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The object of research is multi-antenna systems with
spectrally efficient special purpose signals. The problematic
issue, the solution of which is devoted to this research, is the
improvement of immunity to interference of multi-antenna
systems with spectrally efficient special purpose signals.
A technique for improving the immunity of multi-antenna

systems with spectrally efficient special-purpose signals un-
der the influence of destabilizing factors has been developed.
A distinctive feature of the proposed methodology is the
use of an improved pre-coding procedure, evaluation of the
channel state of multi-antenna radio communication sys-
tems with spectrally efficient signals by several indicators.
The improved channel state estimation procedure consists
in estimating channel bit error probability, channel state
frequency response, and channel state impulse response. The
formation of an estimate of the channel state for each of the
assessment indicators takes place on a separate layer of the
neural network using the apparatus of fuzzy sets, after which
a generalized estimate is formed at the output of the neural
network. The novelty of the proposed method also consists
in the use of an improved procedure for forecasting the chan-
nel state of multi-antenna systems with spectrally efficient
signals. The essence of the proposed procedure is the use of
fuzzy cognitive models and an artificial neural network to
predict the state of the channels of multi-antenna systems
with spectrally efficient signals.

Based on the results of the research, it was established
that the proposed method allows to increase the immunity
of multi-antenna systems with spectrally efficient signals
according to the 8x8 scheme and 64 subcarriers by 20—-25 %
compared to the known ones.

Keywords: radio communication devices, neural networks,
fuzzy sets, computational complexity, frequency response.
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Wireless sensor networks are becoming increasingly im-
portant in both the civilian and military fields. The object
of this study is the process of collecting data by a tele-
communication aerial platform from network nodes under
conditions of their remoteness from the telecommunication
infrastructure. Most available papers consider a solution to
partial problems related to the process of data acquisition
by a telecommunication aerial platform: clustering of the
network, search for the shortest flight route, minimization
of energy costs of nodes, etc. Therefore, an improved method
of direct data collection by a telecommunication air plat-
form is proposed, which consistently and comprehensively
solves these problems. Unlike existing methods, it takes into
consideration several objective functions (optimization of
data collection time by a telecommunication air platform and
a network functioning time), parameters of the state of nodes
and clusters, as well as makes it possible to obtain solutions
in real time. A special feature of the proposed method is the
search for the optimal solution according to the hierarchy:
network — cluster — node. At the network level, the following
is optimized: the number of clusters of a certain dimensiona-
lity and the trajectory of the cluster flyby. At the cluster level,
the points (intervals) of data collection during the freez-
ing (in motion) of the telecommunication air platform and
the trajectory of its flight within a cluster are determined.
At the node level, its energy consumption is minimized
by reducing the distance to the telecommunication aerial
platform. The trajectory of the platform within a cluster is
calculated according to the developed rule base. The rules
implement the method of situational management. The con-
ditions of application are the parameters of the state of the
nodes, the solutions are the parameters of the trajectory of
a telecommunication aerial platform, and the intervals of da-
ta acquisition. The rules take into consideration the priority
of the objective functions, the state of the parameters of the
cluster nodes, and the previously made basic decision on the
trajectory of the flyby. The simulation results show that the
application of the method reduces the time of data collection
up to 15 % or increases the network functioning time to 17 %.

Keywords: wireless sensor networks, clustering, flight
path, telecommunication aerial platform, data collection.
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The object of this study is the process of segmentation
of images from unmanned aerial vehicles. It was established
that segmentation methods based on k-means and a genetic
algorithm work qualitatively on images from space obser-
vation systems. It is proposed to use segmentation methods
based on k-means and a genetic algorithm for segmenting
images from unmanned aerial vehicles. The main stages of



image segmentation methods based on k-means and genetic
algorithm have been determined.

An experimental study of segmentation of images from
unmanned aerial vehicles was carried out. Unlike known
ones, image segmentation by a k-means-based method that
successfully works on images from space surveillance sys-
tems cannot be directly applied to image segmentation
from unmanned aerial vehicles. Unlike known ones, image
segmentation by a method based on a genetic algorithm that
successfully works on images from space surveillance systems
also cannot be directly applied to image segmentation from
unmanned aerial vehicles.

The quality of segmentation of images from unmanned
aerial vehicles by methods based on k-means and a genetic
algorithm was assessed. It was established that:

— the average level of first-kind errors is 70 % and 51 %
when segmenting an image from an unmanned aerial vehicle
using methods based on k-means and a genetic algorithm,
respectively;

— average level of second-kind errors is 61 % and 43 %
when segmenting an image from an unmanned aerial vehicle
using methods based on k-means and a genetic algorithm,
respectively.

It was concluded that further research must be carried
out to develop methods for segmenting images from un-
manned aerial vehicles.

Keywords: unmanned aerial vehicle, image segmenta-
tion, experimental research, k-means, genetic algorithm.
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The performance of Wi-Fi fingerprinting indoor localiza-
tion systems (ILS) in indoor environments depends on the
channel state information (CSI) that is usually restricted
because of the fading effect of the multipath. Commonly
referred to as the next positioning generation (NPG), the
Wi-Fi™, IEEE 802.11az standard offers physical layer cha-
racteristics that allow positioning and enhanced ranging us-
ing conventional methods. Therefore, it is essential to create
an indoor environment dataset of fingerprints of CIR based
on 802.11az signals, and label all these fingerprints by their
location data estimate STA locations based on a portion of



the dataset for fingerprints. This work develops a model for
training a convolutional neural network (CNN) for position-
ing and localization through generating IEEE® 802.11data.
The study includes the use of a trained CNN to predict the
position or location of several stations according to finger-
print data. This includes evaluating the performance of the
CNN for multiple channel impulses responses (CIRs). Deep
learning and Fingerprinting algorithms are employed in Wi-
Fi positioning models to create a dataset through sampling
the fingerprints channel at recognized positions in an envi-
ronment. The model predicts the locations of a user accord-
ing to a signal acknowledged of an unidentified position via
a reference database. The work also discusses the influence of
antenna array size and channel bandwidth on performance.
It is shown that the increased training epochs and number
of STAs improve the network performance. The results have
been proven by a confusion matrix that summarizes and
visualizes the undertaking classification technique. We use
a limited dataset for simplicity and last in a short simula-
tion time but a higher performance is achieved by training
a larger data.

Keywords: 3D Localization, Wi-Fi, Deep Learning clas-
sification technique, confusion matrix, IEEE 802.11.

References

1. IEEE P802.11az/D1.0, February 2019: IEEE Draft Standard
for Information Technology — Telecommunications and In-
formation Exchange Between Systems Local and Metropoli-
tan Area Networks — Specific Requirements Part 11: Wireless
LAN Medium Access Control (MAC) (2019). IEEE.

2. Boukerche, A. (Ed.) (2008). Algorithms and Protocols
for Wireless Sensor Networks. Wiley. doi: https://doi.org/
10.1002,/9780470396360

3. Ketshabetswe, L. K., Zungeru, A. M., Mangwala, M., Chu-
ma, J. M., Sigweni, B. (2019). Communication protocols for
wireless sensor networks: A survey and comparison. Heli-
yon, 5 (5), €01591. doi: https://doi.org/10.1016/j.heliyon.
2019.e01591

4. Kokkinis, A., Kanaris, L., Liotta, A., Stavrou, S. (2019). RSS
Indoor Localization Based on a Single Access Point. Sensors,
19 (17), 3711. doi: https://doi.org/10.3390/s19173711

5. Wang, X., Gao, L., Mao, S., Pandey, S. (2016). CSI-based
Fingerprinting for Indoor Localization: A Deep Learning
Approach. IEEE Transactions on Vehicular Technology, 1-1.
doi: https://doi.org/10.1109/tvt.2016.2545523

6. Pujiharsono, H., Utami, D., Ainul, R. D. (2020). Trilateration
Method For Estimating Location in RSSI-Based Indoor
Positioning System Using Zigbee Protocol. JURNAL INFO-
TEL, 12 (1). doi: https://doi.org/10.20895 /infotel.v12i1.380

7. Nguyen, C. L., Raza, U. (2019). LEMOn: Wireless Localiza-
tion for ToT Employing a Location-Unaware Mobile Unit.
IEEE Access, 7, 40488—-40502. doi: https://doi.org/10.1109/
access.2019.2904731

8. Zhang, X., Tepedelenlioglu, C., Banavar, M., Spanias, A.
(2016). Node Localization in Wireless Sensor Networks.
Synthesis Lectures on Communications, 9 (1), 1-62. doi:
https://doi.org/10.2200/s00742ed1v01y201611com012

9. Mohammed, A. B., Al-Mafrji, A. A. M., Yassen, M. S., Sab-
ry, A. H. (2022). Developing plastic recycling classifier by deep
learning and directed acyclic graph residual network. Eastern-
European Journal of Enterprise Technologies, 2 (10 (116)),
42-49. doi: https://doi.org/10.15587 /1729-4061.2022.254285

10. Hussein, Z. R. (2022). Improvement of noisy images filtered
by bilateral process using a multi-scale context aggre-

gation network. Eastern-European Journal of Enterprise
Technologies, 2 (9 (116)), 14-20. doi: https://doi.org/
10.15587/1729-4061.2022.255789

11. Liu, X, Zhou, B, Huang, P,, Xue, W,, Li, Q., Zhu, J., Qiu, L.
(2021). Kalman Filter-Based Data Fusion of Wi-Fi RTT and
PDR for Indoor Localization. IEEE Sensors Journal, 21 (6),
8479-8490. doi: https://doi.org/10.1109 /jsen.2021.3050456

12. Yu, Y, Chen, R,, Liu, Z., Guo, G,, Ye, F, Chen, L. (2020). Wi-Fi
Fine Time Measurement: Data Analysis and Processing for In-
door Localisation. Journal of Navigation, 73 (5), 1106—1128.
doi: https://doi.org/10.1017 /50373463320000193

13. Wang, Y., Li, M., Li, M. (2017). The statistical analysis of
IEEE 802.11 wireless local area network—based received
signal strength indicator in indoor location sensing sys-
tems. International Journal of Distributed Sensor Net-
works, 13 (12), 155014771774785. doi: https://doi.org/
10.1177/1550147717747858

14. Lim, H., Kung, L.-C., Hou, J. C., Luo, H. (2010). Zero-confi-
guration indoor localization over IEEE 802.11 wireless infra-
structure. Wireless Networks, 16 (2), 405-420. doi: https://
doi.org/10.1007 /s11276-008-0140-3

15. Hernandez, N., Parra, L., Corrales, H., Izquierdo, R., Ballardi-
ni, A. L, Salinas, C., Garcia, 1. (2021). WiFiNet: WiFi-based
indoor localisation using CNNs. Expert Systems with
Applications, 177, 114906. doi: https://doi.org/10.1016/
j-eswa.2021.114906

16. Chase, O. A., Teles, M. B,, de Jesus dos Santos Rodrigues, M.,
de Almeida, J. E S., Macédo, W. N., da Costa Junior, C. T.
(2018). A Low-Cost, Stand-Alone Sensory Platform for
Monitoring Extreme Solar Overirradiance Events. Sensors,
18 (8), 2685. doi: https://doi.org/10.3390,/s18082685

17. Wang, E, Feng, J., Zhao, Y., Zhang, X, Zhang, S., Han, J.
(2019). Joint Activity Recognition and Indoor Localization
With WiFi Fingerprints. IEEE Access, 7, 80058—80068.
doi: https://doi.org/10.1109 /access.2019.2923743

18. Tseng, P-H., Chan, Y.-C., Lin, Y.-J,, Lin, D.-B., Wu, N,,
Wang, T.-M. (2017). Ray-Tracing-Assisted Fingerprinting
Based on Channel Impulse Response Measurement for In-
door Positioning. IEEE Transactions on Instrumentation
and Measurement, 66 (5), 1032—1045. doi: https://doi.org/
10.1109/tim.2016.2622799

DOI: 10.15587/1729-4061.2022.263692

PRIVACY PROTECTION BASED DISTRIBUTED
CLUSTERING WITH DEEP LEARNING ALGORITHM
FOR DISTRIBUTED DATA MINING (p. 48-58)

Alaa Thamer Mahmood
Technical Instructors Training Institute, Baghdad, Iraq
ORCID: https://orcid.org/0000-0003-0461-5662

Raed Kamil Naser
Ministry of Defense, Iraq, Baghdad, Iraq
ORCID: https://orcid.org/0000-0002-3070-3095

Sura Khalil Abd
Dijlah University College, Baghdad, Iraq
ORCID: https://orcid.org/0000-0002-9582-3725

Distributed Data Mining (DDM) is vital in various ap-
plications for processing large volumes of data. The datasets
are saved in the local databases and operated by local com-
munities, but it provides the solution locally and globally.
However, the datasets are stored in a distributed manner



which affects the scalability and reliability issues. In addi-
tion, locally stored data is influenced by security and privacy
challenges. In addition, the third party may access the DDM,
which causes authorization issues. Therefore, the DDM
process fuses sensor data from different sources to improve
knowledge discovery. During this process, the DDM faces
several issues such as security concerns, privacy restrictions,
technical barriers, and trust issues. To address these issues,
distributed data mining (DDM) should be improved to han-
dle homogeneous and heterogeneous data. This work uses
the privacy protection-based distributed clustering (PPDC)
algorithm to handle the privacy and security challenges while
analyzing the distributed data. The clustering algorithm gen-
erates the semi-trusted third parties to form the cluster, which
protects the data from unauthorized users. The semi-trusted
party protect the locally analyzed solution by creating the
random vector-based trusted process. Further, the process
uses the optimized deep learning approach and clustering
to improve the heterogeneous data analysis. Then the effec-
tiveness of the introduced PPDC method is compared with
existing methods, and the PPDC algorithm ensures the 0.202
error rate, 0.95 % of accuracy and manages the data security.

Keywords: deep learning, privacy protection, distributed
clustering, distributed data mining.
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Audio steganography (AS) uses the auditory redundancy
of the human ear to conceal the hidden message inside the
audio track. In recent studies, deep learning-based steganalysis
has swiftly revealed AS by extracting high-dimensional stego
acoustic features for categorization. There is still an oppor-
tunity for improvement in the current audio steganography
required for managing communication confidentiality, access
control and data protection. The main objective of this research
is to improving the data protection by identifying the data
embedding location in the audio. Generative Adversarial Net-
work-based Audio Steganography Framework (GAN-ASF) is
presented in this study, and it can automatically learn to pro-
vide better cover audio for message embedding. The suggested
framework’s training architecture comprises a generator, a dis-
criminator, and a steganalyzer learned using deep learning. The
Least Significant Bit Matching (LSBM) message embedding
technique encrypts the secret message into the steganographic
cover audio, which is then forwarded to a trained stegana-
lyzer for misinterpretation as cover audio. After performing
the training, stenographic cover audio has been generated
for encoding the secret message. Here, Markov model of
co-frequency sub images to generate the best cover frequency
sub-image to locate an image’s hidden payload. Steganographic
cover audio created by GAN-ASF has been tested and found
to be of excellent quality for embedding messages. The sug-
gested method’s detection accuracy is lower than that of the
most current state-of-the-art deep learning-based steganalysis.
This payload placement approach has considerably increased
stego locations” accuracy in low frequencies. The test results
GAN-ASF achieves a performance ratio of 94.5 %, accuracy
ratio of 96.2 %, an error rate of 15.7 %, SNR 24.3 %, and an
efficiency ratio of 94.8 % compared to other methods.

Keywords: generative adversarial network, least significant
bit matching, markov model, audio steganography, jpeg image.
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Lung cancer is the fastest-growing and most dangerous
type of cancer worldwide. It ranks first among cancer disea-
ses in the number of deaths, and diagnosing it at late stages
makes treatment more difficult. Artificial intelligence has
played an essential role in the medical field in general, and
early diagnosis of diseases and analyzing medical images in
particular, as it can reduce human errors that may occur with
the medical expert in medical image analysis. In this study,
a hybrid framework is proposed between deep learning using
the proposed convolutional neural network and multi-crite-
ria decision-making techniques in order to reach an effective
and accurate classification model for lung cancer diagnosis
and select the best methodology to solve the problem of
class imbalance datasets, which is a general problem in med-
ical data that causes problems and errors in prediction. The
IQ-OTHNCCD dataset that has a class imbalance was used.
Three class balancing techniques were used separately and
the data from each one enters the proposed convolutional
neural network for feature extraction and classification.
Then the Fuzzy-Weighted Zero-Inconsistency algorithm and
VIKOR were used to make the ranking for the best classifi-
cation approach and determine the best technique to balance
the classes. This contributed to increasing the efficiency of
the classification, where the best model got an accuracy of
99.27 %, sensitivity of 99.33 %, specificity of 99 %, precision
of 98.67 % and F1-score of 99 %. This study can be applied
to any data that suffers from the class imbalance problem
to find the best technique that gives the highest classifica-
tion accuracy.

Keywords: lung cancer, deep learning, multi-criteria de-
cision making (MCDM), class imbalance.
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PO3POBKA METOJIMKH MIJIBUILEHHS 3ABAZTO3AXUIEHOCTI BATATOAHTEHHUX CCTEM 31 CIIEKTPAJIBHO-
E®EKTUBHUMU CUTHAJIAMU CIIEIIAJIBHOTO IPU3HAYEHHS B YMOBAX BILIMBY JIECTABLII3YVIOUNX
®AKTOPIB (c. 6-14)

0. 4. Cosa, A. B. Illlumanpkuii, B. M. Ocranuyk, 10. B. Kypascskuii, M. A. Poroseip, 1. B. Bopucos, B. 0. BoBcyHoBchkwid,
0. 3. Apra6aes, O. O. Tpousko, L. 0. ITuaumnuyk

OG6’eKTOM JIOCIIKeHH ST € HaraTOaHTeHH] CUCTEMH 31 CHIEKTPaIbHO-e(DEKTUBHIMIU CUTHAJIAMU CIIEIIaIbHOTO pusHadeHHs. [IpobieMHuM
MTUTAHHSIM, BUPINIEHHIO SIKOTO TIPUCBSYEHO JaHe IOCITi/UKEHHSI, € MIIBUIIEHHS 3aBa03aXMINEHOCTI 6araTOAaHTEHHIX CUCTEM 31 CIEKTPasb-
HO-e(DEKTUBHUMU CUTHAJIAMU CIIEIIANbHOTO NPU3HAYEHHS. PO3PO0OIEHO METOIMKY TTi/IBUILICHHST 3aBaI03aXUIIEHOCT]I 6AraTOAaHTEHHUX CHCTEM
31 CreKTpaIbHO-e(heKTHBHUME CUTHAJIAMHE CIIEIaIbHOTO TIPU3HAYEHHS B YMOBaX BIUIMBY JecTabinizyiounx daxropis. Bixminma ocobauBicTh
3aIPONOHOBAHOI METOMKH TIOJIATAE B BUKOPUCTAHHI YIOCKOHAIEHOT MPOIIEyPH MOMEPEIHBOTO KOLYBAHHS, OIIHI[l CTaHy KaHAIy GaraToaH-
TEHHMX CUCTEM Pa/lio3B’I3KYy 31 ClIeKTPAIbHO-e(DeKTUBHUME CUTHATIAMHU 32 JICKIIbKOMA MOKa3HUKAMHU. YIOCKOHAJIEHA MTPOle/lypa OIiHKH CTa-
HY KaHaJIy TI0JITa€e B OLi I HMOBIpHOCTI GITOBOT MOMMJIKY KaHaIy, YaCTOTHOI XapaKTePUCTHKK CTaHy KaHaly Ta iMITyJIbCHOT XapaKTepuCTUKI
crany Kanany. DOpMyBaHHS OIIHKK CTaHY KaHALY 110 KOKHOMY 3 MOKA3HUKIB OI[IHKH BiOyBa€ThCs HAa OKPEMOMY IIapi HEPOHHOI Mepexki
3 BUKOPHUCTAHHIM armapaTy HediTKUX MHOKIH, MiCJIsT 90TO Ha BUXO/i HEHPOHHOI Mepeski popMy€eThes y3araibHena orinka. HoBusma sampo-
MIOHOBAHOT METOMKU TIOJIATAE TAKOK B BUKOPUCTAHHI yIOCKOHAIEHOT IPOIIEyPH IPOTHO3YBAHHS CTaHY KaHaJIy OaraTOQHTEHHUX CUCTEM 3i
CIIEKTPaIbHO-eeKTUBHUME curHasaMu. CyTHICTh 3aIIPOITOHOBAHOI TIPOIETyPH TIOJIATAE B BUKOPUCTAHHI HETITKIX KOTHITUBHIX MOJENEN Ta
MITYYHOT HEIIPOHHOT MePEsKi JIJIst IPOTHO3YBAHHSI CTAHY KaHAIB 6araTOaHTEHHUX CHCTEM 31 CHIEKTPATbHO-e(DEKTUBHIME CUTHAIAMUL.

3a pesyJbrataMu ZOCJ/PKEHHST BCTAHOBJIEHO, IO 3aIIPOIOHOBAHA METOANKA TO3BOJISIE MTi/IBUIIITH 3aBaI03aXHIIEHICTD CHCTEM baraTo-
AHTEHHUX CHCTEM 31 CIIEKTPAIHHO e(heKTHBHUMH CUTHAJIAMH 3a cXeMoio 8X8 Ta 64 migxecyunmu mpu #a 20—25 % y OPIBHSHHI 3 BIZIOMUMIL.

K04oBi cioBa: 3aco6u pa1io3s’si3Ky, HEHPOHHI MepeKi, HeUiTKI MHOKMHM, OOUKMCIIOBAIBHA CKJIA/HICTh, YACTOTHA XaPAKTEPUCTUKA.
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PO3POBKA MOJUMIKAI METO/IY BE3IIOCEPEJTHHOTI'0 350PY JIAHUX TEJEKOMYHIKAIIITHOIO
AEPOIIVIAT®OPMOIO 3 BY3JIIB BE3ITPOBOJOBIX CEHCOPHIX MEPEX (c. 15-29)

A.T. Ipumyn, B. A. Pomaniok

Besnposizi cencopri Mepeski BiiirpatoTh Bee GLIbIIOro 3HAYeHHsI sIK B IUBLIBHIN Tak i B BiiichbkoBiii chepax. O6’€KTOM HOCIKEHHS BUCTYIIAE
niporiec 300py AAHNUX TETEKOMYHIKAIIIITHOIO aeporIaT(hopMoIo 3 By3JIiB Mepeski B yMOBAX iX BIZIAJIEHOCTI B/l TeIEKOMYHIKaIliiHOI iHPPacTpyKTypH.
Binbimicts icayiounx my6ikailii po3risiiaioTh pillleH sl JIMIie YacTKOBUX 3ajiad Iporiecy 300py JaHUX TeJeKOMYHIKaIiiHOIO aeporiatrdopMoio:
KJIACTEPU3AIlisl MEPEXKi, MOITYK HAWKOPOTIIOTO MAPIIPYTy 00JIBOTY, MiHIMi3allisi BATPAT €HEPrii BY3JIiB TOIO. TOMY MPOIIOHYETHCS BAOCKOHAICHHI
MeTOol 6e310CePesHbOT0 360y TAHUX TeJEKOMYHIKAI[HHOIO aeporiaropMoro, sIKiii TIOCTIIOBHO Ta KOMIJIEKCHO BUpilTye 11 3asaanust. Ha Bix
BIIMiHY ICHYIOYMX METO/IiB BiH BPaXxOBYE JIeKiJIbKa IiIb0BUX (DYHKIIII (onTHMizalis yacy 360py JIAHKUX TeJIeKOMYHIKalliiiHoOo aeporaTdopmoro
Ta vacy (DyHKI[IOHYBAHHs MEpesKi), MapaMeTpu CTaHy BY3JIiB Ta KJIACTEPIB, J03BOJSIE OTPUMYBATH PIillleHHS B peaybHoMy 4aci. OcobmBicTio
3aIPOIIOHOBAHOTO METO/IY € TIONIYK ONTHUMAJIBHOTO PIllIeHHS 3a iepapxi€io: Mepeska — kiactep — Bysos. Ha mepeskeBoMy piBHI onTHMi3yeThes:
KIJIbKICTh KJTACTEPiB MEBHOI PO3MIPHOCTI Ta TPAeKTOpist 00sboTy KiactepiB. Ha piBHi KiacTepa BUHAYAIOTHCST TOUKK (iHTEpBasn) 300py JaHuX
TIpH 3aBHCaHHi (B pyci) TeJIeKOMyHIKAIiTHOI aeporiaTopMu Ta TPAEKTOPIs il MOTbOTY B kuiacTepi. Ha piBHI Byssa MiHIMi3yIoThesT HOTO eHep-
TOBUTPATH 32 PAXyHOK 3MEHIIEHHs BiJICTaHi 10 TeJieKoMyHiKalliitHoi aeporiatdopmu. Tpaektopis pyxy miartdopmi B KJIacTepi po3paXoBy€EThCs
3rifiHO po3podiienoi Oasu mpaBuir. [IpaBuia peasisyioTh METO CUTYAIiIHHOTO YIPABIIHHs. YMOBAMH 3aCTOCYBAHHS € TIAPAMETPH CTaHy BY3JIB,
PillIEHHAMH — MTApaMeTPU TPAEKTOPIT TeleKoMyHIKaliiiHOT aeporuiardopMu Ta inTepsasiy 360py AanuX. [IpaBuia BpaXxoByIOTh MPIOPUTET HITHOBUX
yHKIiii, cTaH mapaMeTpiB BysJIB Ki1acTepis, MpuilHsTe paHimie 6a30Be PIleHHs MO0 TPAEKTOPil 06;160Ty. PesyssraT iMITAIItHOTO MOIeIOBaH-
HSI CBITYaTh, 10 3aCTOCYBAHHST METO/Y JI03BOJISIE CKOPOTUTH Yac 300py MaHux 10 15 % abo 36imbimuTu yac dbyHKIioHyBaHHS Mepeski 10 17 %.

K040Bi coBa: 6e31poBo/I0BI CEHCOPHI MepekKi, KIacTepusaltisi, TPAEKTOPist MOJAbOTY, TEJEKOMYHiKalliiiHa aeporiatdopma, 36ip TaHuX.
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METO/IN CETMEHTYBAHHS 3OBPAJKEHD 3 BESNIJIOTHUX JIITAJIbHUX AIIAPATIB HA OCHOBI K-MEANS TA
TEHETUYHOTI'O AJITOPUTMY (c. 30-40)

I. B. Py6an, . B. Xynos, O. M. Makogeiiuyk, B. I. Xynos, T. M. Kaximyain, C. I. Ciyxog, II. JI. Apkymenko, T. M. Kpagenus,
I. A. Xwxnax, H. M. Illampaii

OO0’€KTOM JOCIIIKEHHS € TPOIIEC CETMEHTYBAHHS 300paskeHb 3 Ge3MIOTHIX MITATbHUX armapaTiB. BcTaHOBIIEHO, IO METOAN CETMEHTY-
BaHHS HA OCHOBI k-means Ta TEHETUYHOTO AITOPUTMY SIKICHO MPAIIOIOTh HAa 300PaKEHHSX 3 KOCMIYHHUX CHCTEM CIOCTepekeHHst. [Ipomnomy-
€TbCA BUKOPUCTAHHS MeTO]’[iB CETMCHTYBaHH: Ha OCHOBI k—means Ta TCHETUYHOI'O aJITOPUTMY JIJIsI CETMEHTYBaHHS 306p‘d>KeHb 3 6e3ﬂiJIOTHI/IX
JiTaIbHUX anaparis. BusHaueHi OCHOBHI eTaly METO/IB CErMEHTYBaHHsT 3006paskeHb HA OCHOBI k-means Ta TeHETUYHOTO aJTOPUTMY.

ITpoBe/ICHO eKCTIePUMEHTAIbHE OCTIKEHHST CErMEHTYBaHHs 300pakeHb 3 OE3MMIJIOTHUX JliTanbHuX anaparis. Ha Bigminy Bix Bigomux,
CEeTMEHTYBaHHS 300paskeHHsT METOZIOM Ha OCHOBI k-means, sike YCIIIIHO MPAII0E Ha 300PaKEHHSIX 3 KOCMIYHUX CUCTEM CITOCTEPEKEHHST, HE MO-
ske OyTH HANPSIMY 3aCTOCOBAHO JI0 CCTMEHTYBAHHS 300pakeHHs 3 GE3IJIOTHIX JliTabHuX anaparis. Ha BiaMiny BiJ BiIOMUX, cCerMeHTYBaHHS
300paskeHHsT METOZIOM Ha OCHOBI F€HETUYHOTO AITOPUTMY, SIKE YCIIIIITHO TIPAIIOE Ha 300PAKEHHSIX 3 KOCMIYHIX CUCTEM CIIOCTEPEKEHHST, TAKOIK
He MOojke OYTH HAIPSIMY 3aCTOCOBAHO [I0 CETMEHTYBaHHsI 300paskeHHsT 3 Ge3MITOTHIX JTATPHUX armapaTis.



ITpoBeieHO OTIIHIOBAHHS STKOCTI CETMEHTYBaHHsI 306paskeHb 3 O€3MIIOTHIX JITATPHUX allapaTiB METOAAMI HA OCHOBI k-means Ta reHeTHY-
HOTO aJITOpUTMY. Beranosieno, 111o:

— cepenniit piBens momuiiok I poxy ckiamae 70 % ta 51 % mpu cermeHTyBanHi 300pakeHHsT 3 G€3IMITIOTHOTO JITATHHOTO anapaTy MeTOIaMU
Ha 0CHOBI k-means Ta TeHeTUYHOro arOPUTMY BiTIOBIZHO;

— cepenHiii pierb mommnok 11 poxy ckmamae 61 % Ta 43 % npu cermenTyBaHHI 300pakeHHsT 3 GE3MIIOTHOTO JTITATBHOTO aTlapaTy MeTo/a-
M1 Ha OCHOBI K-means Ta TeHeTUYHOro aaropuTMy Bi/lTIOBIHO.

3po6JIeHO BUCHOBOK PO TIOZI0BKEHHSI MOAAIBIINX AOCTIPKEHD M0/I0 PO3POOKU METO/IB CETMEHTYBaHHS 300paskeHb 3 Ge3MiTOTHIX JIi-
TAJbHIUX anaparis.

Ki04oBi cioBa: 6e31iioTHuiT JIiTanbHUIT allapaT, CEerMEHTYBaHHs 300pasKEeHHs, eKCIIEPUMEHTAIbHE [TOCHI/UKeHH s, k-means, reHeTHIHIH
AJITOPUTM.
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PO3POBKA TPbOXMIPHOT CUCTEMHU JIOKAJI3AIII 3 BUKOPUCTAHHAM ITINBOKOTO HABUAHHA 1
IIOINEPEIHbO HABUYEHUX APXITEKTYP JIJI IEEE 802.11 WI-FI (c. 41-47)

Aseel Hamoud Hamza, Sabreen Ali Hussein, Ghassan Ahmad Ismaeel, Saad Qasim Abbas, Musadak Maher AbdulZahra, Ahmad H. Sabry

TIpoxykTuBHICTH CHICTEM BHYTPIMIHBOI JoKamizanii Wi-Fi 3 BiZbuTkamMn MasbIiB y BHYTPINIHBOMY C€PEIOBHUII 3aT€KITh Bi/T iHdopMartii
PO cTaH Kanasy, sKka 3a3Buyaii oOMeskena yepes edekr saracanis 6aratonpomenenocti. Crangapr Wi-Fi™, IEEE 802.11az, saxuii 3a3suyait
HA3UBAIOTh HACTYITHUM ITOKOJIIHHSIM TTO3UIIIOHYBAHHS, IPOIIOHYE XapaKTePUCTUKK (HI3UUHOTO PiBHS, SIKi J03BOJISIIOTH BUKOHYBATH MO3UILO-
HYBaHHS Ta PO3MIUPEHUIT Aiaa30H 3 BUKOPUCTAHHSAM TPaAUIiHHUX MeTo/iB. OTiKe, BaXKIMBO CTBOPUTH HAOIp AaHUX BIIOUTKIB MAJBIIB /IS
araToKaHaJIbHUX IMITyJIbCHUX Bi/ilOBizieil y npuminienHi Ha ocHosi curnaunis 802.11az i mosHayurty Bei 1i BiZIGUTKY MaIBIIIB 32 IX JAHUMM [TPO
MiCIIe3HAXO/KEHHS, OIIHUBIIN PO3TAITYBAHHS CTAHIlii Ha OCHOBI YacTHHM HAOOPY AAHUX IS BITOUTKIB HasbIiB. Y 11iii po6oTi po3pobIIsieTh-
Cs1 MOJIeJTb HaBYAHHS 3rOPTKOBOI HelipoHHoi Mepexki (3HM) s nosuitionysanmst Ta jokamisaiii misixom crBopenns nannx [EEE 802.11.
Jlocripkennst BKodae BukoprcTantst Hapuenoi CNN Jyist porHo3yBaHHsI TTOJI0KEHHS a0 PO3TaIlyBaHHs JEKIJIBKOX CTaHIi 3a JaHUMU
BinouTKiB maspiis. Ile Brimoyae oninky npoxykrusrocti 3HM st BIB. Asnropurtymu rimbGOKOTO HaBYaHHS Ta BIAOUTKIB MabIliB BHKO-
PHCTOBYIOTHCS y MOJIEIsIX no3uitionyBanus Wi-Fi st crBopernst Habopy JlaHuX MIJISIXOM BUGIpKN KaHaJsy BiIOUTKIB NaJIbIliB Y PO3Ii3HAHUX
MOBUIIISIX y cepetoBuiii. Moesb nepeabayae po3TanryBaHHs KOPUCTYBaYa BiAMOBIHO 0 CUTHAIY, MiATBEPAKEHOTO HEI3HAHUM MicIle3Ha-
XOJIKEHHSIM Yepe3 J0BiAKoBY 6asy AaHuX. Y poGoTi TaKoK 0OTOBOPIOETHCSI BIUIMB PO3MIPY aHTEHOI PENTKHI Ta CMYTH TIPOIYCKaHHs KaHAIY
Ha 1poayKTUBHiCTD. [Tokasano, Mo 36i1blIeHHs HePioiB HABYAHHS Ta KiJIBKOCTI CTAHIIll TOKpAILye NPOAYKTUBHICTL Mepeski. PedyisraTn
OyJIu MiATBEP/KEHI MaTPHIEO Iy TAHIHH, sIKa y3araJbHIOE Ta Bidyasizye MeTo Kaacudikaiiii mianpuemcts. Byiio Bukopucrano obMexeHuit
HAGIp AHUX U1 TPOCTOTU Ta KOPOTKOTO YACy MOJIEJIOBAHHS, aJie Gi/bliia IPOLYKTHUBHICTh JOCATAETHCS 32 PAXYHOK HABYAHHS BEJIMKUX JTAHUX.

Kimouosi caosa: 3D-nokamnizaist, Wi-Fi, meton kimacudikartii riambokoro HaByamst, Mmatpuiis mytanund, IEEE 802.11.
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PO3MOJIJIEHA KJIACTEPU3AIIIS HA OCHOBI 3AXUCTY KOH®IIEHIIAHOCTI 3 AJITOPUTMOM IJIYBOKOTO
HABYAHHS JIJII PO3MOJIIJIOTO MAMHIHTY JIAHUX (c. 48-58)

Alaa Thamer Mahmood, Raed Kamil Naser, Sura Khalil Abd

Posnonisennii anania ganux (PAJ]) € JKUTTEBO BaKJIMBUM y PI3HUX J0AaTKaX JUisi 00poOKH BeJnKux oOcsriB ganux. Habopu panux 30e-
PIraloThest y JIOKATHbHIX 6a3ax JaHKX i KepYIOThCst MICIIEBUMU CIIIBHOTAMH, ajie BOHHU 3a0€3MeUyI0Th PillleHHsT JIOKAIbHO Ta T1obaibHo. OnHak
HabopH IaHNX 30ePiraloThCst PO3MO/LICHIM YMHOM, 110 BILIMBAE Ha MPpobIeMu MacinTaboBaHocTi Ta HagiirocTi. Kpim Toro, Ha mawi, 1o 1oKaabHo
30epiraloThest, BIUIMBAIOTH MpobJeMu Gesnekn Ta Korgizentiitnocti. Kpim Toro, Tperst cropona Moske orpuMaru goctyit 1o PA/L, o ciipuanssie
npobsiemu 3 aBropusariieto. Takum yuroM, nporiec PAJ] oeHye faHi AaTunKiB i3 PI3HUX uKepest, o0 TOKPAIUTH BUSABJICHHS 3HaHb. Y XOIi
poro mporecy PAJL crukaeTsest 3 KigbkoMa TipobsieMamMiu, TakiuME sIK TIpobJiemMu Gesrnieku, oOMekeHHs KoHbiaenmiinocTi, texuiuni 6ap’epu
Ta npobseMu AoBipu. [ BUpilieH s 1uX 1pobaeM HeoOXiAHO MOKpauTH posnoainenuii ananis ganux (PAJl) aist 0OpoOKU OAHOPIAHNUX Ta
pizHOpiAHNX Aauux. Y il po6OTi BUKOPUCTOBYETHCS aITOPUTM PO3IOALIEHOI KacTepusaltii Ha ocHoBi 3axucry kondigeniiiinocti (K3K) aust
BupineHHs mpobseM KoHpiaeHIiiiHocTi Ta Ge3MeKu i/l yac aHasi3y PO3MOIiIEHUX AaHNX. AJITOPUTM KJiacTepusailii TeHepye HaliBAoBipyi TpeTi
cTOpoHM (hOPMYBaHHS KJIacTepa, SIKUI 3aXHIIAE JaHi Bijl HEABTOPM30BaHUX KopucTyBauiB. HariBioBipuya ctopoHa 3axuiiae JOKaaIbHO aHaAIi30-
Bame pillleHHsI, CTBOPIOIOYH JIOBiPUMIi TIPOIeC HAa OCHOBI BUTIAIKOBOTO BeKTOpa. KpiM TOTO, ¥ TIpOIieci BAKOPUCTOBYETHCS ONTUMI30BAHMI Ti/IXi/T
110 IIMOGOKOT0 HABYAHHSI Ta KJIaCTepH3allist /st IOKPAIEHHA aHa/Ii3y PI3HOMaHITHUX AaHuX. [1oTiM eheKTUBHICTb BBEAEHOTO metozy K3K nopis-
HIOETBCS 3 icHylounmu Metofamu, airoput™ K3K 3abesneuye yactory nomusok 0,202, tounicts 0,95% i yripasiisic 6e31eK0I0 IaHuX.

KiiouoBi caoBa: rinboKe HaBYaHHsI, 3aXUCT KOH(DIAEHIITHOCTI, po3noisena KaacTepusaitis, pO3nojiiieHiil aHa/i3 TaHuX.
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BUABJEHHSA OIITUMAJILHOTO MICIIF BIIPOBAJIKEHHS ITOBIZIOMJIEHD B AVIIOCTETAHOTPADI|
3 BUKOPUCTAHHSIM TEHEPATUBHUX NPOTUIEJKHUX MEPEJK (c. 59-68)

Muatamed Hajer, Mohammed Anbar

Ayniocreranorpadist (AC) BUKOPUCTOBYE CJIYXOBY HaAMIPHICTD JIIOACHKOTO ByXa, 00 IPUXOBATH TIPUXOBAHE TOBIIOMJICHHST BCEPEANHI
3BYKOBOI JIOPLKKH. Y HeAaBHIX JOCII/UKEHHSIX CTEroaHali3, 10 IPYHTYETHCs Ha IIMOOKOMY HaBuaHHi, mBUAKO BusiBuB AC, BUTsAryioun Gara-
TOBUMIPHI CTETOAKYCTUYHI XapaKTePUCTUK JIJIsT KaTeropusartii. Sk i pamirie, iciHye MOXKIMBICTb TOKPAIIEHHS iCHYIOUO0i 3BYKOBOI CTeTaHOTpa-
(ii, HeoOXiAHOT 1A yIpaBAiHHS KOHDIACHIIIHICTIO 3B'A3KY, KOHTPOJIO JOCTYILY Ta 3aXKCTy AaHuX. OCHOBHOIO METOIO 1[bOTO JOCJIKEeHHS
€ TIOKPAIIEHHST 3aXUCTY JaHNX MIITXOM BU3HAYEHHSI MicIis BOYZIOBYBAHHS JaHNX B ayfio. Y IIbOMY JOCTI/KEHHI MPeICTaBIeHa TeHEPATHB-
HO-3MarajbHa MepeskHa ayaiocreranorpadiuna crpykrypa (GAN-ASF), ska Moske aBTOMATHYHO HaBYATHCS /TSt 3abe3nedeHtst SIKiCHIIoro



3BYKOBOTO CYIIPOBOAY [isi BOYZOBYBaHHsS MOBioMiieHb. HapuasbHa apxXiTeKTypa 3alpOIOHOBAHOI CTPYKTYPU BKJIIOYAE TEHEPATOP, [HC-
KPUMIHATOD 1 CTEroaHa i3aTop, HaBYEHI 3a MOMOMOrOK IIMOGOKOro HaBuaHHs. MeTos BOYZIOBYBAHHS MOBIIOMIIEHb 3 HAWMEHIIIOK 3HAYHOK
6itosoio Bianosignictio (LSBM) mudpye cekperre nopijloMmueHs B creranorpadiuiy oOKJIaInHKY, SIKa MOTIM MepecuIaeThesl Ha HaBYeHUH
CTeroaHasizatop JJist HelPaBUIbHOI iHTeprpeTanii sk oOkaanuHku. [Tic/is BUKOHAHHS HAaBYaHHs (GYJIO 3TeHEPOBAHO cTeHorpadiuHa 0OKIa-
JIMHKA JI7TST KOZYBaHHS CEKPETHOTO MOBiTOMJIEHHST. TyT BUKOPUCTOBYETHCS MapKiBChKa MOJIENh Cy(300pakeHb 3 4aCTOTaMM, IO 30iTaloThes,
JUIST CTBOPEHHST Cy6300paskeHH s 3 HAKPAIIOI YaCTOTO MOKPHUTTS [l BUSIBJIEHHST TPUXOBAHOTO KOPHCHOTO HABAHTAKEHHST 300DaKEeHHSI.
3Byk creranorpadiunoi obknaanuky, cropenuii GAN-ASFE, OyB mporectoBanuii i BUSHAHMI Yy0BOIO SIKICTIO /s BOYAOBYBaHHsI 110-
BiftomsIeHb. TOUHICTD BUSIBIEHHS 3alIPOMOHOBAHOTO METOAY HIKYA, HiXK Y HAICYYaCHINIOTO CTEraHoaHai3y Ha OCHOBI TIIMOGOKOTO HABYAHHSI.
Taxuil miaxig 10 po3MillleHHsT KOPUCHOIO HABAHTA)KEHHSI 3HAYHO Ii/IBUIIMB TOUHICTb BU3HAUEHHS CTEraHOMETPUYHOIO PO3TAlllyBaHHS Ha
HI3bKNX vacTotax. Pesymnsratn Bumpobysanb GAN-ASF 3abesneuyiors koedimienT mpoaykrusnocti 94,5 %, xoedimnient Tounocti 96,2 %,
koeditient nomuiok 15,7 %, BigHomeHHs curHai-ym 24,3 % ta koedittient edekruBHocti 94,8 % MOPIBHSIHO 3 IHIIUMEI METOAM.

KiiouoBi ciioBa: reHepaTnBHO-3MarajibHa MEpeska, 3iCTaBICHHsT HAlMEHIT 3HaYyIuX GiTiB, MapKiBChbKa MOJIEIb, ayio-cTeranorpadis,
300paskenns y opmari jpeg.
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TIBPUHA CUCTEMA BUBOPY METO/IIB BAJJAHCYBAHHS KJIACIB HA OCHOBI IHTETPYBAHHS 3TOPTKOBOI
HEITPOHHOI MEPEKI TA METO/IIB IIPUIHATTS PIIIEHD JIJIS JIATHOCTHKU PAKY JIETEHIB (c. 69-76)

Mustafa Mohammed Jassim, Mustafa Musa Jaber

Pak JiereniB € HafiOIBII MIBUAKO3POCTAIOUNM 1 HaliHeOe3meyHilmuM BUAOM paky y ¢BiTi. Bin 3aiiMae nepire micite cepei OHKOJOTTUHIX
3aXBOPIOBaHb 3a KIJIbKICTIO JIeTaJbHIX BUIA/KIB, a I0ro AiarHocTuka Ha Mi3HIX cTaAisX yckaaaHioe jgikyBaHHs. HITyunuil intesnekt Bigirpae
BaKJIMBY POJIb Y TAIY31 MEANIIMHY B I[IJIOMY, @ TAKOK IIPU PAHHII IATHOCTHIL 3aXBOPIOBAHD Ta aHAI31 MEANYHUX 300paskeHb 30KPEMa, OCKIJIb-
KU BiH JI03BOJISIE 3MEHIIHUTH JIIOICHKI TIOMUJIKH, 10 MOXKYTbh BUHUKHYTU Y MEAMYHOTO €KCIIEPTA TIPU aHAi31 MEANYHUX 300pakeHb. Y 10CIi-
JPKEHHI TIPOTIOHYEThCST TiGpuHa cucTeMa rimbGOKOr0 HABYAHHS 3 BAKOPUCTAHHAM 3alPOTIOHOBAHOI 3TOPTKOBOI HEHPOHHOT MEpEkKi Ta METOIIB
GaraToKpUTepiaIbHOTO MPUIHSTTS pinierb. Bona 103Boisie orpuMatii epeKTHBHY i TOYHY MOJIeNb Kaacu(ikailil a1 JiarHOCTHKK PaKy Jiere-
HIB Ta Bu6opy HallKpaIoi METOIUKH JIJis BUPILIEHHS TPOoOIeMU Lll/lC6aJIaHCy Ks1aciB HabOPIB AHUX, KA € CILIBHOIO MTPOOJEMOIO B MEANYHUX
JaHVX, [0 BUKJIUKAE TPYHOILI Ta MOMUJIKK Y TIPOTHO3YBaHHi. Bysio Bukopucrano wabip gannx 1Q-OTHNCCD 3 aucbanarcom kiaacis. Tpu
MeTo/ U GalaHCyBaHHsI KIaciB BUKOPUCTOBYBAIICS OKPEMO, i /IaHi KOJKHOTO 3 HUX HAJIXO/SATD Y 3allPOTIOHOBAHY 3TOPTKOBY HEIPOHHY MEPEKY
JUIST BUJTJIEHHST Ta Kiacudikanii o3Hak. Jlari /st BU3HAYEHHS HANKPAIOro MeToy KiacHdikalii Ta HafiKpamioro MeToy 30aTaHCyBaHHS
KJaciB OyJin BUKOPHCTaHI aJITOPUTM HEUYiTKO-3BaskeHoi HyboBoi Heyaropkenocti Ta VIKOR. Tle 1o3Bosniio migBuiuTi eeKTUBHICTD Kila-
cudikarii, mpu sikiii Haiikpaiia Mojiesib mokasasa npaBuibHicTs 99,27 %, uytausicts 99,33 %, cienmdiunicts 99 %, npenusiiinicts 98,67 % Ta
F1-mipy 99 %. [lane gocipkents Moske Oy TH 3aCTOCOBaHE 10 OYb-sIKHUX JaHUX, 110 MAOTh MPoOJIeMy AucOasancy KIacis, st 3HAXOZKEHHsI
HaiKpaIoro MeToLy, 1o 3abesnedye HallBUILy TOUHICTb Kaacudikairii.

Kimo4oBi ciioBa: pax jerenis, rinboke HaBuanHst, GaraTokputepianbie npuitastrs pinters (BKIIP), aicbamamc kiacis.



