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SELECTING CONTOURS OF OBJECTS IN THE VIDEO
STREAM USING THE ADAPTIVE CANNY ALGORITHM

Po3pobneHo MoanGikoBaHUI alTOPUTM BHIUICHHS KOHTYPIB y PEXHMi peajsbHOro 9acy Ha OCHOBI
KJIaCHYHOTO anroputMy KeHHi. 3ampomoHOBaHUH MigXif JO3BOJSE OTPUMYBATH YITKO BHIIUICHI KOHTYpU 0e3
PO3MUTTS. AJNTOPUTM Ma€ BUCOKY CTIHKICTh 10 IMITYyTECHHX IIyMiB. O0'€KTOM MOCITIIKEHHS € METOMH 1 3aco0n
BUSIBIICHHS 00'€KTIB iHTEpECY B PEKUMI pealbHOTO Yacy. 3p00JIeHO aHaNi3 [IUX METOIB, BUSIBIICHI HEHOIKH.

Karouosi ciioBa: xoHTYp, 300pakeHH:, po3IizHABaHHA 00pa3iB, KOHTYPHHUH aHATI3

A modified algorithm for selecting contours in real-time mode based on the classical Canny algorithm
is developed. The proposed approach allows you to receive clearly distinguished contours without blurring.
The algorithm has high resistance to pulse noise. The object of research is the methods and means of
identifying objects of interest in real time. An analysis of these methods has been made, deficiencies have
been identified.
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Beryn

3aBnanHs MOOYIOBM CHCTEM AaBTOMATHYHOTO PO3IMI3HABAHHA O0'€KTIB Yy pPEXKUMI
peanbHOro yacy Ha ChbOTOJIHIIIHIN JeHb IPUBEpPTAE yBary 0ararbox JOCIIIHUKIB. Y IbOMY
HaMpsIMKy HUMH PO3pOOJIEHO BEIMKY KIIbKICTh MaTeMaTUYHUX 1 QITOPUTMIYHUX METOJIB,
AK1 JI03BOJIAIOTH PO3OWUTH 1[I0 3a7ady Ha MiJ3ajadi 1 po3B’s3yBaTH ix okpemo. [lpu
PO3B’sA3aHHI JESIKHX 3a7ja4 00poOKH 300paskeHb Y PoJli MEPEIIKOl MOXKYTh BUCTYIIATH Ti UM
1HIIII KOMITOHEHTH CaMoro 300pakeHHS. 3 TOYKM 30pY IILOTO 3aBJIaHHS, OKpeMi Jerai
300pakeHHsI BCEepeIuH] MOALTIOBaHUX obnactel € mepemikonoro. o6 mpubparu mrym i
3aiiBl neTaiai 3 300paKeHHs, a TaKOXK BHUIUIMTH KOHTYpH 0O0’€KTa Ha 300pakeHHI,
BUKOPHCTOBYIOTb Pi3Hi (PiIBTPH.

AHaJI3 OCTaHHIX JOCTiTKeHb i myOaikamii

SkicTh po3mi3HaBaHHS JOBUTEHUX 00'€KTIB O€3MOCEPEIHBO 3aNICKHUTh Bl CKIAJHOCTI
KoJIbOpY (hoHy. OCOOIMBO 11€ XapaKTEPHO IS 3a7a4l po3Mi3HaBaHHS 00'€KTIB Y MPUPOITHUX
yMoBax (Jic, TpaBa 1 T.J.), TOMy L0 Haiyactimie Kojip 30iraerbcs (abo OMU3bKUI) 3
KOJIbopoM (OHY ab0 MOro OKpEMUMH €JIEeMEHTaMH. 3a3BU4aid, 00 MpUOpPATH IIyM 1 3aiiBi
JieTaji, BUAUIAIOTh KOHTYpU 00'ekTa B Kajapi. i 11bOro BUKOPUCTOBYIOTh pPi3HI KOHTYpHI
aJTOPUTMH, HAMIPUKJIIAJ, KJIacHIHui anroputMm Kenni [1].

Knacuunmit anmroputm Kenni (puc. 1) crnouarky 3miamkye 300pa)keHHS i
3MeHIIeHHs rymy. [10TiM 3HaXOIUTh Tpali€eHT 300pakKeHHS B KOXKHIM TOYIII I BUIUICHHS
oOsacTeil 3 HaNOLIBIIO BEIMYMHOIO MPOCTOPOBOI MOXiAHOI. Jlami anroputM NMpoxXoauTh
Mo UX O0JIACTAX 1 MIYIMIUTH MIKCENl 3 HE MaKCUMaJbHUM 3HAUYCHHSIM TpajieHTa. Macus
IPAJi€HTIB Jlajli CKOPOYYETHCS MPOLEIYpPOIO TICTEPE3UCYy, 10 BHKOPUCTOBYETHCS JUIS
00poOku mikcenel, siki He Oynu npurntymieHi. [Ipouenypa ricrepe3sucy BUKOPUCTOBYE J1Ba
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noporu. SIKIo BeJWYWHA TpajiieHTa MEHINA 3a MEPIIHA, TO MIKCEeIh YCTAHOBIIOETHCS B
HYJIb (HE KOHTYp). SIKIIO BeMWYMHA TpajieHTa OUIbIIa IPYroro mopora, TO IIKCEIb
YCTAHOBIIIOEThCS B MaKCHMaJIbHE 3HA4YCeHHS (POOMTHCS KOHTYpOM). SIKIIO BeIMUYHMHA
JISKUTH MIXK JIBOMA [TOPOTAaMH, TO MIKCEIIb HE BCTAHOBIIIOETHCS B HYJIb, TIOKH HE 3HAIICHUH
IUISX BiJ] TAHOTO TMIKCETS JI0 MIKCEIs 3 BETUYHHOIO TPaJieHTa OUIBIIOI0 33 IPYTUil MOPIT.
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Puc. 1. Knacuunuii anroputm Kenni

Ha npyromy kpoui kimacuuHoro anroputMmy KenHi BinOyBaeTbcs MOLIYK Ipaji€HTa
IHTEHCUBHOCTI 300pakeHHs. KoHTyp y 300pakeHHI MOK€ BKa3yBaTH Ha Pi3HI HaIpPSIMKH,
TOMY anropuT™ KeHHi BUKOPHUCTOBYE MacKy ICEBIO-3TOPTKU (pHC. 2) JUIsl BUSBICHHS MEX
y po3muTomy 300paxenHi. Jlocmimkenns oneparopis [Iproitt [2], Cobens [3], Ppes-Uena
[4], Illappa [5] cBiguarh, 110 BiNOYBA€THCS MOCHIICHHS KapTH KOHTYPIB, 3aJI€KHO Bij
3HA4YEHHs MeHTpabHOTO Koedimienta macku. s [proitt — 1, as @pes-Uena — ﬁ, TSt
Cobemnst — 2, lllappa — 10. Yum Ounbmuii koedimMieHT, TUM CUJIBHIIIE BUIIISETHCI MEXa.
OpHak, pa3oM 3 BUIUICHHSIM MEX — BHIUISIOTHCS 1 IIYMH (TIOMIJIKOBI KOHTYpH 00'€KTa).
L{i Mmacku po3po0IIeHi 3 TAKUM PO3PaxyHKOM, II00 BOHM MaKCHMAJIbHO BiMOBIIAIM KyTaM,
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po0iraroyu 1mo 300pakeHHIO0 BEPTUKAIBLHO W TOPU30HTAIBHO BIJHOCHO MIKCEIIBHOT CITKH.
Macku MOXYTh 3aCTOCOBYBAaTHCS OKPEMO JIJIsl BX1THOTO 300paskeHHsI, 00 OO0YHCIIOBATH
BIINMOBITHO KOMIIOHEHTH TPaJIiEHTa [0 KOKHOMY HarpsMky (Gx i GYy).

Pio| Pe| Ps
Po| Ps| Pe
Pr| Pol| Ps

Puc. 2. Macka nceBno-3ropTkH, sika BUKOPUCTOBY€ETBCS IS IIBUJIKOTO OOUMCIICHHS
HaOIMKEHOTO 3HAYEHHS IPaIieHTa

BukopucroBytoun 1110 Macky, koMmrnoHeHTH rpajieHTa (GX 1 Gy) 1opiBHIOIOTb:

G, =B +HR+B)-AR+E+E)
Gy =(A+E+R)-(B+R+A)

Omneparop BUSBIEGHHS MEX IIOBEpTa€ 3HAUCHHs JUId TNepmioi KomOiHarii B
ropu3oHTansHoMy HampsaMmKy (Gx) 1 B BepTukambHOMy HampsMmky (Gy). 3Biacu MoxHa
BU3HAUUTH IPAaHUYHUN IPATI€HT 1 HAMPSIMOK:

G = ,Gj + G
IlocTanoBKka mpoodsieMu

3aBlaHHA BUAUICHHA KOHTYPY KOPJOHIB € YaCTUHOIO 3aBJaHHS JETEKTYyBaHHS 1
TPEKIHTY 00'€KTIB y peKHUMI1 peajbHOTO Yacy.

Mera pmanoi poOOTH: AOCTHIIUTH €(PEKTUBHI METOMM BHUIUICHHS KOHTYPIB OO'€KTIB
IHTepecy B PEKHMI PETbHOTO Yacy 1 MOJIMIINUTHU SKICTh BUIUICHHS KOHTYPIB PyXOMHX 00'€KTIB.

Y poboTi MpOBOAUTHCA MOCTIDKEHHS 1 YIOCKOHAJIEHHS ICHYIOUMX KOHTYPHHUX
METO/IIB JIJIsl BUJIIJIEHHS 00'€KTIB y B1JCOIMOTOIII.

BuKkJ1a1 0CHOBHOTO MaTepiaty

Jlnst BUpILIEHHS 1bOTO 3aBJaHHS Yy JAaHIM poOOTI MPOMOHYETHCS BUKOPHUCTOBYBaTH
MOM(IKOBaHUI ANTOPUTM BUALIEHHS KOHTYpiB KeHHI. Ananrailis BiiOyBaeThCs Ha OCHOBI
a”ami3zy 1Hopmalii Hpo 3Ha4YeHHs eHeprii rpanieHrta. llpoBomuTbess mnepeTBOpeHHS /
30UTbIIEHHS] 3HAYEHHS Tpaji€eHTa 3aJieKHO BiJ IOro IOYaTKOBOIO 3HAYEHHS 1 IIyMY.
301UIbILIEHHS BiIOYBAa€ThCSl Ha eTami MOOYJOBH CHJIM KOHTYPIB 3a PAaxyHOK BHUKOPHCTAHHS
PI3HUX 130TPOIHMX OIEpaTopiB 3 pI3HUMH KoedilieHTaMu. 3aJeXHO BiJl BHXIJIHOTO
300paskeHHs] BUKOPUCTOBYEThCS OfIiH 3 orieparopis [IproiTt, Opesi-Uena, Cobens ado [llappa.

Crioyatky TpOBOIMTHCS TOMEPEAHE BUALICHHS KaJIpy KOKHHUM i3 3alIPONIOHOBAHUX
130TponHuX omneparopiB. Ha HacTymHOMy Kpormi /Ui BHOOpPY ONTHMAJIbHOIO OIEpaTopa
MPOMOHYETHCS JIBA MIJXOAU: PO3PAXyHOK KUIbKICHOT OLIHKU IIYMY KaJpa Ta 3aCTOCYBaHHS
OiHApHOTO MEIIaHHOTO (ITBTPA.
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JInst  KUTbKICHOT OIIHKKA IIyMYy Kajapa BiJICOMOCTIAOBHOCTI 3aCTOCOBYIOTHCS
CTaTUCTHYHI TOKa3HHUKH. SIk aOCOJIOTHA OIlIHKA 3aCTOCOBYETHCS CEPEIHBbOKBAIPATUYHE
BIIXWJICHHSI PEAIbHOTO CHUTHAY, IO OMUCYE 300paKeHHS, TOOTO CEpeIHHOKBAJAPATHIHE
3HadeHHs myMmy Nrms. BoHO Moke OyTH po3paxoBaHe 3a GOpPMYIIOLO:

2B -AGD? | [EL,ANZ(Q)

Nrms = -
k k

e A1 B — 3HaYeHHS KOPUCHOTO 1 PeaIbHOTO CUTHAIY, K — KUIbKICTh TUCKPETHUX BiJJTIKIB
curnany, AN (i) — 3Ha4eHHS IIyMy IS 1-TO BUITIKY. SIK BIAHOCHA OIlIHKA 3aCTOCOBYETHCS
MiKOBE BiJHOIICHHS KOpUCHOro curHainy jgo immymy PSNR (peak-to-peak signal-to-noise
ratio). /lana BennunHa Mae JorapupMiyHII BUITIAL 1 00YMCITIOETHCS 32 GOPMYIIOIO:

n7 F ‘)-I".‘.‘":E.k'
PS5NRE = 20log, ( )

Nrms

ne Amax — MakcHMajbHE 3HAueHHs CUTHAITY, Nrms — CepeJHbOKBAJIpPATUYHE 3HAYCHHS
rymy, pospaxoBase 3a gpopmynoro Nrms.

Binapuuii Mexiannuii Ginsrp aie Takum wnHoM [7]. OGupaersest aneprypa 2if | o
MICTUTh HEIapHE YUCIIO N SIEMEHTIB.

d ©
=¥y,
i=1j=1 ’

Tlicis OmMTYBaHHS anepTypH OTpuMyeMo {X', .., ¥"} — mocminoBHicTh 3 n umcel.
[TpaBuiO OpURHATTSA pPIIEHHS JUId MEJAlaHU IOJIAra€ B TOMY, II0 MU YHOPSAIAKOBYEMO
eIEMEHTH TOCTiIOBHOCTI {¥*, ..., X"} B HOpAAKY 3POCTAHHS i SK 3HAYECHHS BHUXOIY
Yij (BuxifHe 300pakeHHsI) BHOMPAEMO «CEpEeHiil MO0 HOMEPY» €IEMEHT BIOPSAKOBAHOI

n+1
mocmigoBrocti  {X¥%, .., X"}, TOOTO 3HAYEHHs, IO CTOITH Ha(1T)MiCHi B

YIOPSAKOBAaHOMY CIIMCKY 3HaY€Hb BX1IHUX IiKcemniB. [ OiHapHOro mMeniaHHOro (iabTpa
MH OTPHMYEMO HACTYITHE MPABHIO NPUHHATTA pimeHss /= 1, skmo B ameprypi
2 Ginpme oaMHUIG, HiK HyniB; Y= 0, sKm0 B ameprypi 2; Ginpme HYIIB, HDK
oquHuUIb. OTpuMaHe 300paKeHHS MMOPIBHIOEMO 3 OPUTIHAJIOM, MICJISI YOTO 3aCTOCOBYEMO
oreparopa, Ik Jja€ Kpallll MOKa3HUKH.

AnantuBHui anroput™ KenHi MokHa c(opMyIrOBaTH HaCTYmHUM yuHOM. CrioyaTky
BiZIOYyBa€TbCcA TOMNEPEAHE BHUJIJICHHS KOHTYpPIB 3a paxyHOK 3acTOCYBaHHS OIlepaTopa
[proitt, ®pes-Uena, Cobenst, [appa. st kokHOTO 3 00pOOICHUX KaIpiB PO3PAXOBYETHCS
NoKa3HUK sikocTi (mo mymy). [loTim BigOyBaeTbcs MOPIBHSHHS pPE3y/IbTaTiB 1 BUOID
ONTUMAJILHOTO TOKa3HUKa. Bubip ONTHManbHOTO TOKAa3HWKA JIO3BOJSIE BU3HAYMTHU
koedinieHTH omeparopa. Ha ocHOBHOMY eTami aganTHUBHOro anroputMmy Kenni
3aCTOCOBYETHCS OIeparop, SKuii OyB oOpaHHii Ha monepeTHbLOMY Kpolli. ToOTo — croyarky
MPOXOANTHh (IIBTpAIlisl, TOTIM OCHOBHE BHUJIUJICHHS KOHTYpPIB, TOTIM 3HAXOKEHHS
napaMeTpiB IpajiieHTa ONTUMaJIbHUM OIIEPaTOPOM, MOTIM 3IVIaJKYBAaHHS HE MAKCUMYMIB, a
noTim ricrepesuc (puc. 3).
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Puc. 3. brok-cxema agantuBHoro anropurMmy Kenni

BucHoBku

3anpornoHoBaHUM MiX1/1 JO3BOJISIE OTPUMYBATH OUIBII YITKI KOHTYPH 300paxeHb 0e3
PO3MUTTS. 3aCTOCYBaHHS aJaiTUBHOTO anroput™my KeHHi 103BOjsi€ iICTOTHO MOJIMIINUTH
AKICTh BUAUIEHHS KOHTYpIB Ha 300pa’ke€HHI, aje MPU3BOAUTH 0 30UIbLIEHHS 4Yac poOoTH
anroputMy. B ocHOBHOMY 1ie BiOyBa€ThCs, y 3B’SI3Ky 3 HEOOXIJHICTIO YOTHPU pa3H
JIOJJATKOBO MPOBECTH BUJIIJICHHSI KOHTYpIB 300pakeHHs. ABTOpaMHM IUIaHY€ThCS 3MEHIIUTH
yac BUKOHAHHS alropuTMy B MailOyTHbOMY 3a JONOMOTOI0 BXKMBaHHS HeE
nudepeHIialbHuX ONepaTopiB.
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RESUME

E.O. Shevchenko, A.V. Agarkov

Selecting contours of objects in the video stream using the adaptive Canny algorithm

The task of building systems for automatic object recognition in real time now
attracts the attention of many researchers. In this direction, they have developed a large
number of mathematical and algorithmic methods that make it possible to break this
problem into subtasks and solve them separately. In solving some problems of processing
images in the role of obstacles, these or other components of the image itself can act. From
the point of view of this task, individual details of the image within the shared areas are an
obstacle. To remove noise and unnecessary details from the image, as well as highlight the
outlines of the object on the image, use different filters. The borders on the picture are
areas with sharp jumps in the intensity of the color when changing from one pixel to
another. The selection of contours in the image is used to significantly reduce the amount
of data during processing, while retaining the basic structural properties of the original
image. The task of defining a path is part of the task of detecting and tracking objects in
real time. The research and improvement of existing contour methods for selecting objects
in the video stream is carried out in the work. A modified algorithm for selecting contours
in real time is developed based on the classical Canny algorithm. Canny classic algorithm
is topical today and underlies many modern algorithms for outlining contours. The
proposed approach makes it possible to obtain clearly discernable contours without
blurring. The algorithm has a high resistance to impulse noise. The object of the study are
methods and means of identifying objects of interest in real time. The analysis of these
methods is carried out, shortcomings are revealed. These results will additionally be used
in the development of real-time detection and tracking systems for moving objects.
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