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The object of this research is the process of segmentation of cam-
ouflaged military equipment in images from space surveillance systems.

The method of segmentation of camouflaged military equipment
in images from space surveillance systems has been improved using a
genetic algorithm. Unlike known methods, the method of segmenta-
tion of camouflaged military equipment using a genetic algorithm
involves the following:

— highlighting brightness channels in the Red-Green-Blue color
space;

— the use of a genetic algorithm in the image in each channel of
brightness of the RGB color space;
— image segmentation is reduced to the formation of generations

and populations of chromosomes, the calculation of the objective
function, selection, crossing, mutation, and decoding of chromo-
somes in each brightness channel of the Red-Green-Blue color space.

Experimental studies were conducted on the segmentation of
camouflaged military equipment using a genetic algorithm. It is es-
tablished that the improved method of segmentation using a genetic
algorithm makes it possible to segment images from space surveil-
lance systems.

A comparison of the quality of segmentation was carried out.
It is established that the improved method of segmentation using a
genetic algorithm reduces segmentation errors in the following way:

— compared to the known k-means method, by an average of
15 % of errors of the first kind and an average of 7 % of errors of the
second kind;

— compared to the method of segmentation based on the algo-
rithm of swarm of particles, by an average of 3.8 % of errors of the
first kind and an average of 2.9 % of errors of the second kind.

The improved segmentation method using a genetic algorithm
can be implemented in software and hardware imaging systems from
space surveillance systems.

Keywords: optoelectronic image, camouflaged military equip-
ment, genetic algorithm, chromosome population.
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Object recognition in images is used in many areas of practical use.

Very often, progress in its application largely depends on the ratio of the
quality of object recognition and the required amount of calculations.
Recent advances in recognition are related to the development of neural
network architectures with a very significant amount of computing that
are trained on large data sets over a very long time on state-of-the-art
computers. For many practical applications, it is not possible to collect
such large datasets for training and only computing machines with lim-
ited computing power can be used. Therefore, the search for solutions
that meet these practical restrictions is relevant. This paper reports an
ensemble classifier, which uses stacking in the second stage. The use of
significantly different classifiers in the first stage and the multilayer per-
ceptron in the second stage has made it possible to significantly improve
the ratio of the quality of classification and the required volume of calcu-
lations when training on small data sets. The current study showed that
the use of a multilayer perceptron in the second stage makes it possible
to reduce the error compared to the use of the second stage of majority
voting. On the MNIST dataset, the error reduction was 29-39 %. On
the CIFAR-10 dataset, the error reduction was 13-17 %. A comparison
of the proposed architecture of the ensemble classifier with the archi-
tecture of the transformer-type classifier demonstrated a decrease in the
volume of calculations while reducing the error. For the CIFAR-10 da-
taset, an error reduction of 8 % was achieved with a calculation volume
of less than 22 times. For the MNIST dataset, the error reduction was
62 % when winning by the volume of calculations by 50 times.

Keywords: multilayer perceptron, neural network, ensemble
classifier, weights, classification of images.
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Research on the development of methods for identifying signs
of hidden manipulation (destructive information and psychologi-
cal impact) in text messages that are published on Internet sites
and distributed among users of social networks is relevant. One
of the main problems in the development of these methods is the
difficulty of formalizing the process of identifying signs of ma-
nipulation in text messages of social network agents. To do this,
based on morphological synthesis, it is necessary to determine
relevant indicators for analyzing text messages and criteria for
making a decision about the presence of signs of manipulation in
text messages.

Based on morphological synthesis, a method for determining
manipulation indicators in text messages was developed, taking into
account the achievements of modern technologies of intelligent con-
tent analysis of text messages, machine learning methods, fuzzy logic
and computational linguistics, which made it possible to reasonably
determine a group of indicators for evaluating text messages for signs
of manipulation.

The stages of the method include evaluating the text message
at the level of perception by the indicator of text readability, at the
phonetic level by the indicator of emotional impact on the subcon-
scious, at the graphic level by the indicator of text marking intensity,
and calculating the integral indicator for making a decision about the
presence of manipulation in the text message.

Based on the proposed method, specialized software was devel-
oped that provided 13 % greater accuracy in evaluating messages
for manipulative impact compared to the known method of expert
evaluations, which reduced the influence of the subjective factor on
the evaluation result.

Keywords: morphological synthesis, content analysis of text
messages, target audience, manipulation, information and psycho-
logical impact.
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Because of the reliability of deployment, cost efficiency, and
flexibility of ad-hoc wireless local networks (WLAN). These wireless
networks have grown to be the everywhere connection solution in
residential and public access networking protocols. It is important
to know which strategy performs better with the least amount
of delay. The Multiple Access Control protocols (MAC) that
are relied on ALOHA, and Carrier Sense Multiple Access with
collision avoidance (CSMA/CA) as random access techniques, have
substantially aided the rapid growth of such wireless access networks.
This work provides a model-based design approach for modeling
CSMA/CA and ALOHA random-access protocols for packetizing
wireless networks. We analyze the TX and Back-off waveforms of the
PHY/MAC transceiver of three radio nodes under CSMA/CA and
ALOHA operation modes and compare the obtained results of the
PHY/MAC Transceiver for the network nodes according to these
modes. Every node is within a range such that the communication
between each couple of nodes can be interfered with and received
data from the third node. The MAC layer and the logical link
control function composed the data link layer. Since the same radio
band is used for TX and RX, the MAC function employed here is
CSMA/CA and ALOHA, which had also called a random back-off. The
MAC layer sends a control signal to the TX block to transmit either a
data frame or an acknowledgment frame. The frame contents are loaded
in the look-up tables. The contents can be changed in the workspace.
The output of this block is a complex baseband 1Q signal. The obtained
results show the effectiveness of CSMA/CA over ALOHA modes when
comparing the corresponding Back-off waveforms and when calculating
the throughput values of the three network nodes.

Keywords: ad-hoc networks, wireless LANs, Carrier Sense
Multiple Access (CSMA), collision avoidance.

References

1. Naveen Raj, R, Nayak, A., Kumar, M. S. (2019). A Survey and Per-
formance Evaluation of Reinforcement Learning Based Spectrum
Aware Routing in Cognitive Radio Ad Hoc Networks. International
Journal of Wireless Information Networks, 27 (1), 144-163. doi:
http://doi.org/10.1007 /510776-019-00463-6

2. Abramson, N. (2009). The Alohanet — surfing for wireless data
[History of Communications]. IEEE Communications Magazine,
47 (12), 21-25. doi: http://doi.org/10.1109 /mcom.2009.5350363

3. Shijer, S. S., Sabry, A. H. (2021). Analysis of performance parameters
for wireless network using switching multiple access control method.
Eastern-European Journal of Enterprise Technologies, 4 (9 (112)),
6—14. doi: http://doi.org/10.15587/1729-4061.2021.238457

4. Beltramelli, L., Mahmood, A., Osterberg, P, Gidlund, M. (2021).
LoRa Beyond ALOHA: An Investigation of Alternative Random Ac-
cess Protocols. IEEE Transactions on Industrial Informatics, 17 (5),
3544-3554. doi: http://doi.org/10.1109/tii.2020.2977046

5. Lim, J.-T,, Han, Y. (2018). Spreading Factor Allocation for Massive
Connectivity in LoRa Systems. IEEE Communications Letters,
22(4), 800-803. doi: http://doi.org/10.1109/lcomm.2018.2797274

6. Clazzer, F, Kissling, C., Marchese, M. (2018). Enhancing Contention
Resolution ALOHA Using Combining Techniques. IEEE Transac-
tions on Communications, 66 (6), 2576-2587. doi: http://doi.org/
10.1109/tcomm.2017.2759264



. Politis, A. C., Anastassiu, H. T. (2020). Performance Analysis of

Resource Sharing During Downlink Multi-User Transmissions in
CSMA/ECA Full Duplex WLANSs. Transport and Telecommunica-
tion Journal, 21 (1), 61-68. doi: http://doi.org/10.2478 /ttj-2020-0005

. Jiao, W,, Sheng, M., Shi, Y., Li, Y. (2014). End-to-end delay estima-

tion for multi-hop wireless networks with random access policy. Sci-
ence China Information Sciences, 57 (6), 1-13. doi: http://doi.org/
10.1007 /s11432-014-5103-y

. Yun, E, Liu, B,, Zou, L., Chen, C. W. (2017). Performance Analysis

of IEEE 802.15.6 MAC Protocol in WBAN with Energy Harvesting
Nodes. Proceedings of the 11th International Conference on Body
Area Networks. doi: http://doi.org/10.4108 /eai.15-12-2016.2267671

. Katila, C. J., Buratti, C., Abrignani, M. D., Verdone, R. (2017).

Neighbors-Aware Proportional Fair scheduling for future wireless
networks with mixed MAC protocols. EURASIP Journal on Wire-
less Communications and Networking, 2017 (1). doi: http://doi.org/
10.1186,/s13638-017-0875-6

. Kaynia, M., Jindal, N. (2008). Performance of ALOHA and CSMA in

Spatially Distributed Wireless Networks. 2008 IEEE International
Conference on Communications, 1108—1112. doi: http://doi.org/
10.1109/icc.2008.216

. Singh, R. P, Sangwan, A., Godara, K. (2019). Modified-PRMA

MAC Protocol for Cognitive Radio Networks. Wireless Personal
Communications, 107 (2), 869-885. doi: http://doi.org/10.1007/
$11277-019-06306-0

. Alkhayyat, A., Thabit, A. A., Ali, A. A. (2019). WBAN health care-

based: Modeling Signal to Interference ratio with Different MAC
Protocols. 2019 2nd International Conference on Engineering Tech-
nology and Its Applications (IICETA). doi: http://doi.org/10.1109/
iiceta47481.2019.9012969

. Israr, L, Yaqoob, M. M., Javaid, N., Qasim, U., Khan, Z. A. (2012). Sim-

ulation Analysis of Medium Access Techniques. 2012 Seventh Interna-
tional Conference on Broadband, Wireless Computing, Communica-
tion and Applications. doi: http://doi.org/10.1109 /bwcca.2012.105

DOI: 10.15587/1729-4061.2022.259693
IMPLEMENTATION OF THE ENHANCED ANT
COLONY SYSTEM ALGORITHM TO SOLVE RELIABLE
COMMUNICATION NETWORK DESIGN (p. 44-52)

Abeer A. Abdul-Razaq

College of Computer Science and Mathematics
Thi-Qar University, Nasiriyah, Iraq

ORCID: https://orcid.org/0000-0003-3384-0471

Huda Karem Nasser

General Directorate of Thi-Qar Education, Ministry of Education,

Nasiriyah, Iraq
ORCID: https://orcid.org/0000-0002-0654-5031

Asaad Shakir Hameed

General Directorate of Thi-Qar Education, Ministry of Education,

Nasiriyah, Iraq
National University of Malaysia, Bangi, Selangor, Malaysia
ORCID: https://orcid.org/0000-0001-5979-6232

Modhi Lafta Mutar
Al-Turath University College, Baghdad, Iraq
ORCID: https://orcid.org/0000-0002-3038-8507

Haiffa Muhsan B. Alrikabi
Thi-Qar University, Near Victory Bridge, Nasiriyah, Iraq
ORCID: https://orcid.org/0000-0003-4049-1417

Mohammed F. AL-Rifaie
Basrah University College of Science and Technology, Basra, Iraq
ORCID: https://orcid.org/0000-0002-1458-564X

Mustafa Musa Jaber

Dijlah University College, Baghdad, Traq
Al-Farahidi University, Baghdad, Iraq

ORCID: https://orcid.org/0000-0002-5777-9428

The problem of communication design has been defined as one
of the problems that belong to the category of NP-hard problem,
and the aim of the topological communication network design is to
identify component placement locations and connectivity aspects.
On the other hand, the Reliable Communication Network De-
sign (RCND) is a popular optimization problem used for maximiz-
ing network reliability. In addition, finding an accurate calculation
of RCND explains the problem of NP-hard problem. To this end,
literature studies suggested various metaheuristic algorithms that
have been used as approximation methods to find the best solution
to this problem. Some of these algorithms belong to the Evolutionary
Algorithms (EAs) category, such as Genetic Algorithms (GAs), and
some belong to the Swarm Intelligence Algorithms (SIAs) category,
such as Ant Colony Optimization (ACO). However, to the best of
our knowledge, the Ant Colony System (ACS) algorithm, which
is considered an updated version of ACO, has not yet been used to
design reliability-constrained communication network topologies.
Therefore, this study aims to apply the updated version of the ACS
algorithm for solving RCND in small, medium, and large networks.
The proposed algorithm was benchmarked against present state-
of-the-art techniques that address this challenge. The research
findings show that the proposed algorithm is an optimal solution
for a fully connected small network size (n=6, 7, 8, and 9) and it
has been achieved as an optimal solution for all not fully connected
sets (n=14, 16, and 20). In each case, the results for medium-sized
networks were better than the benchmark results.

Keywords: Ant colony system algorithm, reliable communica-
tion network design, Monte Carlo method.
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UAVs or drones as an alternative solution to providing high-
quality Internet service in difficult terrain are environmentally
friendly and do not consume electricity during the day as is the case
with communication towers. But the developers of the network face
difficulties in the drone communication system associated with the
need to take into consideration unpredictable weather conditions
and terrain, as well as the short life of the drone’s batteries.
Therefore, the object of this study is the process of managing UAV
traffic through the use of gNB-IoT in 5G.

The possibility of using a mobile UAV repeater during
traffic management using radio resources (RR), radio access
network (RAN), the infrastructure with broadcasting tools and
dynamic connection using MU-MIMO modulation is shown. The
use of these tools makes it possible to connect the drone to the
wired base network from the provider and then restore the radio
frequency signal and broadcast to another coverage area where this
subscriber does not have network coverage, use the channel quality
indicator (CQI) representation as a QoE function.

Undoubtedly, traffic management is the process of obtaining
information about traffic control from one endpoint to another,
which confirms the reliability and management of data transmission.
Meanwhile, drone traffic management can be used to reduce time
delays and remove network interference by relying on Internet of
Things programs that use NB-5G technology. The UAV’s traffic
management improvement process uses a proposed algorithm



to generate dynamic flow data management to enhance traffic
processing of flow control in the [oT.

Keywords: traffic management, unmanned aerial vehicle,
Internet of Things, 5G network, gNB-ToT.

References

1. Al-Sharify, T, Alanssari, A. I, Al-Sharify, M. T., Raheem Alj, I. (2020).
Theoretical physics to improve radio frequency in 5 generation. IOP
Conference Series: Materials Science and Engineering, 870, 012021.
doi: https://doi.org/10.1088,/1757-899x,/870,/1,/012021

2. Al-Zayadi, H., Lavriv, O., Klymash, M., Mushtaq, A.-S. (2014).
Increase throughput by expectation channel quality indicator.
2014 First International Scientific-Practical Conference Prob-
lems of Infocommunications Science and Technology. doi: https://
doi.org/10.1109/infocommst.2014.6992322

3. Ageyey, D., Qasim, N. (2015). LTE EPS network with self-similar
traffic modeling for performance analysis. 2015 Second International
Scientific-Practical Conference Problems of Infocommunications
Science and Technology (PIC S&T). doi: https://doi.org/10.1109/
infocommst.2015.7357335

4. Yun, D.-W,, Lee, W.-C. (2021). Intelligent Dynamic Spectrum
Resource Management Based on Sensing Data in Space-Time and
Frequency Domain. Sensors, 21 (16), 5261. doi: https://doi.org/
10.3390/521165261

5. Dangana, M., Ansari, S., Abbasi, Q. H., Hussain, S., Imran, M. A.
(2021). Suitability of NB-IoT for Indoor Industrial Environment:
A Survey and Insights. Sensors, 21 (16), 5284. doi: https://doi.org/
10.3390/s21165284

6. Mignardi, S., Marini, R., Verdone, R., Buratti, C. (2021). On the
Performance of a UAV-Aided Wireless Network Based on NB-IoT.
Drones, 5 (3), 94. doi: https://doi.org/10.3390/drones5030094

7. Technical White Paper. Private Networks Vol. 1. Transforming Pri-
vate Networks with Samsung 5G. Samsung. Available at: https://
images.samsung.com/is/content/samsung/assets/global /business/
networks/insights/white-papers/1001-private-networks-vol-1-trans-
forming-private-networks-with-samsung-5g/1001-private-networks-
vol-1-transforming-private-networks-with-samsung-5g.pdf

8. Shaleesh, I., Almohammedi, A., Mohammad, N., Ahmad, A., She-
pelev, V. (2021). Cooperation and radio silence strategy in Mix Zone
to Protect Location Privacy of Vehicle in VANET. Tikrit Journal of
Engineering Sciences, 28 (1), 31-39. doi: https://doi.org/10.25130/
tjes.28.1.04

9. Lienkov, S., Zhyrov, G,, Sieliukov, O., Tolok, 1., Talib, A.-S. M., Pam-
pukha, I. (2019). Calculation of Reliability Indicators of Unmanned
Aerial Vehicle Class “p” taking into account Operating Conditions at
the Design Stage. 2019 IEEE 5th International Conference Actual

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Problems of Unmanned Aerial Vehicles Developments (APUAVD).
doi: https://doi.org/10.1109 /apuavd47061.2019.8943876
Khlaponin, Y. I., Zhyrov, G. B. (2016). Analysis and monitoring of tele-
communication networks based on intelligent technologies. CEUR
Workshop Proceedings. Vol. 1813. 16th International Scientific and
Practical Conference «Information Technologies and Security». Kyiv,
32-39. Available at: http://ceur-ws.org/Vol-1813 /paper5.pdf

Using Mobile Networks to Coordinate Unmanned Aircraft Traffic
(2018). GSMA. Available at: https://www.gsma.com/iot/wp-con-
tent/uploads/2018/11/Mobile-Networks-enabling-UTM-v3SNG.pdf
Bashar, B. S., Ismail, M. M., Talib, A.-S. M. (2020). Optimize Cellular
Network Performance Using Phased Arrays. IOP Conference Series:
Materials Science and Engineering, 870 (1), 012128. doi: https://
doi.org/10.1088,/1757-899x/870,/1,/012128

5G; NR; User Equipment (UE) radio transmission and reception;
Part 1: Range 1 Standalone. (3GPP TS 38.101-1 version 15.2.0 Re-
lease 15). ETSI. Available at: https://www.etsi.org/deliver/etsi_ts/
138100_138199/13810101,/15.02.00_60,/ts_13810101v150200p.pdf
Huang, Y., Wu, Q., Lu, R., Peng, X., Zhang, R. (2021). Massive
MIMO for Cellular-Connected UAV: Challenges and Promising
Solutions. IEEE Communications Magazine, 59 (2), 84-90. doi:
https://doi.org/10.1109 /mcom.001.2000552

5G; Vehicle-to-Everything (V2X) services in 5G System (5GS); Stage
3 (3GPP TS 24.587 version 16.2.1 Release 16), V16.2.1 (2020-10).
ETSI. Available at: https://www.etsi.org/deliver/etsi_ts/124500 12
4599/124587/16.02.01_60/ts_124587v160201p.pdf

Lien, S.-Y,, Deng, D.-J., Lin, C.-C., Tsai, H.-L., Chen, T., Guo, C,,
Cheng, S.-M. (2020). 3GPP NR Sidelink Transmissions Toward 5G
V2X. IEEE Access, 8, 35368-35382. doi: https://doi.org/10.1109/
access.2020.2973706

3rd Generation Partnership Project; Technical Specification Group
Services and System Aspects; Uncrewed Aerial System (UAS) support
in 3GPP; Stage 1; Release 17. 3GPP TS 22.125 V17.4.0 (2021-12).
Haider, A.-Z., Mushtaq, A.-S., Talib, A.-S. (2014). SNR effect on
CQI applying multiple antennas in closed loop spatial multiplexing
mode in LTE technologies. Scientific Notes of the State University
of Telecommunications, 6, 92-97. Available at: http://nbuv.gov.ua/
UJRN/Nzundiz_2014 6 16

5G; 5GS; User Equipment (UE) conformance specification; Part
1: Common test environment (3GPP TS 38.508-1 version 15.4.0
Release 15). V15.4.0 (2019-07). ETSI. Available at: https://www.
etsi.org/deliver/etsi_ts/138500 138599,/13850801,/15.04.00_60/
ts_13850801v150400p.pdf

3rd Generation Partnership Project; Technical Specification Group
Radio Access Network; NR; User Equipment (UE) radio access
capabilities (Release 16). 3GPP TS 38.306 V16.7.0 (2021-12).



DOI: 10.15587/1729-4061.2022.259759
PO3POBKA METO/Y CETMEHTYBAHHS 3AMACKOBAHOI BIiiICbKOBOi TEXHIKU HA 30BPAKEHHSX 3
KOCMIYHIX CUCTEM CIIOCTEPEKEHHA 3 BUKOPHCTAHHAM TEHETUYHOTI'O AJITOPUTMY (p. 6-14)

I'. B. Xynos, O. M. Makogeiiuyk, I. M. Bytko, I. M. I'npenko, B. B. Crpurys, O. B. Binoyc, H. M. Illampaii, A. B. KoBasenxo,
I. A. Xwxusx, P. T'. Xynos

O6’eKTOM JOCIIKEHHS € MPOIEC CErMEHTYBaHHs 3aMaCcKOBAaHOI BiliCbKOBOI TEXHIKM Ha 300paKEHHAX 3 KOCMIUHUX CHCTEM CIIO-
CTepeKeHHSI.

VIOCKOHAJIEHO METO/l CeTMEHTYBaHHs 3aMacKOBAHOI BiliChbKOBOI TEXHIKM Ha 300PaKEHHSX 3 KOCMIYHHMX CHCTEM CIOCTEPEKEHHS 3
BUKOPUCTAHHSIM F€HETHYHOTO anropuTmy. Ha BiMiny BiJl BiZTOMIX, METO/ CEPMEHTYBAHHST 3aMAaCKOBAHO] BiiiCbKOBOT TeXHIKM 3 BAKOPUCTAHHSIM
FEHETUYHOTO aJITOPUTMY Tepeabadac:

— BUJIJICHHST KAHAJIIB SICKPABOCTI B KOJIbOPoBOMY 1pocTopi Red-Green-Blue;

— BUKOPHMCTAHHSI TEHETUYHOTO aJITOPUTMY Ha 300pakeHH] B KOKHOMY KaHaJli ICKpaBoCTi KoJbopoBoro npocropy RGB;

— CErMEHTYBaHHS 300PaKeHHs 3BEICHO /10 (POPMYBaHHS MOKOJIHb Ta MOMYJSAIINA XPOMOCOM, OGUMCICHHS MIIbOBOT (DYHKIIII, CeseKitii,
CXpelyBaHHsl, MyTallii Ta IeKO/lyBaHHs XPOMOCOM B KOKHOMY KaHaJIi ICKpaBOCTI KoJbopoBoro npoctopy Red-Green-Blue.

IIpoBezeni excnepnMeHTaTbHI OCTIKEHHS MO0 CETMEHTYBAHHS 3aMaCKOBAHOI BIICHKOBOI TEXHIKN 3 BUKOPUCTAHHSM T€HETHYHOTO
ajroputMmy. BeraHOBIIEHO, 110 YZIOCKOHAJIEHUIT METOJ| CerMEHTYBaHHS 3 BUKOPUCTAHHAM TI€HETHYHOIO AJITOPUTMY JIO3BOJISE IIPOBOJMTH
cerMenTyBatHst 300paskeHb 3 KOCMIYHUX CHCTEM CIIOCTEPEKEHHSI.

TIpoBe/ieHo MOPIBHSHHS SIKOCTI CErMEHTYBaHHsI. BCTaHOBIIEHO, 1T0 YI0CKOHATIEHIET METO/] CETMEHTYBAHHS 3 BUKOPHCTAHHSIM TeHETHYHOTO
AIrOpUTMY 3a0€311€UYE 3HUKEHHS TOMUJIOK CErMEHTYBaHHSL:

— y TIOpiBHSIHHI 3 BiloMnM MeTozoM k-means B cepeanbomy Ha 15 % mommok I poxy ta B cepentibomy Ha 7 % mommuiiok 11 poxy;

— Y HOPIBHSHHI 3 METO/IOM CErMEHTYBAHHS Ha OCHOBI aJICOPUTMY POIO YACTHHOK B cepeiHboMy Ha 3,8 % momusiok I poiy ta B cepeiHboMy
na 2,9 % nommsiok 11 poxy.

ViockoHaieHUil METOJI CerMEHTYBAHHS 3 BUKOPHCTAHHSIM €HETHYHOTO aJITOPUTMY MOXKe OyTH Peasi3oBaHuil y TPOTrpaMHO-aIiapaTHIX
KOMILIeKcaxX 00poOKH 300paskeHb 3 KOCMIYHMX CUCTEM CIIOCTEPEKEHHS.

KiiouoBi ciioBa: onTuKo-eIeKTpoHHe 300pakeHHsI, 3aMacKOBaHa BilfiCbKOBA TeXHIKa, TEHETHYHUI aJITOPUTM, TIOTYJISIIisT XPOMOCOM.
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BUKOPUCTAHHSA HEMPOHHOI MEPEJKI YV JIPYTIIA CTYIIEHI AHCAMBJIbOBOTI'O KJIACUMIKATOPA JIJIS
NIABUIIEHHSA SKOCTI KJIACU®IKAIIIT OB €KTIB HA 30BPAKEHHAIX (c. 15-21)

0. M. Tayonkos, M. 1. Ba6uuy, A. £I. 3aciapko, C. C. IloGepesxnuit

PosniznaBanns 06'eKTiB Ha 300paKEHHIX BUKOPUCTOBYETLCS y 6araTbox cdepax IMpakTHIHOrO BUKOPUCTaHHs. [lysKe 4acTo, mporpec
y BUKOPHMCTaHHI (Garato B YOMY 3aJie;KUTh BiJl CHIBBIAHONIEHHS SKOCTI posmizHaBaHHA 00'€KTiB i HeoOXiZAHOrO 06CATY O6UMCIIEHD.
Ocranui JOCATHEHHS B Tajxysi pO3IMi3HABAHHS TOB's3aHi 3 PO3POOKOIO apXiTeKTyp HEHPOHHWX Mepek 3 y:Ke 3HAYHUM O06CSITOM
06uNCIIeHb, SKI HABYAIOTHCS HA BEJMKHMX HaOOpax JaHUX MPOTIATOM [y’Ke TPUBAJIOTO 4acy Ha HallcyuacHimmmx ko 'oorepax. s
6araTboX MPAaKTUYHUX 3aCTOCYBaHb HEMAE MOXKJIMBOCTI 316paT Taki BeJnKi HAOOPH MAHUX JJIsI HABYAHHS i MOKYTh OYTH BUKOPHCTAHI
TiTBKM 06UMCTIOBaYl 3 0OOMEKEHMMHU OGYNCAIOBATBHUMHA MOTYKHOCTAMK. TOMY TOIIYK pillleHb, SIKi BiANOBIAAIOTH MM TIPAKTUYHUM
00MEXEHHsIM, € aKkTyaabHuM. IIpejcraBieHuii ancamObieBuii Kiaacudikatop, KU BUKOPUCTOBYE CTEKIHI Ha JPYrOMY CTYIIEHI.
Bukopucranus kiracugikaTtopis, 10 CYyTTEBO BiJAPI3HSIOTHCS, Ha HEPIIOMY CTYTIEH] i 6araTomapoBoro mepcenTpoHa Ha IPyroMy CTyTeHi
JI03BOJIMJIO 3HAYHO MOKPANIUTH CITIBBIHONIEHHS IKOCTI Kaacudikaiii Ta HeoOXiHOro 06¢Ary 06GUNCIeHb IIPU HaBYaHHI Ha HEBEJTUKUX
Habopax naHux. [IpoBeeHe MOCIIKEHHST TTOKA3aJI0, 10 BUKOPUCTAHHSI 6araTomapoBoro MepcenTpoHa Ha APYroMy CTYTIEHI [03BOJISIE
3MEHIINTH MOMUJIKY B TIOPIBHSIHIHI 3 BUKOPHUCTAHHSIM Ha JPYTOMY CTYIEHI MaskopuTapHoro rosjocyBanns. Ha mabopi mannx MNIST
3MEHIIeHHsT NOMUIKK cTaHoBuio 29-39 %. Ha nabopi panux CIFAR-10 3menmenHs nomusiku cranosuao 13—17 %. TlopiBHsAHHS
3aIMPOMOHOBAHOI apXiTeKTYpH aHcaMOIeBOro Kiracudikaropa 3 apxiTeKTypoio Kiracudikaropa THITY TpaHchOpMep MOKa3aIo 3MEHIIEHHS
06cATy 064MCIIeHb P OAHOYACHOMY 3MeHuIeHHI momuaku. JIns wabopy manux CIFAR-10 Bpamocst 1oCsrTu 3MEHNICHHS TTOMUJIKA
Ha 8 % 1pu o6cssi o6uncaens Meniie y 22 pasu. [us nabopy aanux MNIST 3MeHIneHHs: TOMUJIKY cTaHOBUIO 62 % mpu BUTpalii 3a
obcsirom obumcsenp y 50 pasis.

Kio4oBi caoBa: GaratoniapoBuii mepcenTpoH, HepoHHAa Mepexka, ancamOuesuii knacudikaTop, Barosi koedimientn, knacudikaiis

300paskeHb.
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PO3POBKA METO/1Y BU3HAUEHHS IIOKA3HUKIB MAHIITYJISIIi HA OCHOBI MOP®OPJIOTTYHOTO
CHHTES3Y (c. 22-35)

C. II. €scees, B. O. Kananan, 1O. I. Mixees, B. C. Casuyk, 10. B. IIpiounes, O. B. Minos, C. C. Iloraciii, I. P. Onipcbkuii,
H. B. JIykosa-Uyiiko, I. I. Kopoian

JlocTiIpKEeH ST BYUEHUX 1010 PO3POOKHM METO/IB BUSBJICHHS O3HAK MPUXOBAHOT MaHIMyJIsIlii (IeCTPYKTUBHOTO iH(OPMAIiHHO-TICHX0JI0-
riYHOrO BILINBY) Y TEKCTOBHX MOBIZOMIIEHHSIX, sIKi MyOIKYIOThCs Ha cailTax y Mepexi [HTepHeT Ta PO3IOBCIOUKYIOTHCS CePesl KOPUCTYBadiB
CcoIiaIbHUX Mepesk, € akryaabHuMu. OAHiN 3 TOJOBHUX TPOGJIEM IIPU PO3POOI 3a3HAYECHUX METO/IIB € CKJIaAHIcTh (hopMasizaiii nmporecy Bu-
SIBJICHHSI O3HAK MAHIITYJIAII] Y TEKCTOBHUX TTOBIZIOMJIEHHSAX KOPHCTYBAYiB COMaMbHUX Mepesk. /71 IboTo Ha OCHOBI MOP(OJIOTIYHOTO CHHTE3Y
HEOOXi/IHO BUBHAYMUTH BIAMOBIHI OKA3HUKH, 324 AKUMU [IPOBOAUTLCS aHAJI3 TEKCTOBUX MOBIOMIIEHD, Ta KPUTEPIi, 32 AKUMU HPUIIMAETHCA
pillleHHs 1010 HAABHOCTI O3HAK MaHIITyJIAII] y TEKCTOBUX ITOBI[OMJIECHHSX.

Ha octoBi MOpdhoIoriaHoro cunTe3y po3podeHo MeTo/l BUSHAYEHHST MOKA3HUKIB MaHIIy ST Y TEKCTOBUX MOBIIOMJIEHHSIX, IKUH BPaXo-
BYE JIOCSITHEHHSI Cy4aCHHX TEXHOJIOTIH iHTeIeKTyaIbHOTO KOHTEHT-aHaIi3y TeKCTOBHX TT0Bi/[OMJICHb, METO/IiB MAIIIITHHOTO HABYAHHSI, HEYiTKOI
JIOTIKH Ta KOMIT I0TEPHOI JITHTBICTUKH, 1110 I03BOJIMIIO 00T PYHTOBAHO BUSHAYNTH TPYITY MOKA3HUKIB /IS OIIHIOBAHHS TEKCTOBUX TIOBIZIOMIICHD
1[0/10 HAsSIBHOCTI B HUX O3HAK MaHIIyJIsLii.

Erami MeTozty BRIIIOYAIOTH OI[iHIOBAHHSI TEKCTOBOTO MOBIIOMJIEHHSI Ha PiBHI CIIPUITHATTS 32 MOKA3HIKOM YUTAbeIbHOCTI TEKCTY, Ha (Ho-
HETUYHOMY PIiBHI 32 MMOKa3HMKOM eMOIiIfHOTO BIJIMBY Ha Ii/ICBiOMicTh, HA rpadiuHOMY PiBHI 32 MOKA3HUKOM iHTEHCHBHOCTI MapKyBaHHS
TEKCTY, Ta PO3PaxXyHOK iHTeIPaJIbHOTO TOKA3HNUKA, 3a SIKUM ITPUIMAETHCS PIllIeHHS 1010 HASBHOCTI MAHIIy ISl y TEKCTOBOMY HOBIJIOMJICHHI.

Ha ocHOBI 3aITpOTIOHOBAHOTO METOAY PO3POOIIEHO ClIeliaTi3oBane MporpamMie 3abe3meder s, sike 3abe3mednsio Ha 13 % OirbIny TOUHICTh
OIIIHKM IIOBIJIOMJICHb HA IIPEJIMET MAHINyJISTUBHOTO BILIMBY MOPIBHSAHO 3 Bi/[OMHM METO/IOM EKCIIEPTHHUX OI[IHOK, 1[0 3MEHIINJIO BILIUB
cy6’€KTUBHOTO (haKTOPY Ha Pe3yJIbTaT OIiHKH.

KmouoBi cioBa: MopdoJIOriuHIiT CHHTE3, KOHTEHT-aHAi3 TEKCTOBUX IOBI/IOMJIEHb, [IJTHOBA ayANTOPIs, MaHIiIyJsIis, iHhopmMariiino-

TICUXOJIOTIYHUI BILJIUB.
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PEAJII3AIIA ITPOTOKOJIIB JOBLJIBHOTO IOCTYIY SMA/CA ALOHA I JIJI1 HAKETU3AIIIT
BE3INPOBIAHUX MEPEK 3 MO/IEJIbHUM ITPOEKTYBAHHAM (c. 36-43)

Baida’a Abdul Qader Khudor, Abdulmalik Adil Abdulzahra, Nagham Mumtaz Kudhair

Yepes HaIHHICTD PO3TOPTAHHS, PeHTa0eNbHOCTI Ta THYYKOCTI crerianbHux 6e31poroBux JokaibHux mepesk (WLAN) 11 6e31porosi Mepeski
TepeTBOPUJINCS HA YHIBEpCATIbHE PIllleHHs /TS TMiAKIIOYEeHHs /10 JKUTIOBHUX Ta 3aTajIbHOJOCTYITHUX MEPEKEBHIX IPOTOKOIIIB. BaxknmBo 3HaTH,
sIKa CTpATerisl MpaIioe Kpaille 13 HaitMeHIoo 3aTpuMKoio. [Iporokosu ynpasiinns muoxkunanm gocrynom (MAC), sacnoBani na ALOHA, i
MHOKUHHUIT IOCTYTI 3 KOHTPOJIeM Hecyyoi Ta 3anobiranmsm koiziit (CSMA/CA), ik MeTO/M J0BIIBHOTO OCTYITY, iCTOTHO CIIPUSIIIN IIBUAKOMY
3POCTAHHIO TAKMX MEPEK OE3POTOBOTO A0CTYITy. Y 1iil POOOTI OMMCAHO MPEACTABICHUN HA MOIEJISIX MIZIXI/T /10 MOJETIOBAHHS IPOTOKOJIIB /10~
Bizbroro gocryiny CSMA/CA i ALOHA juis makeryBaris 6e3zporoBux Mepex. [Tpoanasizosano dopmu curnanis TX ta Back-off npuiimauin
PHY/MAC tppox pamioBysimis y pexknmax po6otn CSMA/CA ta ALOHA Ta nopisaeno orpnMani pesyasrari npuitvadis PHY/MAC s
MepesKeBUX BY3JIiB BIINOBIIHO /10 NX pesknMiB. KokeH By30J1 3HAXOANTHCS B MEKaX Jlialla3oHy, TOMY 3B’5130K MixK KOXKHOIO IIAPOIO BY3JIiB MOXKe
OyTH TIOpYIEHO i oTpuMani gani Bi Tperboro Bysia. PiBenb MAC Ta (hyHKILsS yIIPaB/iHHs JOTTYHAM KaHAJIOM CTAHOBJISITH PIBEHb KaHay Tiepe-
nadi anux. Ockisnbky st TX i RX BUKOPHCTOBY€ETHCS TOI caMuii jiianasoH pajtiodactot, BUKoprcToByeThest Gyrkitist MAC — e CSMA/CA i
ALOHA, axi BUKJIMKa/IM BUNaAKOBY BizicTpouky. Pisenb MAC Binpasise kepyiounii curnasn 6aok TX g nepenadi abo kaupy nanux, abo Kajapy
MATBEP/UKEHHS. BMIiCT Kafipy 3aBaHTaKyEThCST Y OBiIKOBI Tabsmii. Bmict MoskHa 3MinnTi y pobodiit o6racti. Buxiz 11p0ro 610Ky € KOMILTEK-
cHuM curHazioM [Q ocHoBHOI cmyru yactor. OtpuMai pesyssrari 1okasyoors edexrusricrs CSMA/CA nopisusano 3 pexxumamu ALOHA y
nopiBHsIHHI BiAmoBigHKUX curnaxis Back-off i pospaxyHky 3HaueHb NPOIYCKHOI CIIPOMOKHOCTI TPHOX BY3JIB MEPEsKi.

KuouoBi cioBa: ogropanrosi Mepesxki, 6esapotosi okanbhi Mepexki, Carrier Sense Multiple Access (CSMA), sanobiranns KoJisii.
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PEAJIIBAIISI HOKPAIEHOTO MYPAIIIMHOTO AJITOPUTMY JIJIsI PINIEHHS IIPOEKTY HAJIIITHOI
KOMYHIKAIIITHOI MEPESKI (c. 44-52)

Abeer A. Abdul-Razaq, Huda Karem Nasser, Asaad Shakir Hameed, Modhi Lafta Mutar, Haiffa Muhsan B. Alrikabi, Mohammed F.
AL-Rifaie, Mustafa Musa Jaber

3aBIaHHsT MPOEKTYBAHHS 3B'sI3Ky GyJI0 BUBHAYEHO SIK OHY 3 MPOOJEM, 10 Hajexatbh 10 kareropii NP-ckmagnux mpobiem, a MeTa
MPOEKTYBAHHSI TOIOJIOTTYHOI MepPesKi 3B'SI3KY MOJISATAE B TOMY, 1100 BU3HAYMTH MICI[ PO3MIICHHS KOMIIOHEHTIB Ta acleKTH 3B's3HOCTI. 3
iHIIoro 60Ky, NPOEKTYBaHHs HaAiiHOT KomyHikaiiiinoi Mepesxki (ITHKM) — 1e monyJssgpie 3aBaais ONTHMI3allil, 10 BUKOPUCTOBYETHCS



st MakcnMisanii HamiiHOCTi Mepeski. Kpim Ttoro, sHaxomkennst TouHoro pospaxyHky I[THKM mnoscrioe npobremy NP-ckiamgHoro
3aBlaHHs. 3 I[I€I0 METOI0 iCHYIOTH Pi3Hi METAeBPUCTUYHI QJTOPUTMU, SIKi BUKOPHCTOBYIOTHCS SIK METOJM AIPOKCHMAILl IS MONIYKY
Haiikpaioro Bupinierns 1iel npobiaemu. Jlesiki 3 1MX alropuTMIB HajleKaTh 70 Kareropil eosiomiiinux anropurmis (EA), Hampukiaz,
reHetnyni anroputMu (IA), a geski BigHOCATBCS 110 KaTeropii anroput™is poesoro inrtesnexty (API), Hanpukiaz, onTumisalis MypanHoi
kosonii (OMK). Onnak myparmusuii anroputm (MA), sikuii BBaskaeThest oHoBeHolo Bepeieio OMK, 1iie e BUKOPUCTOBYBaBCS 1151 PO3POOKU
TOTIOJIOTT Mepek 3B'sI3KY 3 00MEKEHOIO HAIIITHICTIO. TAKIM YIHOM, T1€ OC/IIKEHHST CIIPSIMOBAHE Ha 3aCTOCYBAHHS OHOBJIEHOI BEPCil aropuT™My
MA jia Bupimenns [THKM y mManux, cepeiHix Ta BeJMKUX MepekaX. 3arpoloHOBaHuii airoput™ OyB MOPIBHAHUIT 3 Cy4aCHUMU METOJIaMH,
110 BUPINIYIOTH 110 TTPoOIeMy. Pe3yisraTi JoCTiIPKEH ST TTOKa3yIoTh, MO 3aPOTIOHOBAHII aJTOPUTM € ONTHMATBHIM PIllleHHsIM TSI TIOBHOI
Mepexi Masoro poamipy (n=6, 7, 819) i 6ys socsarayTuii ik onTUManbHe PIlEHHS I BCIX HETIOBHICTIO 3B's13K0BUX MHOKuUH (n=14), 16 Ta 20).
VY KOKHOMY pasi pe3ysibraTu ISl MEPEK CEPENHBOr0 PO3MIPY OyJIH KPaiuMi, HisK PE3YJIBTATH €TAIOHHUX TECTIB.

KmouoBi cioBa: Mypammnnii aIropuT™, IPOEKTYBaHHS HAIITHOI Mepeski 3B’13Ky, MeTot MonTe-Kapio.
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PO3POBKA METOJIY YIIPABJITHHSI TPA®IKOM BE3IIJIOTHHUX JITAJBHUX ATIAPATIB 3A JIOIIOMOTOIO
BUKOPUCTAHHS gNB-1OT B 5G (c. 53-59)

H. X. Kacim, A. M. /I:xasan, X. M. [I:xaBaa, 10. I. Xunanounin, O. M. HikiTuun

BIIJTA a6o npoHH, K aJbTePHATUBHE DPIlNICHHS MO0 3a0e3NMEYEHHST BHCOKOSIKICHOTO [HTEpPHET-CepBiCy B CKJIATHO JAOCTYITHUX
MICI[EBOCTSIX, €KOJIOTIYHO YUCTI i He CHOKUBAIOTDH €JIeKTPOEHEPTiio MPOTATOM JIHS, SIK Y BUNAAKY 3 BexKaMK 3B’sI3KY. Ajie po3pOOHUKI MepekKi
CTHUKAIOTBCST 3 TPY/AHOIIAMI B CHICTEMi 3B'SI3KY [IPOHA, TTOB'SI3aHNMN 3 HEOOXIIHICTIO BpaxyBaHHs HemependadyBaHUX MOTOJHIX YMOB Ta
penbedy MiCIeBOCT, @ TAKOK KOPOTKHIM € TEPMiH CIIyKOU akyMyJIsATOPiB ApoHa. ToMy 06’€KTOM OCIIIZKEHHS € IPOIIEC YIIPaBIiHH TpadikoM
BILJIA 3a moromoroio Bukopuctans gNB-1oT B 5G.

Tlokasana MOKJIMBICTD 3aCTOCYBaHHsT MOOLIBHOTO peTpaHcisaTopa BILJIA mix wac ynpasmiaHsa TpadikoM 3a J0IIOMOTO0 BUKOPUCTAHHS
pamiopecypcis (RR), indpacrpykrypu mepesxi pagio-goctyny (RAN) i3 sacobGamu TpaHC/IAIii Ta AUHAMIYHOTO HHAKIIOYEHHS 3a I0MOMOTOI0
mozyJisitii MU-MIMO. Bukopucrans 1iux iHCTPYMEHTIB I03BOJISIE MIK/TIOYATH IPOH /10 TIPOBIIHOI 6a30BOT Mepeski Bijl poBaiiziepa ta moTiMm
BIZIHOBJIIOBATU PaliOYACTOTHUIA CUTHAJ | TPAHCJIIOBATH B IHIILY 30HY MOKPUTTS, Jie [ieii abOHEHT He Ma€ MOKPUTTSI MEPEXKi, BAKOPUCTOBYBATU
BiztoOpaskens inankaTopa skocti kKanany (CQI) sk dynxkiii QoE.

BescymHiBHO, 1110 KepyBaHHs TpadikoM — Iie Tporiec oTpuMaHHs iHhopMallii mpo kepyBaHHs TpadikoM BiJ OJHIET KiHIEBOI TOYKH 10
THIIOT, 1110 TATBEPAKYE HamiiHICTD i KepyBaHHs nepegadeio ganux. TuM yacoM, yrpasiinas TpadikoM 6e3nioTHOTO JiTaJbHOro arnapary
MO’Ke BUKOPHCTOBYBATHCS /7SI 3MEHIIEHHS 3aTPUMKH B 9aci Ta yCyHEeHHS TIePEeIIKO/] Yepe3 MepesKy, MOKJIa[alo9rch Ha TporpamMu Intepraery
peueit, siki BUKOpucToByioTh Texuosoriio NB-5G. Ilporiec nokpamennst yupasiinas tpadikom BIIJTA BUKOPUCTOBYE 3arpornoOHOBAHUI
AITOPUTM JIJIsI TEHEPYBAHHST IITHAMIYHOTO YIIPABJIIHHS TaHUMHU OTOKY ISl MOCHIIeHHsT 00poOKi Tpadiky KepyBaHHs moTokoM B [0T.

Kmouosi cioBa: yrpasinms tpadikom, 6e3misoTHIN JiTaabHII anapart, inTepHet pedeit, Mmepeska 5G, gNB-IoT.



