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Bluetooth uses 2.4 GHz in ISM (industrial, scientific, and
medical) band, which it shares with other wireless operating system
technologies like ZigBee and WLAN. The Bluetooth core design
comprises a low-energy version of a low-rate wireless personal
area network and supports point-to-point or point-to-multipoint
connections. The aim of the study is to develop a Bluetooth mesh
flooding and to estimate packet delivery ratio in wireless sensor
networks to model asynchronous transmissions including a visual
representation of a mesh network, node-related statistics, and a
packet delivery ratio (PDR). This work provides a platform for
Bluetooth networking by analyzing the flooding of the network
layers and configuring the architecture of a multi-node Bluetooth
mesh. Five simulation scenarios have been presented to evaluate the
network flooding performance. These scenarios have been performed
over an area of 200x200 meters including 81 randomly distributed
nodes including different Relay/End node configurations and
source-destination linking between nodes. The results indicate that
the proposed approach can create a pathway between the source
node and destination node within a mesh network of randomly
distributed End and Relay nodes using MATLAB environment. The
results include probability calculation of getting a linking between
two nodes based on Monte Carlo method, which was 88.7428 %,
while the Average-hop-count linking between these nodes was 8.
Based on the conducted survey, this is the first study to examine and
demonstrate Bluetooth mesh flooding and estimate packet delivery
ratio in wireless sensor networks.

Keywords: Bluetooth, mesh flooding, packet delivery ratio,
wireless sensor networks, network simulation, node position
allocator (NPA), Monte Carlo algorithm.
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As an effectual simple wireless equivalent created in the
telecommunications (telephone) industry, Wireless Asynchronous
Transfer Mode (WATM) is utilized to stream unified traffics like
video, data, and voice data. In the asynchronous data transfer mode,
voice data transfer a packet with the same medium, and data share
the networks and burst data. Effective WATM data transmission
requires an extensive array of designs, techniques used for control,
and simulation methodologies. The congestion of the network is
among the key challenges that lower the entire WATM performance
during this procedure, in addition to the delay in cell and the overload
of traffic. The congestions cause cell loss, and it requires expensive
switches compared to the LAN. Consequently, in this current study,
the application of an effectual switching model together with a
control mechanism that possesses multiple accesses is employed.
The multiple access process and switching model are utilized to
establish an effective data sharing process with minimum complexity.
The switching model uses the synchronous inputs and output ports

with buffering to ensure the data sharing process. The traffic in the
network is decreased, and the loss of packets in the cells is efficiently
kept to a minimum by the proposed technique. The system being
discussed is employed through the utilization of software employed
using OPNET 10.5 simulation, with the valuation of the WATM
along with the investigational outcomes accordingly. The system’s
efficiency is assessed by throughput, latency, cell loss probability
value (CLP), overhead network, and packet loss. Thus, the system
ensures the minimum packet loss (0.1 %) and high data transmission
rate (96.6 %).

Keywords: Asynchronous mode, delay, overload traffics,
switching model and data transmission rate.
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The work is devoted to the problem of interpretation of fuzzy
semantics of cognitive descriptions of spatial relations in natural
language and their visualization in a geographic information sys-
tem (GIS). The solution to the problem of determining the fuzzy
spatial location of an object based on vague descriptions of the
observer in natural language is considered. The task is relevant in
critical situations when there is no way to report the exact coor-
dinates of the observed object, except by describing its location
relative to the observer itself. Such a situation may be the result
of a crime, terrorist act or natural disaster. An observer who finds
itself at the scene transmits a text message, which is a description
of the location of the object or place (for example, the crime scene,
the location of dangerous objects, the crash site). The semantics of
the spatial location of the object can be further extracted from the
text message.

The proposed fuzzy approach is based on the formalization of
the observer’s phrases, with which it can describe spatial relations, in
the form of a set of linguistic variables that determine the direction
and distance to the object. Examples of membership functions for
linguistic variables are given.

The spatial knowledge base is built on the basis of the phrases
of observers and their corresponding fuzzy regions. Algorithms for
constructing cognitive regions in GIS have been developed. Methods
of their superposition to obtain the final fuzzy location of the object
are proposed. An example of the implementation of a fuzzy model for
identifying cognitive regions based on vague descriptions of several
observers, performed using developed Python scripts integrated into
ArcGIS 10.5, is considered.

Keywords: cognitive description of spatial relationships, spatial
modeling, fuzzy logic, geographic information system.
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The method and structural scheme of an information-measuring

system for determining the parameters of objects’ movements (tech-

nological equipment in the quarry for extracting block natural stone)

have been proposed. A distinctive feature of time video sequences

containing images of measured objects is their adaptation and adjust-

ment in accordance with the intensity of movement and accuracy



requirements for measurement results. Structural and software-al-
gorithmic methods were also applied for improving the accuracy of
measurements of motion parameters, namely: complexation of two
measuring channels and exponential smoothing of digital references.
One of the measuring channels is based on a digital video camera, the
second is based on an accelerometer mounted on an object and two
integrators. Exponential smoothing makes it possible to take into
consideration the previous countdowns of movement parameters
with weight coefficients. That ensures accounting for the existing
patterns of movement of the object and reducing the errors when
measuring the parameters of movement by (1.4...1.6) times.

The resulting solutions have been implemented in the form of an
information and measurement system. The technological process of
extracting blocks of natural stone in the quarry was experimentally
investigated using a diamond-rope installation. Based on the contactless
measurement of motion parameters, it is possible to ensure control over
this process and improve the quality of blocks made of natural stone.

Based on the experimental study of measurement errors, recom-
mendations were given for the selection of adaptive parameters of a
video sequence, namely the size of images and the value of the inter-
frame interval. In addition, methods for the software-algorithmic
processing of measuring information were selected, specifically ex-
ponential smoothing and averaging the coordinates of the contour of
an object, measured in 30 adjacent lines of the image.

Keywords: motion parameters, software-algorithmic processing
of measuring video information, exponential smoothing, complexation.
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This paper reports a study into the errors of process forecasting
under the conditions of uncertainty in the dynamics and observation
noise using a self-adjusting Brown’s zero-order model. The dynamics
test models have been built for predicted processes and observation
noises, which make it possible to investigate forecasting errors for
the self-adjusting and adaptive models. The test process dynamics
were determined in the form of a rectangular video pulse with a
fixed unit amplitude, a radio pulse of the harmonic process with an
amplitude attenuated exponentially, as well as a video pulse with am-

plitude increasing exponentially. As a model of observation noise, an
additive discrete Gaussian process with zero mean and variable value
of the mean square deviation was considered. It was established that
for small values of the mean square deviation of observation noise, a
self-adjusting model under the conditions of dynamics uncertainty
produces a smaller error in the process forecast. For the test jump-
like dynamics of the process, the variance of the forecast error was
less than 1 %. At the same time, for the adaptive model, with an
adaptation parameter from the classical and beyond-the-limit sets,
the variance of the error was about 20 % and 5 %, respectively. With
significant observation noises, the variance of the error in the fore-
cast of the test process dynamics for the self-adjusting and adaptive
models with a parameter from the classical set was in the range from
1% to 20 %. However, for the adaptive model, with a parameter
from the beyond-the-limit set, the variance of the prediction error
was close to 100 % for all test models. It was established that with
an increase in the mean square deviation of observation noise, there
is greater masking of the predicted test process dynamics, leading
to an increase in the variance of the forecast error when using a
self-adjusting model. This is the price for predicting processes with
uncertain dynamics and observation noises.

Keywords: forecasting errors, self-adjusting Brown’s zero-order

model, process dynamics uncertainty.
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Accurate and objective object analysis requires multi-parameter
estimation with significant computational costs. A methodologi-
cal approach to improve the accuracy of assessing the state of the
monitored object is proposed. This methodological approach is
based on a combination of fuzzy cognitive models, advanced genetic
algorithm and evolving artificial neural networks. The methodologi-
cal approach has the following sequence of actions: building a fuzzy
cognitive model; correcting the fuzzy cognitive model and training
knowledge bases. The distinctive features of the methodological
approach are that the type of data uncertainty and noise is taken
into account while constructing the state of the monitored object
using fuzzy cognitive models. The novelties while correcting fuzzy
cognitive models using a genetic algorithm are taking into account
the type of data uncertainty, taking into account the adaptability of
individuals to iteration, duration of the existence of individuals and
topology of the fuzzy cognitive model. The advanced genetic algo-
rithm increases the efficiency of correcting factors and the relation-
ships between them in the fuzzy cognitive model. This is achieved by
finding solutions in different directions by several individuals in the
population. The training procedure consists in learning the synaptic
weights of the artificial neural network, the type and parameters of
the membership function and the architecture of individual elements
and the architecture of the artificial neural network as a whole. The
use of the method allows increasing the efficiency of data processing
at the level of 16-24 % using additional advanced procedures. The
proposed methodological approach should be used to solve the prob-
lems of assessing complex and dynamic processes characterized by a
high degree of complexity.

Keywords: decision support system, artificial neural networks,
genetic algorithm, population.
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A method of measuring cattle parameters using neural network
methods of image processing was proposed. To this end, several
neural network models were used: a convolutional artificial neural
network and a multilayer perceptron. The first is used to recognize a
cow in a photograph and identify its breed followed by determining
its body dimensions using the stereopsis method. The perceptron
was used to estimate the cow’s weight based on its breed and size in-
formation. Mask RCNN (Mask Regions with CNNs) convolutional
network was chosen as an artificial neural network.

To clarify information on the physical parameters of animals, a
3D camera (Intel RealSense D435i) was used. Images of cows taken
from different angles were used to determine the parameters of their
bodies using the photogrammetric method.

The cow body dimensions were determined by analyzing animal
images taken with synchronized cameras from different angles. First,
a cow was identified in the photograph and its breed was determined
using the Mask RCNN convolutional neural network. Next, the
animal parameters were determined using the stereopsis method.
The resulting breed and size data were fed to a predictive model to
determine the estimated weight of the animal.

When modeling, Ayrshire, Holstein, Jersey, Krasnaya Stepnaya
breeds were considered as cow breeds to be recognized. The use of a
pre-trained network with its subsequent training applying the SGD
algorithm and Nvidia GeForce 2080 video card has made it possible
to significantly speed up the learning process compared to training
ina CPU.

The results obtained confirm the effectiveness of the proposed
method in solving practical problems.

Keywords: image processing, convolutional network, multilayer
perceptron, stereopsis, predictive model.
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PO3POBKA JIABUHHOI MAPIIIPYTUS3AIII CITYACTOI MEPEKI BLUETOOTH MIXK 3'€/THAHHAM
BY3JIIB JIZKEPEJIO-OJIEPKYBAY B BE3/IPOTOBUX CEHCOPHUX MEPEKAX (c. 6—14)

Shaymaa Kadhim Mohsin, Maysoon A. Mohammed, Helaa Mohammed Yassien

Bluetooth Bukopucrosye uacrory 2,4 TTi B ISM-zianasoHi (ianasoH 4acToT AJist IPOMUCIOBHX, HAYKOBMX Ta MEIMYHUX IIiei), sKi
BiH POBIJISIE 3 IHIIUMHU TEXHOJIOTIIMU GEe3POTOBUX Olepaliiiux cucreM, Takumu sk ZigBee ta WLAN. Crpykrypa siapa Bluetooth sis-
Jsie co600 HUBKONIBUAKICHY (G€31POTOBY TEPCOHATBHY MEPEXKY 3 HU3BKUM €HEPrOCIOKUBAHHAM 1 MATPUMYE 3'€[IHAHHS «TOYKA-TOYKA»
a0 «TouKa-6GaraToTouka». MeTow JOCHIIKEHHS € Po3pobKa JaBUHHOI MapmpyTu3alii citaactoi Mepesxi Bluetooth ta ominka xoedimienTa
JIOCTABKU TIAKeTiB B GE3[[POTOBUX CEHCOPHUX MePEeKax JUlsi MOJIENIOBAHHS aCHHXPOHHUX Tepeliay, BKIIOYA0YN Bi3yalibHe MpPeICTaBIeHHS
ciTuacToi Mepexi, CTaTHCTUKY TI0 By3Jax, Ta Koedinient gocrasku naketis (PDR). ¥V po6oti HagaeTbest mardopMa 1Jisi CTBOPEHHS MEPEK
Bluetooth nuisixom anaisy JaBUHHOI MapIIPYTH3AIlil MepeKeBUX PIBHIB Ta HAJAIITYBaHHs apXiTeKTypH GaratoBysnoBoi Mepesxi Bluetooth.
[l oniHKY e(heKTUBHOCTI JIABUHHOT MapUIPyTH3aIlii Mepeski 6yJI0 IPEACTABIEHO I ATh CIieHapiiB MogeoBanHs. 11i cuenapii Gy BUKOHaHI
na mromi 200'200 metpiB, Brioyaroun 81 BUMAIKOBO PO3MOAITEHNI BY30JI 3 PI3HIMH KOHDITYpaIisiMi peTpaHCISIiHIX /KiHIIEBUX BY3JIiB
Ta 3'€/lHAHHSIM BY3JIiB JUKEPeJIo-0/ep:KyBay. Pe3ysbratu 1I0Ka3yloTh, 110 3alPOIIOHOBAHUII Mi/IXi/l I03BOJISIE CTBOPUTH IIISIX MIiXK BY3JIOM-
JUKEpeJIoM 1 BY3JIOM-OJIepiKyBaueM y CITYacTiil Mepeski BUIIAIKOBO PO3MOI/IEHNX KiHIIEBUX 1 PEeTPAHCJSMIIHUX BY3JiB 3 BUKOPUCTAHHSIM
cepenoBuia MATLAB. Pesyabratnt BKJIIOUAIOTh PO3PaXyHOK HMOBIPHOCTI BCTAHOBJIEHHS 3€MHAHHS MiXK BOMA BY3JIaMU HA OCHOBi METOIY
Moure-Kapiio, sika cxirana 88,7428 %, B Toil yac sik cepe/iHsi KiJIbKiCTb cTPUOKIB MiX LUMU By3JIaMy ckiiaja 8. [pyHTyounch Ha IpoBeeHOMY
OIMTYBAHHI, 1€ TepIe TOCTIKEHHS, B SIKOMY BHBYAETHCS Ta TEMOHCTPYETHCS JaBHHHA MapIIpyTH3allis citgacroi Mepexi Bluetooth Ta
OI[HIOEThCST KOE(IIIEHT JOCTABKY TAKETIB B GE3MPOTOBIX CEHCOPHUX MEPEKAX.

Kmouosi caosa: Bluetooth, mapurna mapmipyTusanist ciTaactoi Mepexi, KoeillieHT 10CTaBKM MaKeTiB, Ge3APOTOBI CEHCOPHI Mepeski,
MeperkeBe MOJIEJTIOBAHIS, PO3MOMiIbHUK mosoxken s By3miB (NPA), anroputm Monte-Kapiio.

DOI: 10.15587/1729-4061.2021.249474
3ACTOCYBAHHSA MOJEJI IEPEMUKAHHSA I MHOKMHHOTO JOCTYITY AJIA 3SHUKEHHA BTPATIA
ITAKETIB I MEPEKEBHX BTPAT Y BAPII (c. 15—-23)

Saif Mohammed Ali, Haider Mshali, Amer S. Elameer, Mustafa Musa Jaber, Sura Khalil Abd

B sikocti ehekTHBHOTO 1MPpoCTOro Ge3POTOBOTO eKBiBaJIEHTA, SIKMI CTBOPEHUIT Y TeJIeKOMYHIKaIiiHiil (Tesedonniit) iHaycTpii, pexum
6e3nporoBoi acunxponnoi nepenadi (BAPIT) BUKOPHCTOBYETBCST /st TIOTOKOBOI Tiepe/adi yHi(hiKoBaHUX TOTOKIB, TaKMX SIK Bigeo, AaHi
Ta TOJIOCOBI JlaHi. Y pekuMi aCMHXPOHHOI Ilepejladyi roJIOCOBi JlaHi Iepe/laloTh MaKeT 3 OJHUM i TUM ’Ke Cepe/lOBUIIeM, a JIaHi CIJIbHO
BUKOPHCTOBYIOTh Mepeski Ta maketHi mami. Edextusna nepemaya manux BAPII Bumarae Besmkoro Habopy KOHCTPYKILiA, METOAIB, IO
BUKOPHUCTOBYIOTHCS [UIsI YIIPABJIHHSI Ta METOAOJIOTIIT MoemoBanHst. [lepeBaHTaKeHHST MepeXi — OJIHA 3 OCHOBHUX MPOBJIEM, SIKi 3HIKYIOTH
3aranbHy 1npoaykrusHicte BAPII iy ac 1iei mpotetypu, Ha 10/IaTOK 10 3aTPUMKH B OCEPE/IKY Ta ItepeBaHTaskeHHs Tpadiky. [lepeBaHTakeHH:
BUKJIMKAIOTh BTPATY OCEPE/IKIB, i AJIsI 1IbOro moTpibHi gopori komyTaTop, mopiBHsaHo 3 LAN. OTike, y 1IbOMY JOCJI/KEHH] 3aCTOCOBYETHCS
eeKTUBHA MOJIEIb IePEMUKAHHS PA30M 13 MEXaHI3MOM YIIPABJIHHS, SIKUI Ma€ MHOKUHHUI stocTyIL. [Ipoliec MHOKMHHOTO 10CTYIy Ta MOJIEIb
TIepeMUKAHHS BUKOPUCTOBYIOTLCS 7SI CTBOPEHHS e(eKTHBHOTO MPOIecy CIIAbHOTO BUKOPUCTAHHS AAHUX i3 MiHIMAJbHOIO CKJIAAHICTIO.
Mogenb KoMyTallii BAKOPUCTOBYE CHHXPOHHI BXi/IHI Ta BUXiaHi moptu 3 Oydepusariieio ays 3abesnedenss mporecy oOMiny mamumi. Tpadik
y Mepeski 3MEHIIYEThCS, a BTpaTa MaKeTiB y ocepefkax e(eKTUBHO 3BOANUTHCS 10 MIHIMyMYy 32 JOIOMOTOIO 3aIIPOIIOHOBAHOTO METOLY.
Cucrema, 10 06TOBOPIOETHCST, BUKOPHUCTOBYETHCS 3 BHKOPUCTAHHSIM MPOTPAMHOTO 3abe31eUeHHsl, 110 BHKOPHCTOBYETHCS 3 BUKOPUCTAHHSIM
mozesmiosartss OPNET 10.5, 3 Bignosignoio orinkoio BAPII ta pesyisratamu pociipkenb. EdeKTHBHICTD cuCTeMU OLIHIOETHCS 32
MPOIYCKHOIO 3/IaTHICTIO, 3aTPUMKOIO, 3HAYEHHSIM HMOBIPHOCTI BTPATH OCEPEIKiB, cy;KO0BOI Mepeski Ta BTpaTh MakeTiB. TakuMm dmmHOM,
cucreMa 3abesneuye MiniManbHy Brpary nakeris (0,1%) Ta BUCOKY MIBUAKICTH Mepenaui aanux (96,6%).

Koro4oBi ciioBa: acCHHXPOHHMIT PEKNM, 3aTPIMKA, HABAHTAXKEHHST, MOJIE/Ib KOMYTAIlil Ta MIBU/IKICTD Mepeadi [aHux.
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HEYITKHI MIAXI/I 10 BUSHAYEHHSI KOTHITUBHOTIO ITIPOCTOPOBOI'O PO3TAIIIYBAHHS OF EKTA B
TEOTPADMIYHIN IHOOPMAIIIITHINA CUCTEMI (c. 24—31)

C. [I. Ky3sniuenko, I. B. Byunncbka

Po6oty nipucBsiaero npobiiemi iHTeprpeTartii HediTKol ceMaHTUKHM KOTHITUBHUX ONMCIB TPOCTOPOBUX BiIHOCHH Ha MPUPOIHIH MOBI, i
ix Bigyasizarii B reorpaciuniii indopmariiiniit cucremi (I'IC). PosrisiHyTo BupilleHHs 3a7aui BUSHAYEHHS] HEYiTKOTO IIPOCTOPOBOTO PO3-
TanryBaHHs 06’€KTa Ha OCHOBI PO3IJIMBYACTHIX OIMKCIB CIIOCTEpiraya Ha MPUPOHiil MOBI. 3aBAaHHs aKTyaJbHe B KDUTHYHUX CUTYAILiSIX, KON
HEMAaE MOKJIUBOCTI TIOBIIOMUTH TOYHI KOOPAWHATH 00’€KTa CIIOCTEPEKEHHS, OKPIM SIK, OMMCABIIM HOr0 PO3TAINYBaHHS BiHOCHO CaMOro
criocrepiraya. [Togibna curyaitist Moske OyTH HACIIKOM CKOEHOTO 3JI0YMHY, TEPOPUCTHIHOTO aKTy UM CTHXIHHOTO smxa. Criocrepirad, sikuit



OINMHUBCS HA MICIli TIOZIi{l, HAJICHJIAE TEKCTOBE TOBIZOMJIEHHS, 10 MPEICTAaBJIsIE COOOI0 OIMKMC Po3TanlyBaHHs 00’ekTa abo Micis (HATPUKIIAL,
MICIIST CKOEHHSI 3JI0YMHY, MiCIIs po3TanryBaHist Hebe3neynnx 06’ekTiB, Miciie kKatacTpodu). 3 TEKCTOBOTO TTOBIZOMIICHHS Hajiasi Moke OyTh
BUJIyYEHA CEMAHTHKA TIPOCTOPOBOTO PO3TAIYBaHHs 06'€KTA.

3anpoIIoHOBAHMIT HeUiTKIH Mi/Xi] TPYHTYEThC Ha hopMadisartii ¢hpas crocrepirada, SKUMA Bil MOJKE OMICYBATH IIPOCTOPOBI BITHOCHHY,
y BUIJIsII HAaOOPY JIHHIBICTHYHKMX 3MIHHUX, 110 BU3HAYAIOTH HANPSIMOK 1 BizicTanb A0 06’exra. HaBeneni npukaaam GhyHKIii HaaeKHOCTI 1715t
JIIHTBICTUYHUX 3MiHHUX.

[TpocropoBa 6aza 3HaHb OyAYETHCS Ha OCHOBI (ppas criocrepiradis i BIANOBIAHNX IM HEYITKUX perionis. Po3pobero aaropurmu no6y 1081
KorHiTuBHuX perioniB B ['1C. 3arpornonoBaHo MeToM HaKJIaJleHHs KOTHITUBHUX PETiOHIB JUI OTPUMAHHS I1i/ICYMKOBOTO HEUiTKOTO PErioHy
posTanryBanisa 00’ekra. Po3ryistHyTo MpUKIaj peastisaitii HeqiTKol MoesIi BU/IJICHHsT KOTHITHBHUX PEriOHiB Ha OCHOBI PO3IIMBYACTHX ONUCIB
JEKIJIBKOX CriocTepiradiB, BUKOHAHOI 32 JI0MIOMOTOI0 po3pobiiennx ckpuntis Python, interpoanux 8 ArcGIS 10.5.

Komo4oBi coBa: KOTHITUBHUII OMKC TPOCTOPOBUX BiZIHOCHH, TIPOCTOPOBE MOJIEJIOBAHHS, HediTKa Jiorika, reorpadiuna indopmariiiina
cucreMa.
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PO3POBKA METOY BUMIPIOBAHH? ITAPAMETPIB PYXY TEXHOJIOTTYHOI'O OBJIAAHAHHA HA
KAP’€PI 3 AATITUBHUMU NTAPAMETPAMU BIZIEOIIOCJIIIOBHOCTI (c. 32—46)

10. O. INogyanmucekwuii, O. O. Jlyrosux, B. B. Ilunopenko, B. I'. ITunopenko

3anporoHOBaHO METOJI Ta CTPYKTYPHY cxeMy iH(OpMaIiiiHO-BUMIPIOBaJbHOI CHCTEMH [IJIsi BU3HAYEHHS IIapaMeTpiB pyxy
00’eKTiB (TEXHOJOTTYHOTO OOGJIa/HAHHs Ha Kap'epi 3 BUmOOyBaHHs OJOYHOTO TPUPOJHOTO KaMeH[0). BiaMiHHOIO 0COOJIMBICTIO Y4acoBUX
BIZIEOTIOCITIZIOBHOCTE, 1[0 MICTATH 300paskeHis 00'€KTiB BUMIpIOBaHb, € iX ajanTallis Ta HaJalITyBaHHS BIANOBIAHO 0 IHTEHCUBHOCTI
PyXy Ta TOYHICHUX BUMOT JI0 Pe3yJbTaTiB BUMipIOBaHb. TaKoXK 3aCTOCOBAHO CTPYKTYPHI Ta MPOrpaMHO-aJTOPUTMIUHI METOAN TTiABUICHHS
TOYHOCT] BUMipIOBaHb TapaMeTPiB PyXy, a caMe: KOMIIJIEKCYBaHHS BOX BUMiPIOBAJIbHIX KaHAJIB Ta eKCIIOHEHI[iITHe 3TJIa/UKyBaHHA IN(MPOBUX
BiautikiB. OiMH 3 BUMIPIOBAIbHUX KAHAJIB OOYI0BAHO Ha OCHOBI 11(hPOBOI BileokaMepu, IPYruii — Ha OCHOBI AKCEJIEPOMETPa, 3aKPINICHOTO
Ha 00’exTi, Ta ABOX iHTerpatopi. EcKmomentiiine 3rmaKyBaHis [03BOJSIE BpaxXyBaTh MOTEPeHi BIIIKA MapaMeTpiB pyXy 3 BarOBUMHU
koedinienramu. [le 3abesneuye BpaxyBaHHs HAABHUX 3aKOHOMIPHOCTEH pyxXy 06’€KTa Ta 3MEeHIIeHHs TOXUOOK IIPU BUMIPIOBaHHI apaMeTpiB
pyxy y (1,4...1,6) pasis.

Orpumani pinienns peayizoBani y BUTJISA iHMOPMAITHO-BUMIPIOBATBHOI cricTeMi. EXCEpUMEHTANbHO JOCIIZKEHO TeXHOMOTTTHITI
npolec OTpuMaHHst GJIOKIB ITPUPOJAHOrO KaMEHIO Ha Kap'epi 3 BUKOPHCTAHHIM aJMa3HO-KaHATHOI ycTaHOBKH. Ha 0CHOBI 6€3KOHTaKTHOTO
BUMIPIOBaHHsI TTApaMeTPiB PyXy MOKHA 3a0€3MeYITI KOHTPOJIb 34 IIM TPOIIECOM Ta TTIBHUIEHHS SIKOCTI GI0KIB 3 TIPUPOAHOTO KAMEHIO.

Ha ocHOBI ekcriepuMeHTanbHOTO JOCAIKEeHHsT MOXUOOK BUMIPIOBAHb HaZaHo PeKoMeHjalii 3 Bm60py aJIalITUBHUX T1apaMeTpiB
BIJIEOTIOCITIZIOBHOCTI, a caMe Po3Mipy 300pakeHb Ta BEJMYUHHM MIZKKaJAPOBOTO iHTepBasty. Takox 3/ilicHeH0 BHOIP METOIB IPOTPaMHO-
AIrOPUTMIYHOT 06POOKN BUMIpPIOBaIbHOI iH(MOPMAILii, a caMe eKCIIOHEHIIIHOTO 3IITA/[KYBaHHSI Ta YCEPEIHEHHST KOOPAMHAT KOHTYPY 00'€KTa,
BuMipsHEX y 30 CYMIKHUX PSIIKAaX 300pakeHHSI.

KiiouoBi caoBa: mapamMerpu pyxy, IIporpaMHo-aJropuTMidHa 06poOKa BUMIpIOBaIbHOI BifieoindopMallil, eKCIIOHEHIIHe 3TIa/KyBaHH,
KOMIIJICKCYBaHHSI.

DOI: 10.15587 /1729-4061.2021.244623

MOCJKEHHS IOMUJIOK IIPOTHO3YBAHHS IIPOIECIB 3 HEBU3HAYEHOIO TMHAMIKOIO
1 IIYMAMU CIIOCTEPEKEHHSI CAMOHACTPOIOBAJIbHOIO MOJIEJITIO BPAYHA HYJIbOBOTO
MOPSIJIKY (c. 47—53)

B. B. ITocuenos, €. O. PuGka, M. A. Camoiizios, O. M. Kpaiiniokos, 0. JI. Kyns6auko, 0. C. Besyraa, O. M. Posnos, C. B. I'pumxo,
I. A. KpuBnnpka, B. M. IBanoBa

Bukonano pociizzkeHHsa TOMHUJIOK IPOTHO3YBAaHHS MPOIECiB B yMOBaX HEBHU3HAYEHOCTI AMHAMIKM 1 HIYMiB CIIOCTEPEKEHHS
CaMOHACTPOIOBATBHOIO MOJIEJTI0 bpayna HyJIb0BOTO TOPs/IKY. Busnaueno TecToBi Mojiesti IIMTHAMIKY JIJIST TIPOTHO30BAHNX MPOTIECIB i MTYMiB
CHOCTEPEKEHHs, M0 A03BOJAIOTL JIOCAIKYBATH TIOMUJIKU ITPOTHO3YBAHHA [l CaMOHACTPOIOBasbHOI i aganTusHOi Mojeneil. Tecrosa
IMHAMIKA TIPOIECiB BU3HAYAIACS Y BUTJISA/ BiZIEOIMITYJIbCY MPSIMOKYTHOI (hopMu 3 (hikCOBAHOIO OAMHUYHOIO aMILTITY/I010, PAliOiMITyJIbCy
TapMOHINHHOTO IIpoliecy 3 3aTyXalouoi 110 eKCIOHEHTI aMILITY/I00, a TAKOK Bi/IEOIMITYJIbCY 31 3pOCTAI0Y0I0 32 €KCIIOHEHIIaJIbHUM 3aKOHOM
amrIiTy1010. B AKoCcTi Mozeni ITymiB CIOCTepesKeHHS PO3TIAfaBcs aAnTHBHWN Auckpernuil mporec laycca 3 HyJabOBUM cepefiHiM i
BapiifoBAHNM 3HAUYEHHSM CEPEAHbOKBAZPATUYHOIO BiAXMIeHH. BeTanosiieno, 1o s Majmx 3Ha4eHb cepe/IHbOKBA/[PATIHYHOTO Bi/IXNICHHS
IIYMIB CIIOCTEPEKEHHS CAMOHAJIATO/UKYBAIbHA MOJIE/Ib B YMOBAX HEBH3HAYECHOCTI ANHAMIKY 3a0€3IIedy€e MEHIILY IIOMUTIKY IIPOTHO3Y HPOIIECY.
Jlist TecTOBOI CTPHOKOMOIOHOI MHAMIKY TPOTIECY HCTIEPCis TOMIJIKI POTHO3Y ckiaia Metire 1 %. IIpu 1boMy IS afaliTHBHOI MO/
MPY apaMeTpi ajanTaiii 3 KJIacHuHoi 1 1103aMeKHOI MHOKMHY JUCIEPCis TOMUJIKK cKkIaia 6u3bko 20 % i 5 % sianosiano. [Ipu snaunnx
TIyMaX CHOCTEPEsKEHHS MCIIEPCis TTOMIJIKI TPOTHO3Y TECTOBOI AWHAMIKU TPOIECIB /I CAMOHACTPOIOBAIBHOI 1 aJallTUBHOI MOZEi Tpu
napameTpi 3 KJIAaCHYHOI MHOKUHU JiexkaTh B Meskax Bif 1 % 10 20 %. OjHak Uis aianTUBHOT MOJIE IPU TTapaMeTPi 3 03aMEKHOT MHOKIHI
JMCIIEpCist HOMUIIKHM [POTHO3Y BUSBIAETbCs 01u3bKoI0 10 100 % 151 BCix TecToBUX Mojesneil. BetanoBiieHo, 1o 3i 301/IbIIEHHSIM CepeHbOe
KBAJ[PATHYHOTO BiIXUJIEHHS TIyMiB CIOCTEPEKEHHS BiIOYBAETHCS 3HAUHE MACKyBaHHS MPOTHO30BAHOI TECTOBOI AMHAMIKII TIPOIIECIB, IO
MPUBOAUTD /10 301IbIIEHHS JUCIIEPCil MOMUIKH TPOrHO3Y CAMOHACTPOIOBAIBHOIO MOzieLmi0. Ile € mmaToo 3a porHo3yBaHHsI MPOIECIB 3 He-
BU3HAYEHOIO ANHAMIKOIO i MyMaMM CTIOCTEePEeKeHHs.

KmoyoBi cioBa: camoHasarojKyBajibHa Mojiesib bpayHa HyJIbOBOrO HOPS/IKY, ITOMUJIKI [TPOTHO3YBAHH:, HEBU3HAYCHICTh IMHAMIKH,
HIYMU CTIOCTEPEKEHHS.
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PO3POBKA METO/1Y OHIHKHN CTAHY OB’€KTY B IHTEJIEKTY AJIbHUX CUCTEMAX HIJATPUMKH
IMPUMHATTA PINIEHD (c. 54—63)

10. B. JKypascbkuii, O. {. Cosa, C. O. KopoGuenko, B. A. Barincokuii, 0. B. Ilimypa, JI. B. Koaoaiituyk, I1. B. Xomenko,
H. I1. Tapamyk, O. O. OpoGincbka, A. B. lllumanskuii

Tounuii ta 06’eKTUBHUI aHATI3 06’€KTY BUMArae 6ararornapaMeTpUYHOT OLHKY 31 3HAUHUMU OOUHCIIOBAIBHIME BUTPATAMU. 3aIPOIIOHO-
BaHO METOAMYHUI TXI/] [UIs1 THABUIIEHHS TOYHOCTI OI[IHIOBAHHSI cTaHy 00’€KTY MOHITOPUHTY. 3azHaueHU i METOANYHUI TTi/IXi/l 3aCHOBaHUI
Ha TIO€JIHAHHI HEYiTKMX KOTHITMBHUX MOjeJIel], Y/IOCKOHAJIEHOTO TeHEeTHYHOTO aJITOPUTMY Ta MITYYHUX HEHPOHHUX MEPEeX, 10 €BOJIOIIO0-
HyIOTh. MeToanuHumii miaxia Mae HACTYNIHY MOCJTIOBHICTD /iii: MOOY/I0Ba HEUITKOI KOTHITUBHOI MOJIEJ; KOPEryBaHHS HEYiTKOI KOTHITUBHOI
Moziesli Ta HaBYaHHs 6a3 3HaHb. BiAMIHHI prCH METOAMYHOTO MiAXO/AY MOJATAIOTH B TOMY, IO TIPK MOOYI0BI cTaiHy 06'€KTY MOHITOPHUHTY 3a
JIOIIOMOTOIO HEYiTKMX KOTHITUBHUX MoJiejiell BpPaXOBYEThCA THUII HeBU3HAYEHOCTI Ta 3alryMyIeHocTi Janux. IIpu koperyBanHi He4iTKUX KOTHi-
TUBHUX MOJIeJiel 3a I0ITOMOr0I0 TeHeTHYHOTO aITOPUTMY HOBH3HOIO €: BPaXyBaHHs THITy HEBU3HAUEHOCTI aHNX; BPaXyBaHHs MPUCTOCOBA-
HOCTi 0cOOMH Ha iTepallii; TPUBAIOCTI iCHYBaHHSA 0COOMH Ta TOMOJOTT HeYITKOI KOTHITUBHOT MOJIeIi. YI0CKOHATIEHUI FeHeTUYHII aJropuT™
I/[BUIILY€ OTIEPATUBHICTb KOperyBaHHsI (hakTOpPiB Ta 3B’I3KiB M’k HUMU B HewiTKiil KOrHiTHBHIIT Mozesi. [le ocsiraeThest 3a paXyHOK HOIITYKY
pillleHHsT B Pi3HUX HaNpsIMKaX [AeKibKoMa 0coOOMHAMU 3i ckiaay noryssiti. IIpoleaypa HaBYaHHs 1I0JATAaE B TOMY, 1110 BiIOYBacThCSA Ha-
BYAHHS CUHAITHYHUX Bar ITYYHOI HEIIPOHHOI MepeKi, TUITY Ta mapaMeTpiB (GYHKIIT HATEKHOCTI, & TAKOXK apXiTeKTYPH OKPEMUX €JIEMEHTIB
i apXiTeKTypH MTYyYHOI HEHPOHHOI Mepeski B 1iToMy. BUKOPHCTaHHS METO/LY I03BOJISIE TOCATTH TiABUINEHHS OTePaTHBHOCTI 06POOKH JTaHNX
Ha piBui 16—24 % 3a paxyHOK BUKOPHCTAHHS JOJATKOBUX YIOCKOHAJIEHUX MPOLELYP. 3arpONOHOBAHINA METOANYHIN Mi/IXi/l OMIILHO BU-
KOPUCTOBYBATH JI7Ts1 BUPITIEHHS 3a/[a4 OIiHKN CKJIAJHUX Ta AMHAMIYHAX MPOIECiB, M0 XapaKTePU3YIOThCS BICOKMM CTYTIEHEM CKIATHOCTI.

KmoyoBi ciioBa: cucrema ImiATPUMKY IPUIHATTS PillleHb, MITYYHI HEHPOHHI MepesKi, TeHeTUYHUIT aJITOPUTM, MOITYJIAILiS.
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PO3III3HABAHHS IIOPO/IU I OIIHKA KHUBOI BAT'1 BEJIMKOI POTATOI XY/10B11 HA OCHOBI
METO/IIB MAIIIMHHOI'O HABYAHHS I KOMIT'IOTEPHOTO 30PY (c. 64—74)

0. O. Besconog, B. O. Jle6enes, O. I. Jle6enes, I0. €. Merenn, /1. B. Ipouyxan, O. I'. Pyzenko

3anponoHoBaHuil crocié BUMIPIOBaHHS TIAPAMETPIB BEMUKOI poraToi Xyao0u 3 BUKOPUCTAHHSM HEHPOMEPEKEBUX METOMIB 00poOKU
300pakens. JL7IsT IIbOTO 3aCTOCOBYIOTCST IEKITbKaA HEPOMEPEKEBIX MOJIETEN: 3TOPTKOBA MITYyYHA HEHPOHHA MePEsKa, a TAKOK HaraTonrapoBiit
nepcenTpon. llepia BUKOPUCTOBYETbCS /U PO3ITi3HaBaHHA KOpoBu Ha (otorpadii i izenTudixanii ii mopoan 3 MojaIbIINM BU3HAYCHHSAM
po3MipiB i Tita 3a 1011OMOT0I0 MeTOALY cTepeorcica. [lepcenTpon 3acTOCOBY€EThCS /711 OIIIHIOBAHHS Mach KOPOBH Ha OCHOBI iHhopMartii mpo ii
nopojy i poamipu. B sxocti mityunoi Heiipontoi Mepeski o6pano sroprkoBy Mepe:ky Mask RCNN (Mask Regions With CNNs).

Jlns yrounenus indopmanii npo Ghisudni mapaMeTpu TBapuH A0AATKOBO BUKOpHCTOBYyeThest 3D kamepa (Intel RealSense D435i). 3ot
OpaskeHHsT KOPIB, 3HATHX M/ PISHUMI KYTaMH, 3aCTOCOBYBAJINCS [UIsI BU3HAYEHHS TapaMeTpiB iX T 3a I0MOMOT0I0 (h)OTOrpaMMETPHYHOTO
METOLY.

Po3mipn Tisia KOpOBH BU3HAYAIOTHCS 3 AHATi3y 300paskeHb TBAPIH, 3POOJIEHITX CHHXPOHI30BAHUMH KaMepaMi 3 pi3Hux ctopin. CrodaTky
Ha 300paskeHHi i1eHTH(DIKYEThCsA KOPOBa I BUSHAYAETDCs i1 MOPO/a 3a I0MOMOTOI0 3rOPTKOBOI HeliporHoi Mepeski mask-renn. IToriM mapamet
TPH TBAPUHM BU3HAYAIOTHCS 32 IOTIOMOT0I0 MeTOLy cTepeoricica. OTpuMaHi aHi po MOPOy i po3MipH MOAAIOTHCS Ha IPOTHO3YIOUY MOJIEJIb,
sIKa BU3HAYa€ rependadyBaHy Macy TBapHHIL

[Tpu MoziesTIOBaHHI B SIKOCTI TTOPiJT KOPIB, 0 PO3T3HABAIUCS, PO3TIISIIATICS TTopoan Afipimipebka, lommtuaebka, /kepceeiichka, YepBoHa
creroBa. BukopucTtanns nepefiHaBueHoi MepesKi 3 MOJaIbIINM i1 JOHABYAHHM 32 [0TIoMoroio asnroputmy SGD i BUKopucTaHHsIM BiZieoKkapTu
Nvidia GeForce 2080 (CIITA) 103B0INIO 3HAYHO NPUCKOPUTH TIPOIIEC HABYAHHSI B TIOPIBHsIHHI 3 HaBuaHHsM Ha CPU.

OTpumani pesyabsTaTH MiATBEP/UKYIOTh e(DeKTHBHICTD 3aCTOCYBAHHS 3alIPOIIOHOBAHOTO METOTY JIJIs BUPIIIEHHS MPAKTHYHIX 3aB/aHb.

Kiouosi cioBa: 06po6ka 306paskeHb, 3rOPTKOBA Mepeska, HaratonapoBril epCenTPoH, CTEPEOTICIC, TPOTHO3YI0UA MOJIENb, HABYAHHSL.



