554.

[10] Yang, L., Chen, J. A., & Zhu, W. (2020). Dynamic
hand gesture recognition based on a leap motion controller
and two-layer bidirectional recurrent neural network. Sensors,
20(7), 2106.

[11] Mapari, R. B., & Kharat, G. (2016, March). American
static signs recognition using leap motion sensor. In Proceed-
ings of the Second International Conference on Information
and Communication Technology for Competitive Strategies
(pp. 1-5).

[12] Daniels, S., Suciati, N., Fathichah, C. (2021, Febru-
ary). Indonesian Sign Language Recognition using YOLO
Method. In IOP Conference Series: Materials Science and
Engineering (Vol. 1077, No. 1, p. 012029). IOP Publishing.

[13] Redmon, J., & Farhadi, A. (2018). Yolov3: An incre-
mental improvement. arXiv preprint arXiv:1804.02767.

[14] Misra, Diganta. “Mish: A self regularized
non-monotonic  activation  function.” arXiv  preprint
arXiv:1908.08681 (2019).

Chadli Bendjedid El-Tarf University - EL TARF - Algeria

Page 206



The 1* International Conference on Autonomous Systems and their Applications (ICASA'22)

Towards a Conceptual Architecture for Enabling
Self-Adaptive lIoT-Based Systems: A Service-Based
Approach

Merabet Fatima Zohra

Department of Software Technologies and
Information Systems.
University of Constantine 2 Abdelhamid
Mehri

Constantine, Algeria

fatima.merabet@univ-constantine2.dz

Benmerzoug Djamel

Department of Software Technologies and
Information Systems.
University of Constantine 2 Abdelhamid
Mehri

Constantine, Algeria

djamel.benmerzoug@univ-constantine2.dz

Abstract— In a dynamic and ever-evolving environment
like the Internet of Things (IoT), the original services may
become unavailable or be interrupted by their providers. Thus,
new services with different quality of service (QoS) values may
emerge. Furthermore, IoT devices are generally limited in
resources, and QoS values are not consistent and vary
depending on the time and location of the call. So, there is a
high probability that the service’s QoS will fail or deteriorate
during execution. That means this service must be replaced by
another functionally equivalent one. In our research, we
advocate the use of the services-oriented systems paradigm for
building next-generation services using IoT, and the main
objective of our work is to ensure the self-adaptation of these
complex systems. We stress thinking of adaptation at the
design phase, starting from the first step in the BPM (Business
Process Management) life cycle, by proposing a BPMN
extension named BPMN4SAS (BPMN for the self-adaptive
system). The proposed extension is illustrated through an
example dealing with accident management in a smart city
system. The second contribution of this paper concerns the
optimization phase, where we propose a global architecture to
ensure the runtime self-adaptation of IoT services. The
proposed architecture offers optimal services to the runtime
system, which uses them to replace the currently functioning
services in case of failure or degradation of their Quality-of-
Service (QoS) values.

Keywords— Services-Oriented Systems (SoS), Internet of
Things (IoT), Quality of Services (QoS), Adaptation, Self-
adaptive system, BPMN extension

I. INTRODUCTION

The number of connected objects is growing to the extent
of a billion objects in the near future [6]. According to
statistics3, showing the growth of connected objects from
2015 to 2025, approximately 3 billion new objects are
connected each year around the world. Indeed, each of these
objects offers one or more services through sensors
(temperature, motion, pollution, etc.), actuators (remotely
controllable devices acting on the environment), and other
entities. They can be considered new services in a service-
oriented computing vision [2].

According to several studies [23], [24], the rise of
connected objects will result in a multiplicity of services that

can provide data from multiple sources, such as surveillance
cameras, sensors, and actuators. This will lead to new
applications in many areas, such as home applications,
industrial automation, medical aids, and traffic management.
These new application services are complex spaces
characterized by the openness, heterogeneity, uncertainty,
and dynamics of the entities that constitute them [22]. Thus,
these characteristics raise challenges such as uncertainty
management, event responsiveness, context sensitivity, and
self-adaptation to random changes that may take place in an
IoT environment.

Due to this dynamism and all these environmental
changes, the system’s functioning will become more
complex, and the quality of service will be uncertain. One
promising way to reduce these problems is self-adaptation.
Self-adaptation has emerged as a method for enabling
software systems capable of responding autonomously to
environmental changes to maintain the required QoS [17].
That means the system can detect changes (ex: QoS
degradation in executing services) and then act correctly
(replace the failed services with corresponding ones from the
candidate services) while satisfying user goals and QoS
constraints. The question is how the IoT system can respond
to environmental changes and user goals during its execution
while maintaining correct behavior and overall functioning.
A self-adaptive system can modify itself automatically by
adjusting attributes or artifacts in response to changes in the
system or its operating environment [14] [9]. In recent years,
self-adaptive systems have seen increasing interest in
different research areas such as Pervasive Computing,
Autonomic Computing [9], and Nature-Inspired (Organic)
Computing [11]. This paper makes the following
contributions according to the BPMN life cycle, as shown in
Fig 1:

Fig 1 depicts a global overview of the proposed approach
according to the BPM life cycle. This approach is based on
different models, including the BPMN extension
(BPMN4SAS) and self-adaptive system architecture.

*+ We propose a BPMN4SAS extension in the early
modeling phases to simplify adaptation during system
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Optimization

execution, whose principal goal is to collect the maximum
amount of information about the system.

* We propose a self-adaptive architecture in the
optimization phase, which contains several interconnected
components working together to achieve specific goals when
detecting events in an IoT environment, whose principal
objective is to ensure self-adaptation of the system during its
execution, taking into account the user context on the one
hand and the variable preferences of users on the other.

Business Process

BPMN Extention (BPMNASAS)

@ o0 R\ (5
&) *= N ]

‘Specity
Activities requirements

Stability Cost Reputation | Availabliity Inteney

Self-adaptive system
Architecture

Managing system
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Respect Represant
i / 4 *  Managed system ¢
~|  Execution i

Fig. 1 Overview of the proposed approach according to
the BPM life cycle

The remainder of this paper is structured as follows.
Section 2 discusses our first contribution, which is an
extension of BPMN for a self-adaptive system. In section 3,
a global architecture that represents the second contribution
will be presented. Finally, Section 4 concludes this paper.

II. RELATED WORK

In this section, we present the main related works,
including service-oriented systems and self-adaptive
systems, to show the originality of our research.

Adaptation is an important requirement for many
software systems, such as cloud-based, cyber-physical [1],
and mobile systems. These systems are designed to satisfy
different user needs and expectations, especially the need to
take advantage of service permanently. Such a system should
be able to adapt its structure and/or behavior at runtime to
cope with changes in its operating environment goals and
user needs [8]. In the context of self-adaptation, several
works are proposed to solve the problem of environmental
change and user needs. Several works have been proposed
that deal with self-adaptation in the design phase [3], [15],
[16], and [7]. Their main objective was to provide designers
with the right tools they needed to model all relevant
concerns in the context [10]. Some authors introduce the
notion of BPMN and the MAPE-K (Monitor, Analyze, Plan,
Execute, Knowledge) approach, such as in [15] and [16],
when the authors introduce an Adaptation Engine (AE) that
supports self-adaptation of an approach from autonomic
computing for self-adaptation. More specifically, they
describe how autonomous managers responsible for self-
adaptation of process instances implement the MAPE control

loop. First, in [15], they defined the architecture of the AE.
They have discussed the interaction between the AE and the
operating environment through sensors and between the AE
and the process engine through connectors. Second, they
have presented the internal architecture of the autonomic
process. While it was presented in [16] that the MAPE
control loop aims to identify the adaptation needs for running
business process instances (i) adaptation by deviation, (ii)
adaptation by variability, and (iii) adaptation by evolution.
MAPE-K defines and executes the operations required to
deal with these needs, while the K is the knowledge needed
for the MAPE control loop. However, their contributions are
incomplete as the recommended solution has only dealt with
the architecture of the AE, notably the internal architecture
of the autonomic managers. In [7], the authors propose a
hybrid approach for the development of self-adaptive
systems that uses both the local knowledge base in the
vehicle and the global knowledge base provided via a Web
service. The global knowledge base is shared and evolved by
multiple vehicles through the Web service. While in [3], the
authors present a conceptual SaSs modeling approach
consisting of a meta-model and a modeling process. The
process defines how the met model can be instantiated from
requirements  specifications to create conceptual SaSs
models. They performed a controlled experiment with
subjects to evaluate the effectiveness of their modeling
approach. Also in [10], the authors present a new architecture
that uses context-aware management to manage the auto-
adapted system and uses the intermediate context model to
redefine useful data exported from the BPMN tool at design
time. Its goal is to provide a solution for using specific views
at design time to simplify the expert’s task. Moreover, it also
opens the possibility of using many independent views to
separate concerns and improve responsiveness in a dynamic
context-aware system. Of all the previous works, some
authors are based only on the self-adaptation technique like
in [15], [16], [7], [3], and [10]. However, other works are
based only on the extensions in their research, like in [4], in
which the authors proposed an extension to the BPMN
language standard that allows specifying the requirements of
business process (BP) activities in terms of security,
compliance, cost, performance, and storage. BP activity
requirements help select the most appropriate cloud/fog
service provider to outsource their extension. However, they
were not discussing the adaptation mechanism, although this
is especially necessary for a dynamic environment like the
IoT, where there are many changes to which the system must
respond in a self-adaptive manner.

Process self-adaptation has been the focus of several
contributions, such as [1], [13], [12], [5], [19], [20], [25], or
[26]. Some of these papers recommend the use of the
MAPE-K approach for monitoring activities (sub-processes
or tasks) or processes. For example, [1] recommended a
solution for managing process variants at design time and
self-adjusting them at run-time. At design time, the solution
makes it possible to model process variability by describing
process variants using three models: the base model for
specifying process fragments (i.e., consistent parts of
processes) shared by all process variants; the variation model
for specifying the replacement fragments that alternatively
exist for the fragments of the base model; and the resolution
model for specifying the context conditions that define the
usage conditions for the replacement fragments. At run-time,
the recommended solution monitors fragments and
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dynamically adapts the base model according to the variation
model. Thus, it compares the context conditions of the
monitored fragments with the context events recorded in the
context model and finally defines an adaptation plan
containing actions for fragment replacement.

[18] decomposes the mechanism of adaptation into
several processes: monitoring software entities (self-
awareness) and the environment (context-awareness),
analyzing significant changes, planning how to react, and
executing so that the decisions take effect. In most existing
solutions, the adaptation processes are assigned to an
external adaptation manager that is separate from the
application logic. An adaptation manager implements the
four processes mentioned above to control the behavior of
adaptive software.

Other than that, to make an efficient self-adaptation, it is
necessary to consider criteria defined at design time in the
business process activities during its execution, contrary to
what the authors have done in previous works [15], [16], [7],
[3], and [10]. The adaptation is guaranteed at the time of
execution-only if we reflect on it from the conceptual level.
Thus, in this paper, we have proposed an approach with two
complementary facades. The first one represents a BPMN
extension named BPMN4SAS that includes some criteria
such as availability, reliability, cost, reputation, latency,
stability, and response time. BPMN4SAS is a preparation for
the adaptation to simplify it at the executing time. The
second part represents the global architecture of a self-
adaptive system based on MAPE-K and a service
recommendation component. These components aid the
executed system to be self-adaptive by monitoring the failed
services and replacing them with the optimally selected ones.

III. BPMN4SAS: A BPMN EXTENSION FOR SELF-ADAPTIVE
SYSTEM

Our BPMN extension for self-adaptive systems has been
demonstrated through an illustrative example of a business
process, followed by a set of BPM tools that allow its
implementation.

A. BPMN extension principle

Modeling different criteria of such an IoT system is not a
simple task because of several factors that will influence the
overall behavior of these systems. Our BPMN4SAS
extension is based on some criteria (as defined in the
following section). BPMN4SAS explains different criteria
that must be taken into account during process execution.
This extension was introduced to provide a standard
visualization —mechanism for designing, controlling,
monitoring, and fluidly communicating ubiquitous business
processes. The extension mechanism offered by BPMN
ensures the validity of the basic elements as well as the
integrity of the concepts, adding to the specificity of the
domain. This is an abstract structural representation used to
define the different components of the BPMN 2.0 language
[21].

B. QoS criteria used in BPMN4SAS extension

In our BPMN4SAS extension, a business process is seen
as a set of activities organized over time to produce a specific
result. Our extension allows each process activity to
represent the following criteria: availability, latency,
response time, cost, reliability, reputation, and stability.

Criteria are defined for all activities, and their values change
according to the needs and priorities of each activity.

C. A Meta-Model of our extension

Based on the meta-model presented in Fig 2, we have
proposed a BPMN extension for self-adaptive systems. The
goal is to collect as much information as possible on the
process to simplify its adaptation during execution. We have
added new concepts (previously specified criteria) related to
our context. The new BPMN extension must take into
consideration the rules to make the complete design as [21]:

- The basic flow elements (activity, event, and
gateway) must not be modified.

- Itisnot possible to add new flow elements.

D. The new graphic elements introduced in BPMN4SAS
extension

The BPMN specification model provides insufficient
graphical notations for the representation of extensions.
However, new graphic forms can be added as artifacts!'.
Therefore, a set of graphical elements is proposed to enable
the annotation of BP activities. Furthermore, the BPMN
specification 1 requires that elements added retain their basic
look and feel so that any viewer can understand them.
Accordingly, we completed the model by adding new
graphical elements into the used modeling tool. Fig 3 depicts
the meta-model of our proposed extension after
incorporating the new reliability, availability, reputation,
cost, response time, latency, and stability criteria.

Figure 4 presents the new graphical representations of
our extensions over the activity element and their
corresponding descriptions.

| QoS attributes | Description Graphic element

Cost This element is used to indicate that an
activity is very costly. @

| Reputation This element represents the fidelity ofa e xw)

service. [t mainly depends on the

expenence of the users of this service. e

Stability This element 15 used to indicate that the
activity must have the same values QZQ
several times under the same conditions

Latency This element represents the time between

sending and receiving the query to the
cloud and fog by the activity.

Execution time | This element represents the required
execution time specified by the activity.

Fig. 4 The graphical elements of the proposed BPMN
extension

IV. A GLOBAL ARCHITECTURE FOR DYNAMIC ADAPTATION OF
SERVICES BASED 10T APPLICATION

The design of service compositions is not sufficient. So,
it is essential to supervise the operation of services
throughout their execution and to act in the case of QoS
parameter violations or malfunctions to ensure the proper
operation of applications and their QoS wvalues. In this

! Research Google from the website Business Process Model and Notation
(BPMN) Version 2.0.2. https://www.omg.org/spec/BPMN/2.0.2/
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section, we will present a generic design of the smart
environment architecture. We intend to provide a quality
architecture that satisfies the requirements mentioned earlier.
Therefore, our architecture was implemented to develop a
self-adaptive system to manage autonomously the dynamics
associated with IoT systems with a service-oriented vision.
The whole architecture may be split into three layers
(context, software system, and adaptation), with each layer
being a set of different components that interact to achieve a
specific goal.

Layer 1 (Context): The main goal of this layer is to
capture and collect external information about the
environment and transfer it to the next layer.

Layer 2 (Software System): is a suitable set of activities
represented with BPM. It represents our managed system
with specified constraints to be respected during its
execution.

Layer 3 (Adaptation Layer): It aims to adapt services
according to the context changes detected by the preceding
layer. It is responsible for analyzing the context and deciding
upon actions to execute. This latter contains several
interconnected modules that work together in a collaborative
process to achieve goals in detecting events in an IoT
environment. These layers exhibit strong cohesion and weak
coupling, which are suitable for the development of smart
system applications.

A. Overview of the proposed architecture

The general architecture supports the self-adaptation of
running micro-services. It gives us a global view of the
organization, the roles, and the functions of the different
modules. This section defines these modules and describes
the interactions between them.

Self-adaptive System

Adaptation Engine

Recommended

MAPE-K :
Services
Analizing Planifing Prediction
\ Selection
- o 1 Clustering
Monitoring 1 - 3 » Executing
Knowledge K t Ranking
A = =
== =l
i
= E
Adaptable System
System loT (objects physique, services,...) - Smart city
.\ S: Sensor
- : .u.".__! At ] . D E: Effector
j —o—0 &m & :

Fig. 5 a global architecture proposed for self-adaptive
service-oriented systems

Fig 5 shows the architecture of our self-adaptive system.
The idea is to be able to replace failed services with the most
appropriate proposal. In our case, the system is based on a
service-oriented vision to facilitate interaction with the
supervised system, either through the use of platforms
(middleware, cloud platforms, etc.) or directly with the
concerned objects. In the presented system, the monitoring
interacts with both the knowledge base and the IoT system.

As shown in Fig 5, our self-adaptive system is
conceptually divided into two main modules: the adaptable

system (representing the managed system) and the adaptation
engine (representing the system’s manager).

B. Adaptation engine

Is the kernel element in our architecture. It represents the
high-level entity responsible for monitoring and managing
the underlying parts. It represents our self-adaptive system
in conjunction with the adaptable system (a managed
system). The communication between those subsystems in a
self-adaptive system is performed via well-defined sensor
and effector interfaces provided by the managed subsystem.

- Sensors (or probes) are software or hardware
components responsible for collecting information
about the current state of the managed subsystem
or the environment where it operates.

- Effectors (or actuators) are also software or
hardware components that provide a way to operate
on the managed subsystem and enable self-
adaptation.

Usually, the adaptation engine model is based on the
MAPE-K architecture. In this work, and according to its
responsibilities and definitions, we summarized this model
into two essential processes: the MAPE-K control loop
introduced in [9] and the recommended services model that
we have proposed. These two models are explained in the
rest of this section.

a. MAPE-K control loop
This layer consists of a MAPE-K loop that solves
the system’s unavailability by reconfiguring (i.e.,
adapting) the weather service. The MAPE-K
feedback loop adapts the system architecture
autonomously to fulfill the system’s requirements.
It monitors the sensors, analyzes the monitored
data, plans actions, and executes these actions via
the effectors of the managed system. The managed
system is monitored and adapted via sensors (S)
and effectors (E).

— Monitor: The monitor is in charge of knowing
what is happening in the supervised system. It will
be able to collect events that occur in the
supervised system and generate symptoms
according to them with the help of sensors. (i. e., if
one of the currently working services is about to
fail or its quality degrades, especially in critical
domains such as healthcare and emergency
response).

— Analyzer: The analyzer is in charge of making
decisions about what actions to take. The analyzer
will have the ability to analyze the symptoms and
generate requests for change if necessary. Send
these requests to the recommended services to get
optimum ones.

— Planner: it is responsible for implementing the
changes requested by the analyzer. Thus, the
planner generates execution plans from the RFCs
to be executed on the monitored system using the
recommended services.

— Executor: is responsible for execution. Thus, this
component executes plans provided by the
scheduler on the monitored system. It uses the
recommended services to replace one with another
at run-time when a service fails or a new, more
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efficient one is available. The goal is to build a
performing system and ensure its correct execution.
— Knowledge Base (KB): it collects information
and models needed to process information and
analyze symptoms, etc. It can include static
information about devices, appliances, or users,
such as configuration information, or dynamic
information exposed to frequent changes, such as
the location of the users or devices in the
environment.
Several components involved in the development
and instantiation of this architecture will be
detailed below.

b. Recommender System
In our context, the use of recommended services is
an axis of the solution because it brings elements of
response to the problems that can occur in the
monitored system. It is composed of two steps.
Prediction: In a real scenario, the number of
services invoked by users is quite limited, which
leads to missing QoS values for these services. So,
we need to predict the missing QoS values based
on the historical QoS records of services invoked
by users to facilitate their selection and
recommendation (see our work in [28]).
Selection: users aim to select the best services,
adequate to their needs, to use them in their
systems. However, choosing an inappropriate
service may cause many problems. (e.g., suit the
performance of the process resulting). So, a
performed selection of services is based on two
complementary steps:
— Clustering: In this step, we use k-means, the
well-known algorithm for clustering, to group
services with the same functionality into the same
clusters after specifying the ideal number of k
clusters.
— Ranking: Based on the results from the previous
step, we rank services in the same clusters from the
best to the worst (services with a low score of QoS
values are considered the best) to recommend them
to the executing model in MAPE-K. This latter
kind will use them in the supervised system.

V. CASE STUDY

To demonstrate the benefits of our approach, we will
apply it to accident management in a smart city [27]. This
example has been modeled as a business process (BP) using
the BPMN standard, with various activities to be performed
with different QoS constraints defined in our proposed
BPMN4SAS extension. There are thirteen (13) activities in
this business process that are managed by an accounting
software service. Each activity may have one or more
candidate services. The various candidate services are as
follows [27].

ATl: collect photos of the accident. Candidate services for
Activity 1 are: * S11: Cameras around the area * S12:
cameras deployed on vehicles in the same area as the
distressed vehicle » S13: cameras of different users * S14:
drone with a camera A2: analyze recovered images. The
candidate services in Activity 2 are: ¢ S21: software
deployed on Cloud Computing. * S22: software deployed on

the Fog Computing. A3: transport injured persons. Candidate
services for Activity 3 are: * S31: ambulance service 1. ¢
S32: ambulance service 2. ¢ S33: vehicles. ¢ S34: an
emergency drone that can transport the sick. A4: Conduct a
pre-diagnosis and send it to the medical facility. Candidate
services for Activity 4 are: * S41: a mobile application. *
S42: a connected object. AS: care for the injured. Candidate
services for Activity 5 are: * S51: the hospital 1. ¢ S52: the
hospital 2. « S53: the clinic. A6: make a medical report and
send it to the police automatically. Candidate services for
Activity 6 are: ¢ S61: software deployed on Cloud
Computing. * S62: software deployed on Fog Computing.
AT: extinguish the fire. Candidate services for Activity 7 are:
» S71: fire service. * S72: firefighter robots. « S73: firefighter
drone. AS8: Involve law enforcement and investigate.
Candidate departments for Activity 8 are: ¢ S81: police
center 1. » S82: police center 2. A9: Collected information
from people in the accident area and on all drivers. Candidate
services for Activity 9 are: * S91: mobile application 1. ¢
S92: mobile application 2. A10: Collect information
regarding road conditions. Candidate services for Activity 10
are: * S101: connected object 1. « S102: connected object 2.
Al1l: Collect weather information. Candidate services for
Activity 11 are:  Sl111: software deployed on Cloud
Computing. * S112: software deployed on Fog Computing.
A12: Make an automatic report of the accident. Candidate
services for Activity 12 are: » S121: software deployed on
Cloud Computing. « S122: software deployed on Fog
Computing. A13: remove wrecked automobiles. Candidate
services for activity 13 are: * S131: actuator 1. « S132:
actuator 2.

A. Constraints

To obtain services that fully satisfy the conditions
imposed by the activities in the business process, users make
service requests, and these services requests must meet the
following constraints: ¢ Availability: true for all services ¢
Stability: at least 60 « Latency: maximum 1 hour ¢ Response
time: maximum 3 hours ¢ Reputation: at least 3 for all
services ¢ Cost: 800 euros maximum

B. Application of the BPMN4SAS extension

We modeled this example using the BPMN standard by
specifying different activities that need to be performed with
different QoS constraints considered in our proposed
BPMN4SAS extension. Fig. 6 and 7 show the proposed
Accident Management Services Systems modeled using the
BPMN standard and our BPMN4SAS extension,
respectively.

C. Normalization

The normalization follows two main categories of quality
of service:

Category 1: higher non-functional attribute values
produce higher satisfaction (the higher, the better), e.g.,
reputation and stability non-functional attributes. This type
of category represents attributes to be maximized:

Normalize(q;) = _ max(g)-(q) )

max (g;)-min (q;)

Category 2: lower non-functional attribute values
produce higher satisfaction (the lower, the better), e.g.,
response time, latency, and cost non-functional attributes.
This type of category represents attributes to be minimized:
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(qi)— min (q;) (2)

Normalize(q;) = mrax (4 —min (a9

Where minimum and maximum represent the highest and
lowest levels of satisfaction with the user-specified non-
functional attribute, respectively.

After normalization and to calculate the score of the
quality of service, we apply the following formula:

Score (S1q;) = ¥, Normalize(q;). ; 3
Where:

* The score value in this example is between 0.2 and
4.53.

* M is the sum of the quality of services (in this case, m =
5).

* qi represents the quality of service for a web service i.

0 i _ {attribute specified in the activity extension +
A= { > i, 4= value not specified constraint (4)
1, else
For activity Al, the score values for service 1 for TO can
be computed as follows:

Attributes to be maximized:

Normalize (Stability) = (70 - 0.12) / (70 - 0.12) = 69.88 /
69.88=1

Normalize (Reputation) = (4.1 -2)/(4.1-1)=2.1/3.1=
0.68

Attributes to be minimized:
Normalize (Response time) = (22 - 22) /(140 - 22) =0
Normalize (Latency) =(2-2)/(60-2)=0
Normalize (Cost) = (50 - 17) /(63 - 17) =33 /46 =0.72

Score (Slgi ) = Normalize (Stability).Ai + Normalize
(Reputation).Ai + Normalize (Response time).Ai + Normalize
(Latency).Ai + Normalize (Cost).Ai

Score (slqi ) = 1*0 + 0.68*0 + 0*1 +0*1 + 0.72*1 Score
(slqi)=0.72

Similarly, we compute the score values for the remaining
times T1 to T3 for services 11 on activity Al. Again, the
score values for services 12 to 14 can be computed, and
based on these values the services will be ranked as shown in
table 1b.

In the same way, the total QoS values of activities A2 to
A13 can be calculated as shown in tables 2a to 13a

The web services were then ranked according to their
QoS score values, leading to a number of ordered lists. The
results displayed in Tables 1b through 13b indicate that the
recommended services for selection depend on score values
of Quality of Services. For instance, the top-2 recommended
services for activity Al in times t0, t1 and t2 are service 12,
and service 13. Those for t3 are service 12, and service 14
respectively.

VI. CONCLUSION

In this paper, an approach has been proposed to make a
self-adaptive system. This approach was carried out in a
service-oriented system by following two essential aspects of

the business process life cycle: modeling and optimization.
First, we have proposed a BPMN extension for self-adaptive
systems: our extension allows us to collect as much data as
possible about the process to facilitate its adaptation during
execution. In the second step, we have presented a global
architecture of service-oriented systems that can be designed
to build a performed self-adaptive system. Our architecture
can control and adapt composite services, taking into account
the user context on the one hand and the variable preferences
of users on the other. We evaluate it using an illustrative
example in the smart city.
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Table 1.a: This table shows the candidates services with their QoS parameters and their score value before ranking of

activity Al
Activities | Candidates | Availability | Response | Stability | Latency | Cost Reputation Score
services time

Al S11 TO 22 0.12 2 50 2 0.72
T1 30 0.55 10 50.5 2.2 0.94

T2 24 0.51 11 40 3 1.03

T3 26 0.40 8 51 1.8 0.87

S12 TO 45 0.60 15 60 3.5 1.53

T1 100 0.50 60 61 3 2.97

T2 140 0.44 60 62 3.2 3.27

T3 70 0.30 20 63 3 2.06

S13 TO 56 0.50 3 31 3.25 0.88

T1 120 0.25 2 30.5 3 1.47

T2 100 0.35 4 20 3.5 1.22

T3 40 0.25 2 19.2 4.1 0.2

S14 TO 23 0.30 8 24 1 0.26

T1 40 0.24 8 23 1.85 0.38
T2 55 0.70 9 17 2 0.34

T3 105 0.15 11 26 1.5 1.05

Tablel. b: This table shows the possible scenario of ranking candidates services based on their scores values in t0, t1, t2, t3

TO T1 T2 T3
1 S12 (1.53) S12 (2.97) S12 (3.27) S12 (2.06)
2 S13 (0.88) S13 (1.47) S13 (1.22) S14 (1.05)
3 S11(0.72) S11 (0.94) S11 (1.03) S11 (0.87)
4 S14 (0.26) S14 (0.38) S14 (0.34) S13 (0.2)

Page 214



The Ist International Conference on Autonomous Systems and their Applications (ICASA"22)

Tumor Detection in Mammography Images using Discrete
Wavelet Transform and Evidence Fusion Technique

Abdelkader Zitouni
Department of Electronics
University Amar Telidji
Laghouat, Algeria
a.zitouni@lagh-univ.dz

Fatiha Benkouider
Department of Electronics
University Amar Telidji
Laghouat, Algeria
fbenkouider@gmail.com

Abstract: This research presents supervised classification
algorithm based on information fusion for detecting masses in
mammography images. Discrete wavelet transform can
preserve information regarding both high and low frequencies
and offer great discriminatory power between areas with
strong similarities. This motivates us to use this type of features
to improve image segmentation. So, in the first stage, the
suggested technique used this feature extraction approach on
mammography images in order to obtain additional
information. After that in the second stage, estimated feature
vector of each pixel is sent to a neural network classifier for
initial-labeling. Then, in the third stage of the suggested
technique, Evidence fusion method is used to combine the
scores, within a sliding window, obtained by the neural
network for each pixel. The performance of the proposed
segmentation algorithm was evaluated on mammography
images from Mammography Image Analysis Society (MIAS)
dataset. The achieved classification results by the proposed
fusion system leads to higher classification precision in
detecting masses on mammography images, which are one of
breast cancer signs.

Keywords: Image segmentation, Masses Detection, Breast
Cancer, Neural Network, Wavelets, Evidence fusion.

I. INTRODUCTION

One of the leading causes of death worldwide among
women is breast cancer [1]. Studies on breast cancer have
demonstrated that early detection of these abnormalities
plays a very important factor in cancer treatment and allows
better recovery for most patients [2].

Medical imaging is a robust and reliable diagnostic
method for the breast related diseases and it can be produced
from various equipment in the medical field, such as
Ultrasound (USG), MRI, CT-Scan / CAT-Scan, and
Mammography [3].

Mammography is the major screening tool which is
carried out for detection of breast cancer at early stage, and
several images processing techniques have been used for
mammograms interpretation in order to assist radiologists
while detecting or identifying eventual abnormalities [4-18].
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Generally, masses (space occupying lesions) and
calcifications (tiny flecks of calcium, like grains of salt) are
the two abnormalities present in the mammogram images.
The pre-processing and feature extraction process is an
important stage in identifying the presence of tumors. So,
referring to the advantages and disadvantages of the
methods and algorithms that have been developed by
previous researchers, in this paper we attempt to use one
type of feature extraction techniques with the purpose of
detecting masses on mammography images. This feature is a
structural feature obtained by using the wavelet transform
coefficients. For the pre-processing process, which finds to
improve image quality such as contrast enhancement to
obtain a better image visualization [1], there are different
types of filtering techniques. In this study the contrast of the
mammogram images was regulated by histogram adjustment
which improves the contrast of the output image by
spreading out the intensity values.

So, in the first stage of our work, we have used the
discrete wavelet transform as feature extraction strategy in
order to get more information that enables the classifiers to
discriminate  between the different areas in the
mammography image. In the second stage, an appropriate
classification algorithm is applied using the set of extracted
features obtained from the previous stage. The
Backpropagation Artificial Neural Networks classifier is
chosen among the most well-known classifiers, it was
initiated in [19-20]. The estimated feature vector of each
pixel is sent to the neural networks classifier for initial-
labeling.

A sliding window, whose class is assigned to its central
pixel, is used. However, this central pixel belongs to other
window neighbors that may be classified into other classes.
Consequently, in the third stage, in order to obtain a more
precise segmentation result, Evidence fusion method is used
for each pixel to combine the scores results of several
windows that contain this central pixel. The proposed
segmentation algorithm performance was verified on
mammography images from MIAS dataset [21]. The
obtained results lead to higher classification precision in
detecting masses which are one of breast cancer signs.
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The rest of this manuscript is divided in three sections.
The first one describes the background theory of several
techniques used in this paper. Then, section 2 is dedicated to
give in details the suggested segmentation process and the
reached performance of the proposed fusion technique.
Finally, in section 3, we conclude and recommend
possibilities for future work.

Il. Feature Extraction Algorithm and Fusion Theory

A. The wavelet analysis

Since the work of Grossman and Morlet [22], the
wavelets transform has appeared as a powerful tool to solve
problems in different application. The wavelets transform
decomposes the input signal into a series of wavelet
functions ¥, ,(t) derived from a mother function ¥(t)
given by dilatation (factor a) and translation (factor b)
operations. Fig.1 illustrates some examples of wavelets that
are generally used in image processing [23].

wliy
Wty
Wty

L 5L
P

,-Lx-:‘

@ ©

Fig.1 Examples of wavelets.
(@) MorletWavelet, (b) Mexican hat Wavelet, (c) Meyer Wavelet

Wavelet analysis transforms a finite energy signal in the
spatial domain into another finite energy signal in the spatio-
frequency domain. The components C,, of this novel
signal, which are described in equation (1), are called
wavelet coefficients. In an image, these coefficients offer
information on the local variation of the grey levels around a
given pixel. The more significant is this variation, the higher
they are [24].

The most important advantage of wavelets as compared
to other frequency methods, as Fourier transform, is that it
offers both frequency and spatial locality [25]. In 1989,
Mallat [26] suggested a multi-resolution decomposition
algorithm based on wavelets transform. The algorithm
decomposes an input image into a set of detail images and
an approximation image using a filter bank comprising a
high pass filter (HP) and a low pass filter (LP). At each
decomposition level the size of the transformed images is
reduced by a factor of two [24]. The discrete wavelet
transform of a 2-D image can be obtained by performing the
filtering consecutively along horizontal and vertical
directions (separable filter bank) [27]. Four images are then
created at each level. Fig. 2 shows an example of
decomposition of the image on one level.

Mammographic DwWT

image

Fig. 2 Use of 1-stage discrete wavelet transform (DWT)

In Fig. 2, the DWT decomposes the image into 4
orthogonal sub-band: low-low (LL), high low (HL), low
high (LH), and high-high (HH) consisting of approximation,
horizontal, wvertical, and diagonal information. The
approximations image is the smoothed version of the
original image and it contains global information that is
similar to the original image with the number of rows and
the number of columns being half of the original image.
Horizontal, vertical, and diagonal contain the detail and
represent the fluctuations of the pixel intensity in horizontal,
vertical, and diagonal directions and they have low-intensity
areas, whereas areas with high intensity are only found on
the edges of the image object.

The values of transformed coefficients in detail and
approximation images (sub-band images) represent the
necessary features that capture useful discrimination
information for masses segmentation [28].

+00
Cop = f x(t)¥,,(t)dt, @9)
“ ) o 1) Wavelet’s Choice: In our research, we have used a
second order biorthogonal spline wavelet. This wavelet is
where used for masses analysis due to its excellent location in the
frequency and spatial domains and its sensitivity to local
1 t—>b - - - -
Y, () = Tlp( _ ) with @ =0 ) singularity and correlation of the image [24].
a
‘ Egp , Mu
Mammographic : DiT LL | BL By (E) Em ) Mm Artificial Neural Response
4 grap Pre-processing — b 2 » V=% Ew , Mz m:m b — IP
image Windew size: 11x11 i ‘ e local mean (M) {ERH . Muy SNETor mage

Fig. 3 Wavelet features extraction stage

Page 216

Chadli Bendjedid El-Tarf University - EL TARF - Algeria



The Ist International Conference on Autonomous Systems and their Applications (ICASA"22)

2) Indices’ Calculation: One of the most used indices for
characterizing the masses in the spatio-frequency plane is
the measurement of energy. Because the transformed images
have different frequencies, scales and orientations, the
energy index is a local measure of the wavelet coefficient
distribution according to the scale, the orientation and the
frequency. It has been used successfully for segmentation
and classification of masses [24].

The expression of energy is given by [24]:
E = EnC(ij) 3)

The second index used in conjunction with energy is the
measurement of the local mean of the wavelet coefficients
given by [24]:

1
M= NZR:IC(LJ')I. )

where N denotes the number of pixels, designated by the
indices (i, ), and enclosed in the area R.

The calculation of these indices was done on a sliding
window W. The local mean and the energy on the sliding
window are calculated from the resultant sub-band images.
So the feature vector of each window is made of eight
parameters V= [ EiL, ELn, En, Enny Mo, Miy, Mp, MHH],
as seen in Fig. 3.

Several tests were carried out on a series of window
sizes going from 5x5 to 25%25. The highest good
classification rate was reached for a window of dimension
11x11. The produced features vector of each window is
used as an input to the neural network classifier for a
primary labeling, and the score for the window delivered by
the neural network is assigned to its mid pixel.

B. Evidence Fusion Theory

Evidence fusion is one of the best methods used to make
the combination of images with decision-making. Evidence
theory, also known as Dempster-Shafer theory or theory of
belief functions, was proposed by Dempster in 1967 [29]
and then mathematically formulated by Shafer [30]. This
theory was taken up in 1990 by Smets [31] under the name
of transferable belief model.

1) Math Basics:

a) Discernment framework: A discernment framework
is the all possible hypotheses set of the studied problem
(that is to say the set of classes of the fused image). Let Q
denote this set and suppose that it is composed of N
different hypotheses.

Q={H,,H,, .., Hy} (5)

Only one hypothesis of this set is considered true. The
power set of the discernment set is the collection which
contains all possible combinations of hypotheses. The
power set is defined as follows [32]:

29 ={4/AC Q)
= {®’ {Hl}’ {Hz}' LR {H1, HZ}! {H1; H3}, L {H1; LR HN}} (6)

"A" may be a simple hypothesis or a class of hypotheses
or even an empty set.

b) Mass function: Generally, a mass function, also
known as a "belief mass", is simply noted m. This mass is
calculated for any element of the 2 set and is defined as
follows:

v A€ 2% m(A) e [01],

Z m4) = 1 %)

A€29

Information that is used to model masses is often a
priori information, and observations on hypotheses [32].

¢) Mass transformations: From the mass function m we
can deduce other functions such as credibility and
plausibility to better represent the knowledge:

-Credibility: The credibility (or belief) denoted by
bel measures the total belief that can be attributed to a
given element. It is defined by [32]:
VAE2?  bel(d) = Z m(B) @)

BCA, B0

-Plausibility: The plausibility denoted by PI
measures the maximum belief that can potentially be
attributed to a given element. It is defined by [32]:
VAE€22  Pl(A) = Z m(B) )

ANB#Q

2) Combination: We assume to have N different sources
noted: S;,S,,...., Sy. Masses which come from each source,
attributed to an element A of the discernment set, are noted
respectively: m;(4),m,(A4),..., my(4).

a) Orthogonal law: The orthogonal law is the
normalization of conjunctive law [32]. Let there be N
sources of information, with A an element of the power set:

VA € 29,
1 N
mA) = —— Z 1_[ m,(B)) (10)
BiNByN..NBy=A \ j=1
with:

VAE2Y k= z ﬁmj(Bj) (11)

B1NB,N..NBy=0 \ j=1

k is a law normalization term also known as a conflict
term. This law has the properties of commutativity and
associativity.

3) Decision: The final fusion step is the decision. This is
the step where only one hypothesis is chosen among the
discernment set hypotheses after the fusion of knowledge
brought by different sources. The evidence theory offers a
set of different decision rules which do not necessarily give
the same result:

3
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a) Maximum of credibility: Credibility (bel) is
interpreted as the lower bound of probability. Decision
based on maximum of credibility is therefore a pessimistic
decision, which is expressed as follows [32]:

Dec = argmaxbel(H), HE€EQ (12)

bel is the credibility function associated to the mass of
the hypothesis H € Q corresponding.

b) Maximum of plausibility: Plausibility (PI) is
interpreted as the upper bound of probability. The decision
of plausibility's maximum is then an optimistic decision:
HeQ (13)

Pl denotes the plausibility function associated to the
mass of the hypothesis H [32].

Dec = argmax Pl(H),

I1l. The Proposed Segmentation Algorithm

Data obtained from the mammographic images is often,
noisy, incomplete, inconsistent, and have low contrast.
Therefore, pre-processing is needed in the medical image
processing to improve image quality, remove unwanted
noise, preserves the edges within an image, and make the
feature extraction phase more reliable [1].

There are different types of filtering techniques in the
pre-processing. So, in the first step of our work, the contrast
of the mammogram images was regulated by histogram
adjustment which increases and improves the contrast of the
output image by spreading out the intensity values.

After that in the second step, the proposed segmentation
method uses Wavelets transform as feature extraction
strategy on mammography images in order to get more
information in this data set. The parameters of the feature set
were selected as mentioned in the previous sections. After a
proper features' extraction, each estimated feature vector of
each pixel is sent to the neural networks classifier for
primary labeling.

831|832 4 335 S S ... Sim
S4)Ss2 S S| Sis S# Sz ... Sim
Ss1 852 853 S50 Sss S Ssv ... Sim
Ss1 Se2 Sez Ses Ses Sss S ... Som
S71 872 873 S S5 Sw S, S

Snz Su2 Suz St Sus Saé Swr ... Smm

Segmented image |

Su Sz Sis S12 813 S Si3 S S5
S2:(822) Sz 8220822 S Sod(S2p) Sos
Sai Sz S || S32 %3 Su /95 Sis Sis
|
I
Sz )9&3\335 S22 Sz Sy Sz5 Sz Sz
: L€ g .
S11 Spp Spz Si Sis S5 817 ... Sim S31(S30)4533 _ Sz ’@ S35
Sar|822 Sz S| S5 Sx S2 | Rl 0 Sa Su S Sas Sas S5

Using a sliding window, the class for this window is
assigned to its central pixel. However, this central pixel
belongs to other window neighbors that may be classified
into other classes. Consequently, in order to achieve a more
precise segmentation result, for each pixel Evidence fusion
method is used to combine the scores results of several
windows that contain this central pixel:

Consider I to be the segmented image comprising the
scores §;; of each pixel (the output of the neural networks
classifier):

where n and m represent the sizes of the mammography
image.

We perused the images by using a sliding window of
size M x M, so that every pixel is surrounded by M2 — 1
pixels. Each central pixel P;;, of window W, with score
S;j; belongs to the M2 —1 window in the surrounding
windows before the classification process. However, each
central pixel P;; , of the window z, with z=1 -+ M* -1
produced different scores S;; ,.

For example, in the case of pixel P; ; with score S; ; and
M = 3, the central pixel is surrounded by eight pixels, that
are the center of the eight windows which pixel P;3
belonged to, (see Fig. 4).

From the above example, we joined the scores produced
by the current block and its eight neighboring ones for the
wavelet features: {Ss3 Ss2 Ssa S23 Soa , S22, Sa2, Saa, Saz, Sas,
S32.S3a ,S23,Soa , S22, Saz Saa, Saz} (see Fig. 5). In this work,
a sliding window of size 9x9 is used, so the central pixel is
surrounded by 80 pixels, that are the center of the 80
windows which pixel Pss belonged to.

833%2‘553/ 537 333 Sz 332 Sz S35
S4(S842) Sys Su Sy S42(S4g) Sus

V:{Szz, 823, 824, 832, 833, 834, Se2, 843, SM}

Fig. 4 Composition of the fusion vector
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Mammographic
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Pre-processing
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Feature Extraction
DWT

l
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Nenral networks

l

S 833 Sy
833 S35 S5
Sa Sa3 Sy

|

Evidence fusion

l

Detected Masses

Fig. 5 Classification stages block diagram

The essential fusion algorithm steps are summarized as
follows:

Stepl: Pre-processing of the mammography image.

Step2: Feature extraction via DWT.

Neuronal classification of the estimated feature
vector. We obtain:

Step3:

Scoresl: for DWT.
while the recognition rate is changed do
for each pixel do

Evidence Fusion of Scorel and

Step4: the neighboring scores.
end
Calculate the recognition rate.

end

The performance of the proposed algorithm for
segmenting mammography images is assessed using many
images from the MIAS (Mammographic Image Analysis
Society) database [21] containing 322 mammograms sized
1024 x 1024 pixels. The images are arranged in pairs: those
with even-numbers correspond to left MLO (medio-lateral
oblique Mammograms) and those with odd-numbers are
right MLO.

For the learning phase, in this work we started the training
by picking two to four different images randomly from the
dataset and finally we ended up with two images mdb028
and mdb005 that we believe from the good training results
that they contain all the complexity zones and features
common in mammography in all dataset images, and in
order to just validate our algorithm, we have tested one or
two images from each kind of class of abnormality present,
CIRC, SPIC ... etc:

- mdb025 and mdb132, for Well-defined/circumscribed
masses (CIRC) [33].

- mdb184, for Spiculated masses (SPIC) [33].

- mdb134, mdb271 and mdb274, for Other, ill-defined
masses (MISC) [33].

- mdb136 and mdb310, for Normal breast (NORM) [33].

Figure 6 illustrates the obtained results (detected masses
are displayed in cyan color) compared to expert decision
(masses centers coordinates and radiuses shown in blue
color). Table 1 demonstrates the Jaccard index that was
achieved by utilizing this fusion algorithm.

So, as shown in figure 6 and table 1, the results obtained
on these taken images from MIAS database are promising
and they show the effectiveness of our fusion algorithm for
the masses segmentation on mammography images.

We can see clearly that, for these taken images, the
proposed algorithm gives a good result whatever the kind of
class of abnormality present, CIRC, SPIC, ... etc. And also,
we don’t have any false detection in the cases of normal
breast. So, the proposed method has the potential to identify
the presence of any masses in the taken mammogram
images.

(a) mdb134

(b) mdb134
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(a) mdb271 (b) mdb271

(2) mdb310 (b) mdb310
(2) mdb025 (b) mdb025

Fig. 6 Experimental results on MIAS database: The first column
(images a) contains the original mammograms with expert masse
location. The second column (images b) represents the
classification results using our approach.

Table 1. Jaccard index of the fusion algorithm.

Image jaccard index (%0)

mdb028 99.84
mdb025 99.44

(#) mdo1es mdb132 99.83
mdb184 99.69
mdb134 99.79
mdb271 99.86
mdb274 99.49
mdb136 100
mdb310 100

(b) mdb132

Figure 7 illustrates a comparison of our proposed
approach, on MIAS images mdb184 and mdb028, with
another unsupervised techniques proposed by Kanta Maitra
et al [34], based on Divide and conquer algorithm, and
Boulehmi Helaet al [2], based on Generalized Gaussian
Density.

L

As seen in figure 7, the proposed approach has the
advantage of being simple and precise; we have exactly
detected the shape of the present masses.

(2) mdb274 (b) mdb274

6
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(a) mdb184

(a) mdb028
&
(b) mdb028 (b) mdb184

(c) mdb028

(c) mdb184

Fig. 7 Comparison between results from:
(a) Our approach, (b) [34], (c)[2].

The outcomes of our contribution demonstrate that it is
possible to reach excellent fusion performance by neatly
selecting the best fusion method. We also note that by our
fusion method, the segmentation results of the
mammography images are much improved as compared to
other works.

V1. Conclusion

In this article, we have presented and discussed a new
approach for the segmentation of mammography images
based totally on information fusion. We started by extracting
the features using the wavelet transform. After that, the
estimated vector of features for every pixel was sent to the
neural network classifier for primary labeling. Next, a new
fusion model for improving decision-making is used, it
consists of combining the scores of each pixel within a
sliding window. The proposed fusion algorithm was tested
on mammography images from MIAS dataset.

Chadli Bendjedid El-Tarf University - EL TARF - Algeria

This research has shown that this method is very
effective for the automatic detection of abnormalities in
digital mammogram.

As perspective we will complete the masses detection
system by classifying abnormal mammaographic images into
benign and malignant.
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