https://nv.nltu.edu.ua
https://doi.org/10.15421/40290624

Article received 11.06.2019 p.
Article accepted 27.06.2019 p.

YK 004.048

O. Yu. Shamuratov
jonburned@gmail.com

0. 0. lllamypamos, H. b. lllaxoecvka

Hayionanenuii ynieepcumem "Jlvsiecoka nonimexuixa”, m. Jlvsis, Yrpaina

AJITOPUTMHU KOHTYPHOI'O AHAJII3Y 30bPAKEHDb

[MopiBHAHO OCHOBHI BJIACTHBOCTI HEJIIHIHHUX METOMIB KOHTYPHOTO aHAJIi3y 32 BUMOTaMH Y BUKOPHUCTAaHHI 0OMeXeHOCTi o6umc-
JIIOBAJIBHUX PeCypciB amapaTHUX 3aco0iB. s mporo Oyiio mpoaHasi30BaHO 3arajbHi IOHSTTS NP0 HEJNIHIHI alropuTMH MOLIYKY
KOHTYpIiB Ha 300paxkeHHAX Ta Oyn0 00paHO 4 MeToxu IJIsl MPOBEACHHS MOJATBIIOrO aHali3y. 3 HUX 3 METOAH 3 KOB3HOIO MacKOO
3x3, a came: oneparop IIproitra; onmeparop Cobesns; onepatop Kipma ta MeTon 3 Mackoro 5x5 — omepatop Jlamaca. Yci meronu
MIPOTECTOBAaHO Ha OJHAKOBOMY 300pakeHHI po3aursHOI0 31atHicTio 6016x4000 mikcemiB. Ilig yac mMOpiBHSHHS METOAIB OCOOJIUBY
yBary NpHJUICHO BUKOPHCTAHHIO OOYMCIIOBATBHHUX PECYPCIB amapaTHUX 3aco0iB, TOOTO OIepaTHBHOI MaM'ITi Ta 3aBaHTAKCHOCTI
Iporecopa, a TakoX MIBUAKOCTI BUKOHaHHS anroputMmy. Onepatop Kipma € Hal6inbpI pecypCHO-BUTPaTHUM METOJOM Cepel] po3-
TIISIHYTHUX, ajle IPU IIboMY HOro mepeBara B Jy)Ke YyTJIHBiil Macii, 0 BUALIIE el METo/ Ul BUKOPHUCTAHHS HABITh 32 HANHIDKYIN
3araibHii SCKpaBOCTi 300paxkeHHs. ONTHMaIbHUM METOJOM IOJ0 OOYMCIIOBAIBHOI IIOTYXKHOCTI Ta 3HAXO/PKCHHS KOHTYPIB € Ore-
parop CoOens, 11e 3yMOBJIEHO BHKOPHCTaHHSIM MacKH 3 Koe(ili€HTaMHU TiJIBKU AN cepeiHixX 3HaueHb. OKpeMO MOXHA BHIUINTH
omneparop Jlamnaca. L{eit MeTon BUKOHAHO MIBHANIE i Ma€ BiH MEHIITy OOUYHCITIOBANBHY BapTicTs. [1pu 1iboMy nae He Habararo ripmmit
3a iHIIi MeToxu pe3ynbTat. Lleit MeTox 1oOpe BUKOPHUCTOBYBATH, SIKIIO OOYHCITIOBAIBHI MOTYKHOCTI € HE BUCOKHMH.

Kniouosi cnosa: Merony KOHTYypHOTO aHali3y; onepatop IIproitra; oneparop Cobens; oneparop Kipmra; onepatop Jlamnaca.

Beryn. Kontypauit ananiz mae 3Mory omucysaru, 30e-
piraTy MOpIBHIOBAaTH 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'ekTa 10 yBaru He OEpyTh.
Ie o6meskye 001acTh 3aCTOCYBAHHS aJITOPUTMIB KOHTYPHO-
rO aHali3y, aje po3MJIsA TUIBKA KOHTYpIB Jla€ 3MOry Iie-
pEWTH BiJl ABOMIPHOTO IIPOCTOPY 00pazy 110 MPpOCTOpY KOH-
TYypiB i, OT)KE, 3MEHIINTH OOYHCIIOBATIBHY 1 aITrOPUTMIUHY
cximagaocti. KoHTypHuii anamni3 ponomarae epeKTHBHO BU-
pilryBaTH TOJIOBHI 3aBAaHHS PpO3Ii3HABaHHS MIAOJIOHIB —
MIEpPEHECeHHs, IOBOPOT 1 MacmTaO0yBaHHS 300paXKeHHS
o0'exTa. MeTomu KOHTYPHOTO aHANi3y iHBapiaHTHI OO
TaKUX MEPETBOPEHb.

MeTo1 KOHTYpHOTO aHali3y aKTyajbHI W Ha CydacHO-
My erami y cdepi posmizHaBaHHS 00'ekTiB. Hampuxmax y
mporpamax po3IMi3HaBaHHS TEKCTY, Taki IPOrpaMu 3apas
3HAYHO TNOIIMPEH] HABITh Y MOBCAKIACHHOMY XHUTTi. OKpim
pO3ITi3HaBaHHS TEKCTY, KOHTYpPHHI aHalli3 BUKOPHCTOBY-
I0Th y CHCTeMax pO3Ii3HaBaHHA O0'€KTIB ITOTOKOBOI'O Bi-
neo. Taki cucTeMn Ha Cy4acHOMY eTarli BUKOPHUCTOBYIOTH Y
cdepi Oesmekw, JIS aBTOIMUIOTIB aBTOMOOUTIB Tomio. I[Tix
Yac BUKOPHUCTAHHS METOMAIB KOHTYPHOTO aHali3y MOXKHA
MiAPaxoByBAaTH KUIBKICT MOTPIOHMX 00'€KTiB Ha 300pa-
JKCHHI, TaKi CHCTEMH BUKOPHUCTOBYIOTHCS Ha CKIIAJI IIiJ-
TIPUEMCTB JUIsl TIPOBEJICHHS ayUTiB TOBapiB.

MeTo1 KOHTYPHOTO aHajli3y 4acTO BUKOPUCTOBYIOTh B
Iayctpii 4.0. i MonenroBaHHs Ta Bi3yali3allii eTamiB BU-

IHpopmauis npo aBTopiBs:

pobuunyoro mpouecy. OKpiM po3mi3HaBaHHS TEKCTy Ha 300-
PaKEHHI IS OIIHIOBAHHS BiJIIOBiTHOCTI 00'€KTa TICBHUM
BHMOTr'aM, iCHYE MOXKJIMBICTH PO3ITI3HABAHHS CHMBOJIB 3a
nonomororo Web-kamepH.

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

AHaJi3 JiTepaTypHHX XKepesi. Yci METOAN KOHTYPHO-
ro aHaii3y 0a3yloThCs Ha OAHIHN 13 BIaCTHBOCTEH SICKpaBOC-
Ti — po3puBHOCTI. J{JIs1 OIIYKY 11i€i pO3pUBHOCTI BUKOpHC-
TOBYIOTh TaK 3BaHy KOB3HYy MackKy (Bastian & Schiele,
2003; Hao et al., 2017), mo € KBaaApaTHOIO MAaTPHICIO KO-
edimieHTiB, BIAMOBIAHY 710 TPYNHU MiKCEIB BXiHOTO 300pa-
xeHHs. 1[0 MaTpuIll0o BUKOPHCTOBYIOTH JJISI BHKOHAHHS
npocTopoBoi dinpTparnii 300pakenns (Yang et al., 2016;
Peleshko et al., 2016).

[TpocTopoBa QinbTpariisi BAKOHYETHCS 3BUMAHHNM TIepe-
MIIIICHHSAM MAacKH IO 300pa)KEHHIO Ta OOpaxyBaHHIM Y
KOXKHIM Toulll TpamieHTa piBHA sicKkpaBocTi. OIHOTOHHI
MIPOCTOPH 300paKEeHHsI OYAYTh MaTH HU3BKUI I'Pajli€HT PiB-
HS SICKPaBOCTi, Y BUXIJHOMY 300pa)X€HHI Taki IPOCTOpH
300pa)KeHHsI TEMHIIIAIOTh, @ y BWIIAJKY BHUCOKOTO PiBHS
TpajJicHTa Ha BHUXiTHOMY 300pa)XCHHI IIi MPOCTOPH 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-1Ly-D)+wW-=L0)f(x-Ly)+..

A0,0) f(x, ) + ...+ wLO) f(x+ L)+ wl,) f(x + 1y +1),
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TOOTO IIe cCyMa JOOYTKY KOSQIIliEHTIB MAaCKH Ha 3HAYCHHS
IIIKCEJIB, 0 SIKMX 3aCTOCOBYETHCS Macka. Iyl BU3HaYCHHS
rpajieHTa SICKpaBOCTI BUKOPUCTOBYIOTHCS JMCKPETHI aHa-
JIOTM TOXIJHMX THepmoro i apyroro nopsaky (Canny,
1983). Iepma noxixHa f{x) BU3HaYa€ThCS SK PI3HULS 3Ha-
YeHb CYCIJTHIX MIKCEINiB, a Ipyra MOXi Ha — K Pi3HUII 3Ha-
YeHb CYCiIHIX 3HaUeHb Iepinoi noxiauoi (Canny, 1983)
2

O _ pxany- £, ZLo peany+ - -2/ ).
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[Mikcens 300pakeHHS 3BUYAHO Ma€ BI KOOPAWHATH, a
OTXe€, y BUIIAJIKy ABOX 3MIHHHX (X, ) MOTPiOHO pOCTO 00-
paxyBaTH YacTKOBI IOXiAHI 32 JBOMa IPOCTOPOBUMH OCSI-
Mu. OOUHUCIIEHHS TEpIIOi MOXiJHOI 300paKEeHHSI BHKOHY-
I0Th Ha JUCKPETHHX HAOJMKEHHSIX JBOBHUMIPHOTO TIpa-
nmienta. I'pamieHT 300paxeHHs — 1ie Bektop (Dipalee &
Choubey, 2015)
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VY Meromax KOHTYPHOTO aHajli3y Ba)KIMBUM € MOXYJIb
BEKTOpa rpajieHTa (QyHKIII:

Vf]=G2+G,>2.

HamnpsiMok BekTopa rpajieHTa TeX € OCHOBHOIO Xapak-
TEPUCTUKOIO 1] YaC 3HAXO/PKCHHSI KOHTYPIB:

a(x,y) = arctg(Gyj .
Gx

Hamnpsimox koHTypa B Toumi (X, ) Oyne NepreHIuKy-
JApHUK HAanpsIMKy BekTopa rpamienta (David & Hildreth,
1980).

Memoio pobomu € anaji3 alrOpUTMiB BU3HAUYCHHS KOH-
TypiB 300paXkeHb Ta HOPIBHIHHS 1X e()EeKTUBHOCTI.

BuxjiageHHs1 0CHOBHOI0 MaTepiaJry

1. Oneparop IIproirra BUKOpUCTOBYE MacKy 3x3 s
MIPOCTOPOBOI (isbTparii.

G, =(z7+2z3+29) —(z1+ 22+ z3)
G, =(z3+ 26+ 29) — (z1 + 24 + 27) '

VY mux QYHKOISX pI3HUIS MK CyMaMH IO BEpXHiH i
HIDKHIN cTpokaMu o0JacTi 3x3 € HaOMIKEHUMY 3HAYCHHS-
MU TOXIJIHOI 110 OCi X, @ PI3HUII MK CyMaMH MO HEepIIOMY
Ta OCTAaHHBOMY CTOBIIISIM — TIOXiZHA IO oci y. PeanizyioTs-
cs mi (GyHKIIT 32 JOMOMOroro Macku (iIbTpamii Mo ocsx x
ta y (Prewitt, 1970)

-1 -1 -1 -1 01
0 1.

01

Bukonaemo omneparop Ilproitra Ha TectoBOMY 300pa-
JKEHHI po3inbHOI 31aTHOCTI 6016x4000 px (puc. 11 2).

1 1 1 -1

Puc. 1. I'padix 3aBanTa)eHOCTI oneparuBHOi mam'sti (Mb) mij ac
BHKOHaHHS oneparopa [Iproirra

Puc. 2. I'padix 3aBanTaxeHOCTI nporecopa (I'm) mix yac BUKOHAHHS
omneparopa [Iproirta

Pesynbratn pobotu oneparopa Ilproirra (puc. 3).

Puc. 3. OpurinansHe 300paxxeHHs (311iBa). Pe3yapraT BUKOHAHHS
omneparopa IIproirra (cripaBa)

2. Onepatop CodeJisi TAKOX BUKOPHCTOBYE MacKy 3x3
JUIsE IPOCTOPOBOI (isbTparii.
-1 2 -1 -1 0 1
Ge=|0 0 0[;G=-2 0 2
1 2 1 -1 0 1

OpHak HOro OCOOJIMBICTIO € BHUKOPHCTAHHS BaroBOTO
KoedilieHTa UIA 3HAUYCHb cepenHix eneMeHTiB (Sobel, &
Feldman, 1973):

G, =(z7+ 228+ z9) — (21 + 223 + z3)
G, = (z3+2z6 +29) — (21 + 224 + 2z7)

Jis mepeBipku pobotu oneparopa Cobenst BHKOpHC-

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

Puc. 4. I'padix 3aBanTa)eHOCTI oneparuBHOi mam'sti (Mb) mig ac
BHKOHaHHS oneparopa Coberst
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Puc. 5. I'padix 3aBanTaxeH0CTI nporecopa (I'm) mix 9ac BUKOHAHHS
oneparopa Cobenst

Pesyneratn poboTu omeparopa Cobens (puc. 6).

Puc. 6. OpurinansHe 300paxxeHHs (311iBa). Pe3ynprat BUKOHAHHS
omneparopa Cobernst (cripaBa)

Sk BuHO 3 pe3ynbTariB, onepatop Cobenst OiabmI UyT-
JIMBHH JI0 TIepera/iiB ICKPaBOCTI Ha 300pakeHHi.

3. Oneparop Kipma BukopucroBye KoedilieHTH s
BCiX 3HaYeHb, OKpiM cepeanboro. Macka onepartop Kipma
(Kirsch, 1971) (puc. 71 8).

5 -3 3 5 55
G=|5 0 3)G,=|-3 0 -3
5 =3 3 -3 3 3

Sk BuAHO 3 pe3ynbTaTiB BUKOHAaHHS orepartopa Kipmia,
BaroBi Koe(illieHTH Jaf0Th y’Ke CHIIbHY YyTJIMBICTD 0 Ie-
pernaiB SCKpaBOCTi.

Pesynpratn pobotu omeparopa Kipmia HaBeneHo Ha
puc. 9.

Puc. 7. I'padix 3aBanTa)eHOCTI oneparuBHOi mam'sti (Mb) mig ac
BHKOHAHHS oneparopa Kiprra

Puc. 8. I'padix 3aBanTaxeHOCTI nporecopa (I'm) mix yac BUKOHAHHS
omneparopa Kipmra

Puc. 9. OpurinansHe 300paxxeHHs (311iBa). Pe3ynpraT BUKOHAHHS
omneparopa Kipmra (cripasa)

4. Onepartop Jlanmnaca (5x5). Oneparop Jlaruaca, 1o
BHUKOPHCTOBYIOTh /ISl BUUJICHHS! KOHTYPIB, LIe PO3LINPEH-
Hs1 BEKTOpHOro oneparopa Jlamnaca. Lleit onepatop Mae ox-
HAKOBY MAacKy JUIsl POCTOPOBOI (iibTpawii Sk Ui oci X,
Tax i JuIs oci y.

-1 -1 -1 -1 -1
-1 -1 -1 -1 -1
Gup=|-1 -1 24 -1 -1
-1 -1 -1 -1 -1
-1 -1 -1 -1 -1

Puc. 10. I'padix 3aBanTaxkeHocTi oneparusHoi mam'sti (MB) mix
yac BUKOHaHHS oneparopa Jlamraca

Taky MacKky MOXKHa IHTEPIPETYBaTH SIK CyMy Di3HHUIb
LEHTPAJIBHOTO eJIEMEHTa 3 KOKHUM 13 24 IHIINX EJIEMEHTIB.
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TakuM 4MHOM, OIHAKOBO 3aCTOCOBYIOTH MOKJIMBI Ileperia-
M sICKpaBoCTi y Beix HampsMkax (Moon, & Spencer, 1953;
Kapustiy, Rusyn, & Tajanov, 2005) (puc. 10-12).

Puc. 11. I'padix 3aBanTaxkenocti nporecopa (I'm) mix gac BUKOHAH-
Hs oneparopa Jlamaca

Puc. 12. OpurinansHe 300paskeHHs (31iBa). Pe3ynprar BUKOHAHHS
oreparopa (crpasa)

BucnoBku. Ha ocHOBI OTpMMaHMX pe3yJbTaTIB I yac
aHaJIi3y HEJIHIHHUX METOAIB KOHTYPHOTO aHaji3y MOXKHA
3pobutn moxanbii BHCHOBKM. Omeparop Ilproitra Haii-
MEHII PECypCHO-BUTPATHHH, aje NpH IbOMY OUIBIIICTH
KOHTYpIB Ha 300pa)KeHHI IIPOCTO HE BUALISIOTHCS, ajie Ay-
xKe Jo0pe mimiiine s 300pakeHb 3 BHCOKOIO 3arallbHOIO
SICKPaBiCTIO, TOMY IO B TaKOMY BHIIQJIKy MEHIIA IMOBip-
HICTB MPOSIBY KOHTYPY, SIKOTO HE iCHY€e Ha BXiZHOMY 300pa-
KEHHI, I1e 3yMOBJICHE MEHII YyTJINBOIO Mackoto. Oneparop
Kipma € Hai6inbI pecypCHO-BUTPATHUM METOJOM CEpen
PO3IIISTHYTHX, aJIe TIPH [bOMY HOTO TepeBara B JyXe 4yT-
JIMBIH MacIli, 0 BUAIISAE el METOA JJIs1 BAKOPUCTAHHS Ha-
BiTh 32 HAMHIKYOI 3arajibHOI sICKpaBocTi 300pakeHHs. On-

THMAJIBHUM METOJIOM MO0 PECYpPCHO-BHTpAaTaM Ta 3HAXO-
JUKeHHS KOHTYpiB € ormeparop Cobens. Ile 3ymoBieHO BH-
KOPHUCTaHHAM MAacCKH 3 Koe(illi€HTAMH TUTEKH IS CEPETHIX
3naueHb (Furgala, Mochulsky, & Rusyn, 2018; Kosar, &
Shakhovska, 2018). OxpemMo MOXXHa BUAUIATH OIepaTopa
Jlanmaca. Ileit MeTOx BUKOHYETHCS IIBUIIIC i Mae MEHIITY
o0YmCITIOBaIBHY BapTicTh. [Ipu mpoMy gae He HabaraTo
ripmmii 3a iHmi Meroau pesyabTar. et meTon mobpe Bu-
KOPHUCTOBYBATH, SKIIO OOYMCIIOBANIGHI 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.e., 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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