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Metow podoTH € po3podKa MeTomy, IO 3ade3medye BIpINIEHHA VY
peaTbHOMY Hacl 3aBIaHHSA OJHOYACHOTO CIIOCTEpeKeHHA 3a BelHKOI
KUTBKICTHO PYXOMHX 00'€KTIB.

JapnaHHA JOoCTaiNKeHHHA:

1 Amamiz cyJacHHX IMIAXOMIB 0 pO3B'A3aHHA 3aldadl CTeXKeHHd 3a
PYXOMHMH 00'€KTaMIL

2. PozpoOutn MeTo cIIOCTepesKeHHs 38 PYXOMHMH 00'€KTaMIL

3. IIpoBecTH IMITaIlITHe MOIETIOBAHHA B cricTeMl Matlab.

4. IIpoBeneHH OIIHKIH e()eKTHBHOCTI PO3PODOIEHOTO METOIY.
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AKTya/IbHICTb

BypXTHEHH PO3BHTOK TeXHONOTIH INTYYHOTO 1HTeNeKTV B OCTaHHI POKH ICTOTHO
MIOBEHIMHE 4KICTE ABTOMATHYHOIO pO3MI3HABAHHE O00pasiB, J03BOIHBIIH
CerMeHTYBaTH CKI4aJHI CIeHH 1 BHIUIATH O0'eKTH, INO INIKAaBIATh, HK V
BIISOMOTON!L, TAK 1 B JAHHX IHITHX CeHCOPIE, HANPHKIAT, CKAHVIOUHX Ja3epHHX
InanexoMipis. Ile 30KpeMa T03BOIHIO CTBOPHTH CHCTEMH JIOKATBHOI HABITAINT, 9K1
30aTHI IIpalioBaTH 0Oe3 BHKOPHCTAHHA CYIYTHHKOBHX CHCTeM, 3a0e3IedHTH
1TeHTHQIKAIO IepcOHATY MeTOJOM pO3MI3HABAHHA OCl0, PO3POOHTH CHCTEMH
aBTOMATHYHOTO BHABIEHHA IIO3AINTATHHX CHTyamii Ha BHPOOHHYHX O00'eKTax

TOINO.
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Prc.1 - TiOpHTHME MeTOZ CerMeHTAlii Ta CTEXNeHHA 32 PYXOMIEMH 00'eKTanMH
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Merton ciocTepekeHHS 32 pyXOMUMH 00'€KTaMu
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Prc. 2 - KodOmexcHEE MeTOd COOCTEPEEEHHT 33 PYVEOMEME 00 eXTanE 5

3icTaBlIeHHs BUXITHUX JAaHUX 1 OJOKIB, IO

BXOJATH JIO CTPYKTYPH METOTY
Gnowu y crpyurypi meTozy

ANropMTM OWIHEM NAPaMETRIE PyXY MepBMHHA MATPWMUA BiANOBIOHOCTER
ANTOpHTM KOMNNERCYBaHHA THdopmMaLT CnocTepiralTeos obpasu

MNepeTEocpeHHa 40 IArANLHHXE DAMHHLL BUMIpY OzHakW 06'ExTiE

BignoBREHHA KOOPAMHAT ¥ NPOCTORI KoopamHaTk ob'exTie y rnobansHil CH

diasTp Kanmana gna mobanouol CH (kopeyin) Bextopwu craHy ob'exTie ¥ CK ceHcopa 3 ypaxysaHHAM
KOpEeRLT

dinsTp Hanmana gna mobaasuoi CH (nporuos) MNpordosoeaHi BexTopW cTaHy ob'ekTie y rnobansHik
CH

@inbTp Kanmada ana CK cencopa (Kopenyin) BekToOpM cTaHy ob'ekTiE ¥ CH ceHCopa 3 ypaxyBaHHAM
KOPEHRLT

dinsTp Hanmana gna CH cencopa (nporHos) MNporsososadi BekTopw cTaHy of'exTis v CH cencopa

NpoewiwsaHHa HOOPAMHAT MpoeKToEaHI NPOrHO30BaHI KOOPAMHETH
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IMiTaLiMHe moaetoBaHHS
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Prc.3 - Cxema posTANIyEAHHA ceHCOPIE T2 TPACETOPII PyXy i
: Prc.4 - Cxena posTAIIYEAHHA CEHCOPIE TA TPaeKTopil pyxEy

00'EETIE Ha ILTOIIFHL § ) =
00'EETIE ¥ TPHEHMIpHOMY OPOCTOPL MiJ 9ac ApYToro
EHCIIEPHMEHTY :
PEB}"JII:T ATH MOOJeTHBAHHA
TpaekTopil NEepemillEHH 2D 3D
ob'exTie
Crnap, ceHcopis IBi Kamepwu JEi Kamepu Ta LBi Kamepu
Oanesomip

KinbuicTe ob'exTis 10 10 100
Cepepue IHAYEHHA 1.7 1.3 0.98 1
MOMHAKM NOKAAIEAL, CM
CepeauborBa gpaTHYHE 10. 9.83 1.10 1.12
BiAXHMAEHHA NOMHAKH
nokanizauii, cm
MakcumansHe abcoomoTie 10.5 9.8 7.3 498

FHAYEHHA NOMHAKH

noKanizauii, cm

Biguocua 15 14 1.04 0.7
nokanizawi, %
MOTA, % B2 B6 90 85



ETanonHi TpacKkTOpil 475 BCix 00'ekTiB ¥ mpocTopi HAa miomuHi XY

Pac.5 - ETanonsi TpaeKTOpii A7 BCIX 00'eKTiE ¥ Puc.6 - [IprET1aas Kagpis 3 Kanep
IpocTOpi Ha momHEE] XY

ETanoHHi TpacKTOpil HiTeii 3a cerMeHTOBAHHMH JaHHMHA
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Prc. 7 — Etanomsi TpackTopii minel
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CxeMa po3TAIIYBAHHSA KaMep Ta eJIeMeHTiB TpacH
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Prc. 8 — Cxema posTanrysaHHA Karep Ta eTeMeHTiB TPacH Prc. 9 — IIpuxnan pesyIsTaTis NPOLEIypH CerMeHTamnii
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Pe3yabTraTn q0C/iIKeHHA
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Pac. 10 — BigHOBIeH! TpaekTOpii HOTBOTY Prc. 11 — BigsoBaeH! TpaeKTOpii HOTBOTY oxpéuﬁx
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BMCHOBKMW

B mepmony posZull 0yIo IpoBedeHO aHAM3 MITepaTypHHX [IKepel, SKHH IIOKa3aB, IO B
IaHHI "ac ICHYIOTE PI3HL MeTOOH T4 ATTOPHTMH CTe:kKeHHY 33 PYXOMHMH 00'€KTaMH, IIpoTe BCl
EOHH He noz0aBIeH1 HeJOMKIE.

B IpyroMy po3aull OyIo 0OIPYHTOBAHO BHOIp IIOKA3HHKIE OLIHKH MeTOIE CIIOCTepekeHHS
33 PYXOMHMH 00'€KTaMH Ta IPOEeJeHO INOPIBHATBHY XapaKTepHCTHKY ICHYIOUHX 1€PapXITHHX
MAXOMIB 10 peamisamii aIropHIMIB 33 TeMaTHKOK JOCTIKeHH.

V TpeThOMY pO3OLTl BHOKPEMISHO CIOCOOH 3a0esledeHHS poDOTH CHCTEM CTeMeHHI B
peaThHOMY Haci, a caMe MeTOJH 3adesledeHHS BHPIIIEHHH 3aBTAHb CTeXXKeHHT 33 PYXOMHMH
00'eKTAMH B PeKHMI PEalbHOTO Jacy.

V ueTBepTOMY IIPOBOJHIACE PO3podKA MeTOY CIOCTepeKeHH 33 PYXOMHMHE 00'eKTaMH Ha
OCHOB1 KOMILTEKCYBAaHHA PI3HOPLIIHOI cerMeHToBaHOl 1HGopMarmi. bylo BH3HAYEHO CTIPYKIVPY
KOMILTEKCHOTO MeTOAY CTeXeHHST PYXOMHMH 00'€KTaMH B TPHBHMIPHOMY IIPOCTOPI.

V ' gToMy po3Oull OyIo 3mHCHeHO pealisalliio MeTOdy CTeXeHHT 33 PYXOMHMH 00'eKTaMHi
B cHcTeM1 Matlab. ITpoBemeHo iMiTamiiiHe MoOJeTIOBAHHA, MeTa SKOrO — IpAMe MOPIBHAHHS
AKOCTL CTeKeHHA 3a JOIOMOTOK po3po0IeHOro MeTomy 3 BLIOMHMH aHATOTaMH.

[akyto 3a yeary!
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THE METHOD OF OBSERVING MOVING OBJECTS

Abstract. The article analyze: known algonthms for

moving objects. Bazed on an analvus of known

wackms alzonthms
for trackmz moving objects, it was concluded that the best wacking quality in problems with a large mumber of observed
objects 13 achieved by solutions built on the basis of probabiistic and hierarchical methods. Each of them has conplementary

advantages. which creates prospects for
man task of promusing

solutions built on the synergy of these approaches The

Creating new algorithmac
methods 12 that they should provide sase of scaling with an increass in the number of moving

objects that need 10 be monitored, localize objects i three-dimensional space, and also be able to work with heterogensous
senzors. This approach has both purely techmical advamtages and those related to the availability of mucroslectronics

componants i modem geopolitical realities.

Kerywords: tracking, moving objects, pattern recogmtion, computing svstem, logical blocks.

Introduction

The rapid development of artificial mtelligence
technologies m recent yeans has significantly improved
the quality of automatic image recogmition, malang it
possible to segment complex scenes and highlight objects
of interest both in the video stream and m data from other
sensory, for example, scanning laser rangefinders [1-4].

Thas, among other things, mada it posuble to create
Jocal nrvigation systems capable of operating without the
use of satellite systems, ensure identification of persormel
using el recognition, develop systems for
automatically  detecting  emergency artuations at
pto&:mnbnln..‘m.

At the same timae, In many practical tasks =
required not only to recognize the presence of this or that
obgect, but to track and analyze the trajectory of its
movement m the long term.

If an object 1s actively moving to cover all parts of
1ts trapectory, 1t may be necessary to integrate information
ﬁuaw.talmls-'] Thamkbocoman-m

Main part

Promusmg tracking methods should provide ease of
scaling with an increase in the number of moving objects
that need to be tacked localize objects m three-
dimensional space, and also be able to work with
haterogensous sensors. From the pomt of view of
traciong quality, the graatest interest 1s 1 works devotad
to zizgomthms based on probabilistic and erarchucal
mathods

A\lost of the studies reviewed in the Interature review
that had the best quality mdicators were assessed wsing
the MOTA (multiple object tracking accuracy) metnic
using the open APIDIS dataset

In thus rezard, this metric and test data sat are
proposad to be used for this work.

In Table | presents the results of a companson of
the trackms quabity of well-kmown algonthms that have
the best trackone quality according to the multiple objact
traclons zccuracy metric when verifiad on the APIDIS
datz 3=t

Tadie | - Comparison of the quality of tracking
of known algorithms when they are

verified on the APIDIS data set
Tracking algorithm MOTA
Online Multiple Athlete Tracking with Pose- 535
Based Long-Tenn Temporal Dependencies -

Variatsonal inference for 3-D localization ad
traciang of multiple targets uiing multiple V6N
cameras

Muln-camera multi-plaver tracking with desp SL1%
plaver identification in sports video o
Robust real-time 3d tracking of multiple g5
objects with similar appearances 4
Developad algerithmic solutions 8538%

Estmuating  target  Jocalization  accuracy
requirements based on existing work 13 more challengmg.
The fact 1s that in most works, i contrast to trackmg
qnh'mnicglmhdmxowmﬂ;\dmm
works where Jocalization accuracy 13 measured, 15 252
rule, assessed exclusively i the coordmate system and
wruts of measurement of individual sensors. The laner s
due to the fact that m order to assess accwacy durmg field
expenmants, It 1s necessary to know the exact position of
all observed objects at each moment m time wiuch is
much more difficult to ensure in practice, compared, for
example, with marking data sets necessary for calculatme
multiple object tracking accuracy or simalar metncs.

Meathods for solving problems of trackang movme
olpects n real tume.

The ability of a particular algorithen to operate mreal
teme 15 determuned, on the one hand. by its computational
complaxity, and on the other, by the performance of the
mtingdaicaon“bichi:m

As practice shows, m order to acheve hish
parformance m solving problems of wadkons z lase
number of objects, It 13 necessary to uwse specializad
hardware  accelerators alonz with  zemeral-porpose
processars.

Such accelerators, as 2 rule, ars sraphucs processms
unats (GPUs) [8] or reconfizurable prosrammable lozic

12 € Mezm D Kochuk N, Lyachova A, Parnka S Lysw=iz D 2024
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JIOJIATOK B

JlictuHr nporpamu

MatLab
% 3aBaHTaXyeMO 300paxXeHHS
img = imread('image.jpg'):

Q

% BmM3HadYaeMO IOPiI ScKpaBoOCTi
threshold = 180;
% OTpumMmyeMo mikceJsii, SACKpaBiCcTb SKMX BUIE BCTAHOBJIEHOT'O IIOPOTY
bright pixels = find(img > threshold);
% OTpUMyeEMO KOOPIMHATM BlONOBiIHMX Nikcesis

[y, x] = ind2sub(size(img), bright pixels);

% BMBOIMMO KOOPAMHATM SACKPaBMX I[IikceJiB

fprintf ('3uanneHo

$d sckpaBux nikcesis:\n', numel (bright pixels));

for i = l:numel(bright pixels) fprintf('(%d, %d)\n', x(i),
y(i));
end
% [loxal’yeMO 300paxeHHs 3 BUIOIJEHMMM SCKPaBUMM [I1KCeJISaMU
imshow (img) ;

hold on;
plot(x, vy, 'r+', 'MarkerSize', 10).
BusHaueHnHsa GPS koopimHaTu y cepenoBumi MatLab

% Bimoma GPS koopauHaTa njd nikcena (192, 144)
pixel Ax = 192; 82
pixel Ay = 144;

lat known = 49.9935;

lon known = 36.2304;

% PozMipm 30OpaxeHHa Ta MacwrTad® GPS xKOOpIMHAT

image width = 384;

image height = 288;

gps_scale = 1.5/10"5;

% 1 nikcens = 1,5 /10”5 Mm/rpanmycu GPS kOOpOMHATH
% KoopmmuHaTu mnikcens, IS AKOTO HOTPiOHO obumcyamuTu GPS
KOOPIOMHATY

pixel Bx = 250;
pixel By = 81;
% LiHa nixkcejyiBr B MeTpax
PxM pixm = 1;
% OOuMCIIeHHS
PxGPS px gps lat
= pixm * gps_scale;
pPxX gps lon
= pixm * gps scale;
% ObumciienHa GPS koopmuHatTy njasg nikcens (250, 81)
if pixel Bx >
pixel Ax delta lonx=
px_gps_lon* (pixel Bx-pixel Ax);
$BUBHAUAEMO IOEJIbTY



lon
= lon known + delta lonx;
elseif pixel Bx < pixel Ax delta lonx
= px gps_lon* (pixel Ax-pixel BX);
lon
= lon known - delta lonx; end if pixel By
> pixel Ay delta laty= px gps lat* (pixel By-pixel Ay);
lat
=lat known - delta laty;
elseif pixel By
< pixel Ay delta laty
= px _gps_lat* (pixel Ay-pixel By);
lat
= lat known + delta laty;
end
% BuBeneHHS pesyJbTaATy
disp(['GPS koopmuHaTu nikcemns (250, 81):
', numZ2str (lat),

|l
4

', numZ2str(lon)]).



