METOO CTATUCTUYECKON CErFMEHTALUNU
NocteB V.M. NMoneHko N.B.

Poccuiicknin yanBepcuteT apyx06bl HApoaoB.
e-mail igostev@sci.pfu.edu.ru, ramatahatta@chat.ru

Pegbepam. B goknage paccMmatpuBaeTcs MeTof CTaTUCTUYECKOW CermeHTaumu, npeanoXeHHbIn
aBTOpamu Ana GuHapusauMmn NosyTOHOBLIX M306paXkeHWin B cucTeme pacrnosHasaHua obpasos STIPR
2000.

BeepaeHue.

ViccnegoBaHusi, NpoBedeHHble Ha OCHOBE paboTbl C CUCTEMOM MO 00paboTke u3obpaxeHus u
pacno3HaBaHuio obpaszoB STIPR 2000 [2], nokasanu, 4To npegBapuTenbHas obpaboTka m3obpakeHwuin
OKa3blBaeT CYyLLEeCTBEHHOE BIMSIHME Ha KayeCTBO pacrno3HaBaHWs, a cama npegsaputenbHas obpaboTka
3aBUCUT OT AManasoHa siPKOCTeN n3obpakeHnin 1 YpoBHS LLIYMOB.

[MocKonbKy NpUMEHEHMe CTaTUYeCKUX MOPOroB Afs cerMeHTauum msobpaxkeHun B cucteme STIPR
2000 He nosBonsieT nonydatb Ka4YeCTBEHHbIX pe3ynbratoB, TO Obinn paspaboTaHbl MeToabl C
NCMNonb30BaHMEM MIaBaloOLLEro NMopora, BenuyYnHa KOTOPOro MEHSIETCS B 3aBUCMMOCTM OT CTaTUCTUYECKOM
OLEHKN SIPKOCTHBLIX MapameTpoB M300paxeHusi. MNpuMepomM Takoro anroputMa MOXET CRYXUTb anropuTm
aenbta-cermeHTaumm  [3]. OpHako, Kak MoKasanu WUCCNefoBaHWsi Ha pearbHbIX  N306paXkeHusix,
3(PhEKTNBHOCTL NMPUMEHEHUS anropuTMa AenbTa-CerMeHTaLMn YMEeHbLUaeTCsl C POCTOM KOHTPacTHOCTU
n3obpaxeHus. [nsi ycTpaHeHWss 3TOro Hepoctatka M Obin paspaboTaH anropuMtm, KOTOPbLIN Has3BaH
cTaTUCTMYECKOM cermeHTaunen. IPdeKTUBHOCTL paboTbl MeToga CTaTUCTUYECKOW CErMeHTauun He
3aBMCUT OT KOHTPACTHOCTU N306paxKeHus.

MpuHUMn paboTbl.

Cratuctnyeckass cermMeHTauMsi OCHOBaHa Ha MpUHUMNE CTaTUCTUYECKOro aHanm3a SIPKOCTHbIX
3HayeHun n3obpaxkeHusl, MO pe3ynbTaTtam KOTOPOro MPoOMCXOoOuUT onpeaeneHus 3HadeHus nopora. Npouecc
onpegeneHns nopora BKoYaeT HECKOJIbKO LIaroB.

Ha nepBowm Liare onpeaensietcs pasmep okHa B nukcenax M * N . MoxHo 3agaTtb nobble pasvepbl
OKHa, He NpeBblLLatoLLme pasMmep n3obpaxeHus.

Ha BTOpOM Liare BbIMOMHAETCHA pacyeT CTaTUCTUYECKUX MapameTpoB uszobpaxeHud. [ns atoro Bce
nsobpaxenne K * L penutca Ha dpparmentol M * N . [Ins KaXaoro U3 aTux parMeHTOB BblYMCMAOTCA
cpegHee 3HadeHue sipkocTM (MaTt. oxuaaHue) n gucnepcus. B utore monmyyaeTtcsa matpuua spkocTen C
pasmepamu P =L/ N ctpokun Q = K/ M cron6uos.

Ha TpeTbem Liare npoucxoout pacyeT nopora Ans Kaxzaoro nukcensi. MsobpaxeHne ckaHupyeTcst
MOCTPOYHO crieBa HanpaBo U cBepxy BHU3. MNpu aToM Bce dparmeHTol M * N nukcenen, Ans KOTOPbIX
ObiNM  BbIYMCMEHbI CTATUCTMYECKME 3HAYeHUs, Oensatca ewe Ha 9 paBHbiXx obnacten pasmepom
(M /3)*(N/3) nukceneir. lMpu ckaHMpOBaHUM U306paKeHUss OMnpedenseTcs, B KakoW dparmeHT
n3obpaxeHus nonagaeT OaHHbIA MUKCENb, a TaKkkKe K Kakon M3 OeBsTU obrnacten gaHHoro dparmeHta OH
npuHagnexuT. ocne 3Toro NPOMCXOAWMT pacdeT MOpPOroBOro 3HadeHws. [ns nukcens, nonagarwowero BO
parmMeHT nsobpaxenus (p,q), Nopor paccunTeiBaeTCcs No opmyrne:

Thres =M + o * D rpge:

M=kI*M(p-1,q-1)+k2*M(p-1,q)+k3*M(p-1,q+1)+

k4*M(p,g-D)+kS5S*M(p,q)+k6*M(p,g+1)+

kT*M(p+1,q-1D)+k8*M(p+1,9)+k9*M(p+1,q+1);

D=k1*D(p-1,g-1)+k2*D(p-1,9)+k3*D(p-1Lqg+1)+

k4*D(p,q—-1)+k5*D(p,q)+k6*D(p,q+1)+

k7*D(p+1,g—-1)+k8*D(p+1,9)+k9* D(p +1,q +1);

M(p,q) v D(p,q)— Matematnyeckoe oxuaaHue u aucrnepcus apkoctu uad matpuubl (P, Q) ans

pparmeHTa n3obpaxeruss (p,q), O — KOHCTaHTa paBHas no ymonuyanuo 0.1, k1—k9 - uyucnosble

kOo3(pPULMEHTBI, 3HAYEHWSI KOTOPbIX MEHSIOTCS B 3aBMCUMOCTM OT TOro, B Kakyld U3 AEeBATU obnacteii
cparmenTa (p,q) nonagaet 3afaHHbIi NUMKCENb.
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K1 K2 K3 K4 K5 K6 K7 K8 K9
Obnactb 1 0.12 0.14 0.08 0.14 0.24 0.07 0.08 0.07 0.06
Obnactb 2  0.08 0.15 0.08 0.10 0.30 0.10 0.06 0.07 0.06
Obnactb 3  0.08 0.14 0.12 0.07 0.24 0.14 0.06 0.07 0.08
Obnactb 4 0.08 0.10 0.06 0.15 0.30 0.07 0.08 0.10 0.06
O6bnactb 5 0.05 0.10 0.05 0.10 0.40 0.10 0.05 0.10 0.05
O6bnactb 6  0.06 0.10 0.08 0.07 0.30 0.15 0.06 0.10 0.08
Obnactb 7 0.08 0.07 0.06 0.14 0.24 0.07 0.12 0.14 0.08
O6bnactb 8  0.06 0.07 0.06 0.10 0.30 0.10 0.08 0.15 0.08
O6bnactb 9  0.06 0.07 0.08 0.07 0.24 0.14 0.08 0.14 0.12

CymMa KoahULMEHTOB k& B Kaaoi o6nacTv paBHa eauHuULE.

O6cyxaeHune anroputma.

Bbnarogapsi Mcnonb3oBaHWiO MaTpuvUbl SPKOCTEN U OUHAMUYECKM BbIYMCIIIEMOMY MOPOry, MeToa
CTaTUCTMYECKOM CcermMeHTauum no3eonsetT 3dpdekTMBHO obpabaTtbiBaTb M300paXeHus C  pasnuyHomn
CTEMNEeHbK OCBELLEHHOCTU U KOHTPACTHOCTM, YTO HEBO3MOXHO caenaTtb NMpu MCMOoMb30BaHWM CTaTU4ECKOro
nopora. lNpyMeHeHe pasnuyHbiX KO3MMOULUNEHTOB B 3aBMCMMOCTU OT MONOXEHWUS MUKCEeNs BHYTPU OKHa
obecneuynBaeT NMNaBHOCTb NMEpPexXodoB Ha rpaHuuax obnacten u, COOTBETCTBEHHO, Ha BCEM M306paxeHunw.
Bbicokasi YyBCTBMTENbHOCTb MeToAa AeNnaeT BO3MOXHbLIM €ro NpuMeHeHue Ansi BbisiBNEHUS AeheKkTOB Ha
N306pakeHnsIX.

Mpn peanusaumm atoro anroputma B cucteme STIPR, pasmepbl OKOH BblYUCIIAIOTCA aBTOMaTUYECK/
Ha OCHOBe pa3MepoB pacrno3HaBaeMoro atarnoHa, Takum obpasoM, MeTof He TpebyeT anga paboTbl HUKaKoOW
npegsaputenbHon nHgopmaummn. OgHako B HEKOTOPLIX Cryyasix TpebyeTca NpuHyaMTENbHOE onpeneneHme
napameTpoB.

K HegoctaTkam mMeToga MOXHO OTHECTM nosBneHve 60Mbloro KOMMYecTBO LYMOB Ha
n3obpaxeHun, OOYCMOBMEHHOE BbLICOKOM YyBCTBUTENBHOCTBIO MeToda, a Tawkke HeobxoonmocTb
3anomuHaHmMsas B cucteme -N cTpok usobpaxeHus (B cucteme STIPR o06paGoTka n30GpaxeHui
OCYLLEeCTBIISIeTCA No Tpem cTpokam). Kpome Toro, K HegocTaTkam, BbISIBIIEHHbIM B MPOLECCe JKCnyaTaumm
anropuTma, OTHOCUTCHA MOSIBIIEHNE HEraTMBHbIX MNATEH Ha OAHOTOHHbBIX Yy4yacTKax W300paxeHwsi, ecrnu

pa3smep y4acTKOB CyLLECTBEHHO MNpeBbilaeT pasMmep obnactu M * N .

Mpumepbl.
Mpumep 1. WckyccTBeHHass MNOBEPXHOCTb «llaxMaTHaa gockay». [lpu o6paboTke nonyvaem
NpakTUYECKN «naeanbHoey YepHo-6ernoe n3obpaxeHue

T

Puc.1.(Fig.1.) UsobpaxeHne Tuna «LLlaxmaTHas gocka» nokasbiBaeT BO3IMOXHOCTHU
anroputma ctaTuctudeckon cermeHtaumm. (Image «chess board» shows the
capabilities of the “statistical segmentation” algorithm.)

Mpumep 2. Ha Pwuc.2. npegctaBneHbl doTorpadmm ged)eKToB Ha TKaHEBbIX MOBEPXHOCTAX. [pu
obpaboTke M300paxeHMs MeTOoOOM CTaTUCTUYECKOW CEerMeHTauuu ene 3ameTHble rnasy AedeKTbl YeTKo
nposiensitotcss.  Kpome Toro, BmaHa TekcTypa wmartepuwana. [locnepywowas obpabotka € NOMOLLBHO
crnaxmBaroLLero punbTpa AaeT YeTkoe nsodpaxeHue gedekra.
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a). icxogHoe nsobpaxeHue b. CratucTiUuecKas CErMEHTAIMs c¢). CrnaxusatoLmin punstp

Puc.2. (Fig.2) O6HapyxeHune aedektoB noepxHocTten. (Surface defect detection.)

Mpumep 3. Ha Puc.3. npeactaBneHbl peanbHble oTorpamm ¢ 3NEKTPOHHOrO MUKpOCKona u3
obnactu monekynspHon 6Guonoruv. Meton cTtaTUCTMYECKOM CerMeHTauuyM no3BOnsieT MONyyYnTb XopoLluue
pes3ynbTaTbl NPY CErMeHTaLUMmM HU3KO KOHTPACTHbIX U Pa3fnnyHO OCBELLEHHbIX OO BbEKTOB.

3aknroyeHue.

Ha ocHoBe pes3ynbTaToB uccrnegoBaHun no obpaboTke wulobpaxeHun, paspaboTaH anroputM
CTaTUCTMYECKOM CerMeHTaumn, KOTOPbIA MCMOoNb3yeTcsa ANsi NpeaBapuTenbHON obpaboTkn M3obpakeHui B
cucteme STIPR-2000. PesynbTaTtbl TECTMpPOBaHMSA MoOKasanyM BO3MOXHOCTb MPUMEHEHUST anroputma K
LUMPOKOMY Krnaccy u3obpakeHuin C NonyyYyeHvem yooBreTBOPUTESNbHbIX Pe3ynbTaToB, KOTOPble HEBO3MOXHO
nony4nTb CTaTUYECKMMM MeTodamMu cermMeHTauun. Mcnonb3oBaHue anroputma B cucteme STIPR-2000
MO3BONUIIO MOBLICUTE KayeCTBO pacno3HaBaHWs 3a CYeT MOBbILWEHUS KadecTBa npeaBapuUTenbHOn
06paboTku. lNMonyyeHHble pes3ynbTaThbl OAKOT BO3MOXHOCTb PEKOMEHAOBATb MCMOMb30BaHWE anroputvma B
Opyrnx poboTOTEXHUYECKMX CUCTEMAX M CUCTEMAX pacrno3HaBaHus obpa3os.
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a. NicxogHoe n3obpaxeHne b. CtaTuctnyeckas cermeHtaums

Puc.3. (Fig.3.) CHUMKM 9NeKTPOHHOro MUKpockona. HM3Ko KOHTpacTHoe nsobpaxeHne ¢
nepeMeHHbIMU YPOBHAMU APKOCTU U KOHTpacTHocTu. (Electron micrographs of a somatic
nucleus. Low contrast image with the variable luminosity and contrast values.)
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Abstract. At the report we introduce the image segmentation method for system pattern
recognition STIPR 2000.

Introduction.

Segmentation method based on static threshold does not provide high-quality results in STIPR
2000system. Therefore we developed several new segmentation methods. The basic principle of these
methods was the use of a dynamic threshold, which value depends on a statistical analysis of the image
luminosity parameters We present new algorithm named “statistical segmentation”. It can be applied to the
low contrast and high contrast images with high effectiveness.

Principle of operation.
At the first step an input values assignment occurs. The algorithm has two input values: window

height and window width in pixels M * N . Window size can not exceed the image size.

At the second step the statistical analysis of the image parameters occurs. The whole image (K * L
in size) is dividing into fragments M * N . For each fragment mean luminosity value (mathematical
expectation) and dispersion are calculated. The result of this step is a matrix with the dimensions P*Q

(P=L/N rowsand Q=K /M columns).

At the third step a threshold for each image pixel is calculated. The image is scanning line by line
from left to right and from top to bottom. At the same time all the fragments MxN pixels, which were used at

the previous step, are divided into 9 equal areas. The size of each array is (M /3)* (N /3) pixels. While

scanning the image, the algorithm determines, which fragment the current pixel belongs to and which of nine
areas of this fragment the current pixel belongs to. Afterwards the threshold is calculated. The threshold for

the pixel belonging to the image fragment(p, q) , is calculated by formula: Thres = M + o * D , where:
M =kl*M(p—1,g—1)+k2* M(p—1,g)+k3* M(p—1,g+1) +
k4*M(p,q—1)+k5* M(p,q)+k6* M(p,q+1)+
kKT*M(p+1,q-1)+k8* M(p+1,9) +k9* M(p+1,q+1);
D=K*D(p—1,g—1)+k2* D(p—1,q) +k3* D(p—1L,g +1)+
k4* D(p,q—1)+k5* D(p,q)+k6™ D(p,q+1)+
kKT*D(p+1,g—-1)+k8* D(p+1,q9) +k9* D(p+1,q+1);
M(p,q) v D(p,q)— mathematical expectation and dispersion of luminosity from matrix (P, Q) for

the image fragment (p,q), ¢ — constant value, by default 0.1, k1-k9 - numeric coefficients which
values change depending on the area of the image fragment (p, g), which current pixel belongs to table in
Russian part report. Coefficients sum for each area equals 1.

A critical analysis of the algorithm.

The “statistical segmentation” method can process images with different contrast and luminosity
values with high effectiveness due to the help of luminosity matrix and dynamic threshold calculation. High
sensitivity of the method allows us to use it for defects determination on the image.

The implementation of an algorithm in STIPR 2000 system is made so that the size of the window is
determined automatically on the basis of etalon object size. Thus this method doesn’'t need any input
parameters. Only in some rare cases a manual parameters definition is needed.

The disadvantage of the method is a high amount of noise objects after processing because of high
sensitivity of the method. Furthermore, it is necessary to keep in memory N image lines (all other
algorithms in STIPR2000 system use only three lines for calculation). Also disadvantage of the method is

appearance negative blobs on monotonic image frame, if its size is largest size of M * N area.

Examples.
There are tree example for illustrate operation property of the algorithm See Fig 1, 2, 3 in Russian
text of report.
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Conclusion.

The “statistical segmentation” algorithm developed on basis of our investigations was used for the
prior image processing stage in the STIPR 2000 system. The tests showed that the algorithm could be
applied to the wide class of images with high effectiveness. It would be impossible to achieve such results
with the static segmentation methods. The use of “statistical segmentation” in STIPR 2000 system increases
the quality of recognition due to prior image processing improvement. The results of testing allow us to
recommend the use of this algorithm in the other robot systems and image recognition systems.




