CTATUCTUYECKHUE OMUCATEIIN TEKCTYPbI
AxkoseHko M.K.
CankT-leTepbyprckmii MocygapcTBeHHbIN YHUBEpCUTET A3pokocMmmnyeckoro MNMpubopocTpoerms

Ona woeHTMduKauum K Knaccudukaumm  CrioxHblx — Guonormdecknx o6bLEKTOB Haubonee
BbICOKOMH(POPMAaTUBHLIM WHBapUaHTOM SBMseTCA TekcTypa. [lpumepammn Takmx OOBLEKTOB MoOryT ObiTb
pagyxHas obonoyka rnasa u sgpa 6enbix KpoBsiHbIX TeneL.

Ona onucaHua TeKCTypbl WCMOMb3YTCA TpUM NPUHUMMMANbBHLIX NOAXOA4A:  CTPYKTYPHbIN,
CrneKTpanbHbIN U cTaTtuCcTu4eckn. ccnegoBaHmst Ha npuMmepe saep 6enbix KPOBSHbIX Tenew, nokasanu
Hanbonbllyo 3PPEKTUBHOCTL  Knaccudukaumm npyu UCMOMb30BaHUU  CTaTUCTUYECKUX  TEKCTYPHbIX
onucarenen Ha ocCHoBe MOAUMULIMPOBAHHbBIX MaTpUL, COBMECTHOM BCTPEYAEMOCTU YPOBHEN SAPKOCTM.

Monoxum pasmep aHanuaupyemoro usobpaxenuss N Ha N , umucno yposHen sipkocth — N, .

Nycre L ={12,...,N .} n L ={12,...,N }- cOOTBeTCTBEHHO rOpM3OHTanbHas M BepTMKanbHas
npocTpaHcTBeHHas obnacts, a G ={L2,...,N }— MHOXecTBo ypoBHeil spkocTu u3obpaxeHus. Toraa

n3obpaxerre MoxeT 6biTb onpeaeneHo creaytowmm obpasom: [:L XL — G.

MaTtpuua COBMECTHOM BCTPEYaEMOCTM YPOBHEN SPKOCTU MpencTaBnsieT cobOOM OLEHKY MITOTHOCTU
pacnpegeneHus BepOsiTHOCTEN BTOPOro nopsifka. OnemMeHT matpuubl npeactaBnsetr cobon yCroBHYHO

BepoATHOCTb P (i| j) BO3HUKHOBEHMSI YPOBHSI APKOCTM i HA PACCTOSIHUU d OT YPOBHSI APKOCTU j. MOCKOMbKY

4YMCMO TakKMX MaTpuvL, MOXeT ObITb O4eHb OomnbLUM, HeobXoaMMbl HEKOTOpble ynpoleHus. MimeeT cMbich
BblCUUTbIBaTL 4 MaTpuubl Ang 3agaHHoro wara d gnga 0, 45, 90 n 135 rpagycoB pacnonoXeHns nap ypoBHeN
SAPKOCTW.

dopManbHO aneMeHTbl MaTpuL, Ans YKa3aHHbIX HanpaBneHni MoryT ObiTb 3anncaHsbi:

P(i| j)g =#((Kk,]), (m,m))e (L, XL, )X(L XL,)[(k=m=0,[l=n[=d), I(k,})=1, [(m,n)=j}
P(i] j)ys =#{((k, D), (mn))e (L XL)X(L,XL)|(k—=m=d,l-n=~d)or(k—-m=~d,|-n=d),

I(k,l)=i, I(m,n)=j)}
P(i| j)oy =#{((k,]), (m,n))€ (L, XL,)X(L,XL,)|(|k=ml=d,I-=n=0), I(k,]) =i, I(m,n)= j}
P(i] )35 =H{((k,D), (m,n))e (L XL )X(L XL,)|(k—-m=d,l-n=d)or(k—-m=-d,l-n=-d),
I(k,l)=1i, I(m,n)=j)}
MonydeHHble MaTpuubl SIBASKOTC KBaApaTHbIMM C pasmepoM pasHbiM N, . [INs ymeHblueHus

BblYMCIIUTENBHLIX 00BHEMOB UK300paxeHWe npeaBapuTenbHO nNoaBepraeTcs npoueaype  YMeHbLUeHUs
YPOBHEN ApkocTu. [Ina aTon ueny aBTOPOM UCMNOMb30Banach PaBHOBEPOATHOCTHAs KBAHTMU3aLUUSA, U YUCIIO
paboynx ypoBHel cocTaBuo 8.

Mpu NpumeHeHnn Wwara ansg nocTpoeHus matpuy > 1 6onblyd MHPOPMATUBHOCTE CTATUCTUHECKUX
onucatenem MOXHO [LOCTUIHYTb, HECKONbKO MoauduumpoBaB npuBedeHHbIn anroputMm. [lpeanaraetcs

paccynTbiBaTb BEPOATHOCTb P(l|]) BO3HUKHOBEHNA YPOBHA APKOCTU i nmocne nocnegoBaTeribHOCTHU

pasmepom d ypoBHenm spkoctu j. [lpy 3TOM MaTpuLbl COBMECTHOW BCTPEYaEMOCTU CTaHOBATCHA
HECMMMETPUYHbIMK (B OTMMYME OT KIAacCUYecKoro noaxofa), YTo NO3BOSINIIO BBECTWM HOBbIE TEKCTYPHbIE
onucaTtenu, Hanpumep TPeyrofbHyl cuMmeTputo. B xoge mpakTtuyeckoro nccnegoBaHus BbIICHUIOCh, YTO
TaKOM MOAXOA 3HAYUTENbHO yNyyllaeT pa3genstollyo cnocobHOCTb psaa CTaTUCTUYECKMX onucaTtenen npu
paboTe C HU3KOYaCTOTHLIMU TEKCTypamMm.

CraTucTmyeckne TEKCTYpHbIE onucaTenu CTPOSITCS Ha OCHOBaHWUM NOMNYyYEeHHbIX MaTpuL, COBMECTHOMN
BCTpeYaemMocTu. 14 cTaBLUUX yXKe KIacCUYeCKMX TEKCTYPHbIX onucaTtens Brnepsble YNomsaHyTbl B [1]. K Hum 7
napameTpoB 6binu gobasneHsl B [2]. [Ana npumepa paccMoTpum 3 U3 HUX:

L= (P ) (1)

i=1 j=1

=32 33 Pl @

n=1 i=l j=1
li=jl=n

©anekTpoHHas Bepcua nogrotosneHa 3A0 ABTIKC CaHkr-lNMetepbypr, http://www.autex.spb.ru
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1= X @e 6l -um, .0, ©

i=1 j=1
rge ‘le n ‘Uy MaTeMaTundeckme oXxumagaHusAa 4YacTHbIX pacnpep,eneHMﬁ CBA3aHHbIX CP(Z|J) no

CTpOKaM U cron6uam MaTpuL, COOTBETCTBEHHO, a Gx n Gy — COOTBETCTBYKOLWME CTaHAAPTHbIE OTKIOHEHUA.

BoblpaxeHue (1) onvcbiBaeT yrnoBON BTOPOA MOMEHT, SBMSIIOLUACSA MePO OOHOPOAHOCTU TEKCTYPbI.
dopmyna (2) onpenenseT KOHTpacT u3obpaxeHus. KoHTpacT sBnsietca auddepeHumansHbiM MOMEHTOM
MaTpuLbl COBMECTHOW BCTPEYAEMOCTM M AaeT KONIMYECTBEHHYIO OLIEHKY FOKarbHbIX M3MEHEHUA SIPKOCTM,
NPUCYTCTBYIOLWNX Ha M3obpaxxeHun. MNapameTp, 3agaHHbIN Mo (3) — 3TO KOppensauns, ABMAIOLWASCS MepoWn
NPUCYTCTBUS NOSNTYTOHOBOW FNIMHENHOWN 3aBUCMMOCTM Ha N300paxxeHuu.

Kaxablh TEKCTYPHBIM onucaTesSlb BblYUMCAAETCHA YeThlipe pasa — Nno 4Yncny copMmMpoBaHHbLIX MaTpul,
coBMecTHoOM BcTpevaemoctn (ans 0, 45, 90 u 135 rpagycoB). Yalle BCero npuMxoaumTcsl MPOBOAUTb
WHBApVaHTHbIW NO BpaweHuio aHarmm3 obbektoB. B atom cnydae woryT 6biTb  MCNONb30BaHbI
CTaTUCTMYEeCKME BENMYUHbI, NOMYyYEHHbIE HA OCHOBAHUWN YeTblipeX OPUEHTUPOBAHHbLIX 3HAYEHUIN: MUHUMYM,
MakCUMyM, MaTeMaTu4eckoe oXxuaaHue, CtTaHaapTHOE OTKIIOHEHWE U Apyrue.

Camaga cnoxHas M OTBETCTBEHHas 3ajada — MOCTPOEHME MUHMMAnbLHOro MHOXecTBa Haubonee
WMH(POPMAaTUBHBIX BbICOKO KOPPENnMpOBaHHbIX MapaMeTpoB. Pasmep u coctaB 3TOr0 MHOXECTBO CUITbHO
3aBUCUT OT KOHKPETHOM 3aZaum pacno3HaBaHus (knacca obpabatbiBaeMbix 06BEKTOB), a Takke BbIGpaHHOro
Wwara pAna nocTpoeHus matpuy. [pamMoOTHO MNOCTPOEHHOE MHOXECTBO 3HauUTENbHO YyBEnu4yMBaeT
BEPOSITHOCTb KOPPEKTHOM Knaccudpmkaumm, a Takke MO3BONSET YMEHbLUUTb BbIYMCIMTENbHbIE PECYpChl,
Tpebyrowmecs npu NocTpoeHun, obyveHnn n paboTe knaccudumkaTopa.
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STATISTICAL TEXTURE DESCRIPTORS
Yakovenko M.
Saint-Petersburg State University of Aerospace Instrumentation

Texture is a most high-quality invariant used for identification and classification of the complex
biological objects such as iris and white blood cells. There is three different approaches for specify texture:
structural, spectral and statistical. The statistical approach has a most efficient for classification as was
determined while investigations of the human white blood cells. This approach is based on the modified
gray-tone spatial-dependence matrixes.

Gray-tone spatial-dependence matrix is an estimate of the second order probability distribution

density. Matrix element is conditional probability P (i| j) of gray level i occurring on the distance d from

gray level j occurring. It's quite reasonable to calculate four matrixes for each step d for 0, 45, 90 and 135
degrees directions. Matrixes above are squared and with size equal to number of gray levels on the image —

Ng. Then step > 1 is used for matrixes build, it's possible to modify algorithm above to achieve more self-

descriptiveness of the statistical descriptors. Probability P (i | j) in this case is the conditional probability of

gray level i occurring sequence with size d after gray level j occurring. In this case gray-tone spatial-
dependence matrix become non-symmetrical (unlike in classic case). That allows including the new texture
descriptors, for example triangular symmetry. During practical investigation it was clarified that such
approach is improve divide ability of a number of statistical descriptors.

Statistical texture descriptors are built on basis of obtained gray-tone spatial-dependence matrixes.
14 classic parameters are mentioned first at [1]. 7 parameters were added to them in [2]. For example let's
consider two of them:

L= (Pl ) "

i=1 j=1

7= S Y HP 1)~ b, 0.0,

=1 j=1
where U , W,, 6, and 0, are the means and standard deviations of the marginal distributions

associated with P (i | j) .

Angular second moment (1) is a measure of homogeneity of the image. Correlation (3) is a measure
of gray-tone linear-dependencies in the image. Each textural parameter is calculated four times by number of
achieved gray-tone spatial-dependence matrixes (for 0, 45, 90 and 135 degrees directions). Most often it's
necessary to analyze objects invariant by rotate. In this case statistical values based on four oriented values
can be used (such as minimum, maximum, mean, standard deviation, etc).

The main task is searching of the minimal set of the most informational high-correlated parameters.
Size and structure of this set is strongly dependent from the recognition task (class of processed objects),
and also from step selected for matrixes building. Correctly built set significantly increases probability of the
true classification and also decreases computational resources required while classifier is building, learning
and working.
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