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Oleksandr Anoprijenko. Development and Research of Methods for Highspeed Access to Memory During

Image Generation and Processing. "

The results of efficiency research of various acceleration methods for highspeed access to image memory are
considered. Examples of the technical decisions, their theoretical analysis on the basis of stochastic geometry and
results of their simulation are described.

OrED DEENUEDD Ilpo6rema mnpHcKOpeHHSI npouecis o6pobieHnst Ta
OEDD OeEaE :f'f X resepanii 306paxkeHb € OfHi€I0 3 HaW6iAbIl AKTYaTbHUX.
T LAl 2 'if Y sB'asky 3 muM Jlefani [mHpIle  BXHBAIOTHCS
(ISl Zs T TS pi3HOMaHITHI METOIH il BI/[piIHEH!{SI. IMUISTXOM
OpED 0BENUER0 | posnapaJejioBaHHs o0yHCcHIOBaIbHEX npoueciB. Oxnico 3
Y a HeoOXiZIHUX YMOB po3napajiefioBaHHs ¢ 3abe3neyeHHs
TRNEEEGEE edexTnBHOTO HOCTYNY 10 mam’stH 306paxens [1]. Jlaxni
anacaanaaan X PO3IJIANAIOTbCS BAapifiHTH BuUpimeHHst wiel npobaemMu Ta
InAnAnEnAn A2€ThCA IX TEOPETHYHA Ta eKCHePHMeHTaslbHA oninka. [Ipu
IBOEGRNOaED IbOMY /LIS TEOPETHYHOIO aHafmidy OyB BHKOPHCTaHHK
jz Stalslatsle E10 ; ) MaTeMaTHYHHH anapar croxacTHyHoi reometpii [2], a aas
Y 6 eKCIepHMeTaIbHOro JAOCJi/DKeHHST o iMiTamiiine
Puc.{ MO/Ie/IIOBaHHs MpoleciB 06po6ieHHs Ta reHepaitii 306paskenb.

Bynu mocnimkeni sik mo6pe Bimomi TexuiuHi pimenss, tak i
BiaHOCcHO HOBi (mwBHCH, Hanpuxnan, [4-6] ), a takox immi,
TEOPETHYHO MOXKJIHBI.

Opuuim 3 Hall6inbm  BaXKAMBHX  NIHTaHb  IIpH
imMiTaniiinomy MofenoBanHi € BHGiIp Momeni “po6oyoro
HaBaHTaXeHHA", To6TO  TeCcTOBHX  306pakeHb. Yy
Halinpocrimomy Bumazky s miei Metm GepyTbesi Jesiki KoHkpeTHi 306paxenHs. OjHak TaKoMy
miAXo/y NpHUTaMaHHi 3HaYHI HeAOJiKH: BHOID TeCTOBHX 306paXke€Hb € CYTTEBO CY6’€KTHBHHM, BiICYTHS
MOXUJIHBICTD JIOCTATHBO TI'HYYKOTO KepPyBaHHS NapaMeTpaMH po6OYOro HABAaHTAXKEHHS 3 METOI0
AOCHi/UKeHHsl IX BIJIMBY Ha OTPHMaHi Pe3ysbTaTH, CYTTEBO OOMEXEHi MOMJIMBOCTI aHAJITHYHOTO OnHCy
po6040ro HaBaHTaXKEHHsI, IO BeJe /10 HEIOCTATHDOI y3araibHEHOCTI Pe3y.bTATiB MOAENIOBAHHS. Tomy 3
MeTolo 3aGeslieyenHs [IOCTATHbO O6’€KTHBHOTO NOPIBHSIbHOIO JOCHi/KenHs 6yB BubGpannit #iixiz, mo
6asyeTcsi Ha BHKOPHCTaHHI WMOBipHicHOT Mogeni po6oyoro HaBaHTaxkeHHs. MoJIen0BATHC 300pakeHHs,
OpieHTOBaHi Ha /Ba BapisiiTH JoCTymy: Bekropamu (OpH CTOXacTHYHOMY JiHifYaTOMy cKaHyBaHHI Ta
reHepalii BEKTOPHHX 306pakeHb) Ta MAaCHBAMH, PENPE3CHTOBAHHMH OMYKAUMH GaraTOKYTHHKAMH.

IIpn MmonenioBanni BeKTOpHOro po6Go4oro HaBaHTAXKEHHS nepenbGayascs PIBHOMIpHHH pPO3MOJi
BEKTOPIB 1O MOJIIO pacTpa 3 PiBHOMIpHHM posnojisoM ix opientamii y mexax Big 0 g0 90 rpamycis.

Bapianmu poamiwenns enemenmie
nam’samu ma ¢ixcoeanozo
odnoghopmammnozo docmyny npu
o6pobaenni eexmopnux 306paxens
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Ilpn upomy monmenoBanuch TpH BapisHTH posmominy ix
JOBXHHH: “HaBaHTAXKeHHS 1” — JOBXHHA KOXXHOTO BEKTOpa
B Me&Xax pacTpy MaKcHMaTbHa; “HaBaHTaXkeHHs 2"
AOBXHHH BEKTOPIB PO3NOILJIEHI PiBHOMipHO; “HaBaHTaXKEHHS
3" — JNOBXHHH BEKTOPIB pO3NOJIiNeHi eKCIOHEHITISUIbHO.

Bizmosinmo Moxemosanocs po6oye HaBAHTAXKEHHS,
pernpe3eHTOBaHe BUHIYKJIHMH 6araTOKyTHHKaMH:
“HaBantaxcenns 1” (“o6pa3-1") — pisHomipauii posmoxin e
OpAMOKYTHHKIB [0 [OJIIO pacTpa 3 piBHOMipHAM np
posnmoginoM ix poamipis; “mHaBantaxenns 2” (“o6pas-2”) :
— PIBHOMIpHHH PpO3nOJiT 6araTOKYTHHKIB 0O NOJIO
pacTpa 3 DpIBHOMIPDHHM PpO3NOAIJIOM iX po3Mipis;
“HaBantaxxenns 3" (“o6pas-3") — pisHOMipHUIt poanogin
6araToKyTHUKiIB MO OO pacTpa 3 eKCIOHEHISLIbHAM
poanoziiom IX po3mMmipis.

Ilpu amanisi posrnsiganucy BapisSHTH NpPHCKOPEHHS
AOCTYIY MNIJSIXOM BiANOBIHOTO PO3MillEHHS NapaJielbHO
HOCTYITHHX €JIeMEHTIB nam’siTu 3 dixkcoBanum
posmilteHHsM Ha pactpi caosa foctyny (®-gocryn) ta maasaounm (Il-zoctym) 3 ogmum (mocryn-1)
a6o kifbkoma BapisiHTaMu Horo opientanii (zoctyn-2 Ta mocryn-4). Ilpukiagu PO3MII[EHHSI €JIEMEHTIB
TaM'sITH Ta BHKOPHCTAHHS PisHuxX (opMartis cI0Ba oCTyny HaBejesi Ha puc. 1-3.

Sk Bizomo i3 croxacTHuHOI reoMerpii, KMo yHAAMEHTANBHI perioHH AesKOl I'PaTKH MaloTh ILIONLY

@, | KOXHA Ma€ KPHBY 3aBIOBXKH L,, TO cepe/lHe 3HAYEHHS KiJIBKOCTI TOUOK NMEepeTHHY IUX KPUBHX 3
kpuBoio D 3aBlOBXKKH L;, KHHyTOI BHIA/KOBO Ha IJIONAHY, AOPiBHIOE
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Bapianumu posmiwenns eremenmie
nam’amu ma ¢hixcoeanozo docmyny npu
obpobarenni ppazmenmie 306paxens
muny Gazamoxymnuxie

E (1)

¥

[

Buxogsiun i3 mporo Teepxenns Moxe 6yTH oTpuMana GOpMyJa JUISi TEOPETHYHO! OINHKE
koepinienTa npuckopeHHs goctyny no mam’stu kajapa K, npu MoxamBocTi ogHOMacHO! Moxudikalii
AEKIJIDKOX MiKCeiB:

M, xW W,

e ©)
LW, +W,) I
MEIEE ORARAD
fe M, — cepexnsi KinbKicTh TiKceais, o yTBOPIOOTH u ;:' 3 f‘ . 4 g‘;
BEKTOp npu peanisanii YOTHPBOXTOUKOBOTO ABEL MAEIANA
amropur™y, L, — cepeaHe 3HaYe€HHs JOBXKHHH 4 ; 42 e ;'
Bekropa, W, — poamip cioBy goctyny go nam’sT NENA BB DOBE
= . ’ NABRDEIEEDNEA
ax, W, _PoaMip cJioBa JocTyny 210 mam’siTH 3a y. MAOONOEELE
HpHWy = 1 i spocraioynx s3navennsix W, orpumaemo Y
e T, UM L1 PAE) ) LI )
Jim = : (3) DR NDABAL
X0 ylslalzli]4]2]3]4
2L (W W) 2L BROG ABOGRE
! g ¢ . . 2 g
WO BiANOBiZae pimenH0 Tak 3BaHOi 3azaui Brodoua HRE NABRGT
NpO KAZAHHSA OJIKK: NPH KHAAHHI Biipiska JOBXHHOIO slula (2[4 4] 234
AENOEB0OBE
L. Ha MHOXHMHY TNapajieJlbHEX IPAMHX 3 OIIHI_IrH‘{HOlO IR L EnE LR A I
BIICTAaHHIO OYiKyBaHa KiJbKicTb nepetrusis € 27 L. 4l4]2]a]5]4 4
llpu oxmodopmarHomy poctymi pns  maBaHTa- 6
xertst 2 npu X = YV = 512 Teopernune snavenns K, :' Z . ;‘ siLZ : ! !’x s
5 LITE zzzzz
npe W, — o e nepesumye 1,36. A OOGIRE NG %
. . P d{2}3]4 oA 3
BEXO}[S'{H 3 BI/IOMOTO TBEp/DKEHHS iHTerpasbHOi reo- ,5,, b s
MeTpii mpo Te, HIO cepefHsi KijibKicTbh (bparMenTis, Ha 4 23 wisjs : ] :
. 5{4)2 3.
siKi Moxe 6yTH po3buTa 3amkHyTa o6aacth D, miomeio RN GARBNED
F;, mo obmexeHa omHicn KPHBOIO AOBXHHH L, Ta 3:‘ 2 4 : - "‘ 26\* 'g
5
KOJIH BOH2 BHIIA/IKOBO KH/IA€TbCA HA IPATKy 3 dyH/amen- Yy 8

TabHEX obnacTeil Momeo oy 3 KORTYpoM L,, fopiBHIOE

21(a, + ) + e
= ( 2 ) LOL] % (4) Bapiaumu posmiwenns enemenmis nam' amu ma
2ra, naaeawuozo b6azamogopmamuozo docmyny npu

obpobaenni eexmopnux 306paxens
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Kal- BHBOZAThCS HOPMYJIH JUisl TeopeTHYHOT ominku K, /151 nepmoro

B
- W W F,
- K, = ! , (s)
a(WW, + F)+2(Ax + Ay)(W, + W,)
1 - Bloddor-4 : e : 3
; 2 - Bloddon-2 1 PpemTH BapisfHTIB HaBaHTaXXeHb MNpH o6pobieHHI MacHBIB,
3} 3 - M-aoctyn-4 PeEINpe3eHTOBAHNX 6araTOKyTHHKAMH:
i 4 - M-pocryn-2
5 - BlogpoH-1 = W W,F
6 - ®-pocryn-2 KA = 5 3 >
7 - N-pocryn-1 n(W.W, +F) +44Ax* + Ay W, +W,)
8 - &-pocryn-1
L o ne F; — cepeans nioma MacuBy B mikcensix, Ax u Ay — cepenni

2r / ra6apuTHi po3Mipi MacHBy 3a X Ta y BiANOBiIHO.
F 3 ////——”_' Haseneni c¢opmyan f03BosisiioTh 0pPH  BIAOMHX  mapaMeTpax
[ 4 HABAHTaXKEHHS! OLIHUTH 3HaYeHHs KoedillieHTa NPHCKOPEHHS AOCTYImy
_—5-7/- --------- mo mam'stu (nopisusno 3 sumagkom W, = W, = 1) npm saganmx
i 2%—"——‘-"—"#— snavennsx W, u W,. Illpaktauno nosemit 36ir (y mexax 1%

noXuGKH) Pe3y]bTaTiB iMITANIHHOrO MOJENIOBAHHS 3 TEOPETHIHAMH

1 . L HiATBEpPIKYE edeKTHBHICTD BHKOPHCTOBYBaHHX MeroiB. Jlesiki
2 4 B8 16 32 &4 pes3yJ/IbTaTi JOC/i/KeHHS HaBeeHi Ha puc. 4 i 5.

Byusn Takox pocrimxeni feski BapisiHTH i€papxiuHOro KoAyBaHHS

Peaynbmaizci;ﬁmaqiéuoeo 3(.>6pa>xe1%h, y TOMY YHCJi BUPOBaDKEHHX Y BT/ KOHKPETHHX TeX-
Modentosanns edexmunocmi HiYHHX pimeHs [5, 6;. Ha punc. 6 mokasasni, Hanpnman,“peaynb"ra'm
pisnux memodie docmyny npu nopiBHANbHOIO aganisy (MUISIXOM MOJETIOBAaHHS) 3BHUYANHOro napa-

06pobaenni eexmopnux nemsroro nocryny (npm W,=16) ta anapatHo migTpmMasoro iepap-
3obpaxens ( “Brogon” — xiv#oro xoxy. Ilpu mbomy no6pe BHAHO, WO edeKTHBHICTD iepapxiu-
meopemuune eupiuenia 3adaui HOTO KOJy THM BHINA, YuM Gi/bie poamip pacTpy 306pakeHHs.
Brodpona) PospoGueni Teopernyni Metoru?. ta
Ka ; bl imitanifigi Momeni y KoxHOMY _KOH-
0k 4 Bt : 13- lepagihemit kog KPETHOMY BUNA/IKY AO3BOJSIOTH OLHHTH
2 30 46- ®-noctyn-1 piBeHDb edextTuBHOCTI BIIIOBIAHUAX
| g: g__ﬂ::;:'_; 3 123:'%:—-; TEXHIYHHX PpillleAb Ta aJTOPATMIB 3
8 1- o-poctyn-1 4 3,6 - "O6pas-3" 2 METOI0 TX NO//IBIIOTO BIPOBA/KEHHS.
7t
6 Jlirepatypa
5t o 1. Meranukuii E.A., Kasepsues B.B.
4 Cucmemovr naparnenvnou namamu:
3 Teopun, npoexmupoearnue, npume-
2t Henue. — Jlenunrpax, Usxg-so Jle-
e~ ik 10 6,;,"' HHHTpajickoro yu-ta, 1989, 240 c.
. . : i -/3’ 2. Anonpuenko A.Sl. O uexomopwvix
1 2 4 8 16 / NPUAOKEHUAX  Memodoe  cmoxd-
CTMUYECKOIl 2e0MeMPUL K AHAAUIY U
Fuaiss. . 3 el CUHME3Y BOIMUCIUMENDHOX CUCTIEM U

Peayarvmamu imimayiinozo PYE] 1282 2582 Cbo J
Modemosanns ecpexmunocmi e, YOPREER TRYAWR ¢-ra
pisnux memodie docmyny npu Pue. 6. BBIYHC/IMTEbHOH TEXHMKH H HHOP-

06pobaenni npamoxymnux Hpuckopenns npu pisnux matuxd. Bopm. 1. [lomeuxnii rocy-

(ppazmenmie 306paxens poamipax pacmpa R AapCTBeHHbIH TeXHUYECKHH YH-T. —

Honenxk: 1996, c. 129-137.
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Opranisaiis 064HCII0BaJIbHOTO NPOLECY NMPEeACTABJIECHHS | PO3NisHABaHHS 306paskeHb B
noporosoMy 6aauci

AHATOJITN BATIOK, BOTZIAH BAJIUY, SIPOCJIAB BIHTOHSIK, IBAH IIMOIIb

Yuisepcumem “Jlveiecvxa Ionimexnixa” 290646 Jlveis, eyar.Cmenana bandepu 12

Ten.: (0322) 39-8793 Daxc: (0322) 74-4300
Eaexmponna nowma: rov@polynet.lviv.ua

Anatolij Batiuk, Bohdan Balych, Jaroslav Vintoniak, Ivan Tsmots’. Organisation of Computing Process of the
Pattern Representation and Recognition in the Threshold Basis.

The interest in the methods of synthesizing discrete devices in the threshold basis is aroused by the
conciderable functional possibilities and the rearrangeability of threshold elements. Owing to these properties,
they can play an important part in the development of the element basis of computers, in the constructions of
cybernetic systems solving problems of pattern recognition, and in the creation of control devices with
rearrangeable structures in systems of automatic control. Methods for the threshold representation of functions of
the Boolean algebra can be successfully used for solving problems of pattern and image recognition. The choice
of the basis for the representation of two-dimensional discrete images is a very important stage of image
processing and the formation of features for recognition. In this paper, we propose a method for representing
two-dimentional discrete images in the threshold basis (and obtaining the threshold representation), which
admits effective coding of image fragments, and use this method for solving the problem of recognition in this
basis. We will describe the invariants of the threshold representation of two-dimensional discrete images of size

2’#2' with respect to the transformations generated by the symmetric group S (n=r+1)and an Abelian group

(D*...*(2) (n times). We will also construct the functionals 4  and u. of similarity and difference,
respectively, of p-fragments of images. The properties of these functional will be used to make a decision on the
membership of a given image S in one of the classes of templates K,,...,K.

Beryn. ¥ 3p'siaky 3i CTPIMKHM pPO3BHTKOM 3ac06iB OGUHCTIOBANBHOI TEXHIKH Ta PO3NIEPEHHIM
obnacreit 3actocyBamms MeTofliB uudpoBoro o6pobrenns 306paxceHb i Po3Ni3HaBaHHA 06pa3iB
oco6amBol akTyaibHocTH HabGyBae po3po6ka edEKTHBHHX aJrOpUTMIB peanisamii Takux MeTOAIB
BiIHOCHO wacy o6uuciienp abo amapaTypHuxX (cxeMoTexHiUHMX) 3aTpaT NpH mNapasenbHili peasiaauii.
Peanbui 306paxents 3aal0Thesl y BHTIIS/I BEJIMKOTO MacHBy AAHHX, a BiZIOMi aJTOPHTMH B 3arajibHOMY
BHIIA/KY € JIOCHTb CKJIAJHHMH OGYHCJIIOBAJIbHUMH NpPOIEIypPaMH, BHACJAIIOK 4Yoro ix 6esnocepejne
BHKOHaHHSI He € ePEKTHBHHM Ta He 3a/I0BiJIbHSIE YMOBAM peajibHOro Yacy. 3 Apyroro 60Ky, SiK NPaBHJIO,
Konu anropuTMu o6po6iieHHsi a60 po3ni3HaBaHHS 306paXKeHb € NOPOCTHMH [PONEAYPAMH, TO Take
06poGieHHsi He BiANOBIac HaBeJEHHM BHMOTaM WOJAO SKOCTH pe3yabTaTy. HaiiGinpm paamxanbHEM
3acoboM MiZBHIIEHHs MBHAKOAIT 06pobiieHHsT 306paXkeHHsI € pO3NapajeloBaHHsl O6YUCIeHb, 30KpeMa
KOHBEHEpPH3alisi MOC/I/IOBHEX eTaniB OGYHCIEHb - OCHOBHHI METOJ JOCSATHEHHs PEaJbHOTO Yacy st
cnenmnporecopin 06pobuenHs 3o6paxens [1].

[lpu posnisaBanni 306paxkeHb CyTTeBe 3MeHIIEHHs Yacy PpO3MNi3HaBaHHS Jae MpPOHeAypa
NnoNepeInbOro BH/INEHHS. iHGOPMAaTHBHAX 03HAK, B Pe3yJbTATI KOl BiGYBA€TbCS CTHCKAHHS JAHHX
sobpaxkennsi. OxHUM i3 epeKTHBHHX HiAXOAIB A0 CTHCIOrO NOJAaHHA 306pa)€Hb € IIPeICTABICHHS
ABCKPETHUX 300paXkeHb B noporoBoMy Gasuci i B npocropi indopmaniiinux sextopis [2].

Iloporose mpexcraBienHst ABoBHMipHMX Gimapuux 3so6paskemb. [lopinbhe aBOBHMipHe GiHapHe

sobpaxeniiss A OIHO3HAYHO 3a/a€ThCS BUOPSAKOBaHOW cykynrictio p-¢parmentis (H,,...,H,), sxi
fonyckaioth edexrusne koaypauns (B cenci cruckamus) indopmanitnumu sekropmu V,..V,,
BIAHOCHO 3a/1aHOI CHCTEMU TOYOK PO3KIafaHHs d,,...,d, . BBoguTses mousiTTst infiekcy Jj, p-pparmenty
H, . Pospobnennii arroputm G, sikmii oqHO3HauHO cliBcTaBisie Koxuomy p-dparmenty H, (n+1)-
BEMipHMi winouncenpuuii Bextop W,. Bekrop W, HasmBaeTbcst BekTOpOM CTPYKTYpH p-(pparmeHTy

sobpaxennst A , o 3ajaHe Ha PENENTOPHOMY TOMi, sike cKIagaeThest i3 2" pemenTopis. 3a BEKTOPOM
W, amropurm J onnosnauno 6yxye (n— j+1)-uMipruii ninounceavuuit sextop V,(0< j, <n),

sikuil HasuBaeThest indopmariitnum exTopoM p-dparmenty V. Ilpencrasnenns 6inapnoro 3o6paxkenus

A s npoctopi ingopManiiEuX BEeKTOPIB 3a/a€THCS MOC/IIOBHAM BHKOHAHHSIM HACTYIHHX Bi%o6pamenb
Ry M g TN il S T %

ke OOrpYHTOBYETBCA THM, IO: KOXHMI p-pparment H , sobpaxennss A cracno KOJy€EThCsi CBOIM iH(op-

s - . .o . o s » u
MauiitnuM BektopoM V), ; B mpocropi indopmauiiinux BextopiB no6ysosamuit dymKmionan 4 , AKui

Rossosisie opManisyBaTH HOHSATTS Mipu "nogiGHocti” p-¢parmentis i noGyaysatn edekTHBHHI anro-
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puT™M KJaacH(ikamii AHCKpeTHHX 306pakeHb; B MPOCTOpi iHGOpMaLifHAX BEKTOpIB 3HalAeHi iHBapisHTH
Bi/THOCHO IPYNOBHX NEPETBOPEHDb PENENTOPHOTO MOJis, AKi MOPOPKEHI CHMETPHYHOIO i abe/ieBOI0 IPyIaMH.

B ocnosi noporosoro npejcTaBieHHs [IHCKPETHHX 300pakeHb NOKJIAJE€HO B3a€MHO O/IHO3HAYHEe
Bi/Io6pakeHHs] ), HAa OCHOBi SIKOTO KOXXHOMY PEIeNTOpy, IO HAJEKHTb HOPMaJi3oBaHOMY GiHapHOMY

so6paxcennio A peuentoproro moas 2" *2° | crasumo y Bianosigmicrs 7 -sumipauii (=7 +35)
Gyniscokuii Bektop a = (a,,...,a,). Yepes A nosnaunmo MHONKHHY BCix THX GyJiBCBKMX BEKTODIB,
siki pignosimaiots A mnpn Bimo6paenni @, 1060 A=@(A). Bussawumo aio a=(a,,..;a;,)

ejementa O cumerpuyHoi rpynn S, Ha A Tak:

ad={(a,Dp,,...a, ®NB,....B,) €4}, A° ={(B,q).-. Bo(Bs--. 8,) € 4)},

e @ - nomapanust sa mod 2.
Makcumanpaa nigvaoxnna H = p(ad) muoxnnu A, sixa mictuts Touky @ € A i nignsrae ymosi:

n-Jj
llpa” 47))I= (L, (0.0 [ [ (L1 Z..(4.)(0..0),
n-j r=0 n—(j+r)
Ha3WBaETHCS P-TIJAMHOXHHOW MHOXHHE A BifIHOCHO TOYKHW @ 3 iHZEKCOM J 1 nmapamerpoM O, =0,
ne Qo2 2..2q, j;L !’L; (q,)- BianosiaHO MaTpHIA Ta mUepeAMATPUNS TOJEPAHTHOCTH, H =
onmepanisi max mumu, ||Pa®A?)|| - marpaus, crpiukamm skoi e enementn Pa’A°%). Sxmo H -
po3KJazHa miaMAEOXHHA BigHocHo d €A, o H =@ '(H) nasupactbes p-dparMeHTOM 306paskeRHS

'

L}
A Bignocro Touku . Jlns koxmoro A MoXHa BkasaTH Taki TOYKH a,..,a, €A, mo

t
A =P/ (aA),t - min.
i=1

14
Touxu a,,...,a, HaspeMo ToukamMhm po3kiaajaniss 3o6paxenns A . Koxumit p-¢pparment

(D—l(P:’ (a,4)) sobpaxenns A omnosmauno samaersest (71 + 1) -BuMipHEM winouncesumM BexTopom W, .

Bigo6paxennn A -——G——>(W1,.. .,W,) mnassemo npesacrabrennsM sobpaxenns A B noporosomy
6asuci Bi/IHOCHO TOYOK PO3KJIAJIeHHS d,,...,d, .

Teopema. Hopmanisopani asosuMipni Ginapni so6paxcenns 4, i A, inenrwuni Toxi i Tiieke Tomi, Kom
icHy1oTb Taxi ToukH @,,...,a, € A, [ A,, 115 sxux 36iraioTbest X NpejCTaBJERAS B TOPOroBOMy 6asHci.

Lis Teopema nokJjiaZieHa B OCHOBY PO3pOOGJIEHHS! aITOPHTMIB PO3Ni3HABAHHEA ABOBUMIDHUX IUCKPETHHX
306pakenb, NpeCTaBJeHAX B moporosoMy 6asuci. [loganbmi JociiKeHHS 3 NMTaHb NpeACTABIEHHS

p-dparmenTis qfl(Pa:" (a,4)) 3 inmexcom j, moxasamm, mo p-pparment @ (P, (a,A)) onnosnauno

Moxxe GOyru samanuit (n— j, +1)-samipaum indopmauiiitnum BexTOpoM V,, skuii, Ha Bigminy Bix

3BHYAHHOIO NpE/ICTaB/eHHs P-(pparMenTa Ha penenTopHOMY moJi, 3abesneuye KoAyBaHHsSi (pparMenTy 3

G g
Koetl)luleH'I‘OM CTHCKaHHSA gl- = 5'. = e
Ji-(n—=j,+1)
Bino6paxenns A’ —i——)(Vl,...,V,) HA3HBAEThCS Tpe/cTaBieHnsAM 306paxennss A B mpocropi
indopmaniiinuX BEKTOPIB CTOCOBHO TOYOK PO3KIAny 4,,...,d, .

Indopmaniiiei pexTopH p-pparMenTiB € MaTeMaTHYHHMH O3HAaKaMH, i BOHH MAlOThb /IBi NPHHIMIOBI
0COG/IMBOCTI: € 3araJlbHHMH 33 CBOEIO NPHPOJOKD, 3PYYHi IPH KOMI'IOTEPHOMY 06poGIeHHi.

IIpencraBnenns 3o6paxennss A B upoctopi indopMamiiiHHX BEKTOPIiB A03BOJSIE BIANOBICTH Ha
NHTaHHS PO MOXJHBICTb CTHCKaHHS noyaTkoBoro so6paxennsi A (6es prparn indopmarii, To6ro 3i
36epexxeHHsM O/(HO3HauHOro BigHoBienHss A 3a indopmaniitanvu sektTopamn) B Kk palis . Taka

2

(n+1)
e,

(4-k)

MOXJIMBICTD iCHYE, SIKIIO YHCJIO TOUOK PO3KJaJaHHS t 3a10BiJibHsIE HEpiBHICTD: f
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liporpamua peanisanin posnisnasamus 306paskeHb B HOPOroBoMy 6asmci. 3 MeTOI0 JOCIIOKERIS
edeKTHBHOCTI nporpamnoi peaisarii npouecy mnpejcrasiendst GiHapHHX 306paxkeHb B MOPOrOBOMY
Gasuci i momanbmoro ix posnisHaBaHHsi, To6T0 m0Gya0BH B mpoctopi iHdopManiiinux BEKTOpiB
$ynkmionany mMipn “noxi6rocti” p-pparmenta Aocai/KyBanoro 306paxeHHsi i p-)parMeHTiB eTATOHHHX
306paxennb, po3pobiieHa nporpaMa po3isHABaHHS HOpMaJli3oBaHHX GiHapHUX 306pakeHb.

Posnisnapanus Hopmanisosanoro 6inapaoro 306pakenHs 3AIHCHIOETBCS HACTYIHHM YHHOM :

- untannst (3aBaHraxenns) 3obpaxenHs 3 rpadivyHOro daiina dopmary BitMap (umraoTrbes
3o6paxkenssi 3 ¢paiiny 3 posmupennsim BMP, skuii Moxe 6yt crBopenuii B GyzAb-sikoMy rpadiunomy
perakropi, mo niarpumye dopmar BitMap; 3o6paxkennst nosurHe 6yTH HOpPMANi3OBaHMM, TOGTO
POaMilleHHM i BiIEHTPOBaHAM y BiANOBiAHIK o6nacti - PENEeNTOPHOMY MOJi, a TAKOX NPHBEICHHM 0
saanoro mMacmra6y);

- GopMyBanHs  p-pparMeHTa  fOCHifKyBaHOro  3o6paxenns  (3ifiCHIOETHCS HePeKOyBAHHS
300paXeHHS B TaKy CHCTeMY KOODAMHAT: Toukol “0” BHGupaeTbcss cepeguna obaacti, B AKiif
3HAXO/HThCsl 306pakeHns (peunentopue nose) - Bix wiel Toukn Baiso (as TOPH3OHTAJIBHUX KOOP/IHHAT)
i sropy (m1st BepTukanbrux) psakn (crosnmi) Towox HYMEpYIOTbCS JIHIIE MapHUMH wuciaamu 2,4,6,...
a Toukn BrnpaBo (BHH3) - Biamosizno memapmmmu 1,3,5,... ; mocaizoBHICTD KOOP/JHHAT PeNenTopiB B
Takiii cHCTeMi KOOPAMHAT NiCAS NOPIBHSHHSL 3 PSJIOM MATPHIb TOJEPAHTHOCTI JacTh p-¢pparMeHT
300pakeHHs;

- OGYHC/IEHHSI BEKTOPa CTPYKTYpH p-PparMeHTta 306paxkeHHs i KOAyBaHHsi Horo indopmamiaum
BEKTOPOM;

- Po3paxyHOK  (Qymkuionany “moai6rocti”  p-dparmenta AOCHI/KYBAaHOTO  300paXeHHs |
p-parmMeHTiB eTasORHUX 306parXkeHb 32 BiANOBIAHUME indopmaniiinuMn BeKTOpaMu;

- IPHHHATTS pilleHHS MOAO BiJIHECEHHS OCJIXKYyBaHOrO 306pakeHHs] [0 KJAacy eTaJOHHOro
306pakeHnsi 3a 3HaYeHHAMH (ByHKIioHANIB “noxibrocti” (rame 3o6paxcentsi 6y/ie BiiHeceHe O NEBHOIO
K1acy erajioHiB, SKHmIO 4YHCeJbHe 3HaveHHs ¢yHKmioHany “moxi6mocti” 6Gyme s 1bOro KJIacy
Hafi6ibIIAM; pimeHAss He NpHAMATHMeEThCs, KONH HaiGiibiie 3HAYCHHS MipH “nopi6rocri” MaTEMyTh
ABa Ta Ginblle KAAacH €TANOHIB a60 BOHO He NEpEeBHILyBATHME /IesiKe 3aaHe 3HAYCHHSI).

Eranonni 306paxenns nmporpaMa BHKOPHCTOBYE 3 KATAJIOIY €TANOHIB, B KoMy MicTsaTbest aiing 3 p-
GparmenTaMu nEX eTanoHmHHX 306paxenn. Takwuii dopmar 36epiranusi gae MOXKJIHBICTD E€KOHOMHTH
30BHIMIHIO NaM’ATh | MiBHOIATH MBHAKO/AII NPH PO3Ni3HABAHHI.

B nporpami peanizoBano MOX/IHBICTb PO3UIHPEHHS i JONOBHEHHS MHOXHHH €TATOHHEHX 306paXkeHb, a Ta-
KoX nepeaGadennii nepexia BiL posnisHaBaHHs GiHAPHAX /10 POSMi3HABAHHS GaraTorpajaliiHux 306paXkeHb.

Bucnokn. Meron mnpeicrasaenns Gimapuux 3o6paxens B noporosomy 6asuci i mpocropi
iHpopMaIifHHX BEKTOPIB MOXHA 3aCTOCOBYBATH TAKOXK /IO ABOBHMIpHHX GaraTorpaganituux so6paxemnn
Ta /1o 6araTOBHMiPHUX [IMCKPETHHX 306paxerb. [IpH bOMY BHDINIYETHCS IHTAHHS BUJIJIEHHS O3HAK JUIS [HX
306paxkeHb, SIKi € BU3HAYAJbHHMHE TIPH PO3Ni3HABAHHI o6pasiB. A/pke BUGIP afieKBaTHOI MHOXHHH O3HAK, MO
BpaxoBye TpyAHOUl, siKi NOB'si3aHi 3 peatisamiclo npoieciB BujijieHHsi, i 3a6eanevye HeoOXifHy siKicTb
knacuikanii, sase coboio oy 3 Hali6inbm BaxkuX 3a1ay no6yI0BH PO3NI3HABAJIBHAX CHCTEM.
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CrBopennst eTasoHiB KJaciB Ta miakaacis 306paxkeHp Ha NiACTaBi MOMEHTHMX O3HAK

AHTOHIHA BYJIA, TETAHA MAPTUHIOK, AH/IPIN KOXXEM'SIKO

Texniunuii ynieepcumem 286021 Binnuysn, Xmeavuuyvxe uoce 95
Ten.: (0432) 32-5718 Daxc: (0432) 46-5772

Auronwna Byaa, Tateama Mapreimiok, Amapei Koxemsxo. CosjpaHHe STAIOHOB KAACCOB M NOAKJACCOB
anﬁpmennﬁ HA OCHOBE MOMEHTHBIX NPpH3HAKOB.

IIpepuioxken MOAXOA K pacrio3HaBaHMIO IUIOCKMX H306paxeHuii OGBEKTOB € MOMOIIBIO npoue'pypu CHKATHA
H306paKeHHs B COBOKYITHOCTb TOYEK “HEeHTpa-06pa3a”. AGCUMCCHI 3THX TOYeK orpe/ieJleHbl yPaBHOBEIIMBAHHEM
JieBoil M npaBoit yacreli M306pakeHNs!, OPAMHATEI - BepXHell W HIDKHel yacTeit usobpaxenus. [loayyennas cucrema
NPH3HAKOB 103BO/ISET (POPMUPOBATH ITANOHHBI KJACCOB M IIOJKNACCOB CHMMETPHYHBIX M306paXkeHMil Ha arane
TIpe/[BapUTETbHOM 06pa6GOTKH H306PaKEHHUH.
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Is Teopil posnisnasanns o6pasis BioMi pisHomamiTHI cmoco6u omucy 306paxkeHb, B TOMy 4HCIi 3a
JIOTIOMOT'O}0 CTATHYHMX MOMEHTIB Mgg: !

{
= J[JIrx"‘y”f(x,y)dxdy (a.p=0,1,..),

Q !
Je X,y - KOOpAMHATH To4YoK 3o6paxkenns; f(x,y) - dymkmis sickpasocrti, sika 0ZHO3HAYHO 3aaae}
306paXkeHHst; () - 3B'sA3HA 06J1acTh 306pakeHHs.. |

Ockinbkn o64ynca0BaTbHI 3aCO6H MAOTh NEBHI OOMEXEHHS 00 NaM’'ATH, TO 3aBASKH MO}IPICbiKa[(iTi
IMX MOMEHTIiB OTpHMaHa MOMEHTHa XapaKTepDHCTHKa “meHTp-o6pa3”, sika MicTHTb B cobi iﬂd)opuan'uo‘
npo 3o6paxennst B Ginbur cTHCAOMY BHrsiAi. SIKIIO BUKOPHCTOBYBATH IO XaPAKTEPHCTHKY SIK O3HAKY, |
TO B 3aNeXHOCTI Bifi reoMeTpHuYHHX oco6auBocreit [1] ans npucrpois mnonepearboro oGpoG.uemm
306paxkeHb MOXKHA (POPMYBATH €TaJOHH KJACIB Ta MiJKJAaciB 306paXkeHb.

B TexniuHOMy BHKODHCTaHHI JOCHTh PO3NOBCIO/DKERHIl CIOCI6 NEHTPYBAaHHS, B SIKOMY BHPIBHIOIOTDH
cBiT/IOBI eHepril ziBoi Ta npasoi, BEPXHBOI Ta HHXHBOI NOJIOBHH 300paXkKeHHs IIOJS 30pY. Hoqa'mx‘
KOOD/IMHAT B 1Iii cucTeMi 30py 36iraerTbest 3 ONTHYHEM leHTpoM 3o6paxenns A (X,,Y,). Bupisnobanus |
MOMEHTIB My 3a3HAYEHHMX YaCTHH 306pakeHHs B3ZIOBXK KOOpAMHATHHX oceit X ta Y mcbopmamnﬂorm
MOJIS 1a€ MOXK/IHBICTD OTPHMATH CYKYyNHOCTI aGciuc {Xqps} Ta opAuHAT {Yag}, TO6TO KOOpAHHAT “uentpa-
06pazy” {Agp). ;

B 3anexnocti Bi1 reomerpuyHuX ocobiuBocTelf GiHapHHX 306pakeHb 3a3HayeHa CYKYMHICTb TOUOK

“menTp-o6pasy” Moxe mifTaBaTHCA Pi3HEM 3MiHAM, KOXKHA 3 AKUX Ma€ nesHmil cmucay. Taba. 1 Mictuts
€TaJIOHH KJiaciB, sIKi OTPHMaHI 32 JONIOMOTOI0 MOMEHTHHX O3HAK. |

Taba. 1
NeNe nnn | Teomerpuuni ocobauBocTi 306pakeHb MomMeHTH2 03HaKa Ertanonu xnacis
1 IlenTpanpHa cuMetpis {Acp} = Ag

2

{Aap} <X o
2 OcpoBa cumerpis X' abo Y’ {Aap} abo |
{Aaﬂ} =Y. !

3 Bincyrnicts cumerpii {Agp} # Ao, 2 X', Y’

O6mexenus, mo crocyioTbes ¢GopMyBaHHS eTajOHIB KiaciB, pissi. [las gosiabmoi opienTtanii, Y
BHIIAJIKy HEHTPaJbHOI cuMeTpii, 306paxkeHHs! O/IHH i3 iHAeKciB o abo P gopisHOE 0. 3HaYeHHS iHIEKCIB
«, B mnst ocboBoi cHMeTpIl HecyTTeBi, aje O3HaKa eTaioHa 3 Biccio cumerpii X' BHALNSETbCS B TOMY
pasi, sIKIO Us Bich nmapaneibha f0 oci X koopauHaTHOI oci 30py. SIKuo x me 3o6paxenHs Tenep
MOBEPHYTH Ha KyT W=w/2, TO OTPHMAEMO eTaJOH OcboBoi cmMerpii BimHocHo Y'. Ob6Mexenbp mono
iHZEeKciB o, B Ta KyTa MOBOPOTY \ JUIS HECUHMETPHYHHX 300paXkeHb HeMae.

Hast MomenTHOT o3Hakk {Aqp} Tabn. 2 MicTHTb erajoHM MifKJIaciB, siKi He3aleXHi Bij 3HaveHb o, P,
ane MOXyTb 6yTH BH/Ii/IeHi 3 BpaXyBaHHSM KyTa MOBOPOTY Y LEHTPOBAHOTO 306pakeHHs.

Ta6a. 2
NeNe nm | Kaac so6pasxenns leomerpuuni ocobamsocri 3navenns Eranonn
ILiJIK1aciB
1 Opnna mapa P
oproroHanpHux oceii X Ta Y
(p=1).
1.2. ITapna kiabkicth p oceii {Aap} =A,
1 [enTpasibua X taY (p= 2k). y =n/2p a=0,1, ... ;
CHMeTpist 1.3. Henapna kixbkicts p ocei =01,
XtaY (p= 2k +1).
1.4. BeameskHa KijabKicTb ocelt
XTtaY, (p=w).
2 OcboBa cumerpist S (“e}zf:l)zm(;[; R o i {Aqgle X0
Hexinbka oceit cumetpii X a6o {Aglc Y’
Y (n = 2k+1).

Buzxinena cucrema osnak edexruBHa s (HOPMYBaHHS €Ta/IOHIB KJAaciB Ta HifKJIaciB 306pakeHsp i
BHKOPDHCTOBYETHCS B IIPHCTPOSIX PO3IIi3HABAHHSI CHMETPHYHOCTH 306paXkeHp [2].
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Method of Mean Risk Function in the Problems of Automatic Finding of Objects
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Ceprelt Tepacun. Merox ¢ymkumii cpeanero pucka B 3aja¥aX aBTOMATHYECKOTO OGHApYKeHHS OOBEKTOB Ha
H3obpaskeHusx.

B noxnane mpesmsioxeH uepapxuuecKuil NOAXO[ K PelIeHHMIO 3a/laud oOHapyxeHus oObekTa Ha (oHe noMex,
6asupyronguiicss Ha MCNOJb30BaHUM (DYHKIMH cpeaHero pucka. Jlis cyyas KJacCMUYecKMX MeTpHK (9BKIMIOBOH,
PaBHOMEPHOI) ITOJlyYeHbl aHAIUTHYECKHME BHIPAXKEHHS Ui (PYHKIHH CPEJIHETO PHCKA M YKA3aHBI BbIUMC/IHTEIbHBIE
NponeAypbl HaxoxaeHuss MuHuMyMa. ComnocTaBieHa a(h@eKTHBHOCTh WePAPXUIECKOTO M  OGBIYHOTO KOp-
PENSIIHOHHOTO METO/IOB.

The so-called correlation methods, based on the comparison of a collection of current images with a
primary standard, have gained wide ground in automatic objects finding systems. One of the
modifications of the given group of methods is a hierarchical approach [1], whose essence is as
follows : at first a similarity of separate sections of the image and the primary standard is analyzed,
then a final decision, based upon the chosen solving rule, is made. As a rule, the hierarchical
approach guaranties a most high probability of finding, even under substantial distortions [2].

Let us consider the following problem. Let the image be the function B(x,y), defined in discrete
points of some domain. In its turn, this domain is broken up into disjoint fragments whose number is
equal to S. The availability of the object on the image according to the assumption made, corresponds
to the presence in each point (x,y) of the signal Q(x,y), which is a uniformly distributed random
variables. The value Q(x,y) is independent of the values in other points of the domain. In each point
there is an additive noise U(x,y), which is considered a normally distributed independent random
value with parameters a,c”. The signal of the image takes the form B(x,y)=Q(x,y)+U(x,y), if the
objects is absent.

Introduce hypotheses H, about the presence of the object, H; - about its absence. The values of
fines: if the hypothesis Hy is accepted and H, is true, then o, if the H, is accepted and H, is true,
then o,. Let’s minimize the mean risk function [3]:

R=a,P(H,) P(H,/H,)+o,P(H,)P(H,/Hy),
where P(Hy,/H;) means the conditional probability of the fact that in case of the object is absent the
hypothesis about its presence is accepted; P(H,,/H,) - the probability to accept the hypothesis about
the presence of the object in case it is absent. The probabilities P(Hy)=p; P(H,)=1-p are considered to
be known.

The algorithm of finding is made up of the following points.

1. Calculate s coefficients of similarity ¢; , j=1,s of the primary standard and the image by the
metrics

c; = "Z mod(B(x!, y!) - G(x!,y!)),
i=1

where i - points of fragments i=1,n%, and j=1,s - a number of the fragments.

2. Find the number of coefficients K out of the set {C;}, for which |Cj|<81, where 8, - 'the given
threshold. :

3. Compare K with the threshold 3, and consider the object to be present, if K>8,, and there is no
object, if K<8,.

Find the mean risk function R, assuming that the points of the primary standard G(x/y) -
independent uniformly distributed random variables on (0,M).
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If the hypothesis H, is true, then ¢, = Zmod(U Ol )G 30,

i=1
Consider the random variables & =U(x/,y/)-G(x/,y)), & = Ié’;’l the density of distribution of

the random variable £ takes the form [4]

il _ciaM-—n x—a
f;(x)—ﬁ_ﬂ’( . ) —D( a)}

and the density of distribution of the random variable ® assumes the form
[ x+M-a x—a

1
f@(x)=“ﬂ_¢(T)—<D( =

”'M“’)m)(““)],xao, fo(x)=0,x<0.

As the random variables Q; are independent, the density of their mutual distribution f(x,,...,xnz)
(it is independent of i and j ) takes on the form

fxpo =] T falx).

Hence p,=P(|Cj|<81 )=If (x),...x, )d":l---dx,,z , where the real integration is carried out in the
Q

domain Q= {(x,...xnp):Zx,. < 5,}.
int

Similarly one may get the probability p,. Then R may be written in the form

7,

’

It is evident the maximum of the function R by the values p;, p, can not be found analytically in
the general case. So, numerical methods of optimization are natural to be used. As the calculations
show, at the fixed p;, and p,, the hierarchical method has a more value of correct non-finding
probability and a less value of false alarm one compared to the conventional correlation approach.

The offered method allows to find the risk function R for other known similarity measures, for
instance, for square metrics, as well as for different distributions of noise U.

Conclusions. The results obtained can be summarized in the following way. The hierarchical
correlation algorithms have a high degree of interference immunity to local noises. In case of
fluctuation noises their effect is lower than that of the known algorithms

s &,
R=pa, Y Cipfqy™* + (- p)a,d Cipias™, q,=1-p.q,=1-p,.
k=1

k=4,+1
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Georgij Gimel’farb. Probabilistic Modeling of Spatially Homogeneous Textures Using Gibbs Random Fields
with Multiple Pairwise Interactions.

Novel Markov and non-Markov random fields with Gibbs probability distributions are proposed for modeling
homogeneous grayscale image textures under admissible gray range transformations. The models take into

82



account only multiple pairwise interactions between the gray levels in the pixels. An interaction structure and
strengths are learnt from a given training sample using maximum likelihood estimates of the Gibbs potentials.
Analytical initial approximation of the potentials is exploited to choose the characteristic interaction structure.
The potentials for the chosen interactions are then refined by stochastic approximation techniques. Both Markov and
non-Markov models possess the similar learning schemes and result in a similar computational complexity of generating
image samples by stochastic relaxation. Experiments in modeling natural textures show a feasibility of the models.

ﬁnonipnicne MO/J€e/IOBAHHA TOHOBHX TeKCTYpHHX 306pakemb. MapkiBcbki BMIAAKOBI moast 3
ribciBCbKMMH  PO3NOAiJaMH HMOBipHOCTEHl MHPOKO BHKOPHCTOBYIOTHCSI Y MOJENIOBaHHI TEKCTYPHHX
3ofpaxkeHb 3aB/SIKM MOJXKJHBOCTSIM [OPO/UKYBaTH 3pa3kd 306pakeHb 3a JOIIOMOIOI0 CTOXACTHYHOI
penakcarii Ta oOlliHIOBaTH MapaMeTpH Mojelell 3a HaBuyanbHEMH 3paskamu [1, 2]. Y szaranpmiii dopmi
ribciBcoki Mogesni GyJim BOepuie 3acTOCOBaHI y CTaTHCTHYHIA isHmi /s OMHMCY BETMKHX CHCTEM
OisHYHMX YaCTOK 3 ypaxyBaHHSM TI€OMETPUYHOI CTPYKTYPH Ta KiAbKicHOI CHAM iX JIOKaJbHHX
B3aeMmojiill. ¥ Moaensix 3o6paxkenb B3aeMofil He MaioTh (hi3HYHOrO 3MicTy Ta Bifo6pa’kaoTh 4acTOCTi
koMOinamiii curnaais. Tomy Tpaguuwiiini aBTo6GiHOMisLIBHI Ta aBTOHOpPMaJbHI MapKiBCbKi Mojeni,
3anosnyeni 3 isuku, He BiAGMBaOTH y NOBHIN Mipi XapakrepHi 0coGJIHBOCTI TEKCTYPHHX 306paXkeHb, a
came, JOBLIBHY CTPYKTYpPY Ta CHJH B3a€MOJiil cHrHajiB, IO 3ajieXaTh BiJl 3arajJibHOroO PHCYHKY
TEKCTYpH, Ta HE3aJIeXKHICTb THIIIB TEKCTYPH Bif Pi3HMX (POTOMETPHUHHX nepeTBopeHb 306pakenb. Lli
NepeTBOPEHHs HalvacTilie BeAyTb [0 HEMapKiBCbKHX Mojesell 306pakeHb, Y SIKHX YMOBHI poO3mojiiu
CHI'HAJIB KOXKHOTO €JIEMEHTa PacTpy 3aJiesKarTh BiJl YCiX CHTHaJIB 300paKeHHs.

Hapani M posrasineMo HOBiI ri6CiBebKi Mojiei MPOCTOPOBO OAHOPIAHHX TEKCTYp, IO 6epyTh /10
yBarn Ti/IbKH MHOXXHMHHI MapHi B3aeMofii curHanis. Mojeni A03BOJISIOTh OWIHHTH K CTPYKTYPY, Tak i
CHIY B3aeMOJiii 3a HaBYaJIbHUMH 3pasKaMH TekcTypH [3, 4].

OcnoBni mosmavenuss Ta npumymemns. Ilosmaunmo six g=(g(i): i eR; g(i) =q €Q) ronOBE
306paxkenHs!, sike ToJaHe Ha ckinyeHHomy pactpi R=(G=(mn): m=0,.. M -1, n=0,..,N-1) Ta
Ma€ cKiHueHHY MHOXHHY 3nHavens curnanis Q= {0,....q . }.

Bynemo mozenioBaTtH npocTopoBO OZHOPiZHI TEKCTYPH, BHXO/SYH i3 TAKUX NPHPOAHHX NPHIYNIEHD:
(1) iiMOBipHOCHI XapaKTEDHCTHKH CHIHANIB Y €JeMEHTAaX PpacTpy He 3ajieXarb BiJl a6CONOTHHX
KOOp/MHAT ejeMeHTiB y pactpi; (2) BisyanbHmil BUTASIL TEKCTYPH 3aJI€XKHTh, TOJOBHHM YHHOM, BiJ
MapHUX B3a€MOJlil CHIHaMiB, a caMe, BiJl YAaCTOCTi, 3 SIKOIO 3YCTPi4YalOTbCs KOHKPETHI 3HaYeHHSA CHI'HAJIIB
y BCiX mapax eJeMeHTiB, IO MalOTh OQHAKOBE BifHOCHe posTamyBamHs y pacrpi; (3) Bisyanbnuii
BAIJISL]] TEKCTYPH HE 3a/I€XHTh BiJl OBiIBHAX 3MiH CEpeJIHbOrO 3HAYEHHS CHTHANIB y 306paxendi a6o, y
6inbm saranbuomy Bunaaxy, (4) e sanexxuTb Bij JAiHIHOIO HEPETBOPEHHS PO3MaXy CHIHAIB.

Mapkiscbka ri6ciBcbka Mojenb 3 MHOKHHHWMH Napuumu Bsaemofismu. [lpunymenss (1), (2) i
(3) npusoasTs f0 fiMOBipHiCHOT MOeni MapKiBchKoro nous 3 ri6CiBChbKUM po3noiioM HMOBIpHOCTEH:

PrgV) = ——exp Y 27,(80) - ()| (1)
v aeA (i,j)eK,
ne K, ={(i,j) i—j=const,; i,j €R) mnoamauac ciM’'lo B3aeMOJiOYMX ENEMEHTIB PacTpy, IO
MicTHTD yci napy 3 ¢ikcoBaHHM 3MIiNIEHHAM MiX €JEMEHTaMH, A e MHOXHHOIO iH/EKCiB TakMX cimei,
V={V.(d) ac€A; d eD} nosnauac cyxynuicrp ri6ciBcbkHX NOTEHIisIiB /st Beix cimeil Ta
D= {—qu,...,O,...,qm} € MHOXHWHA 3HauyeHb pisHHNb curHanis. IloTeHnizau 3anexxaTh BiJl Pi3HHID
cHrHAJiB y BifnoBiaHux napax enementis pactpy d = g(i) — g(j) .

Posnoxin (1) oaHo3HaYHO 3afa€ThCsi LEHTPOBAHAMH NOTEHIiSIAMH ZV;(d) =(, a ricrorpamMu
deD
H={H, (d|g): a €A, d €D} pisauus curnanxis /s Beix cimeit, e H, (d|g) = Za‘(d- (g()-g())),
(i,j)eK,
¢ fioro gocrarmimMu cratuctukamu [3]. Tyt 8(...) € ¢yuxuielo Kporekepa. Moxna nokasatu [3], mo
npu6aH3HI NOYATKOBI OMIHKH MOTEHUISJAIB MAIOTh TAaKHH BHIJISI!

Vo(d) = Ay - (H, (dlg) - Hy (D)), (2)

ne H._(d) e ricrorpamoio mapHuX PpisHHIb JUIsS HE3ANEKHOTO BHIAIKOBOTO MOJS, s - SIKOTO BCi

UOTEHIISLIH MAIOTh HYJbOBI 3HAYEHHsl, 3 MHOXKHHK Ajp OGUHCIIOETbCS 32 (POPMYJIOW, IO MICTHTD Wi X
ricrorpamMi /AJs YCiX CiMeH.
Oninkn (2) poasBonsoTh 3HANTH HalXapaKTepHilli B3aeMOIl CHrHAJiB, NOPIBHIOYH 3 MOPOroM ix
Bitnocki ri6eischki eneprii S, (g) = Y H,(d|g)(H,(d|g) - H,(d)). Makcumarbio npasronostiGi
deD
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OIIHKH NOTEHNIsTIB A5 ciMel, IO CKIafaloTh 3HallleHy CTPYKTYpy B3a€MOAiHl, OTPHMYIOTh IILISIXOM
YTOYHEHHSI MoYaTKoBuX olirok (2) 3a nonomoro croxacTayrol anpokcumanii [3].

HemapriBcbka ri6ciBcbka Mojesb 3 MHOMKHHHEMH NapHAMH B3a€MOJiAMH. Biasm  3aranbhi
npunymenns (1), (2) i (4) npusosTs M0 iiMOBiPHOCHOT MOJENi HEMAPKIBCHKOrO 1OJIA 3 Ti6CIBCHKHM
PO3MOAi/IOM @MOBipHOCTEIH:

Pr(g|V) =—Z‘—exp[_zrf(g"(i)) +Y ZV,(g"(i)—g"(j»J, @)

acA (i,j)eK,
Ae impexcom “rf” noanaveHo HopMyBaHHS poaMaxy r(g) =[q,. (8).9,, (8)] curmanis Buxigsoro

3o6pakeHHs g, TOGTO HOro npHBeNeHHS O CTaH/apTH30BaHOTO po3Maxy r(g") = [0,9..1 Tyr

qbw(g)=1}gn{g(i)} it qnw(g)zmegx{g(i)} €, BIANOBIAHO,  MiHIMAJBHAM Ta MaKCHMAJIbHHM

SHAaYEHHSIMH CHTHAJIB 306pakeHHs.

Crpyxtypa Ta cuia B3aeMofifi curmasiB OWiHIOTbCH IS i€l MoJieni Madxke Tak camo, SK i gas
mozeni (1), 3 oueBnaHuME 3MiHAME (y nmepmy uepry, 3 BuKOpHCTAHHSM ricrorpaM CHTHAJiB Ta Di3HHIb
CHIHAJIB /LIsi HOPMAJi30BaHOro 306paxkeHHs g, SIKi € JOCTATHIMH CTATHCTHKAME posnoziny (3)). Kpim
TOrO, JeMO 3MIHIOETHCS MOENEMEHTHA CTOXACTHYHA peJaKcalis, 3a /OMOMOroI0 SIKOi HOPOJKYIOTD
3pa3kH TeKCTYpHUX 306paxensb [4]. Tlpore o6umcioBanbHa cKAAgHICTH nporecy penakcamnii a6epirae
Toif e mopsigox O( er ), mo i ;s MapkiBebkoi Mozeni (Yac NOPOKEHHS! OIHHHYHOTO 3pa3ka Moxe
36i1bmuTHCD, Y KpaliHbOMY BHNAAKY, y 3 pasu, ajte 3BHuaiiHO BiH a6inbmyeThest aumie wa 20-25 %).

Bucnoskn. Excrnepumentn 3 remepauii MTYYHAX | [PHPOJAHHX TOHOBHX TEKCTYPHHX 306pakeHb
AO3BOJSIIOTH [QIHTH BHCHOBKY, mO 3anponosoBani mozeni (1) i (3) 3 MuONHHHHME HapHAMH
B3AEMO/IISIMH CHIHATIB, 5iKi nM0o6yA0BaHi, BHXOJSYH i3 BJIACTHBOCTeH caMMX 306paXkeHb, 3HAYHO GiabiT
epekTHBHI, HiX aBTOMO/eNi, MepeHHATI Ge3NOCEPeHbO 3i CTATHCTHYHOT ¢isuxn. Bupeseni nouartkosi
aHaMITHYHI ONiHKKM noTenuisais (2) 3HayHO cIpONLYIOTh, NOPIBHSIHO i3 TPAAHUIHHAME MOJe/IsIME, Bubip
XapaKTepHOI CTPYKTYPH B3a€MOAill /IS KOXKHOTO 3a/[aHOTO THITY TeKCTYp. MakcHMaabHO npasAonoai6ni
OmIHKH MNOTEHWIsNiB JAsi 3HAWZEHO] CTPYKTYPH 3HAXOAATh CTOXACTHYHOI aNPOKCHMAIIi€I0, - 10
TPYHTYETBCH HA TNOPOJIXKEHH! 3pa3KiB 306paskeHb IMIJISXOM CTOXaCTHYHOI peaakcanii. HemapkiBcbka
mogens (3), mo Gepe o yBar# JTiHidHI NepeTBOpeHHA po3MaXy CHTHafMiB Ha 306paxkeHHi, Maiixe
36iraeTbcst i3 MapkiBebkolo Mozenmio (1) momo omimoBanHS MapaMeTpiB I NPaKTHYHO JyXKe MaJjo
migBHnlye OGYMCAIOBAIBHY CKJIAAHICTD pejakcamii. Ile copasie BHKOPHCTAHHIO TaKHX MoJeNei y
cydacHoMy nudposoMy o6pobiienti 306paxeHs.
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We present a novel specified method and its application to pattern analysis. This is a multistage architecture
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Analysis shows that characteristics of the present
digital systems for object’s detection and recognition
including correlational-extremal co-ordinates meters does - -
not comply with the special requirements. These
requirements include maximum simplicity for the maximum v
speed of response keeping high precision of calculations,
high noise immunity, relative characteristics stability of
the object of tracking and hum and adaptation to the Fig. 1. Spatial 8-connectivity of a
apriori unknown hum. pixel (in the case of binary image).

With the purpose of reduction of sensitivity to
distortions and noise during image formation the article presents method of representation of images
with the generalised space W- connectivity spectrum and proposes noise immunity algorithms of
images comparison on its basis.

The conventional grey-scale image representation usually contains information about a two-
dimensional light intensity function. Before performing any structural image analysis, such represent-
ation must be changed in order to highlight spatial regularities. One way of doing that is to provide a
higher-level image description. However, complex components in such a description are very difficult
to analyse using parallel techniques. Another approach of highlighting the spatial image regularities is
to assign each pixel some structural value. Then this new image is segmented for parallel processing
and each channel investigates some basic relationships between the structural components.

The criterion of spatial connectivity is a very informative visual attribute and one of the most
fundamental grouping principles. It explains a powerful tendency of the human visual system to
perceive any uniform connected area as a single unit [1]. The spatial pixel connectivity (Fig. 1) has
been chosen to represent local image structure. Then, the 8-connectivity value of each pixel varies
from 0 to 8 in the case of binary images. In the case of grey-scale image it varies from 0 to 8+9+9=26
(3D dimensions).

The essence of image decomposition to a generalised W-connectivity spectrum congist in
division it in regions based on dihotomia principle (Fig. 2) [2], calculation of each pixel
connectivity sums on all connectivity directions (partial W-connectivity sum) within the limits of
each region and assign of each partial W- connectivity sums to geometry centres of corresponding
region. W-connectivity spectrum of the image (fragment) with the dimensions m,mym, define as:

26 mz mxmy

We,, = ZZ Z a:',l , where a:,j,l - is the image element (fragment) with co-ordinates i,j,] and
WYz s
R -

connectivity y.
In the case of multigradational image with m,m,m, dimensions and the same quantity of ones

pixels W-connectivity spectrum me 42 of this image define as:

mez=4-11-(mz—2)+4-2-7+2-17-[(mx+m,)—4]-(mz—2)+2-11-[(mx+
+my) —4]+26-(mx—2)-(my —2)-(mz—2)+2-17- (mx — 2) - (my — 2)
where mxmymz22.
W-connectivity spectrum of any grey-scale image is OSme,y,z < sz.y,z'
If me=my-=mz=1, Wm”‘zz 0.
Define space W-transforming image f(x,y,z) = {fi.j1)} by connectivity as

f(x,y,2) = {fi.i} 2> W, .(Xy,2) = {w(r,v,p)} , where i=0.(m,-1), j=0.(my-1),

I=0..(m-1), r=1..m, v=1..m,, p= 1..m,.

If p=1then k = 0..(rv-1), if p = 2 then k = 0..(2rv-1),
., if p=n then k = 0..(nrv-1). /((O\/(K

Multigradational images comparison algorithm consist ol @)
on following: /O \ /O\ / \ / \

» Assign  comparison error threshold & (divisible by
power 2). % Fig. 2. Dihotomia principle

¢ Define the maximal order (rvp-level) with p=1, k=0.. gsed for image dg)risionpi
(rv-1); p=2, k=0.. 2rv - 1);...; p=n, k =0..(nrv - 1) of
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the compared images according to their W - coefficients of W-spectrum space connectivity,
IVp < mxmym:/23 .

* Sort out by descending order of current image W - coefficients according to their rvp-levels and
their values within the limits of current rvp-level.

* Subtract W-coefficients w(r,v,p), of current image from W-coefficients of standard image, which
can be defined in the same way, and form the differences Afy(r,v, p)k. Within the limits of

k
each order by the fixed values r,v,p define the summary differences Fg(r,v,p) = ¥ Afe(r, v, p)x
and compare them with the threshold 8. The compared standard and current images are equal if
all summary differences are smaller than 5. If at least one summary difference Fg(r,v,p)is not
smaller than 8, they are not.

According to proposed method the program model has been created and tested with using images of
eye-pupil fragment (Fig. 3) turned on variety of angles. |

40—

16~

0 IT‘ 32 48 4
Fig. 3. Initial image (eye-pupil fragment) and its contour plot

Wi{r,v,p} resulting matrixes have been created on the different processing stages. Some of them are
shown on Fig. 3, 4, 5. Fig. 6 presents results of standard and turned images comparing. 3

tum_0 tumn_0
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a b

Fig. 4. Examples of W-connectivity spectrum of initial image (eye-pupil fragment): |
a-w{4,4,1}; b - W{8,8,1).

Images comparing results
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Fig. 5. Example of differences f(r,v,p); matrix Fig. 6. Images comparing results ( § =1024).
for W18,8, 1}-spectrum of turned image.
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The main distinction of the presented method of images comparison according to W-connectivity
spectrum from images comparison according to their Q-spectrum [3] is that here images are
compared not only according to areas of single or multigradational (in case of grey-scale images)
pixels, but also the relative disposition in space-temporal region of adjacent pixels is taken into
consideration, what increases signal-tc-noise ratio of comparing algorithm. Operational sets used in
this model fully correspond to time-to-logic optoelectronic computing elements [4].
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Bosomumup Kopumncekuli. Indopmanilini osmaxm mnirockux MyasTHIIikoBaHMX 306paskeHb B 3ajauax ix
iHBApiAHTHOTO po3Ni3HABAHEHS. ;

¢
3anpornioHoBaHa cHcreMa iH(OPMaNiHUX O3HAK IUIOCKUX 306pakeHb, SKi YTBOPEHi CYKYITHICTIO reoMeTpUYHHX
TepeTBOpeHb (hiKCOBAHOTO YTBOPIOIOYOTO 306paskeHHs. [lo6y0BaHa reoMeTpriHa Moeb MOPQOIOriYHOTO aHadi3y
TaKHX 306parkeHb, KA MMOKJIa€HA B OCHOBY Bi/JTIOBi/IHMX a/JrOPUTMIB.

This paper is devoted to the problem of informative features’ construction for the morphological
analysis of images built up by conjugation of geometric transformations of fixed primary image:

M
a=Jq; aq =r1(a)q, (1)
=1

where T'(a;) denotes the transform operator (belongs to point Lie group G on plane); a, stands for
essential group parameters; Q, is the primary image. The images of such structure appear in many
applications and are concerned with some type of fractal images [1]. From the standpoint of fractal
theory such multiplied images with different M may be considered as the realizations of some image
with M —> . Therefore under the morhological analysis they must be treated as the images of the
same form [2]. Fractal images have the fractional dimensions greater than corresponding topological
ones. Thus the informative features based on the standard topological characterictics are failed to
recognize the spatial forms of such images.

Let us represent the primary image by the set of semiinvariants [3]

1 au+m

Sam = Twm aran [ln F (ll)]l under u=0, )
where i=ﬂ ; F(u) is Fourier-Stieltjes transform of interval function for this image; n, m - the whole
nonnegative numbers and n+m=N (N is the fixed number).

The informative features of primary image invariant to its geometric transforms may be expressed
as the functions of dimensionless values s,y exp[-s,,N/2]. The set of them defines points in linear space

R™. Informative features invariant to geometric transforms (in above mentioned sense) may by
represented in form £
Fy=Gy2)z2'Z’, (3)

where Z=(Z,,Z,,...,Zy.) is the contravariant vector in R¥''; under repeated indexes the summation is
supposed; G;;(Z) denotes the covariant metric tensor.

From the standpoint of differential geometry the informative features (3) defines the invariant
surfaces in R""': primary image and all its transformations correspond to the points of these surfaces.
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Tensor G;(Z) satisfies the Killing equations [4]. In the considered case these equations may be
written in form

56!'!&:’1.' i jol o il
Sz AZ'7'Z +GZidT 'z ve, (Zigz'2! =0, (4)

where g denotes the parameters of geometric transforms of primary image.

The recursive algorithm for the evaluation of G;;(Z) in cases then analysing image is built up by
affine transforms has been worked up.

It may be shown that informative features of multiplied images (in sense of definition (1)) may
be written as follows Jy = fy(M) Fy , where M denotes the order of multiplication (subfractal
images), fy(M) is the decrea- sing function of M. Note that M may be expressed in terms of scale
factor & and the Hausdorff dimension D of the fractal image [2]: M=5P .

Last expression and (4) provide the possibility to carry out main kinds of morphological analysis
of fractal images: identification of spatial forms, obtaining different fractal dimensions and scale factors.

The suggested approach is proved by results of morphological analysis of some fotogrammerical
images and phase trajectories of some nonlinear dynamic systems.
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Metoa napajeabHo-kopeasuitiHoro o6po6aenns 306paxeHs
B’STUECJIAB JIAUIEHKO, BOJIOJIUMUP MALITAJIIP

Texniunuil ynisepcumem padioesexmponixu 310726 Xapxis, npocn. Jlenina 14
Ten.: (0572) 40-9385 Daxc: (0572) 40-9113

Vjacheslav Liashenko, Volodymyr Mashtalir. A Technique of Parallel Correlation Image Processing.

All manners of video information perturbations complicate signals analysis and image understanding as a
whole. In the first place, it should be indicated geometric distortions, blurring and noise. There exists
considerable amount of approaches to image processing in presence of such deformations. However, correlation
algorithms are most widespread used since they are simple from hardware and software realization point of view.
Moreover, these algorithms have potentially highest noisesafety. But large combinatorial complexity of correlation
methods require computing time reducing. A parallel-subframe technique is presented when several image subframe are
processed simultaneously. Results being able for object detection and coordinate search are proposed.

He sHmxyoun ysaraibHeHOCTI pO3IJsifly, IPOaHATISyeEMO NHTAHHS 3HAXO/UKEHHS 06'€KTiB npu
o6po6aenni psiikiB a6o CTOBHINB 3o6paxenns. Hexait o6’ekt € Bi/Ipi3KOM, 3a/laHAM CBOIMH
SICKpaBOCTSMH Y » TOYKaxX; yce moje, e Gyne NpOBOAHTHCH MpoOLEAypa 3HAXO/DKEHHS - BiJIpisok,
3a/laHuil SICKPABOCTAMM B ™ TOYKaX, NPH IbOMY m = kn. :

IIpunycrumo, mo o6’ekT — e HeBHNaAKOBHH Habip umcen D,,...,D,; nouae 30py — Ile SICKpaBOCTi
By,...,B,,, xoTpi cknajaoTes 3 ABOX AoAatkis D; Ta u;, 1e u; — afWTHBHA 3aBaja Yy KOXHI# TOYIi moJs
30py. Habopu BunajakoBux 3HaueHb u; 6Y/[eMO BBAXKATH HE3a/JEXXHHMH 3 3a/]aHUMH 3aKOHAMH posmnoainy
y BHNIsAi miabHocTi fi(x), i=1,...,m.

Hama sagaya 6yne nossratu y no6ynosi nopory, sikuii 6u MiniMisysas (yHKIO cepeaaboro PH3HKY
R npu HacTynmiii npouenypi sHaXoMKeHHS:

1. Bumykyemo c,,c;,...,cp; Kopeasiniit, ae ¢, Binnmosigae Biapisky [0, 2n], ¢, — BiamoBimae®Binpisky
[n, 3n] i Tak mani, ¢, — [(R-2)n, kn]. Kopensnii ¢; o6uncrooTsest 3a Gopmynamu:

n

CFZ Dj(Bn(,'_y).;""' B,“'ﬁ), ‘i=1,...k‘1.
A
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2. Koxna 3 xopessiniii mopiBHIOETbCS 3 AesiKHM moporoM &, i SIKIO OJHA 3 HAX NepeBHHmIye &, TO
npHiiMaeTbes rinotesa H; — 06’€KT €, y npoTANeXHOMY BUnaaky H, — 06’€XTy Hema.

@yukuis cepefinboro pusuky mae purasiy: R=z,qp(H,/H,) + z,pp(H,/H,), ne z,Ta z,— poamipn
mrpadyy y BHIAAKY MOMHJIOK mepiroro abo Apyroro pomy; z, —mrpad, Koau npuiisra rinoresa H,, axe
sipua H); z,— wrpad, kosn npuiinsra rinotesa H,, ane sipua H,; p - imoBipHicTb HasiBHOCTI 06’€KTY Yy
noxi 30py; g = 1 - p — iMosipmnicTb ioro BiacyrtrOCcTi. ¥YMoBHI #imosiprocti p(H; /H,) ta p(H, /H,)
3Haxo/sThes 3a dopMynamu:

p(H /H)) = 1- p(e; < 6;...; ey <6 /Hy), p(H,/H,) = pe; < 6;...; ¢y < 6 /H,).

Jns sHaxo/KeHHS YMOBHHX iMOBIpHOCTEH y pO3rjsiHyTiif mOCTaHOBIT ccopMyiboBaHi Ta OBeseHi
TaKi NOJIOXKEHHSI:

. A s 3

Jlema 1. Skmo € HaGip He3aleXHHX BHIAJKOBHX BEJHYHH {)g}g=1 13 BimomMumm mIiIBHOCTSMH

f,g(x), To iX JiHifina xoMOGiHAIiA 3 NMO3ATHBHUMHU KoedinientaMmu = = A ¥ - B /I”yh , /‘Lg > 0 mMae

IIBHICTD PO3NOAINY

o © h-2
fe =1/ ... ) L. 01/ 2 a1,/ AL £, (5, 1,0 / &) dy...d,.
-0 -© g=1

. o . s k
Jlema 2. Cymicuuii posnoain xopensiniit {c;},-, Mae BUrIs

o

Lepoo g CCtneestnn) = L fe(Dfela-0)... fo iy~ 20+ 203 (1D

-0

Mu posrnsmynn simifinuiéi BapisHT 3agayi BusiBJAeHHS 06’€KTy B moJdi 30py. BukopucTanms
OMACAHOTO AJrOPHTMY, KOJH NOJe 30py Ta O6’€KT 3ajami Ha NJIONIHHI, NOJSra€ y I[OCJ]iJOBHOMY
o6pobienHi psAKiB Ta cToBONIB, TOGTO Yy 3Be[lcHHI [ABOBHMIDHOTO BHNAAKy /0 O/JHOBHMipHOTO.
CroyaTky mocniziosHo a6o mapajieNbHO NIYKAEMO MEPmHN PAMOK 06’¢KTY, MOTIM APYrHi i Tak yIai.
Takuit nixxin nosponsie BUABAATH 06'€KTH, sIKi MaoTh GyAb-siKy (opMy. n

Jlemu 1 i 2 nossosnsiors 3HaliTH ¢yHKUiO cepeanbory pH3MKY, MiHiMisamia sikoi (4umcenpHEMHU
MeTofaMu) 3aGe3iedye NOWYK NOTPi6HOTO mopory & :

§d So k-2 n-1
R(8)=z,q|1 Jse qu( r)fg(x-r). : .fq(x;,_,-x,,_ﬁ-xk_;-. DRy dxy drzp[ 2 b3
-0 -w-m r=0 s=0

k-2 n

“Ch (xf,---,x;..y)dx,...dx,,,,],

d..Jp.,

-0 -00 -0 -0

..,ck_,"(xh--- nxt-f)dxf"'dxk-t+ph-2 n I -Ifc,,..

. . Siia rs con . u
ne p,; (r=0,...,k-2; s=0,...,n-1) — imoBipHoCTi rinotes H,, fc,,.l..ck‘, (x4,...,%4¢ ) — dynxknii mizprOCTEd
Po3nojiiiiB Kopesitiif Npu BUKOHaHHI runores H,,, a BIUIHB 3IUTABHOI 3aBa/li 3HAXOAUTHCS 3a HOPMYJIOK:

i n-f

i) = 1/C DD xD) L Sy, 01/ DO [y, (5 5.0/ D drdr

Otpumani pesynbraTé MoXyTh GyTH BHKOPHCTAHI i Ul 3HaXo/KeHHs KoopamHat 06’ekry (y
BUNaJKy NpPHAHATTS pimleHHss npo ioro mpucytHicTs). BuGip 3Hauenn 7, s, sIKi XapaKTepH3YOTh
noJI0KeHHs: 06’€KTy B NOJi 30py, 3AIHCHIOETBCS MASXOM HONIYKY MaKCHMyMa byHKmii:

- L P -

Ko™ty Fopey CC piCha),
ge €'y,...,Cyy — peanisamisi Kopeisuiff, ofHa 3 SKHX NepeBHIIyE &, %, = p(H,/H;) — posmoxin
iMoBipHOCTI po3MimenHs 06'eKTy.

Ha sakinuenns mniakpeciumo, mo sanpomoHoBaHHEl MeTo[ jomyckae jocutb mnpocte (y

KOHIIENTYaIbHOMY ACIEKTi) y3araJbHeHHs Ha IJIOCKI Ta 6araTOBHMIpHI BHIIALKH.
®

L 4
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Relief Determination of Correlation Function in Image Processing
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Tarbsara Maprteimiok, Augpeii Koxxemaxo, Makcum Xomuyk. Onpezeaenne peabeda xoppeasmuonsol GyHKiun
npu o6paborke usobpaxcennti.

B pa6ote npuBe/ieHbl BapHAaHTbl PeATH3aLMH NUQPOBHIX KOPPEJATOPOB HA MATPHYHBIX CTPYKTYpaxX, KOTOpEIe
BBIITOJIHAIOT KOPPEJSIMOHHYI0O 06paboTKy /[BYMEDHBIX W306pakeHuii B peajbHoM BpeMenu. KoppensTopsl
Npe/iHa3HaY€eHbl /LIS ONPE/IeTeHHs KOOP/IWHAT HEHTPa 3TaJIOHHOIO M306paXKeH s Ha TT0JIe TeKYILEro M306paxeHHts.

The image processing in real time scale claims powerful parallel computing means. For two-
dimension correlation processing the most suitable are array processors, as they by a natural image
correspond to nature two-dimension of the images. At realization of matrix correlator the main
difficulty consists of presence sum elements of mutual correlation function (MCF) matrix ||d|| of the
current image (CI) F and reference image (RI) G by the formula

Mi Ny My Ny
d =E E f..- g e =Z z ___f__ : (1)
kl i*‘”Mi .i='NI 1j 8i k,j 1i=‘-M2 - _lgzlj ik,j-1

Where f;, g, are elements CI and RI accordingly, i=-M,M,, j=-N;,N,, k=-M,;,M,, 1=-N,,N,, and
M1>>M2, N1>>N2,

The elements of CI and RI are submitted in digital form in ind non-negative numbers in range
(0,1). Thus, CI and RI fields are rectangular matrixes ||fl] and ||g]|] with appropriate sizes
(2N;+1)-(2M;+1) and (2N,+1)-(2M,+1), and their centered line and column are axial and have zero
numbers. In result the MCF matrix is also rectangular matrix by the size 2(N+N,-1)-2(M+M,-1). -~

Alternate decision of summation on whole matrix structure field is method of parallel “grow”
correlation relief, that is parallel calculation all reports of correlation function as follows:

My N Mg
=2 2 glfl™” . di=E 2 £l
1==-M2 ']__Nz i=M j=N

2 2
Gi-j) Gi-j)

where ||f]] , gl are matrix shift of mat-
ON-N+1D) rixes ||f|l,|lg|| accordingly on vector shift S(-i,-j);
1 |ld]| is mirror mapping operation of a matrix ||d]|.
ll%— With this purpose computing cells are
developed, which make main structure of digital
matrix correlators with extended functional
opportunities. It permits on to one matrix structure
to realize two-dimensional image correlation
processing [1], two-dimensional threshold proces-
sing of image correlation relief [2] and sample two-
dimensional bit cut of correlation function.

M,-1 On Fig. 1 graphic matrix representation of
t—5— | computing cells CC; is shown, which contains
accordingly (N;+N,-1) columns and (M,;+M,-1)
N lines, as during correlation processing CI field shift
N.-1 N,-1 is possible to right and to left as a maximum on
(s e . size (N,-1) /2, upwards and downwards - on value
(M,-1) /2 with allowance for CI field dimensions
Fig. 1 Ni-M; and RI field dimensions N,-M,. Similarly RI
centre is possible shifted, on CI field thus centre RI

]

M- Myt1)

cannot leave for limits of size ((N;-1) /2-(\-1) /2)
to right and to the left and accordingly for limits ((M;-1) /2-(M,-1) /2) upwards and downwards. In
result on CI field finding area of a RI centre of coordinates of RI centre is limited by a rectangular
matrix with dimension (N;-N,+1)-(M;-M,+1). Thus the reading of central part of cell matrix CC; is
allocated the given dimension in kind of "window". The size of "window" and his arrangement on field
of cell matrix CC;; is determined by the sizes of CI and RI fields and used method of RI scanning. It
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is necessary to note, that only CI and RI representation is rectangular matrixes with centered line and
column, and also appropriate (spiral) scan-ning from central element with coordinates (0,0) permits to
use toroidal organization of matrix conn-ections and, accordingly, "window" reading. Dimension of
“window” is less than dimension of CI field [3].

In basis of threshold correlation processing the fact is used, that the required image in CI is not
completely identical to the RI. Therefore parameter A is entered, which characterizes a degree
differences of the required image from RI. Parameter A is equal to quantity "of deformed readout" in
required image in comparison with RI. In result of threshold correlation processing the set of matrix
cells is determined, in which MCF is exceeded with given threshold A[2]. The offered structure of the
digital correlator has advantage in speed in comparison with known structures, because there is no
necessity originally to determine maximum significance CI and RI MCF. It is enough to be set by
degree of difference between them. Thus fixing of items, in which MCF exceeds significance of
threshold size A, occurs simultaneously with determination MCF. That permits process on whole cycle.
Main availability of developed matrix digital correlators is brightly expressed space parallelism.
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On the Structural Analysis of Image Contours
VJACHESLAV MATSELLO, MICHAIL SCHLESINGER

NAS Institute of Cybernetics 40 prospekt Akademika Hlushkova, 252022 Kyjiv
Tel.: (044) 266-2569 Fax: (044) 266-1570
E-mail: matsello% image. kiev.ua@ts. kiev.ua

’

Vjacheslav Matsello, Michail Schlesinger. On the Structural Analysis of Image Contours.

The exact and the best matching tasks for contour and formally defined set of contours are considered. The
set of contours is defined by means of formal tools similar to tregular languages, but taking into account the
cyclic structure of the contour. The algorithm is proposed for structural analysis of contours during line-by-line
scanning of the image.

Introduction. It was a recognition of cartographic symbols that caused the investigation. The
pictures under recognition are binary ones, so it is natural to recognize they using their contours. In
spite of one-dimensionality of contours, their analysis can be rarely reduced to the analysis of the
strings. This is because a string has an unclosed structure with two ends of the string, while contour
has a cyclic structure with no such ends [1]. We describe two algorithms of exact matching. The first
is suitable for the contour tracing, while the second one for the analysis of contours during line-by-
line scanning of the image. The general form of the matching problems is stated and the general form
of its solution is described.

Exact Matching Problem and Related Algorithms. Formal Statement of the Problem. et 7 be
finite set. Let for every f e T the next element r* and preceding element ¢~ are defined, such
that (¢7) " =)t ; T =8, 1 21 The set Tis a cycle or a group of cycles. Let V be the set of signals

and S be a finite set of states. A contour is a function v:T—>V. A set of allowable contours is
defined by the function f:Sx¥V xS —{0,1}. The contour Vis allowable with the respect to the

function fif there exists the function s7->Ssuch that for everyteT the -condition

S(s(17),v(1),s(1)) = 1 holds. To solve the exact matching problem means to construct the algorithm
that for every given contour v:T -V and given function f:SxV xS — {0,1} decides, »'hether vis
allowable with respect to f. Exact matching consists in calculating of

FE) =3 {0 (s ),v(1),s() )} . (1)

Exact Matching of Strings. The predicate (1) is similar to those for decision whether a string
belongs to regular language. Let V and S are terminal and nonterminal alphabets of some regular
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grammar G and o € S be its axiom. In this case f:SxV x§ — {0,1} corresponds to the set of production
rules of type s > vs', and @:SxV — {0,1} corresponds to the set of production rules of type s —v.
The string v = v(1),...v(n) belongs to the language G if

F(v) =3 5(0),5(2),...,s(n - DIVI = 1.2,..,n = 1(f ( s(t = D,v(1),5(1))] & )
& o(s(n-1),v(n)} = 1.
The predicate (2) can be calculated by means of the auxiliary functions
gi:S > {0,}, i =0,,...n—1, s€ S, using the following expressions:
g(s)=1 if s=0; and =0, if s#0; g,(s)=3s'[g, (V&S V(). 5)],s€8,i=12,...n-1;
F(v) =3slg,., ()& p(s,v(n))].
The complexity of (3) is of order k*n where k is the number of nonterminals.

Exact Matching of Contours During Contour Tracing. Let us consider the step when te 7 is
examined and the signal v(#) is observed. The 7, which # belongs to, will be called the current cycle.
Before analysing the signal v(f) the algorithm has the information about examined part of contour.

(3)

It is arranged as a function g (- 38 x 8 > {0,1}, where ¢ is the last of examined elements. The value
8 (s,5') determines, whether examined part of contour is allowable under the condition that the

start and final states are S and s' When the signal v(f) is observed the algorithm constructs the func-
tion g,:8x S — {0,1} using the current value v(f) and the function 8, » according to the following rules:

a) If ¢ is the first element of the current cycle then &/(5,9) = f(s,1(1),5"). (4)
b) If #is the last element of the current cycle and the cycle is not the last one, then
if 3s5,5'[g,- (5,5 )& f (s ,(1)s5)] (5

then no action is fulfilled; else decision is made that the contour is not allowable.
c) If tis the last element of the cycle and the cycle is the last in the group, then
if I5,5'[2,- (55 M&S (D)) then the contour is allowable; else it is not allowable.

d) If # is neither the first nor the last element of the current cycle then
8(s,5") =3s"[g - (5,8 )& [ (s",v(D),s")]. (6)
Computational complexity is defined by (6) and is of order £*-n. But under some conditions this order
can be reduced. Let for some # the function g, (s,s') can be represented by two functions of one variable
81(55) =" ()&gf (). (M)
If this condition is valid for some ¢ then computational complexity of the rest of computations for

the current cycle can be reduced to k2 -n', where ' is the number of the rest of elements in the
current cycle. Really, if (7) occurs, then

g, (5,5)=3s"[g" ()& g/ (s")& [ (s",v(1"),s")] = g° ()& {35"'[g{ (") & £ (s" v (t" ),s")]}. (8)

Let denote gf,, (") =3"[gf (" )& S (" Mt 1), s") 1€))
and therefore obtain g+ {(s;5") = gb(s)& g:’+ "y (10)

It means that if for some f the (7) is valid then it is valid for ¢*. Moreover, the first multiplier
from (7) is not changed and the second one must be calculated using (9).

Exact Matching of Contours During Arbitrary Ordered Examination of its Elements. Let us
consider the situation when the algorithm can observe signals v(#) during line-by-line scanning of the
image. Let at the current step the algorithm observes the pair ¢, v(£) At this step the algorithm has
already observed the set of contour signals that consists of some connected subsets. We will refer
these subsets as connected segments.

Let T" be observed connected contour segments that is not a complete cycle, t, be the element
that precedes the start element and f, be the final element. Let s(7') be the *function

T"\{t,} = S. Denote &, 1, (s(2),5(t,)) =3I(TH & S (s(t ), v(£),s(1))].
teT
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At every step the algorithm must keep in its memory the list of triples (15.%,.81,,,) each triple

corresponds to the observed connected contour segment that still is not cycle. Let's describe the
actions of the algorithm when observing the next pair £,v(f) .

a) Joining to the end of the segment. If there is a triple (tyte:81,.0,) such that t, =¢~ and there is
no such triple that f, =¢, then this triple is excluded from the list and new triple (tb,t,g,“,) is

introduced, where &, is calculated as

81, ,1(s(tp),5(1) =3s(te )8y, 1, (5(tp )y st N& [ (s(te)sv(1),s5())] - (11)
b) Joining to the beginning of the segment. If there is a triple (tpite:&1,0,) such that ¢, =1,

then triple (tpsles8t,,t,) is replaced by new triple (t_,te,gr =% where
£, (507 ), 5(10) = IO (U )V S0& £1,¢, (s 5 - (12)

c) Merging. If there are a triple (rb,t“,g! ) and a triple (¢,f,.8,, ) and those triples don't
b e

coincide, they are replaced by one new triple (ty.10.81, 1 ), where

81y.t, (516D, (1) = 357,81, - (s(tp )5 N&

(13)
& [(s(t7),v(2), s(1))& 8¢, ¢, (5(2),5(1e))])-
d) Completing the cycle. If there is a triple (t,t™,2, ,~) then we calculate the value
R=350,s(t g, - (S5 N& S ()OO (14)

If R=0 then the contour is not allowable.If R=1 and (#,v(t)) is the last element of the contour
then the contour is allowable. If R=1and (#,v(f)) is not the last element of the contour then the

triple (£t ,g8, ,~) is excluded from the list and we must continue contour analysis.
e) Starting new cycle. If in the list of triples there are neither triple (tb,t‘,gtb ) nor

triple (t,te,21,¢,) then the new triple (£7,1,8,- ) is introduced, where

g, (st )ys(1)) = £ (st )yv (1), 5(0))- (15)

It is possible to arrange the algorithm in such a way that its computational complexity is
determined by calculations of (11)-(15). In this case the complexity is of order k3 .n, Moreover, if a
function g, , (s,s') can be represented as g;(s)& g, (s') then starting from this step the analysis of the
cycle will have the complexity of order £

Best Matching Problem. The problem consists in introduction of some metric over the set of
objects and searching such an object from the set that is nearest to examined. If Levenstein metric is
used, then the best matching problem is reduced to calcu lation of the function

F(v)=min 2 f(s(t™)}v(0:5(0)s (16)
S teT
where f is a real-valued function [2].
Another class of best matching problems uses ideas of fuzzy sets. In this case the task is reduced

to calculation of function F(@W)= m§nma; St )y v(1), (D). (17)
te

Let’s formulate the general definition of these problems. Let " and S be the finite set of signals
and finite set of states (nonterminals), T be a cycle (group of cycles), v:T—V be a contour and f

be the function which has the set Sx¥ xS as its domain and takes values on the commutative semi-
ring W , with the ring operations @ and ® . The best matching problems can be formulated as
the calculation of the element from W in accordance with the formula

F(v)=®8 f(s(17),v(1),5(1)). (18)
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The sign @ means the “summation” over the set of all possible functions 7 —» S.
s

Expressions (1), (16), and (17) are the special cases of (18) with appropriate operations
@ and @ .

The algorithm for calculating of (18) for the case of arbitrary order scanning of contour elements
has the same structure as it was described in the previous section. Expressions (11)—(14) and (7)
must be rewritten in generalized form as follows

For(11) 81,1 (5(tp),5(1)) = (?)Igz,,,r¢ (5(2p),5(1¢)) ® [ (s(te)sv(£),s()) (19)
S e
For(12) 8, (U7 )us(te)) = ﬁ)[f(s(t‘),v(t),s(t))ébgt,te (s(1), (2. )} (20)

Byt GUp)s(te) = @ @lg, (st N
For(13) s(t™)s() (21)

® f(s(t),v(1),5(1)) B gy, (s(1),5(1 )]

For(14) R=® @ [g, - (s(),5(7)® f(s(t™)yv(1),s(t)]. (22)
s(st™)
For(7) 81,60 (5,58") = g,(5)® g, (s"). (23)

Conclusion. The method for definition of sets of contours that correspond to graphical symbols is
proposed. The fast algorithm for contours analysis during line-by-line scanning of the image is descri-
bed. It allows efficient program realization and was implemented for recognition of mapping symbols.
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Baratoeumiphi reomerpuuni Mozei B iHBapisHTHOMY poamisHaBauHi npoekuiiitHux 306pakeHn
BCEBOJIOJ MUXAWJIEHKO, BOJIOJIJMMHUP KOPYMHCHKHUIA
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Vsevolod Mykhajlenko, Volodymyr Korchyns'kyj. Many-Dimensional Geometrical Models for Invariant
Recognition of Projective Images.

The geometrical properties of representations for projective images' forms in the space of their semiinvariants
are considered. It is shown that informative features of images' forms define in this space the geometrical objects
invariant to the conditions of images' registration. The effective algorithms for morphological analysis of
projective images based on metric properties of representation space are suggested.

Bukopucranus reomerpaymrux Mopenefi s MopdoIorivHOTO aHalisy npoexiifiHNX 306pakeHb
CYTTEBO CHpONlye aJArOPHTMH TPHHHATTS pimedp. B poGori sampononosami npuHmANE Takoro
MOJIeJIOBaHHSL 1 HaBeJeHi pesyapTaTH iforo peanisamii s inenTndikanii reomerpuunmx hopm
MPOEKUiHAX (POTOrpaMMETPHYHUX 306paskeHb. K

Iixxix, sxkuit NPONOHYETBCS, IPYHTYETHCSA HA OMHCOBI reoMeTpHYHUX dopM 306paxkens (ikcoBaHOTO
IJIOCKOrO 06’€KTY, O/iePXKAHHX IPH PiSHAX yMOBAX NPOEKI(IOBAHHS, 32 AONOMOIOI Ha6Opy BeIMYHH,
SKi B CYKYIHOCTI YTBOPIOIOTh BEKTOPH 6araToBHMipHOro npocropy RY. Indopmaniiini osnaku (I10)
dopmu 306pakens, siki He 3anexarth BiA 3a3HAYEHUX dakropiB, Bu3RauaoTs B R reoMeTpHYHi
koHirypanii, inpapisiHTHI B ToMy BigHOWeHHi, WO npH 3MiHi ymMoB mpoexuioBarus (pakype Ta in.)
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Bi/NOBIZHI TOUKH MepeMillyloTbcsi B3fOBX HEX. B jauifi po6oTi o6MeXHMOCS PO3I/IOM 10, sxum
BinOBiZal0Th aJTe6pHUYHi NOBEPXHI 7-TO CTETEHA. Y BiANOBIAHOCTI 3 3arajbHOIO KOHIENIi€o reoMe-
tpiunoro o6’ekty [1] mo6ymosa IO 3BojHTbCA NmpH LbOMYy /O BH3HAYCHHSA KOBapisiHTHOIO TEH30pa
paHry 7, sIKMil 3aJMIIA€ThCA NOCTIHHHM NPH NEPETBOPEHHSIX 306pakeHb BHACJIZIOK 3a3HAYCHHX NPHYHH
i Ma€ 3MicT MeETpHYHOro TEH30pYy 3 R". Beanuuny 10 npu mpoMy MOXHa PO3LUISaTH SIK KBapar
JOBXHHA BEKTOpa, sIKHil 306paskac KOHKPETHE 306pakeHHs!, a caMy dopmy - sik reomerpuuHuil 06’'€XT B
R". Izentudikauiss ¢opm 306pakeHb 3BOJUTHCS O BH3HAYCHHS nanexrocti Toukn B R (nos'szanoi 3
306paXkeHHsIM, IO aHATI3YEThCs) MOBEPXHi, sKa BiALOBIAAE reomeTpuHiil (hopMi ETATOHHOTO 306paKEHHS.

Tpoekmiiini 306paxeHns (HiKCOBAHOIO ILIOCKOTO 0G’€KTY, ofepaHi 3a PI3HHX YMOB, HOB’sI3aHI MixX
06010 reOMeTPHYHAMH TEPETBOPEHHSIMHE, SKi NPECTaBAMO B GopMmi

*

i
Q"= poxd: (1)
fe BepxHi Ta HHXKHI IHAEKCH HE3aJeXHO OJIHH Bif ommoro npmiiMalorp suadenss [, 2, 3 maA
sy . w i . s .
leHTpanbHUX mNpoekuiif Ta f, 2 a1 NapaneabHAX TPOEKIIH; X' - opmopimai abo neKkapToBi

. . cu i .
KOOpAHHATH (BIIIHOBIIIH() JI0 IIEeHTpaJbHHX Td mapajeJbHHX npoexum); yepes Pj Mo3HavYeHl NapaMeTpH

meperBopenb, siKi B CYKYNHOCTI YTBOPIIOTb TOUKOBY TIpyly, TyT i Hu>kye 3a IHJEeKcaM#, IO
IOBTOPIOIOTBCS, BHKOHYETbCS MHiJICYMOBYBAaHHS. 3a MerTouKol, 3anpomoHoBanoio B poboti [2],
nepeitieMo o onucy 306paXkeHb 32 ONIOMOTOI0 ceMiiHBapistHTIB

1 an+m+'k

Samk = in+m+k aJ;'dJ;&J; [ln F (“)]I npu u=0, (2)
e i = \/—-_1 o | Il [ B k - uwini mesix'emHi uucaa; F( u) - mepersopennst Dyp’e Bix iHAuKaTOpHOI
byuknii 306paxkeHus, u=(u,, u,, U3); A NapaneIbHux NPOEKIiil KiJbKiCTh KOMIIOHEHT BeKTOpa U Ta
infekciB gopisaioe 2. 10, siki XapaKTepH3ylOTh TLIDKH T€OMETPHYHY dopMy 306pakeHHs, He NOBHHH}
3aJieXaTH BiJi HOro METPHYHHX XaPaKTEPHCTHK i TOMY € dyukuisMa 6e3po3MipHEX komGinamiit §, . ..,
sa AKi MOXHA TPHAHATH Yopk = €XPl-Seco( +m)/2]. Cyxyunicts Berwuun S, 0PH ntm+k=N
(N - sajaHe [oJaTHe 4YMCJO) YTBOPIOE MPOCTip R® poamipuocri S=(N+1XN+2)/2 (y sanauxy
napajnenbHEX Tpoekmiit S=N+1), TOUKH SKOTO Z ' BignosifaoTp 306paXkeHHsIM i [€PETBOPIOIOTHCS [PH
amini yMOB iX peecTpallii ik KOMIOHEHTH KOHTPaBapistHTHHX BEKTODIiB:

*

=2 (3)

i :
ae Qj noB’si3aHi 3 NapaMeTpaMy reOMETPHYHHX NepeTBOPeHb B KOOPAHHATAX 3obpaxkennsi. Buxoasauu 3

reomerpuyHoi intepnperauii 10, npexcraBamMo iX y BHTJISII
ESUZ) =Gl v & (4)

re G, , - KOBapisAHTHHH CHMETPHYHHH TeH3Op paHry 7, BeIHYHHH N, r nHasuBaeMoO BiANOBIIHO
TOPSI/IKOM Ta CTelleHEeM O3IHAKH; BUMOra iHBapiaHTHOCTI 10 Haksiajzae Ha HbOTO YMOBY

Gy, v0.w0G (5

3navennsi KoMroHeHT Tensopa G, , OGYHCHIOIOTHCS Ha MifcTaBi 3arajJpHEX YMOB iHBapisHTHOCTI
nndepeRIifOBHEX MHOTOBH/IB - PIBHOCTI HYJIIO HOXIAHHX Jli 3a rpynosamu mapamerpamu. Lli x ymoBu
03BOMSAIOTh BH3HAYHTH noBHy cucremy 10 npu roBlABHEX N ta r. (Bynp-sika o3naka sipise co6oio
miny pamionaabny ¢yskuiio Big 10, sKi yTBOpIOIOTH NOBHY cucremy.) Jlasi 306paxkeHb y BHIJII
napajieibHUX NPOEKilili KOMIOHEHTH TeH30pa G, , npu r=2 He 3ajexatb Bijl BEKTOpa so6paxennst Z i
npocTip R® — eskuinis, npu r>2 — pimanis (B mpomy Banagky 10 mepmoro creness He icHy0TD).
Jlasi s06pakenb y BHIJIsUU UEHTpanbHHX npoexuii 10 r<3 me icuyorb i R® € upocropom Pimana. B
KOXHOMY BHOaaKy Tensop G, | /Mae MOXJIHBICTb 3'ACyBaTH NPOCTOPOBE POSTAlIyBaHHI BEKTOPA Zs
R®, iioro opieHTalio Bi/IHOCHO BEKTOpa iHMIOro 306pakeHHsl TOrO X O6'€KTYy i THM CaMHM BH3HAYHTH

mapaMeTpH IX B3a€MHOTO OpI€HTYBaHHS (ocTaEHE € KJIIOYOBHM €TanoM MpPH BH3HAYEHHI KOODAHHAT
TOYOK MicneBocTi 3a (POTOrpaMMETPHYHHMH 306parkeHHsIMH [3]). Mipoo BiaMirHOCTI ABOX 306pakeHb

dikcoBanoro o6'exTy 3 BeKTOpPaMH Z,, Z, e nosxuna reofe3wyHol JMiHIl MiK BiAMOBiJHHMH TOYKaMH
inpapisiaTHOT moBepxXHi. 3okpeMa, Y BHIA/IKY 306parkeHb y BHIJISIII MapajiebHAX IpoeKIiil /sl O3HaK
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npu 7=2 npoeknii sextopa Z-Z, Ha KoopmuHaTHi oci upocropy R® 3 opramu E,, k=1,2,...,5
JOPiBHIOIOTD

Gyl Bfrnell}) B =Tl o 2K (6)

Poss’asanus pisusub (6) BignocHO napamMeTpiB reOMETPHYHUX NEPETBOPEHb 306PaXKeHDb 03BOJSIOTH
BH3HAYHTH MapaMETPH B3a€MHOTO OPi€HTYBaHHS 3HIMKIiB.

Edextusricts 3anpononosanoi Meroxmka nifirBep/keHa MOpPOJIOriYHAM aHaTi30M IPOEKI[i HHUX
¢oTorpamMmeTpruHAX 306pakens.
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Inentudixanis 306pasxens ABOBHMIPHHX 06’€KTIB 3 BHCOKOIO HACHYEHICTIO JiHiH
BOJIOIMMUP TIYAJIA
Yuieepcumem "Jlveiecoxa nonimexmixa" 290646 Jlveis, eys. Cmenana Bandepu 12

Ten.: (0322) 34-1318 Daxc: (0322) 74-4300
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Volodymyr Pujda. Two-Dimensional Objects’ Images with High Lines’ Concentration Identification.

Two-dimensional objects’ images with high lines’ concentration by integral and local attributes are described.
The integral attributes generating are based on the stream lines’ tilt angles table that is calculated due to sliding
window local operators. They also allow to realize gap and split lines’ types local attribute’s determination. The iden-
tification process is corresponded with time identification and reliability criteria’s and expenses of technical execution.

Inentudikania 06’ekra noasrae B oToTONKHEHH] CHPHAHATTS 1bOTO 06’€KTa BiJNOBIAHOKL CHCTEMOIO 3
npeacrasnennsM (omucom) o6’ekra, sike abepiracToca B mam'siti i€l cHCTeMH. InenTudikauis Ticro
NOB’si3aHa 3 OAHUM i3 (YHIAMEHTANbHEX nponecis - kracugikauieio, To6To BHOPAAKYBaHHsIM 06'€KTiB
3a Ix nmoxi6uicrio. Ilix posp’sisanusm 3amaui kaacudikanii poaymiioTs BcTaHOBIEHHS IpaBHJI po36HTTA
CYKYNHOCTI 06’eKTiB Ha meKkinbka rpym (KaaciB) Ha OCHOBI BH3HAYEHHS [EeBHUX XapaKTEPHUCTHK, IO
OHKCYIOTb KOXHHH Kjaac. OTOTOXKHEHHS HOBOTO OXHHOYHOTO 0O6'€KTa 3 OfHEM i3 06’eKTiB i3 3ajmanol
CYKYIHOCTi HasHBaeTbcsi igentudikamicio. ABToMaTHYHA knacudikauis Ta igentudikanis 06’ekTin
6asyeTbest Ha psifi po3apobieHnx MeTois THITy KJaCTepHOIo aHaJisy, YHCJI0BOI Takconomii Tomo. Bci
BOHH B CYKYIHOCTI BiJHOCATbCS A0 METO/iB PO3Ni3HaBaHHS 06pasiB, OAHAaK BiJPI3HAIOTHC NEBHHMH
0co6auBOCTSIMH, 061aCTIO 3acTocyBaHHs, cnenu(ikoio o6’ekTiB, ais po6OTH 3 SAKHMH Ti Yu iHmI MeTOAH
€ Hal6iabm edeKkTHBRUMHA.

Bynb-aika xnacudikamis 6asyerscs na 3aranpbHOMy (QyHAaMEHTAIbHOMY TPHHIHII, CYyTb SIKOTO
TI0Jsrac B HACTYIHOMY: B OJMH KJac 06’€/[HyIOTbcss 06’€KTH, HOXIGHI MiX o600 B JAEAKOMY CMHCJIi;
CTYniHb MOAiGHOCTI Mix co6010 06’€KTiB OHOrO Knacy nosuHHa 6yTm 6inbma 3a cTyminb noxi6rocTi
MiX €060 06'€KTiB pi3HHX Kiacib.

Tobro mnsi nposenenus kinacudikanii Heo6xigHO BHaHAUHTH NEBHY XapaKTePHCTHKY, sSKa BKa3ye Ha
noaibuicTh Mix co6010 THX YH IHMUX 06’€KTIB. Takum uurOM, B OCHOBI npouecis kaacugikanii Ta
inentudikanii JexuTe nponeaypa cniscraBaennus JOCTi/LKYBaHOTO 06’€KTa 3 CYKymHicTIO 06’€KTiB a6o 3
ONHUM 06’€KTOM, B Pe3yJbTaTi YOro BH3HAYAETHCS NPHHANEXKHICTD 06'€KTa 0 Kaacy ¥H nomiGHicTs 10
oKpeMoro of’eKTa.

ITpo6aema inentudpikanii B opmanbhiii moctanoBmi Moe 6ytH copMyIbOBaHA TakMM UHHOM:

3ajjana cykynwuictb o6’exris A={a,, ...,a; , ... , a,}; B geaxuii MOMenT dacy tj 3'aBaseTbcs 06'ekT Xj,
AKuA HeobXiHo 3a npomikok yacy T inentndikysatn 3 oanmM i3 06’ekTis 3 {a;).
B miit nocranosui MoxyTtb 6yTh Taki BapisiHTH: ®

1) sikmo cykynmicrs A={a,} ne knacudikopana, Toni imentndikamis o6’exra Xj NpPOBOIHTHCS
Geanocepebo 3 06'ekTamu i3 cykymuocti A;




2) sixkmo cykynhictp A={a;} kracudikosana, Toai TpPOBOAUTHCs iepapxiyHa izenTudikania o6’ekra
Xj: BHU3HAUYEHHS NPUHAJNEXHOCTI /[0 BiANOBIAHOTO KJACy Ha IEpPIIOMY €Talli, inentudikaiisi 3 o6’eKTaMu
3 BU3HAYEHOIO KJIacy Ha [pyroMy eraii.

Moxna BuGpatn 3aranbHi KpuTepii, y BiANOBIAHOCTI 3 SIKHMM MOBHHHA 3/IHCHIOBATHCH peaJisallis
nponecy igeHTHdikanii: yac izedtudikanii T He noBuHeH mepeBHIIyBaTH 3a/JaHOrO; CHCTEMa IOBHHHA
sabesnevyBati Hajiiinicte H mnponecy imerrudikanii, He MeHmy 3ajaHoi; 3aTpaTH Ha TeXHIYHY
peanisanito C He MOBHHHI NepeBHIYBaTH 3aaHO] BETHYMHH .

[IpakTHyHO B mpoleci BU3HAUEHHsS! NOAi6HOCTI GepyTh yyacTh He cami 06'exTH, a ix indopmaniiini
npexcrasienns. (DoOpMyBaHHS BIANOBIZHOro ajekBaTHOro iHgopManiifHOro TnpeacTaBIeHHs 06'€kTa €
OfiHi€I 3 HAHBaXKJIUBIMIMX mpo6ieM, siki HeOOXiAHO BHpPiNIyBaTH NpH po3pobii cucreM igenTudixamii.
Indpopmaniio npo o6’ekT cucreMa oTpuMye Bif nepBHHHHX fAaBayviB. OueBHAHO, MIO YHCJIO PI3HHX
nposiBiB, sIKi XapakTepu3yioTb 06’ekT, Moxe OyTH Heckinyenno BeaukuM. Ha mpakruni subupaoTh
Zesiky o6MexeHy KiJabKicTb iHdopManiiHUX mapaMeTpis, 3B’si3aHHX 3 06’exToM. Sk npaBu0, MoYaTKoOBE
indopmarniitee npejcraBaeHHst 06’ekTa, copMoBaHe MEPBUHHUMH JaBayaMH, 3a NEBHUMH aJrOPHTMaMu
nepeTBopiloeThest y Gibmr ckiaguuit onuc. Taki meperBopenrst B 6iabmocTi BUNajAKiB € 6araTopiBHEBUMH
i B KiHIIEBOMY pe3y/bTaTi HampaB/ieHi Ha OTPUMAHHS ONHCY, SIKHH AaB 6H MOXJIHMBICTb peaisyBaTu
itentudikamito o6'ekra 3rigHo 3amanux KputepiiB. lleil iHBapissHTHMH onHc € y3araJbHEHOIO
XapaKTepPHCTHKOI0 06’€KTa i 4acTo HasuBacTbes "o6pasom”. Bigomi pisui miaxomm mo dopmysanss
o6pazy o6'ekra. Bci BoHH MOXyTb 6yTH YMOBHO pO3JiJeHi Ha [BI I'pylnH: Ha OCHOBI iHTErpajbHOTO
CHpHIHSTTS iH(dOpMAalii 1po 06’€KT; Ha OCHOBI BU/IIJIEHHS JIOKAJIbHAX XapaKTePHUX O3HaK.

B npakTHYHHX 3acTOCyBaHHSIX NpH NOGYAOBI cHcTeM aBTOMaTH4HOI KiaacHpikauii ta inenTndikarii
00’eKTiB OKpeMy IpyIly CKJaJaloTh ABOBAMIpHI 06’€KTH 3 BEJHKOI HACHYEHICTIO JiHiH, IO yTBOpEeHI
OPUPOAHIM IJAsiXoM abo NUISIXOM CHHTe3y rpadiunnx 3o06pakeHb TexHiYHUMH 3acobamu. Taki
306pakeHHsI MNPEACTaBASIIOTb COGOI0 MOTOKM JIiHiH, $IKi MOXYTb YTBOpPIOBaTH IE€BHI CTPYKTYpH,
HANpUKIaJ, 306pakeHHs NamiisipHUX BisepyHKiB (ZakTwiockomiyHi BIZGHTKH) Ha NANBIAX PYK
JOAUHU. AHani3 CTPYKTYp, $IKi YTBOPIIOTbCS JiHisIMH 306paxceHb MOJAIGHOTO THNY, NOKa3dye, WO
XapakTepHi 0COGJIHBOCTI /IS HUX 3aKJaJeHi sIK B iHTerpa/bHiil CTPyKTypi Bi3epyHKIB, sKi yTBOPIQIOTbCS
notokamMm JiiHiif, Tak i B Ha6opax JIOKaJbHAX XapaKTEPHHX O3HAK, HI0 CKJIaJaloTb OODHBH Ta
pi3HOMaHITHI BapisiHTH PO3JBOEHHS JiHiH.

Busnauenss iHTerpajibHHX O3HaK MoXKe 3JilicHIOBaTHCh Ha 6a3i ONHCy HANPSIMKIB IOTOKIB JIiHiM.
Jlns no6ynoBn MaTeMaTHYHOI MOJesli ONHCY Bi3epyHKiB TakMX 306paxkeHb MOXHa BHOpaTH miaxix, 3a
SKHM TPHITYCKAIOTh, WO JiHil Bi3epyHKiB € po3s’sisakaMy AudepeHisIbHOro piBHAHHA 1-ro HOPAAKY:

T )

[li pimenns € ogHONMapaMeTpUYHUM ciMeiicTBoM JiHil y(x)=f(x,c). TeoMeTpuuHO 1€ O3HAYaE, IO B
IPSIMOKYTHUX KOOPAMHATAX JOTHYHA /[0 KPHBOI Mae B KOXHiif Tounmi miel kpuBoi KyToBuii koedimieHr,
SKHH 3a71a€ HAOPsIMOK. TakWM YHHOM, BHMIPSIHI B KOXKHOMY esleMeHTi 300pa>keHHs] KyTH HaXMJy JiHIH
3a/lal0oTh HANPSIMOK TMOTOKY JiHIH 1 MOXYTb BHUKOPHCTOBYBAaTHCb H€ TIJIbKH JJs BH3HAUEHHS
iHTerpasbHUX O3HAK, aje i /Ui BiAHOBJEHHsI CIOTBOpeHWX (parMeHTiB 3 AonmoMoroio iHdopmamii npo
NOBE/iHKY NOTOKiB B gaHoMy ¢dparmenti. KyToBuil onuc inTerpajJbHuX XapaKTePUCTHK 300payke€HHA Mae
UiKaBy BJAACTHBICTb, sIKa MOJSATa€ B TOMY, IO Pi3HAIS MiX KyTaMH € IOCTIHHOIO BEJHYHHOWO LI JaHOIO
Bi3epyHKY i He 3a/leXXHTh BiJ opierTamii BisepyHky BigHOCcHO 6a3ucy. Yum 6inbma JOKaJabHA KPUBHA3HA
NOTOKY JIiHii, TO6TO YuM GiTbIIMi PO3KHJ KYTiB HaXHXy JiRiH, THM 6inbma BeJHYHHA Pi3HHUI KyTiB B
cycianix Toukax. Cyma pisHHLb KyTiB HaXHJly IO OKOJYy [aHOI TOYKH € JUCHEepCi€ro KyTiB Haxuay 6ins
niel TOYKH, N0 BHU3HAYa€ BKJIAJ /[AHOI TOYKH B XapaKTEPHUCTHKY KPUBU3HH BCbOTO BI3EPYHKY.
BusHauennss TaGauii KyTiB Haxuuy JiHi# BisepyHKY Moxe OyTu peaji3oBaHe 3 BHKODHCTaHHSM
JIOKaJIbHUX ONepaTopiB, IO OIIHIOITh 3HAYeHHs iHTEHCHBHOCTEH B Pi3HMX HANPsIMKaX B OKOJII 3aJaHoi
ToukH 306paskenHsi. OJ{HAK iHTerpajbHi XapaKTepHCTUKH 300pakeHHs He [alOThb JOCTaTHbOI iH(opmamii
AN po36MTTSI CYKyNHOCTi O06’€KTiB Ha KJacH 3 3ajaHol0 rimbuHolo posburtsi. Tomy mnopsix 3
iHTeraJIbHHMH XApaKTEPUCTHKaAMHU [JOBOJUTbCA BH3HAYaTH IeBHI JIOKaJbHI o3Haku. DBusnauyenHst
JOKaJbHHX O3HAK MOXHAa 4YacTKOBO CyMICTHTH 3 IpOIlecOM BH3HaYeHHs KyTiB Haxmay. /[as mboro
BHKOPHCTOBYIOTbCSI PYXOMi BikHa 3 Pi3HUMH pO3MipaMW B 3a/IeKHOCTI BiJi TOBIIMHH JiHi# Ta BENHYHHH
MPOMiXKKiB Mi>K HUMH.

¢
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Peasisanisi aaropurMy BHKpecJieHHS 3aco0aMu CHCTeMHM JoriuHoro nporpamyBanns IlpoJor
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Thor Tkachov, Oleksij Ostrovs’kyj. One Realization of the Relaxation Algorithm Developed by Means of
Logical Programming System Prolog.

One realization of well-known relaxation algorithm developed by means of Turbo-Prolog is suggested. One of
the main problems in structural pattern recognition is comparison of two objects represented by their structural des-
criptions. This problem is NP-complex and for solving it one sort of back-track procedure is used. To reduce an amount
of variants for sorting the relaxation algorithm is developed. Consideration is based on consistent labeling scheme.

ANrOpHTM BHKpeECJIOBaHHs, po3pobieHuil Ta Jociijpkeduii B cepexmui 70-x  pokis [1-3],
3aCTOCOBYETBHCSI IIDH BHpIilleHHi 3agayi BiATBOpeHHs ri06ajbHOI BiAUOBIZHOCTI ABOX JIHCKPETHHX
CTPYKTYP Ha MHOXHHI BiIOMHX AONYCTHMHX JIOKAJbHHX BiJnoBigHocTeil ix uactuH. B Tepminosorii
cxemy poamitkn [2, 3], skoi Mu O6yaemo AOTPMMYBATHUCH, YACTKOBI BiJNOBIJIHOCTI Ha3HBAIOTbCS
po3MmiTKaMH, a rao6ajibHa BIANOBIJHICTD - Y3ro/KeHol pO3MiTKOW. Km0 cXeMa pPO3MITKH
3actocoByeTbesi Ansi popMasizanmii 3amayi posmnisEaBaHHs 006pasiB, TO OTpHMaHa B XO[AlI PO3B'SI3KY
Y3ro/KeHa po3MiTka (paKTHYHO € CTPYKTYPHUM ONUCOM O6'€KTY, IO PO3TJIS/IAETHCSL.

Bigomo, mo 3amaua ysromxkesoi poaMmiTkn € NP-tpymomictkoo, To6T0 Ha mneBHomy erami i
PO3B’sI3aHHS MOXK€ BHHHKHYTH HeOOXiZHICTh mepeGMpaTH eKCNOHEHIifHY KiJbKicTh BapisHTiB. Pasom 3
THM, B peajibHUX 3a/a4ax 4acTO MOXKHA YHHKHYTH moBHoro nepebupanis (a inoai - 30BciM o6ifiTuco Ge3
nepeGHpaHHsi), SIKNIO Halepes BiACIKTH HenepcrexTuBHi BapisinTH. Came A 1poro i pospobleHnmit
aJrOPUTM BUKPECJICHHSI (me oxHa HasBa - pejakcailiiina npouenypa). Bin 6a3yerbcsi Ha BHKOPHCTaHHI
HeoOXiHOT yMOBH BXO/KEHHSI OKpeMOi po3MiTKH B yaromxeny. lst ymoBa Gyze cdopmy.iboBaHa micist
BBEJIEHHSI OCHOBHHX (POPMATBHUX HOJOMXKEHD CXEMH PO3MITKH.

Buanavennst 1. Cxema poamitTku - ne yersipka <U, L, W, R>, re U={u} - MuHoxnHa 06’¢KTiB; L=(l}w,F
- MHOXHHA MiToK; W - MHOXHHA HEYNOPS/JAKOBAHHX n-OK 06'€kTiB; R - MHOXHHAa n-oK ejeMeHTIB i3
UxL, npuuomy koxkHa napa (u,l) 3 wporo Habopy BH3Hayae BiANOBiAHICTb MiTkH i3 L enementy i3 U.

BusHavenns: 2. Ysromxkerowo BigsocHo W Ta R poamitkowo HasuBaetbest dyukuis f:U—L Taka, mo

aust koxkroro Habopy (ut, ..., uN)eW snaiizervcs (ut, f(u1), ... , uN, f(uN))eR.
CxeMy pO3MITKH 3pyYHO DO3IJIA/aTH Y BHIJSIAL Takol Tabuiuii.
ul, u2, ..., uN — L v2, ... . vM Y BepXHDBOMY PSIIKY 3HAXOMASITbCS BCi €JIeMEHTH
1 112 TN K11 k12 KM MHOXHHM W, a B CTOBHYHMKaxX - ejeMeHTH R
oy T ’ Ty (AK1[O BpaXOBYBAaTH 3aro/IOBOK CTOBIYHKA).
Busnauenns 3. ByxeMo roBopuTH, IO PO3MITKH
P1,1P2, ..., IPNJ. .. kQ1, kQ2, ..., kM (1, 12, ... , IN) ta (kt, k2, ... , kM) nabopis
(u1, u2, ... , uN) i ( v1, v2, ... , vM), BianosiaHo, cynepeyaTh ofHa iHmiit, SKMO 3HAHAYTbCA Taki

HomepH I, J, mo ul=v], lI=k].

Posmitka, sika cynepeduTb yciM po3aMiTKaM 6yb-sIKOTO CTOBIYMKA, HE MOXE BXOJMTH [0 y3TOJKEHOl
po3MiTkH i Moxxe GyTH BuganeHa (“BukpecseHa”) 3 MOAAJIbIIOrO PO3rAsAxy. TakAM 4HHOM, HeO6XiIHOIW
YMOBOIO BXOJ’KEHHsI PO3MITKH B Y3IO/PKEHY € HagBHICTb B KOXKHOMY CTOBHUHMKY cXeMH Xouya 6 ojuiel
poaMmiTkH, sika i He cynepeuutb. Ilsi Heo6xinHa ymoBa € 6a30BOl0 [/l aATOPUTMA BHKPECJIEHHS.
3ayBaxxMMO, ILI0 HapH CTOBIYHKIB, HA6oOpH OG’€KTiB SIKHX He NEPETHHAIOTHCSI, MOXKHA HE PO3IJSAATH,
OCKiJIbKM BCi PO3MITKH B HHX He CylepeyaTb OJHa O/Hiil.

B npeacrasieniit po6oTi aaropuTM INOBHOrO BUKpeC/JEHHsI peasi3oBaHHH 3aco6aMH JIOTiYHOTO
nporpamyBatHs B cucteMi Turbo-Prolog.

B ocrosi Ilposora nexursp Jorika mnpegukaTiB nepumoro mopsiaky y Burasigi ¢pas Xopua [4].
TonoBHa ¢ynkuis iHTepuperaTopa mnossrae B Y3ro[XyBaHHI 3amuTiB, TOGTO mNepeBipKa MOKIHBOCTH
JorivHoro BHBOAY 3anmuTy 3 akTiB Ta npaBua, ski sagani B mporpami. SIkuo iHTepuperatop Moxe
Y3rOAMTH 3amluT, TO/(i 3MiHHI, IKi BXOJAATb /10 HOIO, KOHKPETHIYIOTbCS - OTPHMYIOTh peaibHi 3HaYeHHs.

MexaniaM y3ro/keHHsl 3alHUTiB TaKWil: iHTepIpeTatop meperiasjae NporpaMy 3 MO4YaTky A0 KiHI i,
SIKIIO 3HAXOAUTh hpasy, 3aroJoBOK sikol MOXe GyTH y3rojkeHHH i3 3amuToM, 3aMiHwe dpasy sanuTy
Ha TIJO NpaBWjia, NiCJAs YOrO HAMAara€TbCsA Y3TOJAMTH KOXHMH i3 migsamuriB. fAkmo ¢pasa € ¢paktoM,
3MiHHI 3aUTy KOHKPETH3YIOTbCsi. Y BHIAJAKy HeBjaJiol clpoOH iHTEpHpeTaTop NMOBEPTAETbCS Ha KPOK
Ha3a/ i HaMaraeTbCsi WIYKATH aJbTEPHATHBY OCTAHHbBOMY Y3rOJDKEHHIO i T.J.

Po3po6ka nporpamu nossirana y ¢opmysanni 6aratopisnesoi iepapxii npexuxaris. Ha naitnmxyomy
piBni miei iepapxii sMinHi MalOTb 3HayeHHs MIiTOK Ta OG'€KTiB B CTOBMYMKAX CXEMH PO3MITKH, a
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Y3TOMPKEHHs MOJISIFA€ B MOMYKY PAAKIB B ABOX CTOBHYMKAX, siki MaloThb OIHAKOBI MITKH /LISl O/IHAKOBHX
o6'exriB. Ha Buutomy piBHi iepapxil 3HaxoanmTbcsi mpeamkar, sikuit (paKkTHYHO NPHNHCYE HHKJIIYHHHE
NOBTOP NPOXOJiB BHKPEC/JIOBaHHA 3a BCiMa CTOBIYHKAMH CXEMH 3 YMOBOIO 3YNHHKH IIPH HEMOXJIHMBOCTI
BH/JIATHTH Xo4a 6 0HY po3MiTKy. 3arajoMm 6y/0 BHKOPHCTAHO ABAHA/ISATh NpeHKaTiB.

“JlakonivynicTs” peamizauii ajaropaTMa Ma€ CBOIM BHTOKOM TJHOHWHHY CIOpPi/JIHEHHICTD 3ajad
JOTiYHOrO BHBOJY Ta Y3ro/ KeHHol poaMiTkH. B HacTynuux ny6iikaunisx 6yae mokasaHa eKBiBaJIEeHTHICTh
X 3ajay.
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The Correspondence Problem in Stereo Vision Based on a Gabor Filter Approach

RYSZARD CHORAS

Institute of Telecommunications, Poland, 85-791 Bydgoszcz, ul. Kaliskiego 7
University of Technology and Agriculture Fax: +48 052 43-8341
E-mail: choras@mail.atr.bydgoszcz.pl

Ryszard Choras. The Correspondence Problem in Stereo Vision Based on a Gabor Filter Approach. ¥

Stereo vision is one of the most extensive areas of research in computer vision. Given a pair of stereo images,
the problem is to find corresponding physical points in the two images and then compute the depth at possibly
each location in the image. In essence the matching problem involves a collection of features extracted from the
image. We used the Gabor wavelets for determining the correspondence between the two images.
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Merox o6uncIeHHA reOMETPO-TONOJIOTIYHHX O3HAK 306paskeHp
KOCTAHTUH YEKOTYH
Havionarvnui ynieepcumem Kuis, npocn. Axademixa I'nywurosa 6

Kostiantyn Chekotun. A Method for Geometrical-Topological Features Calculating.

A new method for image feature extraction is described. Among these features (size of image, syzes of gulfs
and holes and its number etc.) there are invariant characteristics to some image deformation. The method
proposed can be implemented on parallel systems.

Posrasimaemo 6ararosp’ssny obnacte D Ha miommni, L - 11 Mexa,
L={L,,..,L,} , ne L, — s3oBuimmiit kontyp. 3acdikcyemo namps-
MOK BeKTOpoM @ =(cos@,sing).

1. Jlamo o3HayeHHsI TAKMX €JEMEHTiB obiacTi: a) MHOXHHA 3aTOK 4 !
soBRimHbOI Mexi B Hampamky o G(a)= {Gl(a)a---,Gka (a)}.

(nanpmkaan, mns sobpaxenss ma puc. 1 G(a)={G,,G,, G;});
6) orBopu o6siacTi B HampsMKy o; B) MHOXHHA 3aTOK B OTBOpi B
HalpsIMKY O T) MHOXHHA KpallHiX 3aTOK 30BHimHbOI Mexi B
HanpsaMKy o (Ha puc. 2 KpaitHi 3aTOKH € y [ABOX HANpPSIMKAax).

2. Ilpononyerbcsi O6GYHMCIIOBATH TaKi XapaKTEPHCTHKH o6JacTi: Puc. f
1) b(a), sixa popiBHioe cyMi muprHH npoekuii o6nacti D Ha npsimy,
NepneHIUKYASPHY 10 o, i npoekuii koxunoro 3 enementis (a),(6),(8), wo e B o6aacti D; 2) k(a), mo
nopiBuioe Kinbkocti enementis (a),(6),(8) y manpsmky o; 3) k(@)— KizbkicTb kpaifHix 3aTok v

HaNpPsMKY.
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T4 3. Jlna toro, mio6 me oGYHCIIOBATH, NPHIYCTHMO, MO € Taka QYHKIA
r](a,yg), siKa JIOpiBHIOE KiabKOCTi "onmykjaux mnigo6aacteit”, mo ix neperuHae

npsmMa Yy’ =y, .
MoxHa pgosectu, mo: 1) b(a)=fr}(a,y’)dy'. ((x',y') — ue cucrema
KOOP/IMHAT, NMOBEPHYTa Ha KyT ¢ BigHocHo mouarkosoi); 2) k(a) = R, (n(a)),
ne R, - pesixnii dynxuionan, sikuit gopiBHIOE cyMi MOAy.1iB po3puBiB dyHkuii m;
3) k(@)=n(a, . (@)+ m@, (@) -1, ne yl,,(a)=argmin{y"na,y’)# 0},
1 Ymel@) = argmax{yn(a,y') # 0}.
P 2 3ayBaKMMo, MO TaKHM CNOCOG0OM HEMOXJHMBO OGYHCIHUTH OKPEMO KiJbKicTb

YH NIMPHHY KOXKHOrO eseMeHTa. BWAINNMO TifbKM HacTymHUil cHewisabHUH
BHIIA/IOK.

Slkwo soBHiMHIA KOHTYP i OTBOPH - onykJi, TO KijbkicTh oTBOpiB N = R, (@) He 3anexuTsb Bix a.
4. Hexail so6paxenns sazano fgiiicholo dyHKIicio ocsitaenocti &(x, y), sika HenepepBHa B TOYKaX

obnacti D, na 11 Mexi 3a3Hae po3pHBY mepmioro poay, a B iHHIHX TOYKaX AOPiBHIOE HYJ0O. [Ipudomy
BBa)KaeMo, Mo Ha Mexi ob.iacti ¢yrkuis & Mae crane sHavenus [.

CkopucraBmuch pesyabratoM pobotu [1], Moxna nosectn, mo 7(a, y’):%w (a, y’){,

d
e FszZI‘f(x" YIEx + A, x|, i R(a)= fn(a yyma, ' +A)dy'| -

212 dA

5. Hexalt 3obpaxenns muckperne: &, (i, j)=E(ih+— ,jh+ )h Kpok ciTkH. Bianosignukom

& Ny, (p,1) 4y, (p,i+1) y, (p,1) [
HeepepBHOrO N € nD(¢,y’)=z ;D(z,{"—h’ } +1D(&p ([ n } +1)- éu([ "h——]+1)), e
i=0

km
v, (p,i)= L it 1g@ , AKMO (<@ <. Bianosimuk nenepepsioro R: R, =Z7]D (y'e)d, . ne
cos 4 k=0
o« Yet Yiu d=y. -y k=0, k - F v Tie B i OCTAHHSM YHCJA
yp = S A= Yo=Yk k=0, l, y, - Ue BUOpsAKOBaHi 3a 3pOCTAaHHSM

Vi, j)=(jh~ih- 1gp)cosp, i,j=0,. N .
IToxu6ka Takoro oGYHCIEHHS 5:]R(§)—RD(§D)|SN2112(12KA/I~/—2_+W2K—I—+Nj\r{ !

‘/5 ﬁ)y
- ’ &x,y) ‘é’é(x .¥)
ox

N
Bignosiauik nHenepepBHOro Rlz RlD(¢)=Z (@, Ynp (@, Y ) np(@.y.)) .
i=0

ae

<M, K - naii6inbme MOXIHBe 3HAYCHHS 1.
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3acTocyBaHHS JHCKPETHHX anpoKCHMallilf HelepepBHHX METPHK NPH aHaJli3i TOIO/IOTI4HHX
XapaKTepHCTHK 306paXxkeHb, 3a/laHHX HA JAWUCKPeTHilH rparui
CEPTIM IIMYUHOB

Incmumym npobaem wmyunozo lwmerexmy 340048 Jloneuyvx, eyn. Apmema 1186
Tea.: (0622) 55-8082 axc: (0622) 92-6082
Enexmponna nowma: kmn@ipii.donetsk.ua

Cepreit Illwumsos. HcnoapbsoBaEme [HCKPETHHIX ANNPOKCHMANMH HENPEPHIBHBIX METPHK MpH aHAAHIE
TONOJIOTHYECKHX XAPAKTEPHUCTHK H306pakenull, 3aJaHHBIX HA JMCKPETHOH pelieTKe.

B cratbe jgaercsa onucaHde MiDiSo-npeo6pa3oBaHus, NPUMEHAEMOro /I YJy4lUIEHMS KadyecTsa aHa/u3a
TONOJIOTHYECKHX XApaKTEPHCTHK W300paxkeHwi, 3aJaHHBIX Ha AuckperTHoil peuwerke. McrosbsoBanue I3TOro
Npeo6pa3oBaHHs MOBhIIAET a/IeKBATHOCTh OTPAXKEHHs B MPOLEAYPaX aHa/u3a METPHYECKHX CBOHCTB MCCJIE/yeMbIX
NPOCTPAHCTB. A MpHUMeHeHHe NpH pacuere MiDiSo-KapTHHKN AHCKPETHO-BEKTOPHOMN aNNPOKCHMAIHH HENpPEePbIBHBIX
METPHK /1aeT BO3MOMHOCTD IICJIyYHTh AJATOPHTM C IIOJMHOMHHAJIBHOH CJIOXHOCTBIO.

Berynm. Y Teopii 06po6inennsi 3o6paxxenb Ta posmisHaBaHHs o6pa3iB npH aHanisi TONMOJOTIYHUX
XapakTepucTHK (hiryp 4acTo BHKOPHCTOBYIOTb aATOPHTMH NOOYAOBH KiCTSIKa (ckenery) rta inmi Metoau,
OCHOBaHi Ha MOHSITTI BiZicTaHI MiX TOYKaMH 306pa>keHHs.

Jlnst po3apaxyHKy CKeJeTy, a TaKoX /LIS PO3B’s3aHHS 1HIIHX CYyMDXHHX 3ajlay NPOTOHYETHCS METOL,
OCHOBaHHiIl Ha BHKOPHMCTaHHI OCOGIMBOrO POy HE/iHIHHOrO NepeTBOpeHHs, MO HA3UBAETHCA MiDiSo-
NepeTBOPEHHAM, siKe Yy Psi/li  3acToCyBaHb /IO3BOJISIE ICTOTHO NOJINIIATH SAKICHI XapaKTepHCTHKH
AITOPHTMIB, 3HAYHO CKOPOYYIOUH O6CsT HEOOXiAHUX 06YHCIeHb.

MiDiSo-nepersopenns. MiDiSo-nepersopenns nojsrae y HacTynHoMy: 1) cepes TOUOK 306paenHst
P supinsieTbes miaMEokHHAa Touok-axkepen S (MiDiSo-mkepena, MiDiSo - source); 2) 3sHaueHHsIM
TOuKH Ticas 06po6eHHst € MiHiMalbHA BiACTaHb IO /pKepela. 3BiJICH | Ha3Ba NEPETBOPEHHSA: MiDiSo -
Minimum Distance to Source.

MiDiSo-nepersopennsi Moxke GyTH 3acTocoBane s Po3paxyrky 3on BmauBy, MiDiSo-ckeneris,
3HAXO/DKEHHS nmepeTsKoK y irypax Tomro. [

JIHCKpPETHO-BEKTOPHI METPHKH. Y BHIAAKY (YHKIIOHAJBHO 3a/[aHOI METPHKH AIrOPHTMH MiDiSo-
epeTBOPEHHS] MalOTh HENPHAHATHY /st 6araThboX 3acTOCYBaHb OGUHCHIOBAIbHY CKAaJHICTD N = K?
oneparfiit 158 O6UHCIEHHS METPHKH Ta NOPiBHAHHA. ToMy cnpofyeMo ii 3MEHIINTH 32 PaxXyHOK 3aMiHH
METPHKH Ha JMCKPETHY, sIka allpoKcHMye nouatkoBy (BHXijny) 3 BifoMOI0 NOXHOKOIO:

1) na quckperniil rpatui P 3agani 6a30si BeKTOpH B = {bj Ai=—h1 m}. KOKHHMH 3 SIKHX acOIiAOBaHHH
3 MeTPHYHOIO BiACTaHHIO R = {ri = I,m} BIAMOBIZHO [0 BeJHMYHHH HOrO KOMIIOHEHT, /e 7,

06YHCTIOETCS 3a [ONOMOrO BHXiHOT (DYHKIIOHA/IbHOI METPHKH;

2) BicTaHb MK TOYKAMH OOYMCIIOETHCS $K CyMa JOBXKHH 06a30BHX METPHYHUX BEKTODIB, 3a
[0IOMOTOI0 SIKHX MO>KHA TPOKJIACTH HUISAX MK IuMu Toukamu. [Ipuyomy 3 ycix icHymouHX HUISXIB
HeobxigHO 3HAWTH WIJISIX MiHIMabHOI JOBXHHH;

3) Muouna 6a30BHX BEKTOPiB MOBHHHA MaTu cHMeTpiio BiaHocHo oceli OX, OY i nosoporis Ha 90
rpanycis;

4) Heo6XijHO caiAKyBaTH 3a THM, mO6 MHOXHHA Ga30BHX BEKTOpIB 3abe3sneuyBasna JIOCSKHICTD
KOXHOT TOYKH 3 KOXHOI, To6T0 6ysa 6 6a3ucOM y NPOCTOPI.

3 pu3HayeHHS BHAHO, IO /ISl 3aBjaHHsl Habopy 6a30BHX BEKTOPiB JIHCKPETHO-BEKTOPHOI METPUKH
MOXHA OGMEXHTHCS TEPHIEM OKTAHTOM, a PElITy BEKTOPIB O/IEPXKATH 3a JOTOMOIOI0 CHMETPiil BiIHOCHO
oceit OX, OV i nosopotis Ha 90 rpaaycis. /lani i30TpoNHYy METPHKY, OO 3a[A€ThCS NOLIGHUM YHHOM,
6yseM0 HA3UBATH JIHCKPETHO-BEKTOPHOIO.

Aaroput™ ob6uncaenas MiDiSo-nepeTeopeHHs Ha OCHOBi AMCKPETHO-BEKTOPHMX METpHK. Hexait €
MHOXHHA 6a30BHX BEKTOPiB. YTOPSIKYEMO BEKTOPH 3a 3POCTAHHSAM 3HAUEHHS KyTa y NOJSIPHiA chcreMi
xoopauHaT. Tenmep 6yab-siki [Ba CYCi/iHi BEKTOPH, a TAKOX NEPUIHH 3 OCTAHHIM YTBOPIOIOTH "cerment”,
ycepeHi sikoro Hemae iHmmnx Gasosux BekTopiB. HeBaxko joBecTH, MO HaWKOPOTHINH IIJISAX 3 LEHTPY
0 TOUKH, SIKA JIE)KHTh Yy MEXKaX CerMeHTy, CKJAZa€Tbcsi TiAbKM 3 CErMEHTOTBIpHHX BekTopis. I,
BHKOPHCTOBYIOUH CHMETPHYHHI XapakTep MHOXHHH 6a3oBMX BEKTODiB, NOUIYK HAHKOPOTHIOTO MLIAXY
MiX TOYKAMH MOXXHA OOMEXUTH Mi[MHOXKHHOIO WIJISAXiB, sIKi CKIafaloThess 3 6a30BHX BEKTOPIB, WO
Hanexath OfHOMY KsaapauTy. Lleit daxr go3Bosisic BuKOpHCTOBYBaTH /i pospamyeKy MiDiSo-
KaPTHHKH HACTYNHHI aJrOPHTM:

1) Po6umo mouatkoBy imiuisnisaunioo kaprunku: MiDiSo-mkepena iniuisnisyemo 3uavenusim 0,
pemTy TOYOK iHiLisnidyeMo 3HayeHHAM HeckinyenHicte. Ili  wucaa BiZIOOPaXKyIOTh  IOBXHHY
MiHIMAJIBHOTO HUISIXY B TOUKY 3 Hait6amxdoro MiDiSo-mkepesna na notounnii Moment oGuucienn. [Ipn
3HaXO/pKeHHI 6ibII KOPOTKOro IJIAXY 3HAYeHHsI 6y/1e OHOBJIIOBATHCS.
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2) Ilocaizosuo o6pobasiemo yci psiiku 306paskeHHsI 3ropd BHH3, BHKOHYIOMH JUISI KOXKHOLO psiika
HacTynmi mii: a) [lns koxkHOl Touku pA/lKa NOCHiioBHO nepeBipsieMo (371iBa HanpaBo): Y He € HLIAX y
o TouKy, noGyoBanuit 3a ONOMOro0 6230BHX BEKTOPIB 4-ro KBa/[paHTa, KOPOTIIHM 33 N06YyI0BaHHi
Ha 1ei MomeHT. lleit masx s3HaxoauThes CYMyBaHHAM 3HaYeHb TOYOK, sAKi Jexarh JiBOpydY i 3ropu
BITHOCHO NIOTOYHOT TOYKH, 3 METPHYHMM 3HAYEHHSIM BiUNOBITHOTO 6a30BOIO BeKTOpa 3 4-r0 KBa/JpaHTa.
AKmo meif mMUIAX KopoTuIE MOMEpefHbOro, TO OHOBIIEMO 3HAMCHHS MiHIMAJIbHOTO HLIAXY B MOTOYHY
Touky; 6) Ti cami mif BHUKOHYEMO [LJIsi TOYOK psi/[Ka, ajie CIpaBa HaJiBO i 3 BHKOPHCTaHHSIM 6a30BHX
BEKTOPiB 3-ro KBaJIpaHTa.

3) TlocainoBro o6pobisiemo Bei PSAKH 306pakeHHsl 3HH3Y BrOpPY, 3aCTOCOBYIOMH 6a30Bi BEKTODH
BIANOBIHO 1-T0 Ta 2-T0 KBa/fpaHTIB.

Takum 4uHOM, /115t KOXKHOI Touku Gyse 3HalieHa AOBXHHA HaHKOPOTILOro MUISIXY 3 Hal6AHMXKY0ro
MiDiSo-mxepena.

Oninka ckaagnocri amropurmy. Hexait V - kinbkicrs 6asoBux BEKTOPIB JIHCKPETHO-BEKTOPHOI
METPHKH B KOXHOMY 3 KBajpaHTiB, K - Kiabkicts Towok 3o6paxkenss. Toxai s PO3paxyHKy NOTPiGHO

N=2% (2 * (V - l) + l) *K= (4 *V— 2) * K onepatiit cki1afaHHs Ta MOPiBHSIHHSI.
Takum ynnOM, Helt anroput™ Mae HOMiHa/bHy ck1anHicTh. Llia wporo - prpata TouHOCTI.

Ouinka noxubku. I[loxubky anpoxcumauii dbyHkIioHasbHO 3amaHOl METPHKH 3a  J[OIOMOTO
Bi/IIIOBIHOT THCKPETHO-BEKTOPHOT MOXHA OIL[IHUTH /ISl KOXKHOTO KOHKPETHOIO BHIA/Ky OKPEMO.

Posrasinemo Mo HBICTh BHKODHCTaHHA [TPOIIOHOBAHOIO MeTo4Ay  [ONs €BKJIIJIOBHX METPHK!

R(Pl(xns }'1): Pz(xz, yz)) = \/(xl _x2)2 * (yl °y2)2 :

BuanaunMo noxu6ky Ha cermenti AMCKPETHO-BEKTOPHOI METPHKH 3 CErMEHTOTBIpHHMH G6a30BHMH
BEKTOPaMU bl(xl,yl) Ta b,(x,,y,)- Bymemo BBaxaru, mo mns xoxuoi Touxm p(x, Y¥) B cerMesTi

MOXXHa NOGYAyBATH WIIASIX, AKAN CKJIANAETHCS TIAbKA 3 CerMEHTOTBIPDHHX BEKTOpiB: ky Ta k, - KiabkicTp
BeKTOpiB by Ta b, y Mapmipyri.

Maxkcumanbpna noxubka BcepenuHi cerMenta 6yne Eo_,, =+a®+b® -1, %
* = * 3
i PO . il Yt il B - x:‘rz"xz‘rl,
*a oy ok T oy ® *
Ya X~ Y7 X, LRI & Sl PR

Takum uMHOM, MaKCHMa/bHe 3HAYEHHS BiJHOCHOT MOXHOKH LIS JAMCKPETHO-BEKTOPHOI METPHKH, siKa
APOKCHMYE eBKJIIIOBY METPHKY Ha [JUCKPETHilf rparmi, Mosxke 6yTH oflepkKaHa SK MaKCHMAaJbHA
Bi/lHOCHA MOXHOKA 3a yciMa cerMeHTaMu AMCKPETHO-BEKTOPHOI METPHKH. 30KpeMa /I/Isi METPHK:

1) R@O,1)=1; R(,1)= J2; Eo,, =82%;
2) RE)=1;  REI)=5; RO = VZ; Eopy =2,7% .
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