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CUCTEMA BI3YAJIBHOTI'O MYJIBTITPEKIHI'A B PEAJIBHOMY YACI
REALTIMEVISUALMULTITRACKINGSYSTEMY

B crarTi posrisHyTa npoGieMa Bi3yadbHOIO MYJbTITPEKIHTa. 3alpoIlOHOBAaHA
peanizaiis CHCTeMH MyJbTiTpekiHra Ha 0a3i ¢pelimBopka ROS. B cucremi
BUKOPUCTOBYEThCA MOJU(DIKAIliS MAXOMy TPEKIHra Ha OCHOBI JAETEKTYBaHHS, y SKii
JUIs IOOYI0BU TPAEKTOPIT IiJIe Ha MPOMIDKHUX KaJIpaX BUKOPUCTOBYETHCS HE3AJIEKHI1
TpPEKEPH Ha OCHOB1 KOPETSIIHHUX PUIBTPIB.

Kuarouosi ciaoBa: Komm’rorepHuil 3ip, Bi3yaldbHHI TPEKIHT, KOPEISIIAHUN
GiTbTp, MyIBTITPEKIHT, TPEKIHT Ha OCHOBI JIETEKTYBaHHSI.

Puc.: 2. bi61.: 6.

The article proposes implementation of the multitracking system based on the
ROS framework. It is suggested to use a modification of method of tracking by
detection, in which trackers based on correlation filters are used to construct the target
trajectory between the key frames.

Keywords: Computer vision, visual object tracking, correlation filter,
multitracking, tracking by detection.
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AKTYaJIbHICTh TeMH J0CJIiIsKeHHs.3a/1a4a BIICTE)KCHHS MHOXHHHU 00'€KTIB Ha
BiJICO B pEaIbHOMY Yaci € HEBIJI'€MHOI0 YaCTHHOIO 0aratbOX MPHUKIAJIHHX 00JacTel
KOMII'FOTEPHOTO 30pY, TAKUX SIK CUCTEMH BI1JCOCIIOCTEPEIKEHHS, aHali3 JIOPOKHBOTO
Tpadgiky. OcobnuBuii 1HTEpec JdaHa 3ajavya MPEJACTaBIs€ JJii aBTOHOMHHUX
poOOTH30BaHUX AareHTIB, 3JIaTHUX AKTUBHO B3a€MOMISATH 3 HABKOJMUIIHIM CBITOM,
30KpeMa JIs aHalli3y OTOYCHHsS OE3MUIOTHHUM JITaJbHHUM arapaToM, aBTOIIOTOM
aBTOMOO1ISI, IPOMUCIIOBUM 200 JOMAIITHIM pOOOTOM.

IlocTtanoBka mnpodaemu. 3anauy MyJbTITPEKIHTa MOXHA CHOPMYITIOBATH
HACTYNMHUM 4uHOM: HeoOXi/IHO BUSBUTH Ha BiJIe0 00’ €KTH, 110 HAJIEKATh 10 MEBHUX
KJIaciB, Ta MOOYyBaTH JUIsl KOKHOTO BHUSIBICHOTO 00’ €KTa MOTO TPAEKTOPIIO HA Kajapi.
OcCHOBHOIO TTPOOJIEMOIO ICHYIOUMX CHCTEM, SIK1 IPALIOIOTh B PEXKUMI PEasIbHOTO Yacy,
€ HU3bKa TOYHICTH Ta HAJINHICTh BIACTE)KEHHS 00’ €KTIB, [0 PyXaOTHCS HENIHINHO.

AHaJIi3 ocTaHHIX A0CaiTKeHb i myOJikaniii. HaliG1ap111 mommpeHnM MeTo0M
BUpPIIICHHSI 3a/Jadl MYJbTITPEKIHTa HAa JaHUM MOMEHT € TpPEKIHI Ha OCHOBI
NETeKTYBaHHS, B SKOMY JUId MOOYJOBU TpaeKTOpii 00'€KTa BUKOPUCTOBYETHCS
nuHaMivyHa Mozenb Ta ¢unbTp Kammana[l, 2]. Takuil miaxigq BUKOPUCTOBYETHCS Yepe3
BHCOKY IIBHJKICTh po3paxyHKiB. IIpore uepe3 oOmexeHHs ¢inmpTpa Kammana Tta
(dakTUyHy BIJMOBY BiJi BUKOPUCTaHHS BI3yallbHUX O3HAK TaKUH TpeKep MOraHo
CIIPaBJISAETHCS 3 00'€EKTaMU, SIK1 pyXaroThCs HETIHIHHO.

BuginieHHs1 HeZOCJiIKEeHUX 4YAaCTHMH 3arajbHoi mnpobugemu. Jlana crarTts
NPUCBSYCHHS JIOCTIPKEHHIO MOXKJIMBOCTEH BHUKOPUCTAHHS KOPEJSLINHUX TpeKepiB
JUIsl BUPIMICHHS 3a7adl  MYJbTITPEKiHry. PaHile BUKOpPUCTaHHS KOPENISIIHHUX
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TPEeKepiB y CHCTEMax peabHOro 4acy OyJo HEMOXIJIMBHUM, Yepe3 BEIHMKY KUIbKICTb
0o0YHCIIeHb, TMPOTE HEI[OJAaBHO OyJi0 3ampornoHOBaHO MeTona [3], SKuil J03BOJsiE
3HAYHO 30UIBIIMTH IIBHIKICTE poOoTH Kopensmiiinoro tpekepa (300FPS mns oamiei
mimi). Taka MIBUAKICTH T03BOJISIE BUKOPUCTOBYBATH IIE€M MIAXiA ISl BiJCTEKECHHS
MHO>XHHH 00’ €KTIB.

IlocTanoBka 3aBaaHHsl. 3ajadero JaHoOi poOOTH € pPo3poOka ridpuIHOT
CHUCTEMHU BI3yaJIbHOTO MYJBTITPEKIHTa, fIKa MOEAHYE B COO1 METOJ BIICTE)KEHHS Ha
OCHOBI JICTEKTYBaHHsI, Ta METO/I BIJICTEKEHHS 13 JIOMTOMOTOI0 KOPENAIIHHUX (DiIbTPIB.
Po3pobnena cucrema NOBMHHAa B PEXUMI pEATbHOrO 4Yacy BUSBIATH IIUIM, Ta
BIJICTEKYBAaTH TPAEKTOPII0 00’ €KTIB, 110 PYXalOThCS HENIHIKHHO 3 OUIBIIOI0 TOYHICTIO,
HIXK Y ICHYIOUMX CHUCTEM.

Buxiiagennss ocHoBHOro matepiaJy. Jljis BupilieHHs 3a7adl MyJIbTITpeKiHTa
MPONOHYEThCA BUKOPUCTOBYBAaTH MOJUQIKAIII0 MIIXOAY TPEKIHTY Ha OCHOBI
NETeKTyBaHHS, B SIKIA i1 MOOYAOBH TPAEKTOPIi KOXKHOTO 00'€KTa MK KIFHOYOBUMHU
KaJpaMHi BUKOPUCTOBYIOTHCS HE3aJIEKHI TPEKEPH HA OCHOBI KOPEISALINHUX (DIIBTPIB.
[Ticns BUSBICHHS 00’ €KTIB IETEKTOPOM, JIJIsI KOXKHOI 111l CTBOPIOETHCS KOPETSAIIIMHII
TpeKep, [Kil BIACTEXye ii 10 HACTYMHOTO TMOBIIOMJICHHS Bia netekropa. [licis
OTPUMAaHHS HACTYIMHOI MHOXMHH 00’ €KTiB, CIIUCOK I1JIEH OHOBITIOETHCSI.

s peanizaiii cUCTeMU BUKOPHCTOBYEThCS (peiimBopk ROS [4], skwmit
JI03BOJIIE€ PO3UIUTH cucTeMy Ha okpeMi By3nu (Node). Koxken Byszen sBisie co0oro
HE3aJIeKHUI TporpamMHuil mporiec. Moayni OOMIHIOIOThCA 1H(OPMAINEID MUIIXOM
nmyOJikaIi MOBIJOMJICHh y BiAMOBIiAHI Tomiku. KoskeH By3eln, SIKWM TIAMHUCaBCS Ha
TOMIK OTPUMYE KOMIIO TOBIJOMJIECHHS, SKE€ BIAMPABUB I1HIIMK BY307 y 1€ TOMIK.
OOMmiH manumu 37iiicHIoeThesl yepe3 TCPcokeTn, TakuM YMHOM BY3JIM MOXYTh OyTH
G13UYHO pO3MIllIEH] Ha PI3HUX KOMIT IoTepax. 3amporoOHOBaHA CHUCTEMa Mae€ TpU
By3J1a: KaMepa, JIeTeKTop, Tpekep (puc. 1).

3agerekToBaHi
JlerexTop 00’€eKTH

Kanp »(_ Tpexkep

O0’ekTH, 110
BiICTEXKYIOTHCS

e —

Puc. 1. Cxema cucTeMH MYJIBTITPEKIHTA.

Kawmepa. Lleit By3011 BiAmoBiAae 3a myOIiKailito Biaeopsiay. Sk HKepeno JaHuX MOXKe
BHUKOPHUCTOBYBATHCS BeO-Kamepa, Bijieodaiin abo nupekropis 3 Habopom kajpiB. KoskHomy
KaJIpy TPHCBOIOETHCS MITKA Yacy, sika BUKOPUCTOBYETHCS JJIsl CHHXPOHI3aITii.

JleTeKTOp BIJAMOBIIA€ 32 BUSABJICHHS 00'€KTiB Ha Bijeo. [Ipu oTprMaHHI HOBOTO
KaJipy, Ha HbOMY BUSBJISIOTHCS 00'€KTH 3a JOTIOMOTH HelpoHHO1 Mepesxi SSD (Single
Shot Detector) [5]. Jlns miABUIIIEHHS MIBUAKOCTI POOOTH, yC1 KaJIpH, 0 HAAXOAATH Ha
JETEKTOP i 9ac 0OpOOKH MOTOYHOTO 300pa’keHHS, BIIKHIAFOTHCS.
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Tpexep. Tpekep BiAMOBiIa€ 3a BIACTEKEHHS 00’€KTIB HAa MPOMDKHUX KaJpax,
JUISL 1IOTO YISl KOSKHOTO 00’€KTa CTBOPIOETCS He3aJIeKHUM KOpeJISIHH/IHI/II/I Tpexep,
KWW BU3HAYa€ TMO3UIIIO 1T Ha Kaapi. Llelt By3onm oTpumye sk Kaapu Bifeo, Tak 1
MacUBH 00'€KTIB, 1110 BUSBHB JIETEKTOP.

[Ipu oTpuMaHHI HOBOTO KaJpy, OHOBJIIOIOTHCS MO3MLII yCiX IIEH Ha IIbOMY
KaJIpi 13 JOMOMOTOIO X KOPEJSAIIHHUX TPEKEPiB.

[Ipu orpumanHi HaOopy BHSBIEHUX OO'€KTIB B JETEKTOpa, BiAOyBaeThCs
OHOBJICHHS CIUCKY Lijeil. /g toro mo0 mpaBHiIbHO po3paxyBaTH Bi3yaslbHI O3HAKU
JUIS  KOKHOTO OO’€KTy TIOBIJIOMJICHHSI 31 CIOUCKOM BHSIBICHHX 0O0'€KTIiB
CUHXPOHI3YEThCSI 3 KaJPOM 3 KaMepH, a MOTIM MOTOYHOI Hallp 00'€KTIB 31CTaBISAETHCS
3 00'ekTamu, SIKI BUSIBUB JETEKTOp. 3ICTAaBJICHHS BiJOYBa€ThCA 3a JIOMOMOTOIO
YTOPCHKOTO QJTOPUTMY, KPUTEpiEM MOMIOHOCTI 00’€KTIB BUCTyMHAa€ BITHOLIECHHS
IUIOMIMH OOMEXKyBaJbHUX paMoK 0 ix o00’emnanHs (IntersectionOverUnion). 3a
pe3yJbTaTaMu 31CTaBICHHS MOYKJIMBO TPH BUTIAIKH:

e Skimio nBa 00'€KTH 3iCTaBIICHI, TPEKEP KOPUTYE CBOIO MOJIEb, BUKOPUCTOBY-
F0YM MO3UIIO 1 BI3yaJIbHI 03HAKHU BIJMOBITHOIO 00'€KTa, BUIBICHOTO JIE€TEKTOPOM.

e K110 006'eKT IO BiJCHIIKOBYETHCSI HE OyB 31CTABICHUHN 3 KOJHUM 00'€KTOM
3 IETEKTOPA, BIH BBAXKAETHCS BTPAYEHUM 1 MOTO BIJICTIAKOBYBAHHS PUITUHSETHCS.

e SIKII0 BUSBJICHUI JETEKTOPOM O0'€KT HE OYB 31CTaBJICHMIA, BBAXKAETHCA, 1110 B
KaJpi 3'IBUBCS, HOBUM 00'€KT. [IJist HOTO CTBOPIOETHCSI HOBUIM TpPEKEp 3 HOBUM YyHIKa-
JHHUM 1AEHTU(IKATOPOM.

Cunxponizanisi. OCKUIBKH BY3JIH CUCTEMH € HE3aJeKHUMH, 1 MTOBIIOMIICHHS
HAJXOMATh Yy JOBUILHHUI MOMEHT 4Yacy, y BY3Jl Tpekepa Tpeda 3AiiCHIOBATH CHUHXPO-
HI3aIlif0 KaJIpiB Ta MAaCHUBIB 00’ €KTIB K1 BUSIBUB JIETEKTOP.

J1J1st 1bOTO CTBOPIOIOTHCS TpH Oydepa, B MEepIIHii 101at0ThCs TOB1IOMIICHHS SIK1
MICTITh KaJp, y JPYTUid — TOBIJOMIICHHS, SIKI MICTSATh MacuB 00’€KTiB, 10 OyJH
3HaiAeHl Ha kazapi. [licist 1bOTO MOBIAOMIICHHS, SIKI MAalOTh OJIHAKOBY MITKY Hacy,
00’€IHYIOTBCS Yy KOPTEXK 1 JOJAIOThCS JO0 TpeThoro Oydepa, sSKUid y MOJalbIIOMY
BUKOPHUCTOBYE Tpekep (puc. 2).
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Puc. 2. Cxema OydepiB a1 CHHXpOHI3aIlii MOBIIOMIICHb

ExcnepumenTn. /{7151 OlliHKK pe3ynbTaTiB pOOOTH CUCTEMH BUKOPUCTOBYETHCS
oerumapk MOT([6]. Hatacet mictuth 11 Bifeo. Bizeo 3HATI B pI3HOMAaHITHUX yYMOBax
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(pi3Ha OCBITJIEHICTH, KUIbKICTh 00’ €KTIB, IMIBUKICTh Ta XapaKTep pyXy KaMepu TOILO),
IUIE TOTO 100 MPOTECTyBaTH poOOTYy CHCTEMH Yy PI3HUX YMOBaX Ta YHUKHYTH
MPUCTOCYBAHHS JI0 SIKOTOCH MEBHOTO clieHapito. CepeHst MBHUIKICTE poOOTH TpeKepa
cknana 73 FPS, a cepennst Tounicts — 83%.

BucHoBkH. 3aniponoHOBaHa B CTATTI CUCTEMA BIJICTEKEHHS MHOKHHU 00’ €KTIB
B pEATbHOMY 4Yaci, I03BOJISIE MIABUIIUTYA TOYHICTH 1 HAJIMHICTh TPEeKiHTa 00'€KTIB, 110
pyxatoThcsi HemiHiiHO. Lle nmocsraerbcs 3a PaxyHOK BUKOPHCTAHHS KOPEJIAIIHIX
(I)mBTplB Bl3yaJIbHI/IX O3HAK ISl BIICTEKEHHS LIl HA MPOMDKHUX Kajpax. Cuctema
MYJIBTITpeKiHra Oyna peanizoBana Ha 6a3i ROS, 1mo 1030110 3p00OUTH KOMIIOHEHTH
CHCTEMHU HEe3aJeKHUMHU, Ta 3/1IHCHIOBATH PO3IOAUIEHY 00pOOKY AaHUX, 3aBISKH YOMY
MJBUITY€THCS MBUIKICTh T HAAIMHICTh CHCTEMHU.
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REALTIMEVISUALMULTITRACKINGSYSTEMY

Target setting. The problem of visual multiple object tracking is an integral part
of many areas of computer vision, such as video surveillance systems, traffic analysis.
Thi task is important for autonomous robotic agents, capable of active interaction with
the outside world, in particular for the analysis of the environment by an unmanned
aerial drone, autopilot of an autonomous car, an industrial or home robot.

Formulation of the problem. The problem of multitracking can be formulated
as follows: On the video sequence, system must detect objects belonging to certain
classes, and construct for each detected object its trajectory on a frame.

The main problem of existing systems operating in real time is the low accuracy
and reliability of tracking objects that are move nonlinearly.

Actual scientific researches and issues analysis. Currently the most common
method of solving the multitracking problem is tracking based on detection, with a
dynamical model and a Kalman filter. This approach is used because of the high speed
of calculations. However, due to the limitation of the Kalman filter, such tracker does
not handle objects that move nonlinearly.

Definition of uninvestigated parts of the problem. This article studies
possibilities of using correlation trackers for solving the multitracking problem.

The research objective. The objective is to create the system that can
automatically detect and track objects of particular classes on video.

Main results. Improvedmethod of multitracker that uses correlational tracker
was presented. Distributed system for visual multitracking was developed using ROS
framework. Received results were accurate enough and the speed was sufficientfor
real-time applications.

Conclusions. The proposed multitracking method allows to increase the
accuracy and reliability of tracking of the objects moving nonlinearly. This is achieved
by using the correlation filter to track the target between keyframes. The multitracking
system based on this method system was implemented using ROS framework, which
allows independent components of the system and implements distributed data
processing that increase speed and reliability of system.

Key words: Computer vision, visual object tracking, correlation filter,
multitracking, tracking by detection.



