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MOOUDPUKALUA CTATUCTUYHECKOIO AJIIFTOPUTMA BbIOEJIEHUA
KOHTYPOB
Kupuuetnko HO. B.
HaunoHanbHbIM ~ TeXHUYEeCKUn  yHuUBepcuTeT  YkpauHbl  "KneBckuin

NONUTEXHNYECKUN MHCTUTYT nmeHn UNrops Cukopckoro”, YkpaunHa, Kues

Llenbto daHHoU pabombi bb1r10 co30aHue, peanu3zauyusi U cpasHeHue
Modugbuyupo8aHHO20 anzopumma 8bi0esieHUss KOHmMypa, Komopabil
basupyemcss Ha cmamucmu4yeckoM asz2opumme, C KiacCu4yeckum
cmamucmuyYecKum an2opummom. B pesynbmame nposedeHHoUl pabomal
66151 MOOuGhuyUpO8aH aneopumm, oriucaHbl OCHOBHblE OCOb6EHHOCMU,
npobnembl u mpebogaHuss K OaHHOMYy cemelicmsy asieopummos U
ocobeHHocmu peanu3ayuu camoz20 arnieopumma. Takxe HarnucaH
rnpozgpaMmHbIl KOO Ha Si3blKe rpo2pamMmuposaHusi Java, rnpu ucrosiHeHuu
Komopoz20 ocyuwiecmeriiemcsi ebl0esieHUe KOHmMypoe Ha u3obpaxeHuu
dgymsi criocobamu: Kraccu4eckum u moougbuyuposaHHbIM. Takxe Obinu
rnpomecmupoBaHbl  803MOXHOCMU, CIIOXXHOCMb, 6PEMsi  8bINONIEHUS
OaHHbIX aneopummos. Pedynibmambsl OaHHoU pabombl mo2ym 6bimb
ucrnonb308aHbl 8 MObbIX cucmemax pacriodHasaHusi obpasos. Takxe
bbiu  paccmMompeHbl  Hedocmamku  MoO0bHbIX  anzopummos U
cghopmuposaHs! uesnu 0ns OanbHeuweao uccriedosaHusi 3mou memabl.

Kntouesbie criosa: ebiOenieHUE KOHympos8, cmamucmu4yecKoe
KOHMypupoeaHue, pa3srno3HasaHue o06pa3os, arzopummbl 6bl0erieHuUs
KOHMYypOoe.

KupuyeHko KO. B. Modudpikauyis cmamucmu4yHo20 anzopummy
8udinneHHs1 KoHmypie / HauioHanbHUlU mexHiYHUU yHisepcumem YKpaiHu
"Kuiecbkul nonimexHiyHul iHcmumym imeHi lzopsi Cikopcbkoeao”, YKpaiHa,

Kuis.
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Memoto daHoi pobomu 6yrio cmeopeHHs, pearnisauyis i rMopieHSIHHS
MoOuiKkogaHo20 arieopummy 6UOINIeHHS KOHMypy, skul 6a3yembcs Ha
cmamucmuyHoOMy  anzopummi, 3  KJaCu4yHum  cmamucmu4yHuUM
aneopummomM. B pesynbmami nposedeHoi pobomu 6ye moougbikogaHul
anaopumm, orucaHi OCHO8HIi ocobrnueocmi, npobremu | sumoau 00
daHoz20 cimeucmsi arneopummie i ocobnueocmi peanisauii camoao
aneopummy. TakKox HarucaHuu rpoepamMHuli KOO Ha Mo8i rpozpamyeaHHs
Java, rnpu BUKOHaHHI 5siIko2o 30ilCHIEMbLCS BUOINNEHHS KOHMYpIie Ha
306paxeHHi 0soma criocobamu:  KrnacuyHUM | MOOUIKO8aHUM.
[lbomecmosaHi MoXnueocmi, CcknadHicmb, 4Yac BUKOHaHHS OaHuXx
aneopummie. Pesynbmamu 0aHoi pobomu MoxXymb 6ymu eukopucmaHi 8
b6ydb-Kux cucmemax po3aridHasaHHsi obpasig. Takox 6ynu po3ansiHymi
Hedoriku nodibHuUx anzopummig i cgopmosaHi Uini 0nsa nodasibwoz2o
00C/1iOXKeHHS Uiei memu.

Knoyosi crioea: sudinieHHs1 KOHMypie, cmamucmu4yHe KOHKYpYy8aHHS,
poa3rni3HagaHHs1 obpaasie, arzopummu 8UOINIeHHS KOHMypia.

Y. V. Kyrychenko Modification of the statistical contouring algorithm /
National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic
Institute”, Ukraine, Kyiv.

The purposes of this work are to create, implement and compare a
modified algorithm for contour detection which is based on a
statisticalalgorithm with a classic statistic algorithm. As a result of the
work, the algorithm was modified, described the main features of the
problem, the requirements to contour detection algorithms and the
problems of algorithm implementation. Also program code in the Java
programming language is written, which detects contour on the image in
two ways, classical and modified. Also was tested: features, complexity,
time of execution of these algorithms. The results of this work can be used

in any image recognition system. Also, the shortcomings of such
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algorithms were considered and goals for further researches of this topic
were formed.
Key words: contour detection, statistical contouring, image

recognition, algorithms for contour detection.

BBeneHne. B HacTodwee BpemMsa  cywecTtByeT  TeHAEHUMA
aBTOMaTM3auMM pPasnUYHbIX MpoueccoB. HemanoBaxHyk ponb B 3TOM
OTbIrpbIBAET pacno3HaBaHne obpas3oB, KOTOpPOe UCMONb3YyeT BbleneHune
KOHTYpPOB, pacno3HaBaemoro obekrta n BO MHOroM BfMSIET Ha KadecTBO U
CKOPOCTb paboTbl BCEN CUCTEMBI B LIENTOM.

Hanbonee nonynspHbiMM  MeTogamMu  BblAENEHUA  KOHTYPOB
ABNSAOTCS:

- Boigenenue rpanuy, KaHHy;

- Onepatop lNpounTT;

- MepekpécTHbIn onepaTop PobepTca;

- Onepatop Mappa-XungpeTa;

- AHann3 HeEMPOHHbLIMU CETAMMU;

- CTarecTmnyeckui noaxon;

- Nogxonabl, OCHoBaHHbLIE Ha cornacoBaHHOCTU ha3s[1].

Y KaXkgoro U3 nepevncnmHblX MeTO40B eCTb Kak MoSIoKUTeSbHble, Tak
M oTpuuaTenbHble CTOPOHbI W OHM OPWUEHTUPOBAHbI Ha CBOK
cneundunyeckyro  obnactb  npuMmeHeHusi.  Hanpumep,  nogxonbl,
OCHOBaHHble Ha cornacoBaHHOCTU a3, UMeT CaMyHo BbICOKYHO TOYHOCTb
BblOENEHUS KOHTYPOB, HO CMOXHbl B peanu3aumm n TpebylT Oonbline
BblYUCNUTESIbHBIE 3aTpaThl[2].

B paHHOM cTaTbe npegnoxeHa —moaupukauma  anroputma
CTaTUCTMYECKOro noaxoda ynyylweHUa TOYHOCTU BblOeNIeHUS KOHTypa U

Npon3BEeaEeHO CpaBHEHME €ro C KNacCU4YeCcKMM BapuaHTOM Mo KpUTEPUSM
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YEeTKOCTb BbIAENEHHbIX FPaHuL, MPaBUNbHOCTb BbIOAENEHHbIX FPaHUL W
BPeMS1 BbINMONTHEHWS.

ANropuTMbl  BblAENEHUS1  KOHTYpOB  OyayT  peanu3oBaHbl W
NPOTECTUPOBAaHbI Ha A3blKe NporpammMuMpoBaHus Java ans BblYUCNEHUs Ha
CPU.

Ons peanusauun 39TUX anropuTMOB He OyayT MCNonb3oBaTbCS
CTOPOHHME OUBNMOTEKM, YTODbI M3bEexaTb XECTKOW MNPUBSA3KM K SA3bIKY
nporpammMmpoBaHms U 6onbluen HarnsAHOCTY.

Knaccuyeckuin  anroputm CTaTUCTMYECKOTrO BbIAENEHUSI KOHTYpPOB
NPOU3BOAMUT:

- BbIOOp paboyero okHa;

- pacyeT cpeaHero 3HavyeHnAa B OKHe no cbopmyne

m=1 n—

a;

g="—"" (1)

mn

I
(=]

roe q — cpegHee 3HavyeHne B OKHe,
aij — anemMeHT oKkHa C HOMepPOM ij,
m, N — pa3MePHOCTb OKHa MO ropu3oHTanu n BepTuUKanun COOTBETCTBEHHO.

- pacyeT cpeaHekBagpatTnd4eckoro OTKIIOHEeHUA B OKHe 110

dopmyrne

= 25, @)

i=0 j=
- YMHOXeHue cpeHekBaapaTU4eCKoro OTKIIOHEeHUA B OKHEe Ha

Ka)kObl 3NeMeHT okHa no gopmyne
a,=a,s . (3)

Ncxooa n3 onucaHHbIX (OPMYS, MOXHO BbIMUCIIUTL KOSIMYECTBO
HeobxoanMbIX MaTemMaTU4YEeCKNX ornepauumn ans BbINOJSTHEHUSA
anroputmMal1]. Npumem Konn4ecTBO NUKCeNen n3obpaxeHns paBHbIM p, a

KONIMYEeCTBO MUKCEeNnenm OKHa 3a W, Torga KofiM4yecTBO OI'IGp3LI,I/II7I and



XXYPHAI HAYKOBUI OrNAQ Ne 1(44), 2018

BTOPOro wiara paBHO p+p/w, ona TpeTbero 2p + p/w v ans 4eTBepToro p.
Ncxooa m3 atoro obulee KOMMYEeCTBO 3fieMeHTapHbIX MaTt. onepauumn
paBHO 4p+2p/w, Tak Kak 60MbLLIMHCTBO ObICTPbLIX anroputMoB HasmpyeTcs
Ha NO3MIEMEHTHOM YMHOXEHUN U CYMMUPOBAHUN BCEX INIEMEHTOB OKHa
pa3sMepHOCTU[3] MUHUMYM 2X2(NpU4eM Mpu criydae 2x2 UCrnonb3yeTcs 2
npoxoda C pasHbIMWU MaTpuuamu W OefieHne ANA Kaxaoro anemeHTta
MNONYYEHHbIX MaTpuLl) MUHUMaNbLHOE KONMMYECTBO MaT. onepauun paBHO
2(4p+3p)+p=15p. OTpuuaTenbLHOM YepToM anropuTmMa MOXHO HasBaTb
pPa3MbITOCTb rPaHnL, HU3KYH 3(PPEKTUBHOCTb MPU HAXOXOEHUWN FPaHUL, B
obnacTtax, rge 3HavyeHne pkocTy 6rnako K Hynw. [nsa pewweHus npodnem
anroputMma Obina paspaboTtaHa ero Mmoangukauus.

Moaudukauma anroputma OCHOBaHa Ha npuynHax npobnem
Knaccumyeckoro anroputma. [lpnynHOM pasmMbITOCTM paMoOK dABNSieTCS
aHanu3 wu3obpaxeHuss B OKHe, He B 3aBMCUMOCTU OT pesynbTaToB
BbIYMUCITEHNN COCEOHUX OKOH[4], 4TO MPUBOOMUT K CO34aHMIO BU3yalibHbIX
kBagpatoB obnacten. Npobnemy pasmbITOCTU MOXHO peluTb, caenas
AONOMHUTENBbHBIN MPOXO4 MO WN300paXXeHuto CO CABUMOM B MOSIOBUHY
pasMepa OKHa Mo WUpPUHE N JonroTe U30bpaxeHusi, UI3MEeHMB 3HaYEeHUs
BbIXOOHbIX 3f1IEMEHTOB Ha MakCcMMarnbHOe U3 3Ha4YEHU B SYekax maTpul,.
[MpnynHon HU3KON 3PMPEKTUBHOCTU NPU HaXOXOEHUWU rpaHuL, obnacten
HU3KOW SAPKOCTU SIBNSAETCA TO, YTO anropuTm oueHMBaeT pe3kme nepenagpl
B 00NacTu KONMMYEeCTBEHHO[S], U NPU HU3KUX 3HAYEHUAX OTHOCUTENBbHO
bonblion nepenag ansa obnactm 6yaer abCoOMOTHO He3HaYMMbIM 4SS
n3obpaxeHma B uenom. [JaHHass npobnema MoOXeT ObiTb pelleHa C
MOMOLLIbIO HOPMUPOBAHUSA KaXKOoro OKHa B OonpefesiéHHOM [uanasoHe C
nomMoLbio popmyrbl 4:

a; =a; /max(a), (4)

rae max(a) — MakcMMarbHbI 3N1IEMEHT B OKHE.
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Takke Ana ysenvyeHuUs Npon3BoaUTENbLHOCTM HOPMUPOBaHNE CTOUT
NpOBOAUTL B NOCIeaHIo ovepenb. OueHka KonuyecTBa
apudmMeTndeckux orepauun Ona OAHOro nucensa nocrie onTUMu3aunm
2(4p+2p/w)+(p)+(2p)=11p +2p/w. Tpe: 4p+2p/w — KOMMYECTBO MaT.
onepauuin Kraccu4eckoro anroputma, 2(4p+2p/w) — 2 npoxoaa: obbIYHbIN
N CO COBUIOM, (p) — HaXoXAeHUne MakCumMyma LN KaKAoW TOYKM, (2p) —
HOpManmnsauus no okHY.

Ana nydwero noHumaHua paboTbl peanu3aumMm Ha Java npusenem
ncnornb3yemMble MeTobl KIaccoB U O6bACHUM UX NpeaHasHayYeHune:

- Matrix — knacc, nHkancynupyowmn B cebe 6asoByto paboTy C
MaTpulen:

- MerTtog set(int x,int y,int val) — yctaHaBnuBaeTt 3Ha4vyeHue
val B X-yl0 CTPOKY M y-TbI cTON6GeL maTpuubl;

- setMatrixIn (Matrix matrix,int x,int y) — 3ameHser
3HayYeHWe B [JaHHOW MaTpuue 3HadeHuamMu u3 matrix,
Ha4yMHasa co CTPOKK X 1 cTonbua v;

- getSubMatrix (int startX,int endX,int startY,int endY) —
nonyyeHve mMaTpuubl, KOTopasa ABNAETCH NOAMHOXECTBOM
AaHHOM MaTpuubl, HadnHaa c startX cTpokn, startY
ctonbua u 3akaH4ymBasa endX ctpokon n endY ctonduom.

- MatrixMath — knacc, vHkancynupylowmn B cebe peanusauumio
MaTeMaTu4ecKkux onepauumn Hag maTpulamu:

- mul(Matrix matrix,double val) — meTOo4 BbINOMAHAET
YMHOXEHWe MaTpuLbl Ha KOHCTaHTY;

- normalize(Matrix matrix, int max) — meTtoag BbinonHAeT
HOpMUpPOBaHWe 3Ha4YeHWn B maTtpuue B AuanasoHe ot 0

A0 max;
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- squareDiffRight (Matrix matrix) — meTog BbInonHAET
BblYMCIIEHNE CcpefHeKBaapaTU4eCcKoro OTKNOHEeHUA And
mMaTpuubl matrix;

- setToMax (Matrix matrixA,Matrix matrixB) — metog ans
HaxOXOEHUS  MakcuMyma [ONs  KaX4oro  anemeHTa
MaTpuubl U3 ABYX MaTpuL;

- setToMin (Matrix matrixA,Matrix matrixB) — meTton ans
HaXOXOEHUA MUHMMYMa OS5 KaXKA0ro afieMeHTa Matpubl
N3 OByX MaTpul,

- ImageUtils — «knacc wHkancynupyeT B cebe 006paboTky
N300paKeHnN:

- showlmg(Matrix matrix, Boolean invers) — oTobpaxaeT
MaTpuly Kak wusobpaxeHne B YepHo-benbiX TOHaXx,
MHBEPTUPYSA ero npu invers true;

- getColorPartArray(Matrix img,int part) nony4yaet
onpefenéHHbln  crion  usobpaxeHna  (Ucrnonb3yeTcs
Tonbko BRIGHTNESS_ PART — apocTb).

[MpunoxeHne nMeeT OOCTAaTOMHO MPOCTYK CTPYKTYPY — OBa MeToaa,
peanusylowmne Knaccmyeckum, MogmuuMpoBaHHbIM anirOpuTMbl U TOYKY
BXO4a B NPUIIOXKEHME, KOTOpasa COCTOUT U3 Creaylowmx YacTen: 3arpyska
n3obpaxeHnn, noarotoBKa K OCHOBHOM YacTW, OUEHKa BpeEMEHMU
BbIMOMMHEHNA KINACCUYeCKOro anroputma, oueHka BpeMeHW BbIMNOSTHEHUS
MOANMMLMPOBAHHOMO anropmMTtma 1 Bu3yanumsaumsa paboTbl anroputMoB C
nocnegHum usobpaxeHnem K3 cnucka. [aHHbIi Knacc Mnoka3aH B
nucTuHre 1.

Jlucmure 1

public class test {
public static void main(String[] args){
try {
//3arpyska nsobpaxxeHun
String path=new File(".").getAbsolutePath()+"\\autos\\";
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Bufferedimage[] samplelmgs=new Bufferedimage[8];
for (inti = 0; i < samplelmgs.length; i++) {

samplelmgs[i]=ImageUltils./oad(path+(i+1)+".jpg");
}

//[noAroToBKa K OCHOBHOM YacTu

int window=5;

long start;

Matrix classic = null;

Matrix modif = null;

/loueHKa BpeMEHU BbINOHEHUSA KNAaCcCUYECKOro

anroputma

start=System.currentTimeMillis();

for (inti = 0; i < samplelmgs.length; i++) {

classic = statistical TransClassic(window,

AlgoUtils.getColorPartArray(AlgoUtils.img ToMatrix(samplelmgs]i]),
ImageUtils. BRIGHTNESS_PART), 0);

}

System.out.printin("cpenHee BpeMs BbINOMHEHUS
Knaccuyeckoro anroputma "+((System.currentTimeMillis()-
start)/samplelmgs.length));

//oueHKa BpeMEHMW BbINOMHEHNA MOANDULIMPOBAHHOIO

anroputma

start=System.currentTimeMillis();

for (inti = 0; i < samplelmgs.length; i++) {

Matrix modifiedPart1 = statistical TransMod(window,
ImageUtils.getColorPartArray(AlgoUtils.img ToMatrix(samplelmgsii]),
ImageUtils. BRIGHTNESS_PART), window/2);

Matrix modifiedPart2 = statistical TransMod(window,
ImageUtils.getColorPartArray(AlgoUtils.img ToMatrix(samplelmgsii]),
ImageUtils. BRIGHTNESS_PART), window/2);

modif=MatrixMath.setToMax(modifiedPart1,
modifiedPart2, (a,b)->true);

}

System.out.printin("cpenHee Bpems BbINOMHEHWS
MoanduumnpoBaHHoro anroputma "+((System.currentTimeMillis()-
start)/samplelmgs.length));

//Bn3yanusaumsa paboTbl anropuTMoB ¢ NOCNeaHNM
N300pakeHMem 13 cnucka

ImageUtils.show/mg(samplelmgs[samplelmgs.length-1]);

ImageUtils.showlmg(modif, true);

ImageUtils.showlmg(MatrixMath.normalize(classic,

255),false);
}catch (Exception e) {
e.printStackTrace();
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System.err.printin("ownobka");
}
}
//knaccmnyecknn metos
public static Matrix statisticalTransClassic(int window,Matrix
img,int ofset){
Matrix res=new
Matrix(img.getRowLenhgth(),img.getColLength());
for (inti = 0; i < (img.getRowLenhgth()-ofset)/window; i++) {
for (intj = 0; j < (img.getColLength()-ofset)/window; j++)

{

Matrix
windowMatrix=img.getSubMatrix(ofset+i*window,ofset+ (i+1)*window,
ofset+j*window,ofset+ (j+1)*window);

double
squareDiff=MatrixMath.squareDiffRight(windowMatrix);

Matrix
resultWindowMatrix=MatrixMath.mul(windowMatrix, squareDiff);

res.setMatrixIn(resultWindowMatrix, i*window,
j*window);

}

}
return res;
}
//moanuLMpoBaHHLIN MeTo
public static Matrix statisticalTransMod(int window,Matrix img,int
ofset){
Matrix res=new Matrix(img.getRowLenhgth(),img.getColLength());
for (inti = 0; i < (img.getRowLenhgth()-ofset)/window; i++) {
for (intj = O; j < (img.getColLength()-ofset)/window; j++) {

Matrix opMatrix=img.getSubMatrix(ofset+i*window,ofset+
(i+1)*window, ofset+j*window,ofset+ (j+1)*window);

double
squareDlIff=MatrixMath.squareDiffRight(opMatrix);

Matrix
normalized=MatrixMath.normalize(MatrixMath.mul(opMatrix,
squareDIff),255);

res.setMatrixIn(normalized, i*window, j*window);

}
}

return res;
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B pesynbTate BbINOMHEHUA Koda B NUCTMHre 1 OblnNu MOnyYeHbl
AaHHble O pasHuUe B CKOPOCTU paboTbl M MNOSydeHbl 2 N300pakeHus.
CkopocTb paboThbl Knaccu4eckoro anroputMa B cpefHem coctasuna 34
MC, @ MOANUUMPOBAHHOINO — 66 MC, 3TW OaHHble TOBOPAT O TOM, 4TO
MOOMMULNPOBAHHbLIA anropuTtM NMpu gaHHOMW peanu3auum NpuMepHo B 2
pa3a MeasieHHee Kraccu4eckoro. Takke KOnnM4ecTBO 3fieMeHTapHbIX MarT.

Onepauuin Ha nuKcenb AONA Knaccuyeckoro anroputma 4p+2p/w, a

Mp .
mMoguduumposaHHoro 11p yto B 4p+2p/w~2'8 pa3sa 6onbLie. 3 pucyHka

1 BMOHO, YTO HOBLIN anroputMm (4epHbIin Ha Oenom doHe) Bbligensdet
KOHTYpbl 6onee TOYHO, YeM Knaccudeckur anroputm (benbih Ha YepHOM
doHe), Takke BblOerieHHble KOHTYPbl He SABMNSAITCHA pPas3MbITbIMU, KaK B

KInaccn4yeCckom BapumaHTe.

&) x=291y=435 = =

4] x=433y=0 = = %) x=60y=0 oo

Puc. 1 PeaynbTaTbl paboTbl nporpammbl
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BbiBoabl. B gaHHon paboTte Obin npeasiokeH anroputMm BblAENEHUS
KOHTYPOB, OCHOBAaHHbIA Ha KIacCM4YeCKOM anroputMme CTaTUCTUYECKOro
aHanusa. Takke Oblna npeactaBfneHa ero peanu3aums Ha SA3blke
nporpamMmmpoBaHuna Java.

Bbinn npoaHanuM3anpoBaHbl HEAOCTATKU KIaCCUYeCKoro arroputma um
npeanoXeHbl Cnocobbl UX pelleHMss B HOBOM anroputMme. Takke 6binm
npoBedeHbl CpaBHUTENbHbIE TeCTbl ANA ONpeferieHns  CKOPOCTU
BbINOJTHEHMSA KIAaCCUYECKOro anropmutMma n mogmuunpoBaHHoro.

HeratuBHoM cTOpOHOM MOAUMUULMPOBAHHOIO arroputmMa okasaracb
MeHbLLAs CKOPOCTb, YEM Y KnacCcu4ecKkoro, B 2 pasa.

HdanbHenwmne wnccnenoBaHuss MoryT  ObiTb  HanpaBrieHbl  Ha
yCTpaHeHne Bbille WU3MOXEHHbIX HedocTaTKoB, a TakkKe Hag

Moandpukaumnen anroputmal/peanmsaummn gna ncnosnb3osaHunsa Ha GPU.
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