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IF'EOMETPUYHA INEHTUDIKALIA JUHAMIYHUX
OB’€EKTIB HA ITOCIIAOBHOCTAX 30bPA’KEHD

B pesymprati poboTH pOo3po0NEHO MiAXiA MO0 IIBUAKOI imeHTHQIKAIii JMHAMIYHUX
00’€KTiB, IO OMHUCYIOTHCS SK TOYKA B METPHYHUX IIPOCTOpaX, IPOIEC imeHTH]IKaIii
BiIOyBa€THCS HAa OCHOBI MPHUITYIICHHS PO OJIM3BKICTh TOYOK, 110 BiJIIOBIAAaI0TH Pi3HUM CTaHAM
omHOTO 00’€KTa y 3amaHOMy MeTpudHOMY mpocrtopi. [IpencraBnennii miaxim O6a3yeThcs Ha
MOPIBHAHHI BifIcCTaHEH MiXK TOYKaMH, IO ONHCYIOTH CTaH 00’ekTy. Pesympratm pobotn
pealti3oBaHO B BUIJISI MPOTPAMHOTO 3a0€3MEeUCHHs s iaeHTU(IKaIli THHAMIYHIX 00’ €KTIB
Ha TIOCJIIIOBHOCTSIX LU(POBUX 300pakeHb Ta Bizyasizalii Takux ekcriepuMeHTiB. [IpoBeaeHo
TECTYBaHHS MiJXOAYy HAa CHHTCTUYHHMX NAHMX Ta Ha PCATbHHUX MaHUX I IMCHTU(IKAIT
00’€eKTiB, 3HaliIeHUX Ha Bineo. [i.: 4. bibmiorp.: 12 HazB.

KoarouoBi cioBa: ineHtudikamis AWHAMIYHUX OO0’€KTIB, METPHUYHHMH TNPOCTIp;
OMM3BKICTh TOYOK.

IlocranoBka mpodaemu. OOpoOka muppoBUX 300paxkeHh Ta BIIEO
HaOyna BEJIMKOTO 3HA4YeHHs Yy MPAaKTUYHUX 3a7adax cydacHocTi. OfHiero i3
NOJIOHMX 3aJlau € aHaJli3 MOCIIJOBHOCTEH 300pakeHb ISl MOILIYKY Ha HUX
pyxoMux 00’ekTiB. B 3amauax momryky o0’€KTiB CYyTTEBHMH MpOrpec Mokasaiu
IITY4HI HeHpoHHI Mepexi, Takl sk YOLO [1] a6o R-CNN [2]. BaxiuBoro
3Ha4YEHHS y croco0ax OTpUMaHHs Ta aHallizy 300pakeHb HaOyBarOTh IPAKTUYHI
3aCTOCYBAaHHS O€3MMIJIOTHUX JITAJIbHUX arapariB, HaOpUKIAJ, JUIsl aHajizy
3eMHOI MMOBepXHi [3] Ta OyIiBeNbHUX KOHCTPYKIiH [4, 5], MOHITOPHHTY hepM Ta
eNeKTpUYHUX Mepex [6, 7]. B Takux 3amauax BUHUKAE HEOOXITHICTH
BU3HAYCHHS Ta iAeHTU]IKAIlI] KOHKPETHUX 00’ €KTIB, IKi MOKYTh 3HAXOIUTUCH

B MIPOIIEC] PYXY.

AHami3 ocra”HHiXx JociaimkeHb. B cyuacHUX — JOCHITKEHHSAX
NPUILISETbCST 0arato yBaru J0 BAOCKOHAJIEHHS AQJITOPUTMIB MOHIYKY Ta
BIJICITIIKOBYBaHHSI 00’€KTiB Ha Bizeo [8, 9], 30Kkpema, MOKPAIICHHIO SKOCTI
MOIIYKy OO’€KTIB 13 BUKOPUCTAaHHSM INTy4yHUX HeHpoHHuX Mepex [10]. B
poborax [11, 12] posmisgaroTbcs METOIM Ha OCHOBI Teopii rpadiB Ta
baifeciBChbkMX Mepex i pO3B’s3aHHS 3a/avi BiCIIIKOBYBaHHS MHOXXHH
00’exTiB. HaBeneHi MeToau /J03BOJSIOTH JOCATTH KpalluX pe3ylbTaTiB, ale
noTpeOyroTh 3HAYHUX JOAATKOBUX OOUHUCIIOBAJIbHMX BHUTpAaT Ha IIOLIYK
PO3B’A3KiB, 110 MOKe OyTH HEMTPUJATHUM Y 33aa4ax iIeHTU(DIKallii B pealbHOMY
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4aci, TOMy MOKJIMBUM HAINPSMKOM JOCIHIKEHb € TOMIYK OUIBII IIBHIKHX
cnoco0iB ieHTudiKaIii 00’ €KTiB.

Meta po6oTu. Po3poOka miaxoay Ta MpOrpaMHOrO 3a0e3MEeYCHHS IS
MIBUJIKOT iIeHTU(IKAIlli THHAMIYHIX 00’ €KTIB, CTaH SKUX 3aJ[aHUH SK TOYKHU Y
0araTOBUMIpHUX METPUYHHUX MPOCTOPAX.

OcHoBHa yacTuna. Chopmynoemo 3anady ineHTrudikaiii 00’ exTiB: IS
TOUKOBOT MHOKMHH Y 6araToBuMipHOMY TIpocTopi P = {pi, ..., pu}?, AKa 3a1ana
TOYKaMu p; = (X1,..., X4), U0 YHIKQJIbHHUM YHUHOM XapaKTEepPHU3YyIOTh BXIIHI
00’€KTH, Ta 3alaHUX MOCIIJOBHUX MOMEHTaX 4acy ¢ Ta f+1, BU3HAYUTU TaKy
Bi/IIIOBiTHICTH MiXK IBOMa cTaHaMK MHOXUHU P’ ta P!, mo:

p; eP'=p; eP™, (1)

SIkmio Ha BXIZHOMY MPOCTOPI 3aJaHa Jesika MeTpuka d, Toxni ymona (1)
Moxke OyTu nepeopmylboBaHa sK:

d(pi, Pj) <dmin; 2)

1€ dmin — I€SKA TIOPOTOBA B1JCTAHb.

Takum uymHOM, ymoBa (2) 0Oa3yeThCsi Ha MPUIYLIEHHI, L0 OJHAKOBI
00’exTH, 200 IX CTaHH y MOCIHIJOBHI MOMEHTHU Yacy 3HAaXOASTHCS OMU3BKO B
METPUYHOMY MPOCTOPI, IO HATAE MOXKIIMBICTh BU3HAUATH TaKi 00’ €KTH abo iX
CTaHU. B gKoCcTi MeTpHKM MO)ke OyTH BHKOpUCTaHa Oyab-sika (DyHKIs, 110
3aJI0BOJIBHSIE YMOBaM:

d(p,q) =0,
d(p,q)=0|p=q, 3)
d(p,q) = d(p,w)+d(w,q).

Posmissnemo mpukinan ineHTH(ikanii 00’€KTIB Ha CHHTETUYHOMY
NPUKIIAIL, U SIKOTO OYJI0 3reHEpOBAHO JABOBHUMIPHY TOYKOBY MHOXKHUHY, IS
KOKHOT TOUKH SIKOi OyJ10 337]aHO BHUITAJIKOBUI BEKTOP 3MIILIEHHS, IPUKJIIAI ABOX
iTeparniii pyxy HaBeIeHO Ha puc. |, KO)KHAa TOYKAa TMO3HAYCHA YHIKATbHUM
KoJIbopoM. [IpoTsarom cUMyNSLii 3HAXOIUMO Tapu TOYOK, IS  SIKHX
BUKOHYETHCSI YMOBa (2) 32 HACTYITHOIO CXEMOIO:

1) 3a1a€MO HYTbOBE 3HAUEHHS JIUUIBHUKY TOMUJIKH € JUIs1 KOOKHOT TOUKH
Ha KpoIli +1 Ta ckiagaemMo yci momapHi KOMO1HAIlli TOYKH 3 TOYKaMHU KPOKY #;

2) cepen ycix MOTEHUIMHHMX Map 3HAXOAMMO Napy i3 MiHIMaIbHOIO
BIJICTAHHIO MIX TOYKaMH Ta iX I1HACGKCH Yy BXITHUX MacHBaX, SKI TaKOX
VHIKQJTbHIM YHHOM MTOCTABIICH] y BIIMOBIAHICTh KOXKHIM TOYII;
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3) SKII0 1HIEKCH TOYOK B Tapi 13 MiHIMAJIBHOIO BiJICTAHHIO OJTHAKOBi, TO
MEPEeXOAUMO /IO HACTYMHOI TOYKM 3 MHOXHHH KpOKy ¢ + 1, SKmo Hi, TO
301IBIITYEMO JIIYMIBHUK TTOMUJIKH JIJISL IOTOYHOT TOYKH Ha OJMHHULIO € = e + 1;

4) BU3HAYa€MO 3arajibHy OMUIIKY JUIS yCiX TOYOK MiX iTepamisimu ¢+1 Ta

“4)

ne Np — 3arajbpHa KUJTBKICTh TOUOK. Ha puc. 2 moka3aHo 3aJIeKHICTh CepeaHiX
3HA4YEHb OMUJIKH 32 BUPA3OM (4) AJIsl pi3HUX 3HAYCHb dyin. Ha puc. 3 HaBeneHo
3aJIEXKHICTD IIOTOYHOT'O 3HAYEHHS € BII dmin.
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Puc. 2. Cepenni 3HaYEHHS TOMUJIKH B 3aJI€XKHOCTI Bil Umin

[IpogemMoHCTpyEMO 3acTOCYBaHHS WIAXOAY OO 3amadi imeHTudikamii
3HAMJACHNX OO0’€KTIB Ha BiJ€O, MOIIYK 00’ €KTIB 3A1MCHIOBABCS 3aco0aMu
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mTy4Hoi HeliponHoi mepexi YOLO, takox moxxke Oytu Bukopucrana [ITHM
R-CNN, a6o Oynb-sikuii mogiOHUl 1eTEKTOp 00’ €KTIB.
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Puc. 3. 3anexHicts moTOUHOI MTOMUIKH € tst dmin = {1, 2, 3}

JleTexTopu 00’ €KTIB 3/IIHCHIOIOTH MONIYK 00’ €KTiB HA 300paKCHHSIX Yepe3
3HAXO/KCHHS BIATIOBIAHMX OOMEXYIOUHX MPSIMOKYTHHUKIB (puUC. 4), HEAOTIKOM
TaKHWX CHUCTEM € Te€, III0 BOHU HE 11eHTU(IKYIOTh 3HaineHi 00’ektu. B poboTi
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MIPOTIOHYETHCSL  3aCTOCYBaTH BHUIIEHABEJACHUN TMiaxing g0 imeHTudikari
YHIKaJIbHUX OO0’€KTIB Ha MOCIHiZOBHOCTI 300pa’ke€Hb, B SKOCTI TOYKOBUX
MHOKMH  BUCTYNIATUMYTh ~ MHOXXUHH  3HalJCHUX  OOMEXYBaJbHUX
IPAMOKYTHHKIB B’ Ta B'"! 171s momnepe1Hp0ro Ta IOTOYHOTO KazIpy, BiAMOBiIHO.
Koxen enement b; € B sBnsie Habip 3Ha4eHb B TPHBUMIPHOMY IIPOCTOPI {X, ),
w/h} — {KOOpIMHATH LEHTPY, CIiBBIIHOMICHHS CTOPIH .

B pesyabrari TecTyBaHHs OylI0 TPOBEACHO CKCICPUMEHTH Ha
nocioBHOCTI 3 50 po3Mi3HAHUX 300paKeHb, OIIHIOBAHHS BijOyBajIoch 3a
Mo (IKOBaHOK YMOBOIO (4):

E=—L, )

ne N;ta Np— KUTbKICTh HEBIPHO i7IeHTH(HIKOBaHUX 00’ €KTIB Ta KIJIBKICTh KaJIpiB,
Ha sIKil 00’ eKT Oyno 3HANACHO, BIAMOBIIHO.

| By B

Puc. 4. Pe3ynbTaT noiryky 00’€KTIB Ha IMOCJIIJOBHOCTI KaIpiB

BHCHOBKH i mepcneKTHBHU MOJAJIbIIMX J0CHizKeHb. B pesynbrari
pobotn po3pobieHo miaXig A0 iAeHTHdIKAMl JUHAMIYHUX 00 €KTIB, IO
ONHUCYIOTBCS SIK TOYKM B METPUYHHUX MPOCTOpax, Mpolec ifAeHTU(iKaril
BiJI0yBa€ThCs HAa OCHOBI IPUITYIIEHHS PO OJIM3BKICTh TOYOK, 1110 B1IMOBIAAIOTh
pI3HUM CTaHaM OAHOTO OO0’€KTa y 3aJaHOMY METPHUYHOMY MPOCTOPI.
PesynbraroM BUKOHAHHS POOOTH € CTBOPEHHS OOUUCITIOBATIHBHOTO TPOTPAMHOTO
3a0e3meyeHHs As i1eHTUdIKalii TUHAMIYHUX 00’€KTiB Ha MOCIHiJOBHOCTAX
nuppoBUX 300paxeHb Ta Bi3yamizalli Takux ekcrnepuMeHTiB. [lomambimi
JOCHiKeHHs OyayTh CHpsIMOBaHI Ha aBTOMAaTH3alil0 MiOOpy mapameTpiB
CHCTEMH.

Crnucok JgiTepaTtypu:
1. Wang C.-Y. Scaled-yolov4: scaling cross stage partial network / C.Y. Wang, A. Bochkovskiy,
H.-Y.M. Liao. — 2021. — 13029-13038 p.

77



BicHuk HauyioHanbHoO20 mexHiyHo20 yHieepcumemy "XII', 2023, Ne 1-2 (9-10)
ISSN 2079-0031 (Print) ISSN 2411-0558 (Online)

2. Girshick R. Rich feature hierarchies for accurate object detection and semantic segmentation
/ R.Girshick, J. Donahue, T. Darrell, J. Malik. — USA : IEEE Computer Society, 2014. — 580
587 p. — ISBN 978-1-4799-5118-5.

3. Kleinschroth F. Drone imagery to create a common understanding of landscapes / F.
Kleinschroth, K. Banda, H. Zimba, [et al.] // Landscape and Urban Planning. — 2022. — Vol.
228. — P. 104571.

4. Asnafi M. A review on potential applications of unmanned aerial vehicle for construction
industry / M. Asnafi, S. Dastgheibifard // Sustainable Structures and Materials, An International
Journal. —2018. — Vol. 1, No. 2. — P. 44-53.

5. Mandirola M. Use of uas for damage inspection and assessment of bridge infrastructures / M.
Mandirola, C. Casarotti, S. Peloso, [et al.] // International Journal of Disaster Risk Reduction. —
2022. - Vol. 72. — P. 102824,

6. Hafeez A. Implementation of drone technology for farm monitoring & pesticide spraying: a
review / A. Hafeez, M.A. Husain, S P. Singh, [et al.] // Information Processing in Agriculture.
—2023. -Vol. 10, No. 2. — P. 192-203.

7. Schofield O. B. Autonomous power line detection and tracking system using uavs / O. B.
Schofield, N. Iversen, E. Ebeid // Microprocessors and Microsystems. — 2022. — Vol. 94. — P.
1046009.

8. Liu C. Robust object detection with inaccurate bounding boxes / C. Liu, K. Wang, H. Lu, [et
al.] // Computer Vision — ECCV 2022 / S. Avidan, G. Brostow, M. Cissé, [et al.]. — Cham :
Springer Nature Switzerland, 2022. — P. 53-69.

9. Mandel T. Detection confidence driven multi-object tracking to recover reliable tracks from
unreliable detections / T. Mandel, M. Jimenez, E. Risley, [et al.] // Pattern Recognition. — 2023.
— Vol. 135. — P. 109107.

10. Yuan J. Identification method of typical defects in transmission lines based on yolov5 object
detection algorithm / J. Yuan, X. Zheng, L. Peng, [et al.] // Energy Reports. — 2023. — Vol. 9. —
P. 323-332.

11. Han S. ORT: occlusion-robust for multi-object tracking / S. Han, H. Wang, E. Yu, Z. Hu //
Fundamental Research. — 2023. — P. S2667325823000328.

12. Saada M. A multi-object tracker using dynamic bayesian networks and a residual neural
network based similarity estimator / M. Saada, C. Kouppas, B. Li, Q. Meng // Computer Vision
and Image Understanding. — 2022. — Vol. 225. — P. 103569.

References:

1. Wang, C.-Y., Bochkovskiy, A., Liao, H.-Y.M. (2021),. Scaled-YOLOv4: Scaling Cross Stage
Partial Network, in: Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern
Recognition (CVPR). pp. 13029-13038.

2. Girshick, R., Donahue, J., Darrell, T., Malik, J. (2014), Rich Feature Hierarchies for Accurate
Object Detection and Semantic Segmentation, in: Proceedings of the 2014 IEEE Conference on
Computer Vision and Pattern Recognition, CVPR ’14. IEEE Computer Society, USA, pp. 580—
587. https://doi.org/10.1109/CVPR.2014.81.

3. Kleinschroth, F., Banda, K., Zimba, H., Dondeyne, S., Nyambe, I., Spratley, S., Winton, R.S.
(2022), Drone imagery to create a common understanding of landscapes. Landscape and Urban
Planning 228, 104571. https://doi.org/10.1016/j.landurbplan.2022.104571.

4. Asnafi, M., Dastgheibifard, S. (2018), A Review on Potential Applications of Unmanned
Aerial Vehicle for Construction Industry. Sustainable Structures and Materials, An International
Journal 1, 44-53. https://doi.org/10.26392/SSM.2018.01.02.044.

78



BicHuk HauyioHanbHoO20 mexHiyHo20 yHieepcumemy "XII', 2023, Ne 1-2 (9-10)
ISSN 2079-0031 (Print) ISSN 2411-0558 (Online)

5. Mandirola, M., Casarotti, C., Peloso, S., Lanese, I., Brunesi, E., Senaldi, 1. (2022), Use of
UAS for damage inspection and assessment of bridge infrastructures. International Journal of
Disaster Risk Reduction 72, 102824. https://doi.org/10.1016/j.ijdrr.2022.102824.

6. Hafeez, A., Husain, M.A., Singh, S.P., Chauhan, Anurag, Khan, Mohd.T., Kumar, N.,
Chauhan, Abhishek, Soni, S.K. (2023), Implementation of drone technology for farm
monitoring & pesticide spraying: A review. Information Processing in Agriculture 10, 192-203.
https://doi.org/10.1016/j.inpa.2022.02.002.

7. Schofield, O.B., lversen, N., Ebeid, E. (2022), Autonomous power line detection and tracking
system  using  UAVSs. Microprocessors ~ and  Microsystems 94,  104609.
https://doi.org/10.1016/j.micpro.2022.104609.

8. Liu, C.,Wang, K., Lu, H., Cao, Z., Zhang, Z. (2022), Robust Object Detection with Inaccurate
Bounding Boxes, in: Avidan, S., Brostow, G., Cissé, M., Farinella, G.M., Hassner, T. (Eds.),
Computer Vision — ECCV 2022, Lecture Notes in Computer Science. Springer Nature
Switzerland, Cham, pp. 53-69. https://doi.org/10.1007/978-3-031-20080-9_4.

9. Mandel, T., Jimenez, M., Risley, E., Nammoto, T., Williams, R., Panoff, M., Ballesteros, M.,
Suarez, B. (2023), Detection confidence driven multi-object tracking to recover reliable tracks
from unreliable detections. Pattern Recognition 135, 109107.
https://doi.org/10.1016/j.patcog.2022.109107.

10. Yuan, J., Zheng, X., Peng, L., Qu, K., Luo, H., Wei, L., Jin, J., Tan, F. (2023), Identification
method of typical defects in transmission lines based on YOLOV5 object detection algorithm.
Energy Reports 9, 323-332. https://doi.org/10.1016/j.egyr.2023.04.078..

11. Han, S., Wang, H., Yu, E., Hu, Z. (2023), ORT: Occlusion-robust for multi-object tracking.
Fundamental Research S2667325823000328. https://doi.org/10.1016/j.fmre.2023.02.003.

12. Saada, M., Kouppas, C., Li, B., Meng, Q. (2022), A multi-object tracker using dynamic
Bayesian networks and a residual neural network based similarity estimator. Computer Vision
and Image Understanding 225, 103569. https://doi.org/10.1016/j.cviu.2022.103569.

Iocmynuna (received) 30.06.2023

Cmammio npeocmasug 0-p. mexu. HayK, npog., 3as. Kag. ceomempuunoo
MoOentoganHsa ma Komn romeproi epaghixu Hayionanbnoeo mexniuno2o yrieepcumemy
"Xapxiscokuii nonimexuiunui incmumym” Llloman Onvea Bikmopisna

Dashkevych Andrii, Cand. Tech, Sci.

National Technical University "KhPI",

Str. Kyrpychova, 2, Kharkiv, Ukraine, 61002

Tel.: +38 (095) 388-04-56, e-mail: dashkewich.a@gmail.com
ORCID 1D:0000-0002-9963-0998

79



BicHuk HauyioHanbHoO20 mexHiyHo20 yHieepcumemy "XII', 2023, Ne 1-2 (9-10)
ISSN 2079-0031 (Print) ISSN 2411-0558 (Online)

YK 004.932

I'eomeTrpuuna igeHTudikamis AUHAMIYHEUX 00’€KTiB HAa MOCTiZOBHOCTSIIX
300pa:kens / JlamkeBnu A.O. // Bicuuxk HTY "XIII". Cepis: Indopmarrika Ta
MozemoBanHs. — Xapki: HTY "XIII". — 2023. — Ne 1-2 (9-10). — C. 72 — 80.

B pesymprati poboTH pO3pOONEHO MiAXiM A0 IMMIBUAKOI imeHTH]IKaril
JUHAMIYHUAX 00’€KTIB, IO OMUCYIOTHCS SIK TOYKH B METPHYHHX HPOCTOpax, MpOLEC
igeHTudikamii BiIOyBa€ThCS HAa OCHOBI NMPHIYIIEHHS NP0 ONMU3BKICTH TOYOK, IO
BIJIMIOBIIAIOTh Pi3HUM CTaHaM OJHOTO 00’€KTa y 3alaHOMy METPHUYHOMY IIPOCTOPI.
[IpencraBnennii miaxix Oa3yeThcss Ha TOPIBHSHHI BiJICTAHEW MiX TOYKAMH, IO
OIUCYIOTH CTaH 00’ekTy. PesynmbTatn poOOTH peanizoBaHO B BUTJISII MPOrPamMHOTO
3a0e3nedeHHs I ifeHTUdiKalii AMHAMIYHUX 00’ €KTIB Ha IMOCIIIIOBHOCTSX [IU(PPOBHUX
300pakeHb Ta Bizyaltizailii TakuxX eKcriepuMeHTiB. [IpoBeeHo TecTyBaHHS IMTiX0Ay Ha
CUHTCTUYHMX JIAHUX Ta Ha PealIbHUX JaHUX IS 1IeHTU(IKaIlii 00’ €KTiB 3HAHCHUX Ha
Bizeo. Ln.: 4. Bioumiorp.: 12 Ha3B.

KarouoBi cioBa: igerTrdikamiss AHHAMIYHIX 00’ €KTiB; METPUYHUN TPOCTIp;
OJIM3BKICTH TOYOK.

UDC 004.932

Geometric identification of dynamic objects on image sequences /
Dashkevych A. // Herald of the National Technical University "KhPI". Series of
"Informatics and Modeling". — Kharkov: NTU "KhPI". —2023. — Ne 1-2 (9-10). - C. 46
—54.

As a result of the work, an approach to fast identification of dynamic objects
described as points in metric spaces has been developed, the identification process is
based on the assumption of the proximity of points corresponding to different states of
the same object in a given metric space. The presented approach is based on the
comparison of distances between points describing the state of the object. The results
of the work are implemented in the form of software for the identification of dynamic
objects on sequences of digital images and visualization of such experiments. The
approach was tested on synthetic data and on real data for the identification of objects
found in the video. Figs.: 4. Refs.: 12 titles.

Keywords: dynamic objects identification; metric space; proximity of points.

80



