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3aBiaHHA BMSMIBJEHHS 00’€KTIB Ha Bie0300pa’keHHAX XapakTepHa A CYYaCHMX CHCTeM
TexHiyoro 3opy (CT3), opienToBanux Ha pi3Hi (yHKIioHANbHI 3acTocyBaHHs. BusiBasTH 00 exTH
MO’KHA SIK HA CTATHYHHUX BiZe0300pa’keHHSAX, TaK i HA BHIUJIEHHX 3 BieomoToky Kaapax. 3a CBO€IO
CYTTIO BUSIBJIEHHS1 00’€KTiB Ha Bineo300pa:keHHi, Ik MPaBUJ0, 03HAYA€ BHUABJEHHS SICKpPaBiCHUX 4H
KOJbOPOBMX HEOJHOPiIHOCTEH, AKI HA MOJAJBLIIMX eTalmax MOKHA TPAKTYBATH fIK (Qi3M4Hi 00 €KTH.
Kpim nboro, me Mo:xxHa BUKOHYBAaTH omnepanii BH3HAYCHHSI KOOPAMHAT, JiHiHHMX po3MipiB Ta iHIIMX
XapaKTePUCTHK IUX HEOTHOPiTHOCTEH, IKi HAKATi BUKOPHCTOBYBATH /Uil PO3B’SI3aHHA iHIIMX 33134 B
CT3, nanpukaaj, 1js inenTudikauii 00’ ekriB.

JlocIiazKeHo TpH aJIrOPUTMH, SIKI MOKHA BUKOPUCTATH J1J15l BUSIBJICHHSI 00’ €KTIB pi3HOI nNpupoau
3a pi3HUMHU MiIX0JaMU: BHSBJIEHHS KOJIbOPOBHX HEOAHOPIAHOCTEH, BUSHAYEHHS MiKKaJApoBoi pi3HuLi,
BHKOPHCTAHHS /IeTEKTOPa 0CO0JMBHMX TOUYOK. Sk BXinHY iHdopmanilo BHUKOPUCTOBYIOTH BileONOTIiK, 110
BBOIMThCS 3 Bigeokamepu a6o 3 ¢aiina tuny “mp4”. MoaeaioBajan ajJropuTMud Ha yHiBepcaJbHOMY
KOMII I0Tepi Ta Ha amapartHii miatdopmi 3 BiAKpuTHM KOAOM, MOOyIoBaHiii Ha 0a3i mpouecopa
Broadcom BCM2711, quad-core Cortex-A72 (ARM v8) 64-bit SoC i3 po6ouoro uyacrorow 1,5 GHz.
IIporpamu moae/Il0BaHHsI NiAr0TOBJIeHO B cepeaoBuuli Visual Studio 2019 3 Bukopucranusam 6idjiorex
OpenCV4 s Windows 10 na ynisepcaabHomy IIK Ta Linux (OC Raspbian Buster) qas miargopmu 3
BiIKpUTHM KOAOM. 31ilicHeHO MOPiBHAJILHMIT aHAJI3 BUOpaHuX MeToAiB. OTpUMaHi pe3yJIbTATH MOKHA
BHKOPHCTATH B HAYKOBHX JOCHIKEHHSIX Ta JJs npoektyBaHHs peansnux CT3 piszHoro ¢ynkmio-
HAJTbHOT0 MPU3HAYEHH.

KarouoBi cioBa: BusiBjieHHsI 00'€KTiB Ha Bimeo3o0pa:keHHi, ocodauBi ToukH, nerektop ORB,
KOMII'I0TepHuii 3ip, BUsiBJIeHHs pyxoMux 00’ekTiB, HSV koaipna moaens.

Beryn
BuspnenHs 00’exTiB € oHi€I0 3 OCHOBHUX 3ama4 mooyxoBu CT3. CboroHi HEe BAaIOCsS po3poouTn
VHIBEpCaTbHHUI aNTOPUTM JUISl BUSIBICHHS OO €KTIB Ha PI3HUX THUMNAaX Bigeo3oOpaxenp. [lpuumnHa B
Pi3HOMaHITHOCTI 3aBOaHb, IJIs BUPILICHHS SKUX MpoekTyioThbes CT3, y pi3Hild mpupodi 00 €KTIB Ta B
cneruimi ciieH, Ha Bile0300paKeHHI SKUX HEOOXiMHO BUALIUTH 00 €kT. [li mpuumMHM BUMarawThb
PO3pOOJICHHS CIIeIiali30BaHUX AITOPUTMIB a00 ajanTallii BiIOMUX aJIrOPUTMIB 10 KOHKPETHOI 3a1adi Ta
KOHKpeTHHX yYMOB. OcoONMBICTh aJTOPUTMIB Ta 3aiady, siki Mae BUpinryBatH koHkperHa CT3, Hakmanae
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BIJIMIOBiIHI BUMOTH JO amapaTHOro 3a0e3ledeHHs, sSKe MOoXe 0a3yBaTHCsS Ha BHUCOKOIPOTYKTHBHHUX
yHiBepcanpbHUX [1K, MiHI 91 MIKpOKOMII IoTepax ado Ha CIEIliaTi30BaHUX almapaTHUX 3aco0ax.

Y po6oTi pO3TIIIHYTO TaKi METOIH:

* BHUSBIICHHS 00’ €KTIB 32 JJOMTOMOTOI0 KOJIbOPOBUX (DiTIBTPIB;

* BUSIBJICHHS PYXOMUX 00’ €KTIB 3a JOMOMOTO0 MIXKKaIpOBOI Pi3HHULL;

* BUSIBJICHHS 00’ €KTIB 32 JJOIIOMOI'OI0 JIeTeKTOpa 0co0muBux Touok ORB.

JITst TOCTiIKEeHHS X METOIIB PO3POOJICHO MPOTpaMH MOACITIOBAaHHS BIAMOBITHAX aITOPUTMIB JJIS
BUKOHAHHS Ha BHUCOKOMPOIYKTHBHOMY mepcoHanbHOMYy KoM rorepi (IIK) 3 OC Windows 10 ta Ha
MiKpPOKOMII 0Tepi, ClipoeKToBaHOMY Ha 0a3i mpouecopa Broadcom BCM2711 3 4 snepaum Cortex-A72 Ta
poGouoro wactororo 1,5 I'Th 3 iHcranpoBanoro Linux OC Raspbian Buster. IIporpamu monenmoBaHHS
po3pobieno B cepenonuiti Visual Studio 2019 i3 BukopucTanasIM BignoBiaaux 6i6mioTek OpenCV4.

VY pesynbTari MOJIENIOBAHHS 3MICHEHO MOPIBHAIBHUN aHAaJ3 alrOpUTMIB, IO NACTh MOXIIUBICTh
BUOpaTy KOHKPETHUI METOJ Ul IpoeKTyBaHHs BianosinHoi CT3.

Anajai3 myOsikaunii

3anavi BUsABNEHHS 00 €KTIB BHHHKAIM B Pi3HUX cdepax: Bi MPOMHUCIOBHX TEXHIYHUX CHUCTEM,
HaNpHUKIaA, A BU3HAYCHHS NeeKTiB y OeTalsx, 0 CHCTeM CHELialbHOrO NMpU3HAUYEHHS, HAPHUKIA, Y
MEIMIIMHI, PaaiofioKallil, mpu moOyoBi UGPOBUX cHCTEM 3B 3Ky Tomio [1-9]. Po3pobmsuucs pizHo-
MaHITHI MAXOMUM Ta MeToau O00poOsieHHs curHaiiB [10-15], Hampukman, KOpENsiiiHi, y3roipKeHOT
¢bimpTparii.

I3 po3BUTKOM OOYHCITIOBAIEHUX 3aC001B, TTOSIBOIO BUCOKOITPOYKTUBHUX, MAJIOTa0apUTHIX KOMIT FO-
TEPHUX CHCTEM Modvanocsi akThBHE npoekTyBaHHs CT3 ans pizHOMaHITHHX 3acTocyBaHb. Lle mpuBeno mo
IHTCHCHBHHX JOCIIJKCHb B OOJIACTI ajamnTaIlii BiJOMHX METOJIB BHUSBJICHHS 00 €KTIB Ta PO3pOOJICHHS
HOBHX JUISl PO3B’S3aHHS 3aJladi BUSBJICHHSA 00 €KTIB Ha BiZIc0300pakeHHSAX. 3 SBWIKCSA Pi3HI ITIXOIH,
METO/M Ta peani3oBaHi Ha IX OCHOBI AITOPUTMIB, SIKi YCIINIHO BHKOPHUCTOBYIOTHCS B CIEIiaii30BaHUX
CT3, Hampukiaa, BUKOPUCTAHHS KOJNHOPOBUX OinbTpiB [1], BHU3HAYEHHS MDKKAApPOBOI PI3HUIN Y
Bimeomnororli [2], moOyaoBa pi3HOMAHITHHX IETEKTOPIB OCOOJMBHX TOYOK, SIKi JO3BOJISIOTH BHUSABIISATH
00'€KTH HA OCHOBI IX E€TAJIOHHWUX 300pakeHb. Po3poOieHo edeKTHBHI MEeTOAM BUSBICHHS OCOOIMBHUX
TOYOK Ta Ha iX OCHOBI alrOpUTMH AJs Pi3HUX obOjacteil 3actocyBanHs, Hampukiag, ORB [3, 5], SURF
[12—13], FAST [7]. Ans ¢popMyBaHHS IECKPUNTOPiB BUKOPUCTOBYIOTH, Hanpukiaz, anroputM BRIEF [4].

ITocraHoBKa 3aBAaHHSA

[IpoBecTn mociimkeHHs alTOPUTMIB Ha OCHOBI TaKUX METO[IIB BUSBJICHHA 00 €KTIB B Kajpi Billeo-
300paXCHHs, BUALIECHOTO 3 BiJICONOTOKY:

® BUSIBJICHHS 00’ €KTIB 32 IOTIOMOT'0I0 KOJIBOPOBHX (PiIBTPIB;

® BUSIBJICHHS PYXOMHUX 00’ €KTIB 32 JIOMOMOTOI0 MIKKaIPOBOT Pi3HHIIL;

® BUSIBIICHHS 00’ €KTIB 3a JJOMIOMOTOIO IeTeKTopa ocobmuBux Touok ORB.

Jnst [oCipKeHHsT JITOPUTMIB MIATOTYBAaTH MPOTPaMHU 3 peati3alielo Ha amapaTHHUX IUaTdopMax
Pi3HOT MPOTYKTHBHOCTI:

Bupimenns 3aBranus
Merton BusIBIIeHHS 00’ €KTIB 3a JOTIOMOTOIO KOJBOPOBUX (DUTBTPIB IPYHTYEThCSA Ha (BiTbTPYBaHHI 300pa-
JKEHHS 32 KOJIbOPOM: IIYKAIOTh 00’ €KT KOJIM BiH ICTOTHO BiJPI3HSETHCS 32 KOJILOPOM BiJl (JOHY Ta OCBITIICHHSI.
Peani3yioTh arOpUTM TaKUMH €TallaMH:
1) Buginenns RGB-kanpy 3 BizeonoTokys;
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2) xouBeprauis RGB-xampy B HSV-kamp, siky 3mificHIOIOTH Uit KOMGOPTHOTO CHPHUHHATTS
KonbopiB monuHoro, ne HSV (Hue, Saturation, Value-Brightness ) — konipHa Monens mpeacTaBIeHHS
300pakeHHs 3 TphoMa napamerpamu [8]:

a) Hue — konipHuii TOH, (HApHUKIIaA, YePBOHUIA, 3eI€HUI a00 CHHBbO-0aKUTHUH) B fiamazoni 0-360
(mexonm mpuBOIUTHCA B mianazoHi 0—100);

b) Saturation — HacuueHnicts y aiamazoni 0—100;

c¢) Value-Brightness — sickpasicts y mianazoni 0—100.

Kongeprauis RGB y HSV 3niiicHioeTses Tak [9]:

akmo 0 < H<360,0<S5S<1i0<V<1:

C=VxS§;
X=Cx(1-|(H/60°) mod?2 - 1))
m=V-C;

((C,X,0), 0 <H<60

(X,C,0), 60°<H<120°
(R.G'.B)= (0,C,X), 120"<H <180’
T (0,X,C), 180° < H <240°
(X,0,C), 240° < H <300°
(C,0,X), 300" <H <360°

(R,G,B) = ((R'm)x255, (G"+m)x255, (B'+m)*255) (1)

3) BcTaHOBJIEHHS HEOOXiTHOTO MOPOTy KOJIbOpiB Ha ocHOBI HSV Moneni;

4) Ha OCHOBI c(hOPMOBAHOTO Jialla30HY KOJIHOPIB (hOPMYEThCS OiHAPHE 300paKCHHS;

5) BupaneHHs myMis, Hanpukian, onepanisMmu ERODE ta DILATE);

7) momryk 06’ekra 3a Horo GiHaApHUM 300paKEHHSIM.

Ha puc. 1 mokazaHo CKpIiHIIOTH €KpaHiB BXiTHOTO KaJpy, OiHApHOTO 300pakeHHS Ta BHABIEHOTO
00'ekTa Ha BiZc0300pa)XCHHI 3a METOJOM KOJBOPOBUX (iNbTPIB MpPH BUKOHAHHI NpOrpaMy Ha yHiBEp-
cansHOMYy [1K. Buninenuii 06’ ekt 00BeIeHO KOJIOM.

W1 Sy, THEESHOLDER

Lowz 0 | Hightt: 179 — |

IME: 6.69 ms
EPS: 222008EES

Puc. 1. Ckpinwomu expanis 6xiono2o kaopy, OiHapHO20 300padiCeHHs Ma 8UABIEHO20 00 €Kma
30 MemoOoM KONbOPOBUX (Pintbmpie
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Merton oGuncieHHs MikkaapoBoi pisHumi (frame difference) € mpocTimuM METOJOM BHUSBIICHHS
PYXOMHUX O0’€KTIB y BiIEOTOTOIl i €PEKTUBHIIIE TIPAIIOE I BUSABICHHSI PYXOMHX 00 €KTIB Ha CTaTHY-
HOMY (DOHI.

Peani3yeTscst anropuT™M TaKUMU €TaramMu:

1) Bizeokamepa y eBHUA MOMEHT 4acy (ikCye MOCIIiTOBHO ABa KaaApH;

2) i Kaapu KOHBEPTYIOTHCS B MOHOXPOMHE HaliBTOHOBE 300payKeHHS;

3) IpOBOIUTHCS MOMIKCEIbHE O0YMCACHHS PI3HUII IBOX MOHOXPOMHHX KaJpiB [5]:

dfx.y) = 1(x,y) — I1(x,), (2)
ne I(x,y) — iHTerpanbHe 3HAYEHHS IIKCENs 3 KOOPAMHATOI X, Y OTPUMAaHOTO Kajpy B Haci t; [, 1(x,y) —
IHTEeTpasibHe 3HAYEeHHS MIKCENs 3 KOOPAMHATOIO X, Y OTPAMAHOTO KaJpy B "aci —1

4) orpumana pizHuns @e{%, ¥} nopisHIoeTHCS 3 HOporom 7’1 popMyeThes GiHapHa MacKa:

i (30) = 0, skwjod, (x,y)<T 3

1,8 iHWomy sunaoky

ne m,(x,y) — 3Ha4eHHsI -20 eJIeMEHTa MacKu; 1 — BCTAaHOBJIEHUI Opir (piBeHb Yy TJIMBOCTI);

5) oTpuMaHa Macka oOpoOII€TbCI METOAOM MaTeMaTHYHOi Mopdoorii [16];

6) BUSIBIICHHSI 00’ €KTa.

MeTo O0YMCIICHHS MDKKAJAPOBOI PI3HHUII Ha MPAKTHUII Kpalle NpaIfoe 3a BiJHOCHO IMOBIJIBHOIO
nepeMinieHHss 00 €KTiB y moii 30py Bigeokamepu. Ha puc. 2 moka3aHO CKpIHIIOTH €KpaHiB BXiTHOTO
Kazpy, OiHapHOTO 300pakeHHS Ta BHSBIEHOTO 00’€KTa Ha BiZ€0300pakeHHI 32 METOJOM MIKKaJIpOBOi
pi3HHLI Py BUKOHAaHHI Iporpamu Ha yHiBepcansHoMy [1K. Buninenuii 06’ ekt 00BeIeHO NPSIMOKY THUKOM.

TIME: 23.18 ms
FPS: 16.00 FPS

Puc. 2. Ckpinuwomu expanis 6xiono2o kaopy, 6iHapHo20 300padxcenHs ma UAsieHo20 06 €kma
30 MemMoOOM MIHCKAOPOBOI pizHuyi

Merton BHSBJIECHHS KOHKDETHOTO O0’€KTa B KaJApl Bifeo300pakeHHS MOXKHA 3IIMCHIOBATH 3a
OpUTriHAJIEHUM 300pa’KeHHAM 00’ €KTa-eTaony. ETaloH MOpiBHIOETHCS 3 KOXKHUM KaJpoM 13 BiI€OIIOTOKY i
o0macTh Kajpy, Ska Ma€ BIINOBIOHI O3HAKM MOJIOHOCTI 3 €TAJIOHOM, BH3HAYa€ HASBHICTH LIYKAHOTO
00'ekra. IcHye Garato MeTo[iB BHSABICHHS 00 €KTIiB 3a ixHIMK eTanoHamMu. OJHUM 3 HAWIPOIyTHBHIIINX
Ta HAaJIHUX BBAYKAIOTh METO/I BUSBIICHHS 32 JIOTIOMOTOI0 OCOOIUBHX TOYOK. O3HAKOIO OCOOIIMBOCTI TOUKH
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MO>ke OyTH, HallpUKJIal, Pi3Kuil mepenan KoIbopiB, ICKPaBOCTI OKOJIUII, KyTH, Kpai Tomo. BusiBieHus ta
(ikcyBaHHSI OCOOJIMBUX TOYOK PEANi3YETHCS 3 AOMOMOIOIO JAETEKTOpa 0COOIMBUX TOYOK Ta (OPMYyBaHHS
neckpunropa. B anroputmi ORB anst BusiBIeHHsI OCOOJMBUX TOYOK BHKOPHCTOBYIOTH JIETEKTOpP KYTiB
Xappica [6] Ta mipaminy 300paxens [11]. Ilipamiga 300paxkeHHs — Iie OaraToMacmTaOHEe 300paKeHHS
OJTHOTO KaJIpy, SIKE CKIANAEThCS 3 MOCHTIIOBHOCTEH 300paskeHb 13 PI3HOK0 PO3JUITBHOI0 3/1aTHICTIO0. KoxkeH
piBeHb mipamian MiCTUTH 3MEHLICHY BEPCil0 300pakeHHs MONEPEIHbOr0 PiBHSA, IO 3a0e3euy€e YacTKOBY
IHBapiaHTHICTh MO0 3MIHM MacIITa0y 300pakeHHSI.

Ha puc. 3 noka3zaHO CKpIHIIOTH €KpaHIB BXiITHOTO KaJpy, €TaJOHy Ta BHUSBICHOrO 00 €KkTa Ha
B1J1€0300paXKeHHI 32 METOJIOM IOIIYKY OCOOJIMBUX TOYOK AeTekTropoM ORB.

Puc. 3. Cxkpinwomu expanie 6xionoz2o kaopy, emaiony ma 6UasieHo2o 06 exma
3a memoodom ocoonusux mowok demexkmopa ORB

MogenroBaHHsI aNropuTMiB IPOBOAMIM Ha yHiBepcanbHOMy 1K (HOyTOYK) i3 mpouecopom Intel Core
i7 2,4 ITTn, OC Windows 10 Ta Ha Mikpokoml 1oTepi 3 nponecopom Broadcom BCM2711 1,5 I'T'y, Linux
OC Raspbian Buster, ¢yHKIIiOHaTIBHY cXeMy SKOTo HaBeAeHO Ha puc. 4. IIporpamy asst MiKpoKOMIT 10Tepa
rotyBanu Ha IIK y cepenoumii Visual Studio 2019 y Burmani npoekry mig Linux Ta 3aBaHTa)KyBaJIu ISt
BUKOHAHHS HA MIKpOKOMII toTep uepe3 mepexeBuil Byson IEEE 802.11. Pe3ynbratn BUKOHaHHS HNporpamu
MoxHa nepenaBatd B CT3 uepes inrepdeiic USB 3.0. V pasi BukopucTaHHs MIKpOKOMII I0T€pa B CKJIami
peanbHoi CT3 BUKOHABUMI KO TPOrpaMH MOXKHA 3allcaT Ha cucTeMHy SD-kapry.

Knagiatypa, Tucrureii
MHUIII
USB t HDMI
USB 3.0 13
Web ITpouecop < >
Kamepa Broadcom BCM2711 IEEE
P TIK
¢ t 802.11
SD xapra OnepatuBHa
(Linux OC) nam sith 4Gb

Puc. 4. Mikpoxomn tomep na 6asi npoyecopa Broadcom BCM2711 3 Linux OC Raspbian Buster
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[Iporpamu st yaiBepcanbHoro 1K Ta aj1st MIKpOKOMIT F0TEpa peaizoBaHO MOBOIO IMPOTpaMyBaHHS
C++y cepenoruii Visual Studio 2019 i3 BukopucTanHsM Bianoigaux 6iomiorek OpenCV4.

[NopiBHIOBaIM METO/IM HA JIBOX THIIAX BiJIEOIOTOKIB: IOJIT JIiTaka B XMapHOMY Hebi Ta TpaHCIIOpT-
HUH NOTIK Ha aBTOMaricrpaii. Y tabin. 1,2 HaBegeHO cepelHii yac BUKOHAHHS MpOrpaM mija yac peanizamii
pi3HHX MeroniB Ta BesmuuMHy FPS, sika Bkasye Ha KUIBKICTh KaApiB Ha CEKyHIY, SIKi KaMepa BCTHTae
MOHOBHTH MPHU BUKOHAHHI MMPOrPaMH.

Tabruys 1
IMopiBHSIHHSI MeTOAIB BUSIBJIEHHN 00’ €KTIB Ha Bige0300paskeHHi JiTaka
. Yac BUKOHAHHS Ha Yac BUKOHAHHA Ha
FPS (kinbkicTh .
. ) YHIBEPCAIILHOMY Broadcom BCM2711,
KaJIpiB B CEKYH/I
AP YRILY TIK, mc MC
MeTo 1 BUSBJICHHS 00’ €KTIB 32 JOIIOMOT OO
. ! 22,0 6,69 11,2
KOJILOPOBUX (PUILTPIB
MeToq BUSABICHHS PYyXOMHX 00’ €KTIB 3a
8 7 PYXOMIX 05 X1t 16,0 23,18 32,4
JIOTIOMOTO0 MIXKKAIPOBOT PI3HUII
MerTo BUSBICHHS 00’ €KTIB 32 JOIIOMOT OO
33,85 41,24 67,1
ORB-geTekTopa 0cOOIUBUX TOUYOK

Puc. 5. Cxkpinwom xadpy 6i0eo300pasicentss mpancnopmHo20 NomoKy

Tabruys 2

IMopiBHsIHHS MeTO/AIB BUSIBJIEHHA 00’ €KTIB Ha Bige0300pa:keHHI TPAHCIIOPTHOI0 MOTOKY

. Yac BUKOHAHHS Ha Yac BUKOHAHHA Ha
FPS (xinbkicTh .
. ) YHIBEPCAIBHOMY Broadcom
KaapiB B CEKYH,
P Y TTK, mc BCM2711, mc
Meton BusIBIEHHS 00’ €KTIB 3a JJOIIOMOTOIO
A B 14,1 18,34 34,5
KOJILOPOBHX (DiIBTPIB
Meto BUSBIEHHS PYXOMHX 00’ €KTIB 3a
8 7 PYXOMIX 08 €Tt 16,3 9,15 12,1
JIOTIOMOT'0F0 MIXKKaIpOBOT Pi3HHMIL
Mero BusBIIEHHS 00’ €KTIB 3a JOIIOMOIOKO
A A 9,6 32,13 71,4
ORB-nieTekTopa 0COOIUBUX TOYOK
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BucHosku

3nificCHEHO TIpOoTpaMHe MOJIEITIOBAHHS METOJIIB BHUSABIIEHHS 00 €KTIB Ha Bije0300pakeHHI Ha OCHOBI
BUKOPHUCTAHHSI KOJILOPOBHUX (iJbTPiB, BU3HAUEHHS MIKKaAPOBOI Pi3HMLI y Bizeomoromi Ta moOyIoBU
ORB-zerexTopa ocobnuBUX TOYOK. MopenroBaHHs NpoBeaeHO Ha yHiBepcadbHOoMy [IK (HOyTOYK) i3
npouecopoM Intel Core i7 2,4 T, OC Windows 10 Tta Ha MikpokomI toTepi 3 mporecopom Broadcom
BCM2711 1,5 I'Tt 3 Linux OC Raspbian Buster. [Iporpamu migrorosieso B cepenoum Visual Studio
2019 i3 BukopucTaHHAM BimmoBigHuX 0i0mioTek OpenCV4. YV mporieci MOJESTIOBAHHS aITOPUTMIB BUSBHU-
JIOCs1, IO Yac BUSBJICHHS 00 €KTa 3HAYHOKO MIPOIO 3aJISKUTh BiJi JOHY Ta SACKPABICTHOI XapaKTEPUCTUKH
00 exTa. Tak, 1 omHUX TapaMeTpiB HAMMEHIIHA Yac BUSBIIEHHS 00 €KTa Ha Bi/le0300paXKeHHI BUSBUBCS
JUIS MDDKKaIPOBOI PI3HML, a JUIA 1HIIMX MapaMeTpiB UIS METOLY KOJbOPOBUX (UIBTPiB. Y BCiX BUMAIKax
HANOLIBIIIMM BUSABUBCS Yac BUSBJICHHs 00 €KTa Jijis MeToay Ha ocHOBI ORB-aeTekTopa 0cO0JUBUX TOUOK.
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Detecting objects in a video stream is a typical problem in modern computer vision systems that
are used in multiple areas. Object detection can be done on both static images and on frames of a video
stream. Essentially, object detection means finding color and intensity non-uniformities which can be
treated as physical objects. Beside that, the operations of finding coordinates, size and other
characteristics of these non-uniformities that can be used to solve other computer vision related
problems like object identification can be executed. In this paper, we study three algorithms which can
be used to detect objects of different nature and are based on different approaches: detection of color
non-uniformities, frame difference and feature detection. As the input data, we use a video stream which
is obtained from a video camera or from an mp4 video file. Simulations and testing of the algoritms
were done on a universal computer based on an open-source hardware, built on the Broadcom
BCM2711, quad-core Cortex-A72 (ARM v8) 64-bit SoC processor with frequency 1,5 GHz. The
software was created in Visual Studio 2019 using OpenCV 4 on Windows 10 and on a universal
computer operated under Linux (Raspbian Buster OS) for an open-source hardware. In the paper, the
methods under consideration are compared. The results of the paper can be used in research and
development of modern computer vision systems used for different purposes.

Keywords: object detection, feature points, keypoints, ORB detector, computer vision, motion
detection, HSV model color.



