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®OPMUPOBAHUE TECTOBbIX U30EPAXEHUW ONA OLEHKU KAYECTBA AlITOPUTMOB
CErMEHTALUU
I'ait B.E., bop6mmk C.H.

Mypomckuii HTHCTUTYT ((unnan) BiraguMupckoro rocyIapcTBEHHOTO YHUBEPCUTETA

CerMmeHTaIus SBJSICTCS OJHAM M3 OCHOBHBIX HampaBlieHHH B U(POBOI 00pabOTKe U aHAIM3e W300paKCHH.
CermeHTauusi MO3BOJISIET MEPEHTH OT MpPEACTAaBICHUS U300paKeHUs] Kak Habopa TOUEK C Pa3IMYHOW SPKOCTBIO K
OIMCAHMIO CIIEHBI, KAK KOMIO3UIMN OOBEKTOB KaXKbIil U3 KOTOPBIX XapaKTEPU3yeTCs PSIOM I'eOMETPHUYECKHX Xa-
PaKkTepUCTHK: (OPMOH, TUIONIAIbI0, B3aUMHBIM PACIIOIOKEHHEM, SIPKOCTBIO, & TaK)Ke TEKCTYPHBIMU W WHBIMH TIPH-
3HaKamH [2].

B nacrosiee Bpems pa3paboTaHO JOCTATOYHO OOJIBIIOE KOJIWYECTBO aIrOPUTMOB cermeHTanuu [2]. IIpu BbI-
00ope KOHKPETHOTO allTOpPUTMA IJISl PEIICHHS OIpPeNeNEHHON 3aJadll yYUTHIBAIOTCS XapaKTEPHCTHUKU €ro padoTHI
(cxopocTb paboThl; 00BEM anprOpHO WHPOPMAINU 00 M300pakeHNH, HEOOXOIUMOHN ISl BRITIOTHEHUS ONepaIliy
CeTMEHTAIUH U IpyTHe XapakTepuctukn). Ho, Hanbosee BaXXHBIM MOKa3aTesleM, BIUAIONIAM Ha BBIOODP allrTOpUTMa,
ABJISICTCA ITOKa3aTeh KadecTBa ero paboTel. Ha ceromHsmHmiA eHp CYIIECTBYIOIINE METOABI M CPEICTBA OLEHKHU
Ka4yecTBa ajrOpUTMa HE PEMIAloT MpoOJeMy OLEHKH JAHHOTO IOKa3aTels B MOJHOH mepe. CiiemoBaTenbHO, aKTy-
QJIBHOM SIBIISICTCS Pa3pab0OTKa MOACTH U300pakeHus ISl OI[CHKH 3((EKTHUBHOCTH MPOrPAMMHBIX METOI0B 00paboT-
KU M300paeHUi.

B naHHO# cTaThbe BBOIUTCS MOZEIbh TECTOBOTO M300pa)KeHUsI 1 HA0Op KPUTEPHUEB [UIsl OLIEHKH KadecTBa pabo-
TBI AJITOPUTMOB CErMEHTAIHH.

Hawubonee pacnpoctpaneHHass Mojellb (popMHUpOBaHUST H300paKeHHs - MOJENb, ONUCHIBaeMasi Kak COBOKYII-
HOCTb STAJIOHHOTO M300pakeHus U IyMa (aIUTHBHOTO, MYJIbTUIUIMKATUBHOTO MJIM UMITYJIBCHOTO).

Bonee o0mielt muHEHHOW AMHAMIYECKOW MOJENBI0 M300paKSHUS SBISIETCS MOAETh, YIUTHIBAIOIIAs, HAPSTY C
ITyMOM, THHAMHYECKHE MTPOCTPAHCTBEHHBIC HCKAKCHIS.

OnuireM MOAeh TECTOBOTO N300payKeHHS CIIeIYIOIIM 00pa3oM:

Y=X+K+N(),

rae Y — 3aIryMIIeHHBIH (MCKaKEHHBIN) Pe3yIbTUPYIOMINI CUTHAN, X — UCXOHOE 3TATOHHOE n300paxkeHue, K —
CllyyailHOe MapKOBCKOE I0JIe C 33/IaHHBIM MaTeMaTHueckuM oxuaanreM (M), koapduipentom koppemsiun (Ky) u
mucniepcueii (D), N — Oenblit mym ¢ 3amanHoi qucnepcueii (Dy) .

Jlyist TeHepanuy KOppeIUpPOBaHHBIX OTCYETOB HCIIOJIB3YETCS MOJIENb OAHOPOAHOTO MApKOBCKOIO CIIyYaiHOTO
noss (OMCII) [1].

[pouecc popMupoBaHus TECTOBOTO N300PAKEHHSI COCTOUT M3 CJICTYIOLIHNX LIaroB:

1)hopmupoBanne uieasbHOro (ITAJIOHHOTO) U300paXkeHUs (Ha TaHHOM dTarie TpeOyeTcst ONpeesIuTh KOJIude-
CTBO OOBEKTOB Ha M300paKeHUH, MX SIPKOCTh, MIPOCTPAHCTBEHHOE PACIIONIOKEHHE OTHOCHTENBHO IPYT Apyra, pas-
HOCTH MEXKAY SIPKOCTSIMHU OOBEKTOB); MOKHO BBIICIUTH JIBA THIIA STAIOHHBIX N300paKCHUH:

a)M300pakeHus, collepKaIiue OOBEKTHI C OTMHAKOBBIMU SIPKOCTSIMH («IIPOCTHIEY N300paKEHHS);

b)uzobpakeHus1, coiepkaiiiue 00beKThl C Pa3TUIHBIMU SPKOCTAMH («CIOKHBIS» H300paKEHH);

Puc. 1 — «CnoxxHOe» N300pakeHHe

2)rerepanys OJHOPOIHOTO KOPPEIMPOBAHHOIO MapKOBCKOTO IMOJIS U Oenoro myMa (BO3HHKAeT IMpoOieMa BbI-
Oopa mapameTpoB MapKOBCKOI'O CIy4alHOro moiisi (koad(duimeHTa KOppensiuyd ¥ JUclepcur) U 0eoro uryma
(mucniepcun)); npu reneparn OMCII ¢ koaddunmrenTamu Koppensiuuy OJIM3KHUMH K €AMHHULIE CO3JAF0TCS MOJIs, Ha
KOTOPBIX HaXOJATCS OTHOCHTEJILHO OOJIBIINE IO IUIOMaaH (TI0 CPABHEHHUIO C IUIONIAbI0 BCETO0 M300paXKeHHUs) 00-
JIaCTH, KOTOpBIE IIPH HAIOKEHWH Ha WACAIFHOE M300paKEHHUE MCKAKAIOT OOBEKTHI YTO JIENACT IOJy4YEHHbIE H30-
OpakeHUs BU3YAIBHO OoJiee OIM3KHMU K peallbHBIM;

3)dopmupoBanue TecToBOro M300paskeHus 1o dopmyie (1).
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Puc. 2 — a) 3amymiéHnoe «Irpoctoe» n300pakeHne, 0) 3ayMIEHHOE «CII0KHOE» M300paKeHne

IMocne GpopMupoBaHKs TECTOBOTO M300paKCHUSI MPUMEHUM K JIaHHOMY HM300paKEHHIO OIepaTop CerMeHTa-
UK

Y'=Sed[Y] (2),rme Y - recrosoe msobpanenue, Seg — oneparop cermentamn, Y '— nomyuennoe

CEerMEHTHPOBaHHOE M300paKeHHeE.

le/l OLICHKE KayeCTBa pa6OTI)I oreparopa CCrMEHTallMKM MOKHO HNPUMEHUTH [IBa MOAXOAa K BBIYMCJICHUIO
OIIUOKH CErMEHTAIUH:

1)noaxon, paccMaTpHBAaIOIMK OLIMOKY onpeneieHus OObEKTa; JAHHBIA MOAXOM MOXKET MPHUMEHSThCS Ui
«IPOCTBIX» U300pAKECHHI; B JAHHOM CJIydyae OIIHOKa CerMEHTAUK ONPeessieTCs CISAYOLNM 00pa3oM:

h w
G(X.Y) =23 XA D-Y'Q. ] 3.
i=1 j=1
2)1oX0/1, aHAJTM3UPYIOIIUI OLIMOKY ONpeAeIeH s SPKOCTH (BBIYUCIISETCS IS «CI0KHBIX)» N300paKeHHN ).
Baeném crexyromue 0603Ha4eHus: X - HCXOAHOE HeanbHoe n3obpaxkenue; Y ' - cerMeHTHpOBaHHOE M300pa-
KeHue, h — BricoTa H300paXeHHs, W — LINPUHA U300payKeHHS.
Jsi KOMMYECTBEHHON OLICHKH OLIMOKH, PACCMOTPEHHON BO BTOPOM MOJAXOIE, MOTYT HCIIONb30BATBHCS Clie-
JYIOLIHE KPUTEPHU:
1) cpenHuUit KBagpaT OMUOKH:
. h W . 2
MSE (X,Y ):ﬁZZ(X(i, D-Y@Q.)H) @
i=1 j=1

2) EBKIIMI0BO paccTosiHueE:

Dz(an'): ZZ(Xi,j_Yi:j)z (5)

i=1 j=1

3) kpuTepuid, ABJSAIOMIHICS 00001eHneM EBKITMIOBOTO paCCTOSTHHS

h w

Do (X,Y ) =p > D> (X0, ))=Y(i,J) )" (6), tne P mosoe nonoxurenshoe uco;
i=1 j=1

4) GyHKIMS KauecTBa CEerMEHTaINH:

M A2
g2
G(Y")=+M *ZX' (7), rne M — umcno obnacteif Ha CErMEHTUPOBAHHOM M300P&KEHUH, A; — HCIIO
i1

TOYEK B 1 — 0¥ 00J1acTH, €; — EBKJINI0BO PACCTOSIHUE MEXIY SIPKOCTSIMU UCXOIHOTO M CErMEHTHPOBAHHOIO M300pa-
JKCHHS B 1 — Of 00JIACTH.

[Ipu co3maHuu TECTOBBIX M300paKEHUI BO3HHKACT 3amada (JOPMHUPOBAHUS OOBEKTOB C ONPEACIEHHOU SIPKO-
CTHIO Ha UJICATEHOM U300paKCHHU.

[Ipu GpopmMHUpPOBaHUH «CIOKHBIX» TECTOBBIX M300paKECHUIA KOJMYECTBO OOBEKTOB C PA3IMYHBIMU SPKOCTSIMU
JOJDKHO TPUOMIKATHCS K KOHQUTYPAINH PEATbHBIX W300paKeHUN TSI CETMEHTAINH KOTOPHIX MpeaHa3HAYCH JTaH-
HBIIl ANITOPUTM.

MunnMabHbIE TPEOOBAHUS K «CIOKHOMY» U300PaKSHHIO:

1)He MeHee 3 00BEKTOB C Pa3IUIHON SPKOCTHIO;

2)00BEKThI HAa H300PAKEHUH O/DKHBI HMETh PAa3JIMYHBIC T€OMETPHUCCKHE (DOPMBI.

CreHepupOBaHHbIE TaKUM 00pa30M, aHCaMOJIHM TECTOBBIX M300paKEHHU HCIIOJIB30BAIHUCH IPH HCCIIEIOBAHUM
ANrOPUTMOB cerMeHTanuu [1-4]:
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1) pacmieruieHneM — CIMSTHAEM 00JIacTel;

2) HapaluBaHUEM 00JIacTel;

3) ¢ uCnoIB30BaHUEM BEUBIET — MPeoOpa30BaHUs 1 MHOTOMACIITA0HBIX MAPKOBCKHX CIyYalHBIX MTOJIEH;

4) ¢ UCIOB30BaHNEM MAPKOBCKHX CIyYaWHBIX TTOJEH.

B pesynbraTe chopMHUpPOBaHbl PEKOMEHIAINH [0 BBIOOPY aJrOPUTMOB B 3aBUCHMOCTH OT THIIA U300PaXKCHUS,
BCJIMYMHBI IIyMa, IPOCTPAaHCTBCHHBIX WCKaKSHUH. Pe3yanaTb1 OIICHKHN Ka4y€CTBa NEPCUNCIICHHBIX BBILIC aJITOPUT-
MOB CEIrMCHTAIUN COTJIACYIOTCA C BU3YaJIbHBIM OLICHUBAHUEM.
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TEST IMAGES FORMING TO SEGMENTATION ALGORITHMS QUALITY EVALUATION
Gay V., Borblik S.
Murom institute of the Vladimir state university

Segmentation is one of the main tasks in a digital image processing. Image segmentation allows to represent
source image as a set of objects, which has different characteristics: form, area, etc. Now days there are a lot of dif-
ferent segmentation algorithms. The most significant characteristic that influence on the choice of the algorithm is
an algorithm quality. In this article introduced a test image model and a set of criterion to segmentation algorithm
quality evaluation.

Describe the test image model as union of three components:

Y =X+ K+ N (1), where Y — noised image, X — source image, K — markov random field, N — “white” noise.
Homogeneous markov random field is used to form correlated samples.

The process of test image creating consists of three steps:

1)creating ideal image; there are two types of ideal images:

1.1) images consists of objects with equal intensities (“simple” images);

1.2 ) image consists of objects with different intensities (“complex” images);

2)generating homogeneous markov random field and “white” noise;

3)creating test image using (1).

After test image creating apply to it segmentation operator:

Y '=Seg[Y] (2), where Y’ — segmented image, Y —test image, Seg — segmentation operator.

There are two approaches to segmentation operator quality estimation:

1) approach, that estimates the object detection error (this approach is used for “simple” images);

2) approach, that estimates the intensity detection error (this approach is used for “complex” images);
To quantitative assessment of the intensity detection error can be used following criteria:

1) error mean square

MSE(X.Y')=

LA . Vo
XXX DY D) G
i=l j=1
2) Euclidian distance;

DZ(X,Y'):\/Zh:ZW:(xH_Yi:j)Z 4)

i=1 j=1

3) generalized Euclidian distance;
4) function, that estimates the quality of segmentation:

M 2
GY")=+vM *Z& (5), where M — amount of segments in segmented image, A; — amount of pixels in i —
i=1

th segment, ¢; — Euclidian destination between intensities of source noised and segmented images in i — th segment.
There are two requirements to complex images:
1)at least three object with different intensities;
2)objects at image must has different geometry.
Generated ensembles of test images were used to segmentation algorithm research:
1)split — merge region;
2)region growing;
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3)with using of wavelet — transform and markov random fields;

4)with using of markov random fields.

As result of work were formed guidelines to algorithm selection in different situations. Results of quality esti-
mation of different segmentation algorithms adjust with visual evaluation.
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