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AJITOPUTMHU KOHTYPHOI'O AHAJII3Y 30BPAKEHDb

[MopiBHAHO OCHOBHI BJIACTHBOCTI HEJIIHIHHUX METOAIB KOHTYPHOTO aHAJIi3y 3a BUMOTaMH Y BUKOPHUCTAaHHI 0OMeXeHOCTi o64unc-
JIIOBAJIBHUX PECypciB amapaTHUX 3aco0iB. s mboro OyJio mpoaHai30BaHO 3araibHi MOHSTTS NPO HEINHIMHI adrOpUTMH MOUIYKY
KOHTYpIB Ha 300paxkeHHAX Ta Oyn0 0OpaHO 4 MeTOIU AJISI MPOBEACHHS MOMATBIIOrO aHali3y. 3 HUX 3 METOAH 3 KOB3HOI MacKOO
3x3, a came: oneparop IIproitra; onmeparop Cobeins; onepatop Kipma ta Meron 3 mackoro 5x5 — omepatop Jlamnaca. Yci meronu
MIPOTECTOBAaHO Ha OJXHAKOBOMY 300pakeHHI po3ainsHOI0 31atHicTio 6016x4000 mikcemiB. Ilig 9ac mMOpiBHSHHS METOAIB OCOOJIUBY
yBary NpHIUICHO BUKOPHCTAHHIO OOYHCIIOBATBHHUX PECYPCIB amapaTHUX 3aco0iB, TOOTO OIEpaTHBHOI IMaM'ITi Ta 3aBaHTAKCHOCTI
Iporecopa, a TakoX MIBUAKOCTI BUKOHaHHS anroputMmy. Onepatop Kipmia € Hal6inbIr pecypcHO-BUTPaTHUM METOJOM Cepel] po3-
TIISIHYTHUX, ajle Y IIboMY HOTo IepeBara B JyKe YyTJIHBiil Macii, 0 BUALIIE el MeTo/ /Ul BUKOPHCTAHHS HaBITh 32 HAHHWDKYIN
3araibHii SCKpaBOCTi 300paxkeHHs. ONTHMAIBHIM METOJOM II0J0 O0YMCITIOBAIBHOI IIOTYXKHOCTI Ta 3HAXO/PKCHHSI KOHTYPIB € Ore-
parop CoOens, e 3yMOBJIEHO BHKOPHCTaHHSIM MacKH 3 Koe(ilieHTaMU TiJIbKU IJIS cepeiHiX 3HadeHb. OKpeMO MOXHA BHILUINTH
omnepartop Jlamnaca. L{eit MeTox BUKOHAHO MIBHAIIE i Ma€ BiH MEHITy OOUYHCITIOBANBHY BapTicTs. [1pu 1iboMy nae He HabGarato ripmmit
3a iHIIi MeToxu pe3ynbTat. Lleit MeTox 1o0pe BUKOPUCTOBYBATH, SIKIIIO OOYHCITIOBATBHI IMOTY>KHOCTI € HE BUCOKHMH.

Kniouosi cnosa: Merony KOHTYpHOTO aHali3y; onepatop IIproitra; onepatop Cobens; oneparop Kipmra; onepaTop Jlamraca.

Beryn. Konrypruit ananiz mae 3Mory omucysaru, 30e-
piraTy MOpIBHIOBATH i 3HAXOAWTH O0'€KTH, IO HepeOyBa-
10Th y (hopMi 30BHINIHIX KOHTYpiB — KOHTYpiB. [lependaua-
10Th, 110 KOHTYP MiCTHTh HEOOXiAHY iH(opMartito mpo ¢op-
My o0'exta. BHyTpimHi Toukn 00'ekra 10 yBaru He OepyTh.
Ie o6mesxye 001acTh 3aCTOCYBAHHS aJITOPUTMIB KOHTYPHO-
rO aHali3y, aje po3MJIsii TUIBKA KOHTYpIB Jla€ 3MOry Iie-
pEWTH BiJl ABOMIPHOTO IIPOCTOPY 00pa3y 110 MPOCTOPY KOH-
TYypiB i, OT)KE, 3MEHIINTH O0YHCIIOBAIILHY 1 aITrOpUTMIUHY
ckmagaocti. KontypHuii anamni3 nonomarae epekTHBHO BU-
pillyBaTH TOJIOBHI 3aBAaHHS PpO3Ii3HABaHHS MIA0JIOHIB —
MIepEeHECeHHs], IOBOPOT 1 MacmTaOyBaHHS 300paXKeHHS
o0'exTa. MeTomu KOHTYPHOTO aHAI3y iHBapiaHTHI IIOI0
TaKUX MEPETBOPEHb.

MeTo1 KOHTYPHOTO aHali3y aKTyajbHI W Ha CydacHO-
My erami y cdepi posmizHaBaHHS 00'ekTiB. Hampuxiax y
mporpamax po3Mi3HaBaHHS TEKCTY, Taki IPOrpaMu 3apas
3HAYHO TOIIMPEHI HaBiTh y HOBCAKIACHHOMY XHUTTi. OKpimM
pO3ITi3HaBaHHS TEKCTY, KOHTYpPHHI aHalli3 BUKOPHCTOBY-
I0Th y CHCTEMax pO3Ii3HaBaHHA OO'€KTIB ITOTOKOBOIO Bi-
neo. Taki cucteMn Ha cy4acHOMY eTari BUKOPHUCTOBYIOTH Y
cdepi Oesmeku, JIsS aBTOIMUIOTIB aBTOMOOUTIB Tomio. [lix
Yac BUKOPHUCTAHHS METOMAIB KOHTYPHOTO aHaili3y MOXKHA
IiAPaxoByBAaTH KUIBKICT MOTPIOHMX 00'€KTiB Ha 300pa-
JKCHHI, TaKi CHCTEMH BUKOPHUCTOBYIOTHCS HA CKIIAJI ITiJ-
TIPUEMCTB JUIsl TIPOBEJICHHS ayJUTiB TOBapIiB.

MeTo1 KOHTYPHOTO aHajIi3y 4acTO BUKOPUCTOBYIOTD B
Iayctpii 4.0. i MoaenroBaHHs Ta Bi3yali3allil eTamiB BU-

IHpopmauis npo asTopis:

pobuunyoro mpouecy. OKpiM po3mi3HaBaHHS TEKCTy Ha 300-
paXEHHI IS OI[IHIOBAHHS BiJIIOBiTHOCTI 00'€KTa TICBHUM
BHMOTr'aM, iCHYE MOXKJIMBICTH PO3ITI3HABaHHS CHUMBOJIB 3a
noromororo Web-kamepH.

VY wiit poOoTi PO3MIITHEMO OCHOBHI HEJiHIMHI METOIH
KOHTYPHOTO aHaJi3y, MOPiBHIEMO iXHI OCHOBHI BJIACTUBOC-
Ti Ta PECYpCHO-BUTPATH Ha BUKOHAHHSI.

AHaJi3 JiTepaTypHHX XKepest. Yl METOAN KOHTYPHO-
ro aHaiizy 0a3yloThCs Ha OAHIHN 13 BIaCTHBOCTEH SICKpaBOC-
Ti — po3puBHOCTI. J{JIs1 IOIIYKY 11i€i pO3pUBHOCTI BUKOpHC-
TOBYIOTh Tak 3BaHy KOB3HYy Macky (Bastian & Schiele,
2003; Hao et al., 2017), mo € KBaaApaTHOIO MAaTPHIICIO KO-
edinieHTiB, BIANOBIAHY 70 TPYNHX MiKCEiB BXiHOTO 300pa-
xeHHs. 1[0 MaTpuIl0o BHKOPHCTOBYIOTH ISl BHKOHAHHS
npocTopoBoi dinpTparii 300pakenns (Yang et al., 2016;
Peleshko et al., 2016).

IIpocTopoBa QinbTpariisi BAKOHYEThCS 3BUYAHHNM TIepe-
MIIIEHHSAM MAackd IO 300pakeHHIO Ta 00paxyBaHHAM Yy
KOXKHIM Toulll TpamieHTa piBHA sicKkpaBocTi. OAHOTOHHI
MIPOCTOPH 300paKEeHHsT OYAYTh MaTH HU3BKUH I'pajli€HT PiB-
HS SICKPaBOCTi, Y BUXIJHOMY 300pa)X€HHI TakKi IPOCTOpH
300pa)XeHHsI TEMHIIIAIOTh, a y BWIIAJKY BHUCOKOTO PiBHS
rpajlieHTa Ha BUXiZHOMY 300pa)XeHHI Iii TIPOCTOPH OyIyTh
Maru sickpasimi JiHii. Ilepen oOpaxyHKOM Tpaji€HTa IMoT-
pibHO BupaxyBaru Biaryk R ¢inerpanii B Toumi (x, y) (Du-
da,& Hart, 1973):

R=w-1L-D)f(x-Ly-D)+wW-=L0)f(x-1Ly)+..

0,0) f(x, ) + ...+ W(LO) f(x+ L)+ wlD) f(x+1y+1),
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TOOTO 1Ie cyMa J00YTKY KOe(illieHTiB MAacKH Ha 3HAYCHHS
ITIIKCEJIB, 0 SIKMX 3aCTOCOBYETHCS Macka. Iy BU3HaYCHHS
rpajieHTa SICKpaBOCTI BUKOPUCTOBYIOTHCS JWCKPETHI aHa-
JIOTM TOXIJHMX mepmoro i apyroro mnopsaky (Canny,
1983). Ilepma noxigHa f{x) BU3HAYAETHCS SK PI3HUL 3HA-
YeHb CYCiJTHIX MIKCEINiB, a Ipyra MOXiJ Ha — K Pi3HUII 3HA-
YeHb CYCiIHIX 3HaUeHb Iepinoi moxianoi (Canny, 1983)
2

OL _ pxeany- £, TL = pler+ fr-n-2709).

ox Ox

[Mikcens 300pakeHHS 3BUYAHO Ma€ JBI KOOPAWHATH, a
OTXe€, y BUIIAJKy ABOX 3MiHHHX (X, ) MOTPiOHO MpOCTO 00-
paxyBaTH YacTKOBI IOXiJHI 3a JBOMa IPOCTOPOBUMH OCSI-
Mu. OOUHUCIICHHS TEpIIOoi MOXiAHOI 300paKEeHHS BUKOHY-
I0Th Ha JUCKPETHHX HAOJMKEHHSIX JBOBHUMIPHOTO TIpa-
nmienta. I'pamieHT 300paxeHHs — 1ie Bektop (Dipalee &
Choubey, 2015)

of

Ge|_| ox
Vf=| | = )
(g
oy
YV Merofax KOHTYPHOTO aHalli3y Ba)KIMBUM € MOXYJIb
BEKTOpa rpajienTa (QyHKII:
IV =\G2+G,2.
HamnpsiMok BekTopa rpamieHTa T€X € OCHOBHOIO Xapak-
TEPUCTUKOIO i/ YaC 3HAXO/PKCHHSI KOHTYPIB:

Gy
L V) = gl — |.
a(x,y) =arc g(G j

X
Hamnpsimox koHTypa B Toumi (X, ) Oyne NeprneHIuKy-
JApHUK HanpsMKy Bektopa rpamienta (David & Hildreth,
1980).
Memoio pobomu € anaii3 arOpUTMiB BU3HAUYCHHS KOH-
TypiB 300paXkeHb Ta MOPIBHIHHS 1X €(hEeKTHBHOCTI.
BuknaneHHs: 0CHOBHOT0O MaTepiany
1. Oneparop IIproiTra BUKOpPHCTOBYE MacKy 3x3 s
MIPOCTOPOBOI (iIbTparii.
Gy=(z7+2z3+29)—(z1+ 22+ 23)
G, =(z3+ 26+ 20) — (21 + 24 + 27) '

V mux ¢GyHKIISIX PI3HUI MK CyMaMH 10 BEpXHiH i
HIDKHIHA cTpokamu o0xacTi 3x3 € HaONIMKEHNMHU 3HAUYCHHS-
MU TOXITHOI IO OCi X, a PI3HUII MiXK CyMaMH II0 TIEPIIOMY
Ta OCTAaHHBOMY CTOBIIISIM — TIOXiJHA 10 oci y. PeanizyioTs-
cs ni (yHKIIT 32 JOMOMOrol0 Mackd (irbTpamii 1Mo ocsx x
ta y (Prewitt, 1970)

-1 -1 -1 -1
0:G,=|-1 0 1].
1 1 1 -1 01
Buxkonaemo omeparop [proiTra Ha TectoBOMy 300pa-

JKeHHi po3ainbHOT 31aTHOCTI 6016%x4000 px (puc. 11 2).
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Puc. 1. I'padix 3aBanTaxeHOCTI oneparuBHOi mam'sti (Mb) mij wac
BHKOHaHHS oneparopa [Iproirra
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Puc. 2. I'padix 3aBanTaxeHOCTI Nponecopa (I'm) mix yac BUKOHAHHS
omneparopa [Iproirta

Pesynbratn pobotn

Y
Puc. 3. OpurinansHe 300paxeHHs (31iBa). Pe3yapraT BUKOHAHHS
omneparopa IIproirra (cripaBa)

2. Onepatop Co0eJisi TAKOXK BUKOPUCTOBYE MacKy 3x3
JUISL IPOCTOPOBOI (PisbTparlii.
-1 2 -1 -1 0 1
G,=|0 0 0[;G,=|-2 0 2
1 2 1 -1 0 1
OpHak HOro OCOOJMBICTIO € BHKOPUCTAHHS BaroBOTO
KoedilieHTa IS 3HAUYCHb cepeaHix eneMmeHTiB (Sobel, &
Feldman, 1973):
Gx = (Z7 + 228 + Zg) —(Zl + 222 + Z3)
Gy = (Z3 +2z6 + Zg) - (Zl +2z4+ Z7)
Jlns mepeBipku pobotu omeparopa CobOenst BUKOpHC-

TaEMO TE CaMe TECTOBE 300pakeHHs (puc. 4 1 5).
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1 2 B 4 5

Puc. 4. I'padix 3aBanT)eHOCTI oneparuBHOi mam'sti (Mb) mij yac
BHKOHAHHS oneparopa Coberst
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1000

950

900
850

800

750

700

1 2 3 4
Puc. 5. I'padix 3aBanTaxeHocTi nponecopa (I'm) min yac BUKOHAHHS
oreparopa Cobens

PGByJ'IBTaTI/I po6om onepaTopa C06en$1 (puc. 6).

"

',_
T e

Puc. 6. OpurinansHe 300paxeHHs (31iBa). Pe3yaprar BUKOHAHHS
omneparopa Cobernst (cripaBa)

Sk BuaHO 3 pe3ynbTariB, onepatop Cobenst OiabmI UyT-
JIMBHH JI0 TIEperiaiiB SICKPaBOCTI Ha 300paKeHHI.

3. Oneparop Kipma BukopucroBye KoedilieHTH s
BCIX 3HAUYCHb, OKPIM cepeaHporo. Macka omeparop Kipima
(Kirsch, 1971) (puc. 71 8).

5 3 3 5 55
G.=|5 0 -3G,=|-3 0 -3
5 3 3 33 -3

Sk BuAHO 3 pe3ynbTaTiB BUKOHAaHHS orepartopa Kipmia,
BaroBi Koe(ili€HTH JafoTh TyKe CHIIbHY YyTJIMBICTD 0 ITe-
pemnaiB SCKpaBOCTi.

Pesynpratn pobotu omeparopa Kipma HaBeneHo Ha

puc. 9.
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Puc. 7. I'padix 3aBanTa)eHOCTI oneparuBHOi mam'sti (Mb) mig wac
BHKOHAHHS oneparopa Kiprra
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850 — : ‘\

800
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Puc. 8. I'padix 3aBanTaxeHOCTI Nponecopa (I'm) mix yac BUKOHAHHS
orneparopa ijma

I |

‘x‘g.

i

Puc. 9. OpI/]I‘lHaJ'ILHe 306pa_)KeHH$I (31iBa). PesynLTaT BHUKOHAHHS
omneparopa Kipmra (cripasa)

4. Onepartop Jlanaaca (5x5). Oneparop Jlaraca, 1o
BUKOPUCTOBYIOTH JUIsl BUAIJICHHS KOHTYpIB, L€ PO3IIUPEH-
Hs BeKTOpHOro oneparopa Jlamnaca. Lleit oneparop mae of-
HAKOBY MAacKy JJIsl POCTOPOBOI (inbTpawii Sk Ui oci X,
Tax i JAJIs Oci y.

-1 -1 -1 -1 -1
-1 -1 -1 -1 -1
Gupy=|-1 -1 24 -1 -1
-1 -1 -1 -1 -1
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Puc. 10. I'padix 3aBanTaxkeHocTi oneparusHoi mam'sti (MB) mix
yac BUKOHaHHS oneparopa Jlamraca

Taky MacKky MO)KHA IHTEPIPETYBAaTH K CyMYy Pi3HUIIb
LEHTPAIEHOTO IeMEHTa 3 KOXKHUM 13 24 1HIMX €IIEMEHTIB.
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TakuM 4MHOM, OIHAKOBO 3aCTOCOBYIOTH MOXKJIMBI Ileperia-
M sICKpaBoCTi y Beix HampsMkax (Moon, & Spencer, 1953;
Kapustiy, Rusyn, & Tajanov, 2005) (puc. 10-12).

880
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820
800
780
760
740
720
700

1 5 3 4
Puc. 11. I'padix 3aBanTaxkenocti nporecopa (I'm) mix yac BUKOHAH-
Hs oneparopa Jlamaca
: ‘ l 1‘?) bl
; l; ¢
| | :

ALEIANE VL

|
1 ‘ 2 S,

| | S

Puc. 12. OpurinansHe 300paskeHHs (31iBa). Pe3ynbprar BUKOHAHHS
oreparopa (crpasa)

BucnoBku. Ha ocHOBI OTpMMaHMX pe3yJbTaTIB I yac
aHaJIi3y HEJTIHIHHUX METOAIB KOHTYPHOTO aHaji3y MOXKHa
3pobuTtn moxanbii BHCHOBKW. Omeparop Ilproitra Haii-
MEHII PECypCHO-BUTPATHHUH, aje NpH IbOMY OUIBIIICTH
KOHTYpIB Ha 300pa)KeHHI IIPOCTO HE BUALISIOTHCA, ajie Ay-
ke mobpe mimidiae A 300pakeHb 3 BHCOKOKO 3arallbHOIO
SICKPaBiCTIO, TOMY IO B TaKOMY BHIIQJIKy MEHIIA IMOBip-
HICTB MPOSBY KOHTYPY, SIKOTO HE iCHY€e Ha BXiZHOMY 300pa-
JKeHHI, 116 3yMOBJIEHE MEHII YYTIIMBOIO Mackor. Oneparop
Kipma € Hai6inbpI pecypCHO-BUTPATHUM METOJIOM CEpen
PO3IIISTHYTHX, aJie TIPH bOMY HOTO TepeBara B IyXe dyT-
JIUBIH MacIi, 0 BUALISAE el METOA 111 BUKOPUCTAHHS Ha-
BiTh 32 HAMHIKYOI 3arajibHOI sICKpaBoCTi 300pakeHHs. On-

THMAJBHUM METOJIOM MO0 PECYpCHO-BHTpAaTaM Ta 3HAXO-
JDKeHHST KOHTYpiB € omeparop Cobens. Lle 3ymoBiIcHO BU-
KOPHUCTaHHAM MAcCKH 3 Koe(illi€HTAMH TUTEKH IS CEPETHIX
3naueHp (Furgala, Mochulsky, & Rusyn, 2018; Kosar, &
Shakhovska, 2018). OkpemMo MOXXHa BHUAUIATH OINEpaTopa
Jlammaca. Ileit MeTon BUKOHYETHCS IIBUAIIC i Mae MEHIIY
o0YHCITIOBATBHY BapTicTh. [Ipu mboMy gae He HabaraTo
ripmmii 3a iHmi Meroam pesyasTar. et meton mobpe Bu-
KOPHUCTOBYBATH, SKIIO OOYMCIIOBANIBEHI MOTY)KHOCTI € HE
BHCOKHMH.
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ALGORITHMS OF IMAGE COUNTOUR ANALYSIS

The comparison of the basic properties of nonlinear methods of contour analysis is presented in the article. Analysis was perfor-
med according to the requirements for the use of limited computing resources of hardware. To do this, the general concepts of nonli-
near algorithms for searching contours in images were analyzed and four methods for further analysis were selected. Of these, three
methods are with a sliding mask of 3x3 matrix, namely the Prewitt operator, Sobel operator and the Kirsch operator. Another method
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with 5x5 matrix mask is the Laplace operator. The Prewitt operator uses a 3x3 mask for spatial filtering. The Sobel operator also uses
a 3x3 mask for spatial filtering, however, its feature is using a weighting factor for mean elements. And the Kirsch operator uses co-
efficients for all values except the mean. The Laplace operator used to select contours is an extension of the Laplace vector operator.
This operator has the same mask for spatial filtration, both for the x-axis and for the y-axis. Such a mask can be interpreted as the
sum of the differences between the central element and each of the twenty-four other elements. Thus, the possible variations of
brightness in all directions are applied equally. All methods were tested on the same image with a resolution of 6016x4000 pixels.
When comparing algorithms, the main attention was paid in case of use methods in minimal hardware computing resources, i.c., the
random access memory and central processing unit load, as well as the performance rate of the algorithm. The Kirsch operator is the
most resource-cost method among the ones considered, although this algorithm has advantage in a very sensitive mask, which distin-
guishes this method for use even with images with a very low overall brightness. The optimal method in case of computational cost
and number of contours found is the Sobel operator. This is achieved by the use of a mask with coefficients for averages only. Sepa-
rately, the Laplace operator can be selected. This method is faster and has a lower computing value. At the same time, the results are
not much worse than other methods. This algorithm is well used if computing power is not high.
Keywords: methods of contour analysis; Prewitt operator; Sobel operator; Kirsch operator; Laplace operator.
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