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Abstract

This study explores the development of a 28 GHz array antenna with beam-steering capability, consisting of four elements
with dual linear polarization at +45 degrees. We propose a method for synthesizing the array antenna’s radiation pattern
using an active element pattern-deep neural network (AEP-DNN). Beam-steering has become an attractive feature for
researchers, as it enables users to move freely without affecting signal strength. An array analysis was conducted using a
feedforward deep neural network (DNN) to generate a radiation pattern that achieves the desired steering angles. The
proposed method takes radiation patterns as inputs and outputs the corresponding phase values for the antenna elements.
The training dataset for the array antenna consisted of 6,859 radiation patterns, generated by adjusting the antenna element
phases, which were then used to train the DNN model with minimal complexity. The radiation pattern was computed using
AEP method since it is faster and less complex compared to full-wave modelling methods. The DNN model was initially
tested using radiation patterns from an ideal square shape. After training, the model was evaluated by inserting desired
beam-steering angles of 5 and 10 degrees, and it was found that the radiation pattern produced by the DNN closely
matched the intended input pattern. The DNN learning process takes approximately 2 to 3 minutes in terms of processing
time. The training and validation Root Mean Square Error (RMSE) and loss values converge to a minimum range of 1.3 to
2.3. Furthermore, the AEP-DNN method was successfully validated using the pattern multiplication method, full-wave
modelling, and measurement methods to verify the feasibility and reliability of the training and validation data, as well as the
resulting radiation pattern. This antenna, incorporating AEP-DNN technology, holds significant potential for various
applications, particularly in mobile communications. © 2013 IEEE.

Author Keywords
28 GHz frequency; 5G wireless communication; active element pattern; beam-steering; deep neural network; Dual-
polarized antenna arrays; millimeter-waves

Index Keywords

Beam forming networks, Cellular radio systems, Radio access networks; 28 GHz frequency, 5g wireless

communication, Active element patterns, Array-antenna, Beam-steering, Dual polarized antennas, Dual-polarized antenna
array, GHz frequencies, Neural-networks, Wireless communications; Steerable antennas

Funding details

International Islamic University MalaysiallUM

Ministry of Higher Education, MalaysiaMOHEFRGS/1/2024/TK08/UIAM/02/1
Ministry of Higher Education, MalaysiaMOHE

This work was supported in part by the Ministry of Higher Education, Malaysia, under Grant FRGS/1/2024/TK08/UIAM/02/1.
The authors would like to express their gratitude to the Ministry of Higher Education, International Islamic University
Malaysia (IlUM), and RF Station for providing the facility to do measurement and their support. They are also acknowledging
the use of Al from \u2018\u2018ChatGPT\u2019\u2019 for grammatical enhancement in the abstract and introduction
sections.

References

« Kaeib, A.F., Shebani, N.M., Zarek, A.R.
Design and analysis of a slotted microstrip antenna for 5G communication networks
at 28 GHz

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD 1925849497 &eid=2-s2.0-105004326270&sort=&clickedLink... 1/6



5/27/25, 3:08 PM Scopus - Print Document
(2019) Proc. 19th Int. Conf. Sci. Techn. Autom. Control Comput. Eng. (STA), pp. 648-653.
Mar

+« Mohamed, M.Y., Dini, A.M., Soliman, M.M., Imran, A.Z.Md.
Design of 2 x 2 microstrip patch antenna array at 28 GHz for millimeter wave
communication
(2020) Proc. IEEE Int. Conf. Informat., IoT, Enabling Technol. (ICloT), pp. 445-450.
Feb

« Tahir, M.U., Rafique, U., Ahmed, M.M., Dalal, P., Agarwal, S., Abbas, S.M.
Semi-ring patch array antenna for high gain 28 GHz applications
(2023) Proc. IEEE Wireless Antenna Microw. Symp. (WAMS), pp. 1-3.
Jun

« Yadav, R., Parmar, A., Malviya, L., Nithaware, D.
28 GHz inset feed circular shaped compact patch antenna array for 5G wireless
communication
(2021) Proc. 10th IEEE Int. Conf. Commun. Syst. Netw. Technol. (CSNT), pp. 1-4.
Jun

« Alblaihed, K.A., Abbasi, Q.H., Imran, M.A., Mohjazi, L.
Wideband of microstrip patch antenna for 28 GHz 5G applications
(2023) Proc. IEEE Int. Symp. Antennas Propag. USNC-URSI Radio Sci. Meeting (USNC-
URSI), pp. 189-190.
Jul

« Almohammedi, A.A., Raad, A., Darshi, S., Shepeley, V., Yusof, M.H.M., Balfagih, M.
High gain and efficiency triple U-shaped slots microstrip patch antenna for 5G
applications
(2023) Proc. 3rd Int. Conf. Comput. Inf. Technol. (ICCIT), pp. 573-576.

Sep

+ Cuneray, K., Akcam, N., Okan, T., Arican, G.O.
28/38 GHz dual-band MIMO antenna with wideband and high gain properties for 5G
applications
(2023) AEU-Int. J. Electron. Commun., 162, p. 154553.
Apr. Art.

+« Qayyum, A., Khan, A.H., Uddin, S., Ahmad, O., Khan, J.S., Bashir, S.
A novel mmWave defected ground structure based microstrip antenna for 5G
cellular applications
(2020) Proc. 1st Int. Conf. Smart Syst. Emerg. Technol. (SMARTTECH), pp. 28-31.
Nov

« Fante, KA., Gemeda, M.T.
Broadband microstrip patch antenna at 28 GHz for 5G wireless applications
(2021) Int. J. Electr. Comput. Eng. (IJECE), 11 (3), p. 2238.
Jun

« Ullah, R., Ullah, S., Umar, S.M., Ullah, R., Kamal, B.
Design and modeling of a 28/38/60/70/80 GHz antenna for fifth generation (5G)
mobile and millimeter wave (mmW) applications
(2019) Proc. Int. Conf. Electr.,, Commun., Comput. Eng. (ICECCE), pp. 1-7.
Jul

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD 1925849497 &eid=2-s2.0-105004326270&sort=&clickedLink... 2/6



5/27/25, 3:08 PM Scopus - Print Document
« Lv, Q., Yang, Y.-H., Zhou, S.-G., Shao, C., Zhou, D., Sim, C.-Y.-D.
Design of a single-layer *45<sup>-</sup> dual-polarized directional array antenna
for millimeter wave applications
(2021) Sensors, 21 (13), p. 4326.
Jun

« Yang, Y.-H., Zhou, S.-G., Dong, Y.-L.
A single-layer *45<sup>°</sup> dual-polarized array antenna based on phase
control approach
(2021) Proc. Int. Symp. Antennas Propag. (ISAP), pp. 245-246.
Jan

« Zhu, Y., Ma, S., Chen, K., Hong, W.
A dual-band stacked slotted circular patch antenna for 5G millimeter-wave
applications
(2023) Proc. 8th Int. Conf. Commun. Electron. Syst. (ICCES), pp. 455-459.
Jun

« Raeesi, A., Palizban, A., Ehsandar, A., Al-Saedi, H., Gigoyan, S., Abdel-Wahab, W.M.,
Safavi-Naeini, S.
A low-profile 2D passive phased-array antenna-in-package for emerging millimeter-
wave applications
(2023) IEEE Trans. Antennas Propag., 71 (1), pp. 1093-1098.
Jan

+ Yang, Y.-H., Sun, B.-H., Zhang, G.-X., Shen, L.
TFSIW-excited dual-polarized array antenna with 30<sup>°</sup> beam-pointing for
millimeter-wave applications
(2019) IEEE Trans. Antennas Propag., 67 (8), pp. 5740-5745.
Aug

+ Kala, D.D.D., Sundari, D.T.
A review on optimization of antenna array by evolutionary optimization techniques
(2023) Int. J. Intell. Unmanned Syst., 11 (1), pp. 151-165.
Jan

« Liu, W., Wang, Z,, Liu, X, Zeng, N., Liu, Y., Alsaadi, F.E.
A survey of deep neural network architectures and their applications
(2017) Neurocomputing, 234, pp. 11-26.
Apr

« Kim, J.H., Choi, S.W.
A deep learning-based approach for radiation pattern synthesis of an array antenna
(2020) IEEE Access, 8, pp. 226059-226063.

« Montaser, A.M., Mahmoud, K.R.
Deep learning based antenna design and beam-steering capabilities for millimeter-
wave applications
(2021) IEEE Access, 9, pp. 145583-145591.

« Zaib, A., Masood, A.R., Abdullah, M.A., Khattak, S., Saleem, A.B., Ullah, I.
AESA antennas using machine learning with reduced dataset
(2024) Radioengineering, 33 (3), pp. 397-405.
Sep

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD 1925849497 &eid=2-s2.0-105004326270&sort=&clickedLink... 3/6



5/27/25, 3:08 PM Scopus - Print Document
« Liang, Z., Gao, H., Jin, C., Deng, J.
Beam steering for array antenna based on deep learning
(2023) Proc. Int. Appl. Comput. Electromagn. Soc. Symp. (ACES-China), pp. 1-2.
Aug

+ Yang, X., Yang, D., Zhao, Y., Pan, J., Chen, Y.
Synthesis of linear sparse array using DNN-based machine-learning method
(2023) IEEE Trans. Antennas Propag., 71 (8), pp. 6513-6522.
Aug

+ Di Barba, P., Januszkiewicz, t.
Linear antenna array modeling with deep neural networks
(2023) Int. J. Appl. Electromagn. Mech., 73 (4), pp. 303-320.
Dec

« Arce, A., Arce, F., Stevens-Navarro, E., Pineda-Rico, U., Cardenas-Juarez, M., Garcia-
Barrientos, A.
Recurrent deep learning for beam pattern synthesis in optimized antenna arrays
(2024) Appl. Sci., 15 (1), p. 204.
Dec

« Al Kassir, H., Zaharis, Z.D., Lazaridis, P.l., Kantartzis, N.V., Yioultsis, T.V., Chochliouros,
[.P., Mihovska, A., Xenos, T.D.
Antenna array beamforming based on deep learning neural network architectures
(2022) Proc. 3rd URSI Atlantic Asia—Pacific Radio Sci. Meeting (AT-AP-RASC), pp. 1-4.
May

« Li, JW,, Hu, Y., Xiang, L., Ma, Z.H., Hong, W.
Millimeter wave broadband circularly polarized antenna and array with stacked
structure
(2021) IEEE MTT-S Int. Microw. Symp. Dig., pp. 1-3.
May

« Hamzah, S.Z.M., Malek, N.F.A., Isa, F.N.M., Mohammad, S.Y., Azman, A.W., Islam, M.R.
Design of dual-linearly polarized patch antenna at millimetrewaves
(2022) Proc. IEEE Int. Symp. Antennas Propag. USNC-URSI Radio Sci. Meeting (AP-
S/URSI), pp. 1184-1185.
Jul

« Rao, T., Pandey, R., Kandu, A.
Design a wideband aperture coupled stacked microstrip antenna at 28 GHz for 5G
applications
(2020) Int. J. Sci. Prog. Res., 74, pp. 61-65.
Jun

« Reyad, M., Sarhan, A.M., Arafa, M.
A modified Adam algorithm for deep neural network optimization
(2023) Neural Comput. Appl., 35 (23), pp. 17095-17112.
Aug

« Erb, R.J.
Introduction to backpropagation neural network computation
(1993) Pharm Res, 10 (2), pp. 165-170.
Jan

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD 1925849497 &eid=2-s2.0-105004326270&sort=&clickedLink... 4/6



5/27/25, 3:08 PM Scopus - Print Document
« Pozar, D.M., Targonski, S.D., Pokuls, R.
A shaped-beam microstrip patch reflectarray
(1999) IEEE Trans. Antennas Propag., 47 (7), pp. 1167-1173.
Jul

+« Pozar, D.M.
The active element pattern
(1994) IEEE Trans. Antennas Propag., 42 (8), pp. 1176-1178.
Aug

+« He, Q.-Q., Wang, B.-Z.
Design of microstrip array antenna by using active element pattern technique
combining with Taylor synthesis method
(2008) Prog. Electromagn. Res., 80, pp. 63-76.

+ BBoard 5G: Beamforming Edu Kit for Mmwave Prototyping, R&D, and 5G Class,
Accessed: Feb. 14, 2025. Online.

+ (2023) R2 Product R2 Light Type CATR Meas,
System. Accessed: Feb. 14, 2025. Online.

« Array Factor,
Accessed: Feb. 14, 2025. Online.

« Liu, X, Lu, H., He, Y., Wu, F.,, Zhang, C., Wang, X.
Analysis on the effect of phase noise on the performance of satellite
communication and measurement system
(2023) Symmetry, 15 (11), p. 2053.
Nov

+ Tsuchiya, Y., Suga, N., Uruma, K., Fujisawa, M.
Active element arrangement for deep learning-based CSI prediction in IRS-assisted
systems
(2025) IEEE Access, 13, pp. 2829-2843.

« Formis, G., Scanzio, S., Wisniewski, L., Cena, G.
Mixing neural networks and exponential moving averages for predicting wireless
links behavior
(2024) Proc. IEEE 7th Int. Conf. Ind. Cyber-Physical Syst. (ICPS), pp. 1-6.
May

+« Zhao, Y., Xiao, L., Liu, Y., Leong, A.T., Wu, E.X.
Electromagnetic interference elimination via active sensing and deep learning
prediction for radiofrequency shielding-free MRI
(2024) NMR Biomed, 37 (7), p. 4956.
Jul

+ Lee, S.-G,, Lee, J.-H.
Calculating array patterns using an active element pattern method with ground edge
effects
(2018) J. Electromagn. Eng. Sci., 18 (3), pp. 175-181.
Jul

Correspondence Address
Farihah Abdul Malek N.; International Islamic University Malaysia, Jalan Gombak, Malaysia; email: norun@iium.edu.my

Publisher: Institute of Electrical and Electronics Engineers Inc.

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD 1925849497 &eid=2-s2.0-105004326270&sort=&clickedLink... 5/6



5/27/25, 3:08 PM Scopus - Print Document

ISSN: 21693536

Language of Original Document: English
Abbreviated Source Title: IEEE Access
2-s2.0-105004326270

Document Type: Article

Publication Stage: Final

Source: Scopus

ELSEVIER Copyright © 2025 Elsevier B.V. All rights reserved. Scopus® is a registered
trademark of Elsevier B.V. & _RELX Group™

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD 1925849497 &eid=2-s2.0-105004326270&sort=&clickedLink... 6/6



