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PE®EPAT

OtcnexxnBanne 0ObEKTOB SIBJISIETCSA OJHON M3 CAMbBIX CJIOKHBIX M HAUMEHEEe U3YUCHHBIX 3a71a4 B
00JIaCTH KOMIIBIOTEPHOTO 3PEHUS, OCOOCHHO MPUMEHUMO K OECHUJIOTHBIM JIETATEIbHBIM
anmmaparam (BIIJIA). B mepByro ouepenb, 95TO BBI3BAHO HEKOTOPHIMHU MpoOJIEMaMu
orciexxuBanus o0beKTOB ¢ BIUIA, Takumu kak OOJIbIIIOE pACCTOSTHUE 10 OOBEKTOB CIICKEHUS,
HIUPOKUN CHEKTP pa3MEPOB OTCIECKHBAEMBIX O0BEKTOB, W T.A. ClenoBarelibHO, IJis 3aa4u
OTCICKUBAaHUS TpeOyeTcs THOKWMWA Ha BBINIOJHEHUE TMI0J3a/lady QJIrOPUTM C [IUPOKOM
BO3MOXXHOCTBIO TIapaMeTpUYECKONM HacTpoWku. Takum oOpa3oM, I1enbl0 JaHHOW pPadOTHI
SABJISUIACh pa3pabOTKa M MporpaMMHasi peaau3alus MeToaa UACHTU(PUKAIIMN U OTCICKUBAHUS
00BEKTOB B pexume pealbHoro Bpemenu ¢ BILUJIA. [lns BeImodHEHUS 3TOW Henu OBLIN
MOCTABJICHBI CIEAYIONIME 3a/1a4d: aHAIM3 CYIIECTBYIOLIUX AJTOPUTMOB IITyOOKOTro OOy4YeHUs
JUISl IETEKTUPOBAHUS U OTCJICKHMBAHUSI OOBEKTOB Ha M300paKECHUSIX;, aHAIM3 OCOOCHHOCTEH
JETEKTUPOBAHMS TS 33]1a4 OTCJICKUBAHUS OOBEKTOB, pa3pabOTKa U MpOrpaMMHas peaTu3arus
METO/1a OTCJIEKUBAHUS; 00y4yeHHe, TECTUPOBAHKNE HAa MOATOTOBIEHHOM JIaTACETe U MPOBEICHHE
CPaBHHTEIILHOTO aHall3a PE3yJIbTaTOB OTCIACKHBaHUA. B xome paboThl OBLT TMPOBEACH
MO3TAIHBINA aHAJIN3 CYIIECTBYIOIMHUX AJITOPUTMOB TITyOOKOTO OOyUEHUS I JETCKTUPOBAHUS U
OTCJICKMBaHUS OOBEKTOB Ha u300paxkeHusx. Pa3pabotaH W mnporpaMMHO peaan30BaH
TPEXKOMITOHEHTHBIM METOJ] OTCIICKUBAHHS OOBEKTOB, BKJIIOYAIOIINHA JTETEKTHPOBAHUE CETHIO
YOLOv4eft, popmupoBanmne kapThl MPU3HAKOB Pa3HOCTHBIX M300pakeHUi cBepTouHON 10TH
CIIOTHOM CeThI0 M OTCJEeKHMBaHUE OOBEKTOB AByHarpaBieHHOU cerbio biLSTMeff. B xoxe
KOMILJIEKCHOTO aHain3a 3(Q(PEKTUBHOCTH CETEH NETEKTUPOBAHUS PA3IMYHBIX aPXUTEKTYp ObLI
apryMEHTHPOBaH  BBIOOp  apXWTEKTypbl  jAeTektupoBanuss YOLO. B wactHocTH,
ontumu3anmonHass cetb YOLOv4eff Obuta HampaBiieHa Ha TOBBIIICHHE TOYHOCTH
JETCKTUPOBAHMS 3a CYET HWCIOJB30BaHMS MoaupuiupoBaHHbiXx MetofoB CSP, ¢yHkmum
aktuBanmu Swish u 1p. MBI IPOEMOHCTPUPOBAIM, UYTO MPEIJIOKEHHBIN JIBYHAIPaBICHHbBIN
biLSTMeft, koTopslit 00y4yaeTcsi Kak Ha MOCIEAYIOMNUX U300PAKEHHIX, TaK U HA MPEABITYIUX
sBisieTcs 3(PQPEKTUBHBIM HHCTPYMEHTOM B 3ajade OTCIeKHUBaHMSA. [IpoTecTHpOBaHHBIN METO.
Ha AaHHBIX BuaeocheMku ¢ BITJIA mokasanm mpeumyiecTBO pa3padOTaHHOTO aJrOpUTMa IO
CPaBHEHMIO C CYIIECTBYIOIUMU aliroputMamu otciexxuanust ROLO u DeepSort.



PODEPAT

AncouBanHe ab'ektay 3'1yisera alHoN 3 caMbIX CKJIaJaHbIX 1 HATMEHI BBIBYYaHbBIX 3a7ad Y
rajiHe KamI'loT3pHara TIJIeJKaHHs, acadiiBa JacracaBajbHa Ja OECIIJIOTHBIM JIATAJILHBIM
anapatam (bIUIA). ¥V mepmiyro yapry, rata BbIKJIIKaHa HEAKIMI Mpadiemami aJcoYBaHHS
ab'ekray 3 BIUJIA, Takimi sk Bsjiikae ajyieryiaciib ja ab'ekray cauyd’HHs, MIBIPOKI CHEKTP
namepay ajacouBaHbIX ab'ekrtay, 1 r.a. TakiM ublHaM, JUIsl 3aJaybl aJICOYBaHHS naTpadyenua
THYTKI Ha BbIKaHaHHE TM0/13a7[a4 JIFapbITM 3 IIBIPOKANM MardybIMacIio TapaMeTpbIYHal HaTa Ibl.
TakiM yblHAM, MATall Jaj3eHal Mpallbl 3'Iyisiacs pacmpaioyka i mparpaMMHasi pdaaji3allbis
MeTaay IIPHThIQIKALBI 1 aJcouyBaHHS al'ekTay y pakbiMe pianbHara yacy 3 BIUIA. Jns
BbIKAHAHHS I3Tall MATHI ObUTl MAcTayJeHbl CIeA3bME 3a7aubl: aHaJi3 ICHYIOUBIX alrapblTMay
rIpI0OKara HaBYYaHHs IS OTEKTUPOBAaHUS 1 aacoyBaHHS ab'ekTay Ha MaIOHKAX; aHami3
aca0miBacIsly AJTOKTaBaHHSA MM 3a4ad aJcouBaHHS ab'ekTay, pacmpaioyka i mparpamHas
paami3aiplsi METaay aJCOYBAHHs; HaBY4YaHHE, TACTAaBaHHE Ha MaJPBIXTaBaHBIM JaraceTe 1
npaBsi3eHHE NapayHallbHara aHaiai3y BbIHIKAY aJCOYBaHHA. Y X039 paOOThl ObIY MpaBe/i3eHbl
Maj’TalHbl aHalll3 ICHYIOYBIX ajrapbITMay TIJblOOKara HaBy4YaHHS [UIsl JASTIKTABaHHA 1
ancouBaHHa al'ektay Ha MamoHKax. PacmpamaBaHbl 1 mparpaMHa  paIajii3aBaHbl
TPEXKOMIIOHEHTHBIM MeTaJl ajfcouyBaHHs al'ekTay, sKI VKiIO4ae JIITIKTABaHHE CETKal
YOLOwv4eft, papmipaBanHe KapThl IPHIKMET PO3HACHBIA MAIIOHKAY cBepTOUHOM 10TH coiHOM
ceTkail 1 oTciexeHbicTaBaHHE al'ekray nByHampasieHHOW cerkaii biLSTMeff. V xonze
KOMIUIEKCHAara aHajiu3a 3(EKThIYHACLl CeTaK JITIKTABaHHSA pO3HBIX AapXITIKTyp ObIy
aprymeHTam-PoBan  BbIOap  apXiTOkTypbl  J3T3kTaBanHs YOLO. YV mpsiBaTHacI,
anTeIMi3arpliHbIXHAs ceTKy YOLOv4eff Obuta HakipaBaHa Ha MaBBIMIDHHE JaKJIaHACII
JPTIKTABaHHs 3a KOIIT BBIKAphICTaHHS MajplpikaBaHbiXx MeTanay CSP, dyHKIBI akThIBaIlbIi
Swish 1 iHm. Mel npagsMaHcTpaBaii, WTO MpanaHaBaHbl AByHanpaBieHHbIM biLSTMeff, ski
HaBydaellla sK Ha HACTYNHBIX MATIOHKAX, TaK 1 Ha mamsgpiyAHIX 3'aynsenua B(I)GKTBIyHI)IM
IHCTpYMEHTaM Y 3aJaubl aicouBaHHs. [IpaTacTaBaHbIHBI MeTal Ha JaJ3€HBIX BiJPA3JBIMKI 3
BIUIA mnakazay mnepaBary pacopaljaBaHblHara ajrapblTMy Y TNapayHaHHI 3 ICHYIOYBIMI
anrapeiTMami afgcouBanas ROLO 1 DeepSort.



ABSTRACT

Object tracking is one of the most sophisticated and least researched tasks in computer vision,
especially with respect to unmanned aerial vehicles. Primarily it caused by several challenges
such as high distance to the tracking objects, variety in object sizes, camera motion, etc.
Consequently, the tracking task requires a method that is flexible on subtasks modifying with a
wide possibility of parametric tuning. Thus, the goal of this work was to develop and program a
method for identifying and tracking objects in real time from a UAV. To achieve this goal, we
set the following tasks: analysis of existing deep learning algorithms for object detection and
tracking; analysis of detection techniques for object tracking tasks, software implementation of
the tracking method, its training, testing on the prepared dataset and conducting comparative
analysis of tracking results.

The step-by-step analysis of existing deep learning algorithms for detecting and tracking
objects in images was carried out. A three-component method for tracking objects has been
proposed, including detection by the YOLOwv4eff network, the feature map of differential
images generating by a 10-layer convolutional network and object tracking by the biLSTMeff
bi-directional network. Our comprehensive analysis of the effectiveness of detection networks
of various architectures has proved the choice of YOLO detection architecture. In particular,
our optimization method within YOLOv4eff addresses higher accuracy by improving the
network architecture, using modified CSP techniques, Swish activation function, etc. We
demonstrated that the proposed bi-directional biLSTMeff, which learns both on subsequent
images and on previous ones, is effective tool in the object tracking task from UAV. A
comprehensive comparative analysis of the effectiveness of the proposed method on the basis
of the collected dataset from UAVs shot at an altitude of 10-30 meters was carried out and
proved the benefit in accuracy compared to the up-to-date ROLO and DeepSort track-ing
algorithms.



