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Preface 

This book offers a comprehensive reference and cutting-edge knowledge on Intel-
ligent System and Smart Technologies. This book is composed of theoretical foun-
dations for Intelligent System and Smart Technologies. The book discusses signif-
icant issues relating to machine learning, smart technologies, and data analytics. 
Further, in-depth reading can be done from the detailed bibliography presented at 
the end of each chapter. The book will be divided into two sections, Foundations 
and Applications, which will provide a complete source of information for the book 
theme. Furthermore, the chapters will include concepts, algorithms, figures, graphs, 
and tables that will increase the readability of the book. The target audience of this 
book includes researchers, practitioners, and postgraduate and graduate students who 
developing artificial intelligence algorithms or using these algorithms in different 
applications. 

The book will address a wide spectrum of topics that cover both algorithms 
and applications of Intelligent System and Smart Technologies. The book has the 
following topics that will span different chapters:

• AI & Intelligent Systems
• Smart Technologies
• Communications and Networking
• Software Engineering and Web Applications
• Information Technology
• Software Engineering and Web Applications 

Beni-Mellal, Morocco 
Al Ain, United Arab Emirates 
Da Nang, Vietnam 
Settat, Morocco 

Noredine Gherabi 
Ali Ismail Awad  
Anand Nayyar 

Mohamed Bahaj

v



Specific Topics 

AI & Intelligent Systems 

Machine Intelligence 
Artificial Intelligence for Applications 
Big Data Analytics and Neural Networks 
Machine Learning and Deep Learning 
Image Processing and Speech Processing 

Smart Technologies 

Internet of Things 
Autonomous Vehicles and Cities and Policy 
System Automation 
Smart Cities 

Communications and Networking 

Network Technologies & Wireless Communications 
Cloud Computing and Applications 
New Internet Technologies 
Slicing and 5/6/7G Technologies 
Network Security

vii



viii Specific Topics

Software Engineering and Web Applications 

Software Development Fundamentals 
Software Standardization and Certification 
Agile, DevOps Models, Practices, Challenges 
Software Requirement Engineering 
Software Process Assessment (SPA) 

Information Technology 

Information Technology 
Business Strategy and Information Technology 
Hardware and Software Co-design 
Information Theory 
Information and System Security 

Software Engineering & Web Applications 

Software Development Fundamentals 
Software Standardization and Certification 
Web Applications 
Semantic Web Applications 
Software Process for Applications



Committee 

Honorary Committee 

Jamal Zahi, President of Hassan First University, Settat 
Jamal Naja, Dean of Faculty of Sciences and Technologies, Settat, Morocco 
Ahmed Fahli, Vice President of Hassan 1st University, Settat, Morocco 
Boubker Nasser, Vice-Dean of Faculty of Sciences and Technologies, Settat, 
Morocco 

General Chairs 

Mohamed Bahaj, Faculty of Sciences and Technologies, Settat, Morocco 
Noreddine Gherabi, National School of Applied Sciences, Khouribga, Moroocco 

CDOC Commitee 

Bouchaib Bencharki, Director of CEDOC, Hassan First University, Morocco 
Khalid Essamadi, Director of CEDOC–Sciences and Techniques, Hassan First 
University, Morocco 

Publication Chairs 

Noreddine Gherabi, Sultane Moulay Slimane University, ENSA Khouribga, 
Morocco 
Anand Nayyar, Professor at Graduate School, Duy Tan University, Da Nang, Vietnam 
Mohamed Bahaj, Faculty of Sciences and Technologies, Settat, Morocco

ix



x Committee

Steering Committee 

Arpan Kumar Kar, Indian Institute of Technology Delhi, New Delhi, India 
Yves duthen, Université de Toulouse, France 
Khalifa Mansouri, ENSET Mohammedia, Morocoo 

Special Sessions Chairs 

Soufyane Mounir, Sultane Moulay Slimane University, ENSA Khouribga, Morocoo 
Lahcen Moumoun, Hassan First University, ENSA Berrechid, Morocco 
Abdelkarim HANSALI, Cadi Ayyad University Marrakech, Morocco 

Publicity Chairs 

Mohamed Reda Daliri, University of Toulouse, Tarbes, France 
Mohamed Amnai, Ibn Tofaïl University, Kenitra, Morocco 
Mohammed Qbadou, ENSET Mohammedia, Morocoo 
Soufiane Jounaidi, ISGA Casablanca, Morocco 

Track Chairs 

Track 1: AI & Intelligent Systems 

Lahcen Moumoun, ENSA Berrechid, Morocco 
Youssef Balouki, FST Settat, Hassan 1st University, Morocco 

Track 2: Smart Technologies 

Khalifa Mansouri, ENSET Mohammedia 
Soufyane Mounir, National School of Applied Sciences, Khouribga, Morocco 

Track 3: Information Technology 

Mohammed Hanini, Hassan 1st University, Morocco 
Abdellah Ailane, Sultane Moulay Slimane University, Morocco



Committee xi

Track 4: Networking 

Yassine Maleh, Sultane Moulay Slimane University, ENSA Khouribga, Morocco 
Ismail Errachid, Sultane Moulay Slimane University, Morocco 
Salah-Eddine Khamlich, USMS, ENSA Khouribga, Morocco 

Track 5: Software Engineering & Web Applications 

Yve duthen, Toulouse University, France 
Mohamed Moughit, Sultane Moulay Slimane University, Morocco 

Track 6: Computational Intelligence and Data Sience 

Abderrahim Marzouk, Hassan 1st University, Morocco 
Mahmoud Elhamlaoui, ENSIAS Mohamed V University, Morocco 

Local Organizing Committee 

Mohamed Bahaj, FST-Settat, Hassan 1st University, Morocco 
Noreddine Gherabi, Sultane Moulay Slimane University, ENSA Khouribga, 
Morocco 
Youssef Balouki, FST Settat, Hassan 1st University, Morocco 
Ahmed Errkik, FST Settat, Hassan 1st University, Morocco 
Ilias Cherti, FST Settat, Hassan 1st University, Morocco 
Doha Malki, FST Settat, Hassan 1st University, Morocco 
Hajar Khallouki, Software Engineering Department, Lakehead University, Canada 
Aziza Abid, National School of Applied Sciences, Khouribga, Morocco 
Mohammed Nasri, National School of Applied Sciences, Khouribga, Morocco 
Mostafa Saadi, National School of Applied Sciences, Khouribga, Morocco 
Mohamed Amnai, Ibn Tofaïl University, Kenitra, Morocco 
Lahcen Moumoun, ENSA Berrechid, Morocco 
Youssef Fakhri, FS-Kenitra University, Morocco 
Larbi El Abdellaoui, FST Settat, Hassan 1st University, Morocco 
Abdelali Tajmouati, FST Settat, Hassan 1st University, Morocco 
Azeroual Mohamed, National School of Applied Sciences, Khouribga, Morocco 
Abdellah Ezzati, FST Settat, Hassan 1st University, Morocco



xii Committee

Technical Program Committee 

Michel Crampes, Ecole des Mines d’Ales, France 
Paolo Bellavista, University of Bologna, Italy 
William Grosky, University of Michigan-Dearborn, USA 
Samuelson W. Hong, Oriental Institute of Technology, SMIEEE, Taiwan 
Philippe Lalanda, University Grenoble-Alpes (UGA), France 
Rachid Benlamri, Lakehead University, Canada 
Balasubramanian Ravisankar, National Institute of Technology Tamilnadu, India 
Taoufiq Gadi, FST-Hassan 1st University, Morocco 
Tien Anh Tran, Vietnam Maritime University, Haiphong, Vietnam 
Semma El Alami, FST-Hassan 1st University, Morocco 
Fatima salahdine,University of North Carolina at Charlotte, USA 
Nassira Ghoualmi, Zine, Badji Mokhtar University, Algeria 
Abdellah Ailane, USMS, ENSA Khouribga, Morocco 
Salah-Eddine Khamlich, USMS, ENSA Khouribga, Morocco 
Taki Hasan Rafi, Hanyang University, South Korea 
Dabounou Jaouad, FST-Hassan 1st University, Morocco 
Joseph Sifakis École Polytechnique Fédérale de Lausanne, Swiss 
M. Fayad, San José State University Washington, USA 
Ismail Errachid, Sultane Moulay Slimane University, Morocco 
Radi Bouchaib, FST-Hassan 1st University, Morocco 
Yves Duthen, University Toulouse, France 
Fayçal Abouzaid, École Polytechnique Québec, Canada 
Mohammed Qbadou, ENSET Mohammedia, Morocoo 
Sultan Aljahdali, Taif University, Taif, Saudi Arabia 
My Abdelouahed Sabri, Faculty of Sciences, Fez, Morocco 
Mohammed Erradi, Mohamed V. University, ENSIAS, Morocco 
Jamel FEKI, University of Sfax, Tunisia 
Shanmugasundaram Hariharan, SRM University, India 
Nasserddine Bouchaib, FST-Hassan 1st University, Morocco 
Mohamed Moughit, Sultane Moulay Slimane University, Morocco 
Syed Muhammad Raza Naqvi, INP-ENIT, University of Toulouse, France 
Amal Zouaq, Royal Military College of Canada, Canada 
Jayaprakash Kar, LNM Institute of Information Technology, India 
Abdelkrim Haqiq, FST-Hassan 1st University, Morocco 
Khalid Ghoulami, Sultane Moulay Slimane University, Morocco 
El Harti Rachid, FST-Hassan 1st University, Morocco 
Esma Aïmeur, Université of Montreal, Canada 
Arsalane Zarghili, FST Fés, Morocco 
Jad Matta, Bircham University, Espagne 
Manoj Gupta, University of Rajasthan, India 
Martin Dudziak, Stratford University, USA 
Ghita Mangoub, FST-Hassan 1st University, Morocco



Committee xiii

Mohamed Louzar, FST-Hassan 1st University, Morocco 
Mirel Cosulschi, University of Craiova, Romania 
Pankaj Dadheech, Swami Keshvanand Institute of Technology, India 
Dabounou Jaouad, FST- Hassan 1st University, Morocco 
Muhammed Zakaria, Abdul Wali Khan University, Pakistan 
Ahmed Mouhsen, FST- Hassan 1st University, Morocco 
Zeeshan Ahmed, University of Wuerzburg, Germany 
Hatem Haddad, Universite Libre de Bruxelles, Belgium 
Zhou Yimin, Chinese Academy of Science, China 
Nan Zhang, Geroge Washington University, USA 
Varun Menon, School of Engineering and Technology, India 
Pasquale De Meo, University of Applied Sciences of Porto, Italy 
Ahmad Baharuddin Abdullah, Universiti Sains Malaysia, Malaysia 
Roubi Ahmed, FST-Hassan 1st University, Morocco 
Srikanta Patnaik, SOA University, Bhubaneswar, India 
Lahby Mohamed, ENS- Hassan II University, Morocco 
Philippe Roose, University of Pau, France 
Nizar Bouguila, Concordia University, Canada 
Khalifa Mansouri, ENSET Mohammedia, Morocco 
Abderrahim Benihssane, Chouaib Doukkali University, Morocco 
Farid Temcamani, ENSEA, Cergy Pontois, France 
Jeff Kephart, IBM T. J. Watson Research Center, USA 
Riadh Robbana, INSAT and EPT, Tunisia 
Vishal Jain, Sharda University, India 
Kotowicz Jean-Philippe, INSA of Rouen, France 
Mahmoud ABBAS, Alexandria University, Egypt 
Nacereddine ZAROUR, LIRE laboratory, University Constantine 2, Algeria 
Mohamed Youssfi, ENSET, Mohammedia, Morocco 
Abderrahim Marzouk, FST- Hassan 1st University, Morocco 
Hjh Siti Hawa Hamzah, Faculty of Civil Engineering, Malaysia 
Lyes Bennamoun, University of New Brunswick, Canada 
Lester Ingber, Research Publisher, Editor-in-Chief, USA 
Youness Khordifi, FPK Khouribga, Morocco 
Abdulkareem Shafiq Mahdi Al-Obaidi, Taylor’s University, Malaysia 
Ahaitouf Ali, Faculty of Science and Technology of USMBA, Morocco 
Ahmad Yusairi Bani Hashim, Universiti Teknikal Melaka, Malaysia 
Mervat Adib Bamiah, Prince Sultan University, Saudi Arabia 
Akhtar Jamil, National University of Computer and Emerging Sciences, Islamabad, 
Pakistan 
Ahmed Kadhim Hussein, Babylon University, Iraq 
P. Sivakumar, Tamilnadu University, India 
Rachid El Alami, Faculty of Sciences, Fez, Morocco 
Mohamed Yassin Chkouri, ENSA Tétouan, Morocco 
Keshav Kaushik, University of Petroleum and Energy Studies



Keynote Speakers 

Sebastian Ventura is a Spanish Researcher and a Full Professor 
with the Department of Computer Science and Numerical Anal-
ysis, University of Córdoba. He also holds the positions of Affili-
ated Professor at Virginia Commonwealth University (Richmond, 
USA) and Distinguished Adjunct Professor at King Abdulaziz 
University (Jeddah, Saudi Arabia). Additionally, he is Deputy 
Director of the Andalusian Research Institute in Data Science and 
Computational Intelligence (DaSCI) and heads the Knowledge 
Discovery and Intelligent Systems Research Laboratory. He has 
published more than 10 books and over 300 articles in journals 
and scientific conferences. Currently, his work has received over 
18,000 citations according to Google Scholar, including more than 
2200 citations in 2020. In the last 5 years, he has published more 
than 60 papers in international journals indexed in the JCR. 

Prof. Dr. Yves Duthen is an Emeritus Research Professor of 
Artificial Life and Virtual Reality at IRIT lab, University of 
Toulouse-Capitole (France). He received his Ph.D. degree from 
the University Paul Sabatier in 1983 and the “French Habilita-
tion” degree in 1993 to become a Full Professor. He has worked 
in image synthesis during the 1980s and focused on behavioral 
simulation based on evolutionary mechanism since 1990. He has 
published about 130 refereed journal and conference papers 
and has directed 25 Ph.D. theses. He has pioneered research in 
artificial life for building adaptive artificial creatures and focuses 
now on embedded metabolism and morphogenetic engineering 
and on AI versus Cognition. Reference: https://www.youtube. 
com/watch?v=vJ0ltnoBuG0.

xv

https://www.youtube.com/watch?v=vJ0ltnoBuG0
https://www.youtube.com/watch?v=vJ0ltnoBuG0


xvi Keynote Speakers

DR. Philippe Roose is a Professor of Computer Engineering 
at LIUPPA/UPPA—FRANCE. His research interests concern: 
Mobility; Ambiant, Pervasif & Ubiquitous Computing, Software 
Architectures. 

Dr. Roose is the Head of Computer Science Department at 
IUT de Bayonne/University of Pau, Head of T2I Research Team 
at LIUPPA Research Lab/University of Pau, and Scientific Expert 
for MESR (Ministry of Education and Research). 

He has published about 240 refereed journal and conference 
papers and more than 10 books. 

Abdessamad Ben Hamza is a Professor and the Director of 
the Concordia Institute for Information Systems Engineering 
at Concordia University, Montreal, Canada. He received his 
Ph.D. degree in Electrical and Computer Engineering from North 
Carolina State University, USA. Prior to joining Concordia 
University, he was a Postdoctoral Researcher at Duke Univer-
sity in North Carolina, affiliated with both the Department of 
Electrical and Computer Engineering and the Fitzpatrick Center 
for Photonics and Communications Systems. He is the co-author 
of the book “Geometric Methods in Signal and Image Analy-
sis” (Cambridge University Press, 2015). He received the IEEE 
Transactions on Multimedia Outstanding Reviewer Award 2021. 
His research interests include machine learning, computer vision, 
image processing, graph signal processing, and medical imaging. 
He has served as an Area Chair for the International Conference on 
3D Vision 2021 and 2022. He is a licensed professional engineer 
and a senior member of IEEE. 

Abdellatif El Afia is a Full Professor at the National School of 
Computer Science and Systems Analysis (ENSIAS), Mohammed 
V University in Rabat, Morocco. 

He obtained his Ph.D. in Operation Research from the Univer-
sity of Sherbrooke, Canada, in 1999. 

He is the Founder and Head of the engineering degree 
in Artificial Intelligence Engineering. 

His research areas of interest are machine learning, mathemat-
ical programming (stochastic and deterministic), and metaheuris-
tics. He has participated in several international conferences and 
published many research papers in highly indexed journals.



About This Book 

This book is a collection of high-quality peer-reviewed research papers presented 
at The International Conference on Intelligent Systems and Smart Technologies 
(I2ST’23) held at the Faculty of Science and Technology of Hassan First University, 
Morocco, on January 17–18, 2023. 

I2ST’23 is a forum for presenting new advances and research results in the fields of 
information, communication, and smart technologies. The book discusses significant 
issues relating to machine learning, smart technologies, and data analytics. 

The main and distinctive topics covered are I) AI & Intelligent Systems, II)Smart 
Technologies, III) Communications and Networking, IV) Software Engineering and 
Web Applications, V) Information Technology, and VII) Software Engineering and 
Web Applications.
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A New Design of 5G Planar Antenna 
with Enhancement of the Gain Using 
Array Antenna 

A. Bellekhiri, N. Chahboun, J. Zbitou, Y. Laaziz, and A. El Oualkadi 

Abstract In this paper, an antenna array with 32 radiating elements was designed, 
analyzed, and simulated using ADS and using CST Microwave Studio electromag-
netic solvers so as to investigate the effects of various factors on the antenna’s radia-
tion characteristics. The square patch antenna is printed on Rogers RT5880 substrate, 
with a relative dielectric permittivity of 2.2, a loss tangent of 0.0009, and a thick-
ness of 0.508 mm. The dimensions of the single element are 28.1 × 28.1 mm2. The  
results obtained present a good matching of input impedance around 3.5 GHz, a 
reflection coefficient of −23 dB, a high gain of 20.5 dBi, and a directional radia-
tion pattern. The effect on the antenna parameters due to the increase in antenna 
elements (array) is observed in the antenna gain and directivity. This structure offers 
good performances which makes it suitable for sub-6 GHz wireless communication 
technologies of the mobile fifth generation (5G). 

Keywords Antenna array · Gain · 5G 

1 Introduction 

The microstrip antenna plays a very important role in the wireless communica-
tion system, presenting many advantages due to their lightness, their miniaturized 
structure, the ease of realization by the technique of the printed circuit, the low 
manufacturing cost, and the small footprint. Despite these advantages they have a 
number of considerable disadvantages, such as low gain and narrow bandwidth. This
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has prompted researchers to consider proposing various techniques to enhance the 
performance of microstrip patch antennas in terms of gain, frequency band, and direc-
tivity of radiation. As found in papers [1, 2], that the proposed structures offering 
a gain improvement of 6.84 dB, to 12.8 dB, and an improvement of 4.25–11.5 dBi 
by adopting an antenna array configuration containing four elements. Another tech-
nique used in the paper [3], including the application of a metamaterial structure in 
a MIMO antenna array operating at 5.8 GHz, causes a gain improvement of up to 
9.2 dBi. We also found a MIMO antenna which was proposed to have a maximum 
gain of 7.1 dBi and 7.9 dBi at 28 GHz and 38 GHz, respectively [4]. We also find 
a four-element (MIMO) antenna array giving a bandwidth between 23 and 40 GHz, 
with a reduction of mutual coupling up to 20 dB, and a gain of 10.58, 8.87 and 
11.45 dB at frequencies of 28, 33, and 38 GHz, respectively [5]. In the article [6] 
the average gain can reach a value of 17.3 dBi, when designing the 4 × 4 antenna 
array, can also reach 11.5 dBi and 9,019 dB thanks to the design of a four-element 
array radiating [7, 8]. In [9, 10] we have a slotted SIW cavity planar antenna array 
with high gain for mmW applications is proposed and designed. In [11], two antenna 
arrays made up of 64 and 256 radiating components each are used to achieve the 
large bandwidths of 25.8% and 23.8%, with gains of 27.5 and 33.8 dBi and radiation 
efficiencies of around 90% and 80%, respectively. Another technique was used to 
obtain a gain of 6 dBi in the range of frequencies between 3.2 and 5.4 GHz (51%), by 
uniformly placing meta-columns around the dipole’s ring-shaped perimeter [12]. A 
new form of an array has been designed, containing 16 rectangular elements driven 
from a single port, via a Y-junction power divider to achieve a gain of 17.1 dB with 
a radiation efficiency of 92% [13]. In [14] a TSIW multibeam antenna array oper-
ating at 30 GHz composed of eight SIW monopoles offers a gain of 12 dBi at the 
resonant frequency. A conical recessed mass is introduced below the conventional 
60 GHz microstrip antenna array. The bandwidth of the CMPA network is improved 
by 11.84% and the gain is improved by 1.97 dB at 60 GHz [15]. 

The major goal of this work is to design a compact antenna array to have an 
improved gain, operating at 3.5 GHz for sub-6 GHz wireless communication systems 
of the fifth generation (5G). To supply the proposed network we adopt the supply in 
series, and the supply in parallel under the pretext that they are simpler to implement 
since they can be on the same layer of the network allowing an optimization of the 
weight, the thickness and antenna costs. In the first section we will present a square 
antenna operating at 3.5 GHz, presenting the S11 reflection coefficient, the gain, and 
the radiation pattern. In the second section an antenna array containing 4 radiating 
elements, are moved in series and printed on the same substrate, to mention its 
influence on gain improvement compared to the reference antenna, then an antenna 
array 4 × 4, and finally the design of the 8 × 4 network containing 32 elements. 
CST Microwave Studio and Advanced Design System (ADS) software are used to 
simulate these structures. The Table 1 illustrates the allocation in the sub-6 band for 
5G [16].
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Table 1 Spectrum allocation for 5G sub-6 GHz applications in different countries 

Countries 3–4 GHz range 4–5 GHz range 5–7 GHz range 

United States 3.45–3.7, 3.7–3.98 3.49–4.99 5.9–7.1 

Canada 3.47–3.65, 3.65–4.0 

Korea 3.4–3.7, 3.7–4.0 26.5–28.1 

India 3.4–3.6 26/28 

Australia 3.5 27.5–28.35 

Italy 3.6–3.8 

EU 3.4–3.8 5.9–6.4 

Japan 3.6–4.1 4.5–4.9 

China 3.3–3.6 4.5–5 

2 Design Methodologies 

2.1 A Conventional Square Patch Antenna’s Design 

We started by designing a square-shaped micro-strip patch antenna, operating at 3.5 
GHz, fed by a microstrip line. The purpose of this work is to provide a novel strategy 
to enhance the antenna’s radiating performance. The first step was the calculation of 
the dimensions of the patch using the Eqs. (1) and (2) [17]: 

L = 1 

2fr
√

εreff
√

μ0ε0 
− 2ΔL (1)  

W = 1 

2fr
√

μ0ε0 

/
2 

εr + 1 
(2) 

• fr: the resonant frequency of the antenna. 
• μ0 et ε0: Permeability and permittivity in free space. 
• εr: The relative permittivity of the dielectric material. 
• ΔL: The extension of the patch length around the slots. 

The dielectric effective permittivity (εreff) can be determined using the Eq. (3). 

εre  f  f  = 
εr + 1 

2 
+ 

εr − 1 
2

(
1 + 12 

h 

W

)− 1 
2 

(3) 

The height of the substrate is referred to as ‘h,’ and ΔL may be computed using 
the following Eq. (4):
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Table 2 The optimized 
parameters of the 
conventional patch antenna 

Parameter Value (mm) Parameter Value (mm) 

Wp 28.1 Wf 0.41 

Lp 28.1 Lf 16.28 

Ws 55 h 0.508 

Ls 60 t 0.035

ΔL 

h 
= 0.412 

(εr + 0.3)
(
W 
h + 0.264

)

(
εre  f  f  − 0.258

)(
W 
h + 0.8

) (4) 

The feed widths of different impedances can be calculated using the Eq. (5) [17]. 

w f 
h 

= 

⎧ 
⎪⎪⎪⎨ 

⎪⎪⎪⎩ 

8eA 

e2A − 2 
, 

w0 
h 

≤ 2 

2 

μ

{
B − 1 − ln(2B − 1) + 

εr − 1 
2εr

[
ln(B − 1) + 0.39 − 

0.61 

εr

]}
, 

w0 
h 

≥ 2 

⎫ 
⎪⎪⎪⎬ 

⎪⎪⎪⎭ 
(5) 

where 

A = 
Z0 

60 

/
εr + 1 

2 
+ 

εr + 1 
εr − 1 

(0.23 + 
0.11 

εr 
) 

B = 
377π 

2Z0
√

εr 

After validating the dimensions of the patch element allowing having a resonance 
frequency of 3.5 GHz, we associated the quarter wave to adapt the input impedance 
to 50 Ω. The patch antenna is printed on a Rogers RT 5880 type substrate, with a 
relative permittivity ε = 2.2, a loss tangent tan(δ) = 0.0009, a height of 0.508 mm, 
and  a size of 60  × 55 mm2. The optimized square antenna parameters are shown in 
Table 2. 

The geometry of a single radiating element is mentioned in Fig. 1a, and after the 
simulation, a good input impedance match at 3.5 GHz, a gain of 6.89 dBi, and a 
radiation pattern that is stable in the frequency band are obtained, (see Fig. 1b–d). 
As you can see, we have a good agreement between the two software, comparing the 
results obtained with the ADS and CST software.

2.2 Design of a 1 × 4 Antenna Array Containing 4 Radiation 
Elements 

To further improve the antenna gain, a 1 × 4 antenna array is designed as can be seen 
in Fig. 2a. The linear antenna array is designed so that the distances between each 
two consecutive elements of the array are equal λ 

2 . The square shape of antenna is
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Fig. 1 a Basic antenna 
geometry, b return loss (CST 
vs. ADS), c gain versus 
frequency, d 3D radiation 
pattern

(a) 

(b) 

(c) 

(d) 
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Fig. 2 a 1 × 4 antenna array 
geometry, b return loss (CST 
vs. ADS), c gain versus 
frequency, d 3D radiation 
pattern 

(a) 

(b) 

(c) 

(d) 

adopted to have the same input impedance at two sides of the patch designed under 
the pretext of facilitating the calculation of the dimension of the feed line linking 
two successive patches in the antenna array, i.e. with the square antenna we can use 
the same quarter wave which is used in the conventional antenna. 
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Figure 2b shows that the 1 × 4 antenna array exhibits a good matching of input 
impedance around 3.5 GHz of −17 dBi, with a significant improvement in gain at 
3.5 GHz reaching 11.8 dBi (see Fig. 2c), and an improvement of a radiation pattern 
(see Fig. 2d). 

2.3 Design of a 4 × 4 Antenna Array Containing 16 
Radiation Elements 

Wilkinson divider is a power divider that isolates output ports from each other while 
maintaining impedance matching on all ports to minimize crosstalk [18–22]. The 4 
× 4 and 8 × 4 antenna arrays designed, including the 1 × 4 sub-arrays which are 
fed in parallel to a source of feeding network using micro-strip lines of widths 100'
Ω, 70.7' Ω and 50' Ω [23–25]. 

After a simulation of a 4 × 4 antenna array, we find a good adaptation of the 
reflection coefficient S11 at 3.5 GHz, by generating other frequency bands (Fig. 3a), 
with increased gain (Fig. 3b), and a more directive radiation pattern (Fig. 3c).

2.4 Design of a 8 × 4 Antenna Array Containing 32 
Radiation Elements 

After a simulation of an 8 × 4 antenna array containing 32 elements (Fig. 4a), we find 
a good match of reflection coefficient S11 at 3.5 GHz, by generating other frequency 
bands (Fig. 4b), with a gain increase that reaches a value of 20 dBi (Fig. 4c), and a 
more directional radiation pattern (Fig. 4d).

The gain, and the radiation diagram which are obtained using ADS software are 
in agreement with the results obtained using CST software (see Fig. 5).

After the validation of the suggested array antenna in terms of radiation pattern, 
matching of input impedance, and gain, Table 3 shows the comparison between the 
proposed array antennas with some structures validated in the literature. As a result 
of Table 3, the proposed array antenna exhibits good performances.
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Fig. 3 a Return loss, b gain 
versus frequency, c geometry 
4 × 4 antenna array and 3D 
radiation pattern

(a) 

(b) 

(c) 

3 Conclusion and Perspectives 

In the current study, we have simulated, optimised and validated an antenna array 
that is matched for 5G applications operating at 3.5 GHz. The gain had reached a 
value of 6.89 dBi for a single radiating element and 20.5 dBi for an 8 × 4 antenna 
array containing 32 elements. For 5G mobile applications, this suggested antenna 
has been approved. To further increase the gain of the structure, we are considering 
loading the meta-materials to these designed structures.
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(a) 

(b)  

(c) 

Fig. 4 a Return loss, b gain versus frequency, c 4 × 4 antenna array geometry and 3D radiation 
pattern

Fig. 5 The gain, and 3D radiation pattern are obtained using ADS software
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Table 3 Comparison between the proposed array antenna and some published array antennas 

Ref Size (mm3) No. of elements Freq. (GHz) Gmax (dBi) 

03 137 × 77 × 3.04 2 × 2 5.8 9.22 

16 80 × 80 × 1.575 2 × 2 3.5 8.3 

25 374 × 374 × 1.15 4 × 4 3.5 8.76 

26 115 × 118 × 1.52 4 × 4 8.15 11.2 

27 200 × 200 × 32 4 × 4 3.4 7.63 

28 184 × 340 × 3.15 8 × 4 3.5 19.5 

Pr. 316 × 660 × 0.515 8 × 4 3.5 20.5
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