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Abstract

The new method of the structural analysis of the
binary image contours is proposed. The special structural
elements is used, permitting to reduce the two-
dimensional task of the contour analysis to a number of
the one-dimensional tasks.

BCTYII

Bukonanus wi€i po6otH o6yMoBieHe HEOOXiaHICTIO 00-
pobku, 30epiraHHs Ta mepegadi IIBHAKO 3POCTAOYHX
06’eMiB BizyabHOI iH(pOpMallii, 30kpemMa Takoi, AK KOH-
Typu 00’€KkTiB Ha 300paXkeHHAX MEeIWYHHX MpENaparie,
inme. Li# npoGnemi ocranHiM yacoMm npucBsYeHo Gara-
T0 pobiT, 30Kpema, CTPYKTYpHOMY aHali3y KOHTYpiB
00’ekTiB Ha 300paxeHHAX, Hanpukian [4,5]. Ha Ham
NOrJAA NMPOrPeCHBHHMHU BOAYAIOTBCA METOOM CTPYKTYp-
HOro aHanisy koHtypis [1,2,3,4], Ak Taki, IO BHKOpHC-
TOBYIOTh TOHATTA XapaKTEPHHX TO4YOK KoHTypa. Ilim
XapaKkeTePHHMH PO3YMIIOTHCS TOYKM CIOJYYEHHS JIiHiM,

110 YTBOPIOIOTE KOHTYpP 00’ €KTY.

EJEMEHTH JOBXWHHU

AIK CTPYKTYPHI eJleMeHTH KOHTYpY.

[lepeBaraMu  TakMX METOHNIB aHalli3y KOHTYpIB
BBAXAIOTh MOXJIMBICTH BHpIillEHHA 3afa4 oOpobku Ta
po3ni3HaBaHHA Mijl Yac OJHOro MPOXOMdY, CYTTEBA €KO-
HOMifl 1aM’ATi, o noTpibHa i 36epiranHs 300paxen-
Hi, i , K HACINOK, 3HWKEHHA 4Yacy, noTpifHoro A
BHpileHHA 3aa4y 06pobku 306paxenus. V Toii ke yac
ninil MO po3TaluoBaHi mig KyTom Gnu3sko 45° Ko nimii
rpaTkd notpedyloTe 3aHaaTo 6araTto XapakTepHMX TO-
YOK, TaKk Oararo, IO iHOMAlI HaBiTh 3BOJWTH HaHIBELL
OTPHMaHy €KOHOMil0 mam’sTi. Benuka KinbKicTh Xapak-
TEPHHX TOYOK, Y TaKOMYy BMIAIKy, YTPYIOHIOE 06poOKy.
Baarani npuponHo Oyno 6 y AKOCTI CTPYKTYpHHX ene-
MEHTIB KOHTYpY BH3HAYMTH BiJIpi3KH TNpAMHMX Ta Oyrd
JOBUIBHUX KPHUBHUX JiHiHl. CTBOpPEHHS METOMY, AKHIi BH3-
Haya€ NOBiNbHUA KOHTYp, fK MOCTIZOBHICTH BiAPi3KiB
MpAMMX Ta AyT AOBLIBHMX KPHUBMX JIiHIH MOXXHa BBaXKa-
TH 6 [Iemo BifNaeHOI0 METOK, Y TOM 4Yac fAK IepIuuM
KPOKOM JOUUIBHO BH3HAYMTH OiNbIl eKOHOMHHH 3acif
BiOOpaXKkeHHs NMpPAMHUX JIiHI NOBITEHOTO HANpAMY Ha
NpAMOKYTHil rpatui. Jina uporo HeoOXiZHO BH3HAYHTH
JOJATKOBO NMPOMDKHI HANpsAMM A0 THX YOTHPHOX, IO Ha
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ued 9Yac TpaaMUIHHO BMKOPHCTOBYIOTBCA IS ONMCY
niHif  KkOHTYPy: “yBepx”, ‘“npaBopyy”, “yHH3”,
“niBopy4”. Beakuii HOBMI HampPAMOK HA rpaTli Moxe
Oytu Binobpaxenuit TiNbkM napamu rpaseil. JlocHTh
OYEBHM/IHO BHIUIMBAE 3 BH3HAYEHHA ANTOPHUTMY JHUCKpE-
TH3alii, mo npu BigoGpakeHHi NiHil, WO OMMCYIOTHCH
Ge3nepepBHUMH (DYHKLIAMM, Ha rpaTUi AOBXHHA rpaHeii
N0 MEHIIH Mipi OJHOrO 3 HANPSAMIB, LIO YEPTYIOThCH -
BEPTHKAIBHOTO 4YH TOPH3OHTAIBHOTO - AOPIBHIOE OMIM-
Huui. JlificHo, 3BaXalOMM Ha Te, MO ycsKa QyHKLis
BiAOHBaEeTbCA NpH AMCKpeTH3awii [6] 3 BUKOpHCTaHHAM
HaliMEHILIMX MOXJIMBHMX MPHPOIIEHb, MiHIMAIEHO MOX-
JIMBI NPHPOLUEHHs apryMeHTy x Ta 6yab saxoi Gesnepeps-
Hoi QyHKuii y = f{x) npu BinoGpaxenni Ha ‘rparui Ax =
Ay = 1.V ToMy BHMajiKy, AKILO Nepia noxifua pyHKuii
y=f{x%) -~ |5J/t9:4 21, BepTHKalbHA  IpaHb
[y=i(o"y/a"x)-Ax|21, y ToH dac #K [x=|Ax|=1.

Axkwo nepma noxinHa dyHKUil y=f{x) nepebysae y me-
xax 0<|Pyx|<1,  ropwsomtamsha  rpams

]:=|(5y/a"x)-AX| 21,y To#l 9ac xkly=|AJ’| =1

CrionyueHi nmapH B3a€MHO TepIEHANKYIAPHAX
Billpi3kiB - L-ereMenmu BiANOBiAAIOTb NPOMIKHUM
BiZIHOCHO THX, MO OyNH mNepepaxoBaHi, HanmpAMKaMm i
30aTHI B3STH Ha cebe QYHKIIIO eNeMEeHTIB NOBXKHHU -
CKIIaIOBUX KOHTYpY. BOHHM yTBOpIOIOTBCA MapaMu rpa-
HEM, M0 pO3TallOBaHi OJJHA 332 ONHOKO - BEPTHKAILHOKO
Ta FOPH3OHTAIBHOIO, YM HaBmaku. [lepma rpaHep Moxe
MaTH NOBUIbHY JOBXHHY: / = 1,2,....L, ie L - rpaHdYHO
MOJJIMBA Ha NaHifl rpaTii DOBXHHA, Y TOW Yac fK J0-
BXXHHA [IPYroro CHoJy4eHOro Binpiska nopisHioe 1 (y
neskux Bunagkax jgopiHioe 0). Omke napamerpamu L-
eleMeHTy €: [ - JOBXHHA mepuIoi TpaHi, / - HampsAM -

OIMH 3 OCHOBHHX, TiepenixoBaHuX Buiue, fs= 0,1 - Ha-
NpsAM Apyroi rpaHi BigHocHo nepuoi ( 0 - mosopoT npa-
BOpYY BiIHOCHO HampsMmy mnepuioi rpasi, 1 - moBopot
NiBOPYY BiHOCHO HampsMy repmoi rpasi). Kom6inaris
HeKiIbKOX L-eneMeHTiB 31aTHa BiATBOPHTH Bipi3ok
Oynb-AKOro HampAMKY 3 YpaxyBaHHAM AMCKPETHOCTI
TPaTKH. »

3Bu4aifHO JeKkinbka OZHOTUNMHHX L-enemeHTis,
IO BifPi3HAIOTBCA TUIBKH MapaMeTpoM /, po3TauioBaHi
KOMIIAKTHO ONMH 3a oaHuM. Tomy rpyny L-enemeHTiB
IOUUIbHO onucyBatd Sk G = N, t,ts{l,}, n= 1.2,.,N.
BinznaunMo, mo rpyna L-eneMeHTiB € CKIaf0BoOK0O yac-
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THHOIO KOHTYpY, MpHYOMY L-enemeHTH, WO 1i yTBOPIO-
0Th, MAIOTh OTHAKOBHI HANpAM NepuuX, “A0BrHX”

Man.1

rpaveii. Tobro rpyma L-enemeHTIB € OIHOMipHUM
00’€KTOM, y TO# Yac AK KOHTYp € ABOMIpHUM 00’€KTOM.

EKCHHEPUMEHT

Jina nepeBipKkH 3ampOMOHOBAHOTO METOMY
CTBOpPEHHH MakeT Mporpam, SKHH IUTAHYETLCA BHKO-
puctaTH 1A 00poOku Ta AocHiukeHHA 300paxeHb Me-
IOWYHUX MNpenapariB, OTPHUMaHHX y cHcTemi OHKOTecCT.
Ha manioHkax HaBeneHi npuknaan oOpoOku 300paeHs.
Ha man.| nokaszaHuil noBinbHUI GiHAPHHMI MAIIOHOK NMPH
HasBHOCTI nomix. Ha man.2 pesynstat po6oTH nporpamu
Mo KOMYBaHHIO O0’€KTIB MallOHKAa , YCYHEHHIO MOMiX
3riJHO 3aJaHOTO 3a3/aJerifb NapaMeTpy , 1O pernamMeH-
Ty€ JiHIAHUA pO3MIp MOMIXH, BiIHOBIEHHIO KOHTYpY.
O6’em MacuBy 300paxeHHs BianosigHo 7062 Ta 4120
OaiiTiB.

BUCHOBKH

Bxe nepiii KpoKH 1Mo 3aCTOCYBaHHIO €JIEMEHTIB
NOBKHHH abo L-eneMeHTIiB fK eleMeHTIB Bipi3kiB nps-
MHX, 110 YTBODPIOIOTb KOHTYpH, [OHAIOTh NEBHI Hamii -
NOCATHYTO €KOHOMIiIO O/IM3bKO K y 2 pa3H MOPIBHSAHO 3
[1,2,3,4]) npu koayeauui 306paxeHs. besnepeuno,
6inblua €KOHOMIis Nam’aTi NOPIBHAHO 3 IHIIMMHU € 3Ha4Y-
HOI0 MEpeBarold MeToja, IO MPOMOHYEThCS, OCOGIMBO,
KOJIH MOBa iifie nmpo HeobXiaHicTh 06pobku Ta 36epiraH-
Hs BeJIUKOI KisibkocTi 306pakeHs. Takox Ak i ekoHOMis
yacy mpd o6pobui Ta nepenadi 3o00paxeHp Kpi3b KaHau
3B’A3KY.

Ane iHImI OYiKyBaHi nepeBard BHAAKOTHCA OinbLI NpH-
paGnuBuMH. [1o mepuie ue Te, 11O 3aBAAKM 3aCTOCYBaH-
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HIO Tpyn L-eneMeHTiB BHMABMJIOCH, IO ABOMipHMi 00’
€KT - KO

PUPOIHO po36uBa

b Sl I

€ThCA HA OJHOMIpHI

« N

)

Man.2
YaCTHHH - TpynH L-enemeHTiB. TakuM 4HHOM € MOX-
NHBICTh ABOMIpHY MO CyTi 3ajauy 3BECTH 10 PALY OA-
HOMIpHHX. -

KpiM TOro micnd BMKIIOYEHHS NOMIX € MOX-
JIMBICTD MepeiTH 10 BU3HAYEHHSA KOHTYPY, SIK MOCiA0B-
HOCTI BIJPi3KiB NPAMHUX Ta J0BiNbHUX KPUBHX.
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BUSIBJIEHHS T'PAHUIB JIIOACBKHX OBJINY HA
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The first stage of boundary based methods of
human faces recognition is the task of faces outlines
detection in the images The usual edge detectors give
many false labels, and some edge parts can be lost.
Therefore primary edges should be processed with the
purpose of rise of their quality. The methods of such
processing are the goal of the present research. The
several algorithms are presented that allow to bind
together the broken fragments as well as to remove the
false connections of boundaries belonging to different
scene objects.

BCTYII

Po3mi3HaHHA JIOOWHA 0O 300paxeHHI0 Horo
o6nuyus - nikasa i BaxuiuBa npo6iema, MO NpHBEPTAE B
OCTaHHI pOKM yBary 6araTbOX NOCHiIHHKIB. AJFOPHTMH
aHani3y MOACLKOro ob/inyys € HEBiN'€EMHOI0 YaCTHHOKO
cacteM imeHTHdikauii oci6 [1], cucTeM CTHCKY
300paeHHb  JMOACBKMX  OOJHY, OCHOBaHHX Ha
MOJle/IOBaHHI ronoBH [2], i cHCTeM Bi3yallbHOIO
pO3Mi3HAHHA MOBJIEHHA [3].

Binpmwicte  airopuT™MiB  posmi3HaHHA  oci6
NPHITYCKAIOTh, L0 MOJIOXKEHHA 06nud4s B Kaapi BioMO
ab0 X BOHO IErko BHIUIAETHCA HAa HABKOJHMIIHLOMY
¢oni. OnHak, B 6araThboX BHNAAKAX LE JaleKO He Tak.
Tomy 3amaua BWSBJIEHHA Ta Jokami3amii obiaw9us Ha
300paeHH] € aKTya/IbHOIO i Mae CaMOCTilHe 3HAUECHHS.

B wif poboTi po3rNANAOTECA ~ METOOH
nonepeaHboi 00poOkM rpaHMIb, WO MalOTh METOIO
OigroTyBatd iX [0 HAcTYIHOrO BHABJICHHA Ha
300paxkeHHi JHOACHKOro 06MHYYs.

1. IOIIEPEJHI POBOTH

Barato anropuTMiB Jokanizauii Ha 3006paxeHHi
06nuuys NIOAWHM 3aCHOBaHI Ha BHKOPHMCTAaHHI paHMLIb
Haityactimme s nouryky rpaHiib BHKOPHCTOBYEThCA
nerextop Canny [4]. 3ualineHi rpaHHLli NOTOHBIIYIOTECH
N0 TOBIUMHM PpiBHi omHOMy mikcemy. Ilicia wsoro
NOKANi3ylOThCS TOYKM  MepexpelieHb TIpaHHIb i
BHIUIAIOTECA CErMEHTH WIO He mepeTHHaloTsea. [ani,
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HafGinbn BiONOBiAHI OAWH [0 OMHOIO 3a HaMPAMKOM
CErMEeHTH 3B'A3YIOTBCA Y TOYKaX NmepexpemeHs [5].

2. POPMYBAHHS ®PAI'MEHTIB
I'PAHHUID

B pesynbrari 3acTocyBaHHs 10 300paxeHHs cepii
aIropuTMiB, WO 3a0e3nedyloTh BHABJIEHHA TPaHMLb,
KOHTYp 00nMyY4sA, IO MICTHThCA Ha 300paxeHHi, Oyne
npeAcTaBleHuil B BHINIANI OKpeMHX (parmenTis. Jletani
06HYYsA, a TakoXK iHIWi HasBHI Ha 300paxeHHi 06'exTH
Takok OymyTe mpencraBieHi ¢parMeHTaMH CBOIX
rpanmis. Bei ui ¢parMenTH MOXyTh nepeyuHaTucs aGo
3'eqHyBaTHCA ONMH 3 iHmmM. Tak, CkakiMo, KOHTYp
roJIOBH MOXe NepelTH B KOHTYp IUIeYa, AKHH, B CBOKO
uepry, Moxe 3'eHaTHCA 3 KOHTYpoM madu abo AKMX0Ch
iHIHX 00'€xTiB, MO 3HAXOAATHCA 3a CIHHOKO JIIOAHHH.
KpiMm Toro, KOHTYp O00AMY4A MOXE BHABHTHCA
posipeaHuM Ha okpemi ¢parmentu (puc. 1). 3siacu
BUIUIMBae  HeoOXigmicTe  monmepenHboi  06pobku
3HalijleHuX TpaHMlb, MO Mepeciaigye MBI MeTH -
PO3ALNHTH MOMWIKOBO 3'€/lHaHI ()parMeHTH rpaHHUb
pisHuX 06'eKTiB i, HaBnakH, 3'eMHaTH NpiGHI (parmMeHTH
rpaHuui ofHoOro o6'exTy.

5“

Puc. 1. [lpuxuian rpaHyib

Taxa nonepeaus o6po6ka rpaHuIlL BUKOHYETHCS
B JIeKiNpKa eTamniB. BXiTHMMHU JagyiMH [UIS HEl CITY)HThb
KapTa rpaHHil, WO ABIAE coboko "300paxeHHs", Ha
AKOMY BWsBJCHI TOYKH TIpaHHMIb Bil3HaYeHi OuM
KONbOpOM Ha dopHoMy @owi. Jliwil rpanHmui MaoTh
TOBIIMHY piBHY OHHOMY mikcemy. CnodaTky Ha KapTi



rpaHHlb CKHAAIOTBCA TOYKH nepeciueHb i T-momiOHMX
criony4eHb. Ilicns ©BOro BiA3HAYAIOTBCA Ti TOYKH
rpaHulb, IO ABJIAOTE Co00K KiHLi ¢parMeHTiB Ta
BHIAIAIOTCA TMOOJMHOKI TOYKH, AKi MOXYTb 3aBa)KaTH
nojaibiiiM  crnoigydeHHaM.  Jlani  3'eaHyloThes
¢parmMeHTH, KiHIi AKMX BIACTOATH ApYr BiA Apyra Ha
onuH mikcen. [Ticns 1soro 3B'43yl0ThC pa3oM TOYKH, 11O
CKnazaloTe Okpemi ¢parment rpanuus. Ilortim
BHKOHYIOTBCH PO3DMBH (parMeHTiB B TOYKax pi3kux
NOBOPOTiB (B IMX TOYKAaX CKOpille 3a BCe 3'€HANMCH
¢parmenTH rpaHuub pisHHX 06'exTiB). JUIA momanbmIMX
nepeTBOpeHb  (parMeHTiB  rpaHHMUL  HeobXimHa
iHjopmauis npo Te, 3 AKkOi CTOpOHM Bia (parmeHTy
cBitia obnacts, a 3 AKoi TemHa. Came uA iH(popmauis
BH3HA4Ya€TbCA Ha YEpProBoMy KpoKy o06po6ku. Ilicnsa
Uporo, 3 ypaxyBaWHAM uiei iHdopmauii, MmoxHa
BHKOHATH CIOJYY€HHS ()parMeHTiB, MO ABJIAIOTE cO60I0
YaCTHHH OZIHIET i Tiel e rpanmui. Ha 3akmodsuM kpoky
nonepenHboi 06poOKH rpaHHIL BHKOHYIOTBCA PO3PHBH
parmenTi B Toukax neperusis. CeHc uiei onepauii B
TOMY, II0 TOYKH MEPETHHY MOXYTb BKa3yBaTH Ha
mepexin Bix oawiei rpammui no imwoi. Hanmpuknan,
Tepexil Bill KOHTYpa roJIoBH 10 KOHTYpa mieya (puc. 1).
PosrisaHemo nesKi 3 unX onepauiii netanbHiwe.

Kontypu o6nuyus i ronoBH He NoBMHHI MaTH
Pi3kuX noBopoTiB. TOUKH Pi3KMX NOBOPOTIB, ckopiue 3a
BCE, € TOYKAMH CTOJTy4eHHs! (PparMeHTiB rpaHHLb Pi3HUX
00'ekTiB (cM puc. 1). Mipoio KpyTH3HH NOBOPOTY KPHBOI
CITYXHTh il KpHBH3Ha!

x'.y'—x".y'
b o M
(x 2+y2)3/2

ge x' - mepma i x" - Apyra MoXiJHa 1o mapameTpy.
lNapametpom crmyiuTs noBkuHa kpuBoi. Heobximmo
obuucmoBaru KPHBH3HY B KOXHIH  TOYwi
PO3rIANyBaHOrO ()parMeHTy i po3puBaTH ioro, KoM
KPHBH3HA NMEPEBHIUMTb 3aaHuii piBeHb. ONHaK, AKIIO B
AKOCTI TapameTpy BHCTYNae He AOBXWHA KDHBOI, a
KUIBKICTb  TOYOK, ONHOMY i TOMy Xe KyTy Mix
BEKTOPaMH BiNOBiAae pi3Ha KpUBH3HA. B 38'A3Ky 3 MM,
A BH3HAY€HHA  PI3KHX  MOBOPOTIB  JOLLNBHO
BHKODHCTOBYBAaTH HE KPHBH3HY, a KyT MiX BEKTOPaMH,
AKHIi BH3HAYAETBCA 3riTHO TEOPEMi KOCHHYCIB.

Ha sakmouHoMy kpoui nonepeansoi oGpoGku
TPaHulb BHKOHYIOTBCA PO3PHBH ()parMeHTiB B TO4YKax
neperuni. Cenc uiei omepauii B TomMy, mo Touku
NeperdHy MOXYTb BKa3yBaTH Ha Mepexin Bim omHuei
rpasuui no imwoi. Hanpuknan, nepexin sin KOHTYpa
TOJIOBH /10 KOHTYpa ruie4a (puc. 1).

B xoxHii Touyui dparmenty o6umncmoeThCH
kpuBu3Ha (1). Ioxinwi no napametpy, wo BXoasTs B (1),
O0YHMCIIOIOTLCA 4epe3 KiHueBi pisHuui. Ha ainsmui
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(parMeHTy, WO Ma€ KPHBHM3HY ONHOTO 3HaKYy,
HaKONMHYYETHCA CyMa MOyl KpHBH3H OKPEMHX TOYOK,
fAKa NiHIHHO 3B'A3aHa 3 JOBXKHHOIO AYTH NAHOI HUIAHKH.
SAxwo us cyma Ha AKilch NiNSHUI nepeBMUIye 3anaHuit
TOpIr, LA AiNAHKa ABJAE CO6OI0 OKpeMHit PparmenT.
Kpuusna, mo obuncnera B cycimdix Toukax
npAMoniHiifHOT  moXmuoi rpaHHLi, BHACJIiIOK
AMCKPETHOCTI 300pakeHH i TPaHHLL MOXeE MiHATH 3HaK,
X04a HacmpaBIi BOHa MOBHHHA 30epiraTm Hy/IbOBE
3HaveHHA. [is Toro, wo6 B momibHMX cHTyamisx He
pearyBaTH Ha XMOHi 3MiHH OLIHKH KPHBH3HH, BBOJHTBCA
nopir. JIokH MOXyNb OLIHKH KPMBH3HH MEHII LLOTO
nopora, BBOKA€ETLCA, 1O KPHBH3HA JOPIBHIOE HYJIO.

BUCHOBKH
B wii  poGori posrmsmaoTca  MeTomM
nonepenHeoi  06po6ku  rpaHMIb.  3anponoHOBaHO

IeKilbka JOTIOBHEHb 1O ICHYIOYOTO AITOPHTMY, MO
A03BOJIA€ 3B'A3aTH Pa3oM PO3ipBaHi (parMeHTH KOHTypa
001Hys i yCYHYTH XHGHI CTIONyYeHHS rpaHWUb Pi3HHX
00'eKTiB CLIEHH:

* DBUKOHYIOTHCA PO3PHBH TpaHMIL B MicLAX
PI3KHX TMOBOPOTiB, fKi CKkopime 3a Bce € Toukamu
CTIOMyYeHHs (parMeHTiB rpaHMLb Pi3HUX 06'€KTiB;

e Ilpu cnomydeHHi ¢parmenTi, WO ABAAIOTH
C000I0 YaCTMHH OAHWIET # Ti€T XKe rpaHuLi, BPaXOByeTh-
¢4 iH(opMauis npo Te, 3 AKOi CTOPOHM Bil (parMeHTiB
3HAXOAHTLCA CBiT/a 06/1aCTh, a 3 AKOT TEMHA;

® BuKoHYIOTbCA pO3pHBH (parMeHTiB B TOYKAX
MeperHHiB, #AKi BKa3ylOTh Ha Mepexil Bil OXHOro
KOHTYpa /10 iHLIOTo.
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Ten./®axkc: (0622)926082. E-mail:vlad@iai.donetsk.ua

Detection of obstacles based on passive stereo
vision is attactive for using in mobile robotic systems,
but is very time-consuming in its implementation.
Known algorithms of fast stereo matching apply some
constraints to the stereo vision system. In the present
paper the requirements to the geometric parameters of
vision system are formulated, which both satisfy the
mentioned constraints and provides desired accuracy of
3D scene detailization. The requirements to the depth
map construction algorithm are also discussed.

BCTYII

CucremMa TeXHIYHOrO 30py € OMHOW 3
Hal{BXXIMBIIIKX NMPH CTBOpPeHHI MOOLNBEHOro pobora. B
CBOIO Yepry, rOJIOBHHM 3aBJaHHAM TaKoi CHCTEMH €
BIITBODEHHS TPbOXBUMIpHOI CIEHM 3a [JAHHMH,
OTPHMAHMMM 3 OJHON0 YH KiNBKOX 300paxeHs.
Haiibinpm oueBMAHMA WUIAX /A BHPIIEHHS LLOTO
3aBJaHHA € BHKODMCTaHHA crepeo3opy. Sk nacuBHa
CHCTEMa, CTEPEOCHCTEMA [I03BOJIAE YHHKHYTH mpobiiem,
MOB’A3aHMX 3 iHTepQepeHLIcl0 BHIPOMIHEHOro Ta
BiZIOMTOr0 NPOMiHHA, 10 BHHUKAKOTh PH BUKOPHCTaHHI
aKTHBHOTO 30py. Pa3oM 3 THM, IpH CTBOpEHHi 30pOBOI
cucteMd  MoOinbHOro poboTa BHHHKaE  HH3Ka
cnenugiyEux npobneMm, mNOB’A3aHMX 3 HEOOXiAHICTIO
po3pobkH anropuTMa, mo, 3 oaHoro 6oky, o6pobise
uHopmallio B peanbHOMYy wHaci, a 3 iHmoro -
3abe3nedyye 3HAXOMKEHHA IepeIkol 3 HeoOXiTHO
tounicTio. Lli 06CcTaBMHN HAKIANAlOTh HH3KY OOMeEXeHb
AK Ha XapaKTEepUCTHKH BiJEOMiACUCTEMH, TaK i HA AKOCTI
anroput™a. Jleski 3 mux oOmexeHb 0OroBOpPIOKOTHCA
HIDKYE.

1. BUBIP CTEPEOBA3H

BinbIIicTh CHCTEM CTEPE030PY MOJETIOIOTHCA
AK Mapa OJHAKOBHX KaMep 3 ONTHYHHMH BiCAMH,
po3ramoBaHUMH B IuiockocTi OXZ Ta napaieibHHMH
OZ (muB. puc. 1). 3HaiOuW BiACTaHb MK ONTHYHHMH
BicaMu 000X kamep (crepeobasy), ¢okycHy BiicTaHb i
nonoxeHHs Oyab-ikoi TOYKH Ha JIBOMY Ta IpaBOMY
300paKeHHAX, MOXIIMBO 3HAWTH BilaNeHHSA Wi€l TOYKH

BiX kamep (rIHOHHY):
e bf el a

X ;1 na x.'n A x

ne b — crepeobasa;
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f — boxycua sincrans,;
A, - pi3HHIIA MiXK NONIOXKEHHAMH TOYKH Ha

niBoMy Ta mpaBoMy 300paxeHHAX B3xOBkK OX
(xucnapaTHICTB).

Puc. 1. IlpuHummnoBa cxema po3TallyBaHHS Kamep Yy
THTIOBi#i CHCTEMI cTEepeo3opy.

ITix yac o6pobku kKoMI’OTEepHHX 300paxeHb BiICTaHb
BUMIpIOETBCA B mikcenax, ToMmy ¢opmyny (1) Ttpeba
CKOpEryBaTH, BUPa3HBIIH B MiKcelaxX MHUCMApaTHICTh Ta

doxycry sincrans. [Ilepesimmmii koediuient K, :
A, =k,An, naersca cniBeiaHOWEHHAM:

k=L g2 @)

MaxX 2
ne MaxX — ropu3OHTaNbHHI PO3Mip KOMII'IOTEPHOTO
300pakeHHs B Mmikcenax;

(0 — KyT 30py KamepH;
An,, — mucnapartsicTs y nikcenax.

TakuM YHHOM, Z 3anexuTs Bin An, :

_ b

> = 3)
An,
e fp= Mext - ()oKyCHa BiZICTaHb B miKcenax.
2g —(22 v

N5 3HAXO/DKEHHA BeM4MHM Z Tpeba 3HatH b,
fn T An,. Bemmumsa f,, € XapaKTepHCTHKOIO
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KaMepH Ta  MPHCTPOK  Bigeooum¢pyBaHHa H
BH3Ha4YacTbCA MiAl 4Yac TMpoLeaypu KauiOGpyBaHHA.
Kanibpypanna kamep  HeoOXigHe  TakoXx  JuisA
3aCTOCYBaHHA TaK 3BaHOI emiMmoJApHOI MoOZeni, mio
AO03BOJIAE 3BECTH NBOXBHMIDHMH MOMIYK BiAMOBiIHMX
TOYOK Ha 300paxeHHAX N0 opHoBMMipHOro [1].
Benwuuna x crepeobasw 10 nmeskoi Mipu Moxe
3a1aBaTHCA BUIBHO.

Minimansne 3nadenHs crepeobasn by,
oOMekeHe BHMOTaMHM TOYHOCTI BH3HAYEHHA BincTaHelt
Ao BijnaneHux o6’exris. [lna  BinkamiGpoBaHuX Kamep
noxubka B BU3HAYEHHi Z NOB’A3aHa, F'OJIOBHEM YHHOM, 3
NOMWIKaMH  JHCKpeTu3auii  300paxeHs. Maroun
(0Z) max - MaxcumanbHy BiTHOCHY MOXMGKy rnnGHHH,

MOXJIHBO BH3HAaYHTH Dy
z
banfion. et @
max ./ n
MakcumanbHe 3Ha4eHHA cTepeobasu obmexeHe
BEIMYHHOI0 AMcTapaTHOCTI. OcTaHHA He MOBHHHA GYTH
HaATO BENMKOIO, 60 ne iHakme mpu3sele A0 3HAYHOTO
36inbmenHs yacy o6poOkm 306paxeHs cTepeonapm.

Tomy s b,y Maemo:

b<b,. =Zmin (i"x)max
n

Po3rnsn xapakTepHCTHK KOMEPUIMHHX cHCTeM
crepeo 30py [2] mokasye, mio mwis  3abe3neyeHHA
mBHAKOCTI 00poOkw Ha piBHi 2 kampis/c mna
300paxens posmipom 320x200 An, He nosumEa
TNepeBHIyBaTH 64 mikcenis.

3acrocyBanns ¢opmyn (4) T1a (5) 3
YPaxyBaHHAM BHLIE323HAYEHOrO BH3HAYAE BENMYHHY
b=0,1m, sk TaKy, mo 3abesneuye TouHiCTH 5% mix uac
BH3HA4YeHHsA rMHOUHK Z=10M i BeIMYHHY AMCNIAPATHOCTI

~30 mikcemiB mna z=1,5m. Il BenuumHa crepeobasu
Gnm3bKa 10 3acToCOBaHOI B [2].

2. BUBIP AJITOPUTMA

&)

[0n0BHMM 3aBIaHHAM CTEpPEOANrOpHTMA €
BiITBOPEHHA TPHOXBHMIDHOI CLEHM 3a JBOoMa il
NPOEKLIAMHA, (AKTHYHO — BU3HAYEHHA TITHOMHH A
KOXHOT TOYKH 306paxeHn (nmoGynoBa KapT rnuGHHH).
[0NoBHOIO BMMOrOI, IIO BHCYBAETLCA JO TAKOTO
aNropuTMa, Mopy4 i3 HalifHICTIO, € BENHKAa MBHIKICTDH
06pobku 306paxkeHb, M0 BaXKO 3a6e3neYnTH BHACTIAOK
Benukoi obuMcmoBanbHOI cKaamHocti. Bcei  Bimomi
CHOTO/IHi CHCTEMH CTEPEO030pY, WO MPALIOITE Y PEXHMi
PEIbHOr0 Yacy, BAKOPUCTOBYIOTh KOpeNALiHMA miaxin
Ta COpOWIEHY eNninoAspHy MoOJeNb, 3rifHO skl yci
BIANOBIAHI TOYKM 3HAXONATHCA HA TOPH3OHTAILHHX
MHIAX TAa HA OAHAKOBiH BHCOTI y 060X 306paeHs.
Omvak npH UBOMY TaK 9M iHAKINE 3aCTOCOBYIOTHCS
anapatHi ocoGMMBOCTI: CyTTeBe BHKOpHCTaHHS MMX-

102

TexHonorii [2], cnenmianbHMX NpOLECOPIB Ta CHCTEM 3
napajenbHUMH o6uncneHHAMH [3,4].

CTBOpEHHs CHCTEM CTepeo 30py s MOGITBHAX
poborie Ha ocHoBi IBM PC-cymicHux komm’rorepis
BHMarae 6i1b1U MBHAKOTO AIFOPUTMY OTOTOXHEHHS.

IIpUCKOPHTH TOMYK BiANOBIIHHX TOYOK
MOXIIMBO, 3aCTOCYBaBIIH, TOPYY 3 KOpEIALiHHAM
nixxonoM, 6araroMacmTabHui NOWYK, AKHIA JO3BOMHTH
CYTTEBO CKOPOTHTH 06nacTs o6uMCIeHHs KoppeAnii Ta
po3mip koppensuiHoi MaTpuLli. BHKOpHCTaHHA Takoro
cymimuoro miaxomy Gyno pawime 3 ycmixom
3aCTOCOBAHO JUIS PO3Mi3HaBaHHA MOACKKHX 061my [5].

BUCHOBKH

Y wuili mpani npoaHani3oBaHi BHMOrH Ji0
CHCTEMH CTepeo30py, NPHIATHOI N0 3aCTOCYBaHHS A
00MHHaHHA NepemKoa y MoGinbHAX poBoTOTEXHITHMX
NpHCTPOiB. Po3rnaHyTo Ak Aeski TexHiuHi o6MexeHHs,
TaK i BMMOTM [0 aIrOpHTMiB noGydyBaHHs KapT
TPLOXBHMIPHHX CLIEH.

¢ 3anponoHOBaHi CMIBBiIHOWIEHHS, WO MOB’S-
3yl0Tb BEAMYMHY cTepeo0a3sH CHCTEMH IacHBHOroO
CTepeo- 30py 3 TOYHICTIO BH3HA4Y€HHA TIMHOHHM, 3
ofHOro GOKy, Ta BEIHYMHOK macnapa‘mocﬁ (Bim axoi
OZIHO3HAYHO 3A/IEXUTH Yac MOMIYKY BilNIOBIHKX TOYOK
Ha 300paeHHAX crepeonapn), 3 iHmoro. Bmmtterfo
Heo6xinHicTs kanibpyeaHHs Bineokamep Takoi CHCTEMH.

® 3pobneHo OUIHKH BeMMYMHHM CTepeobasH, mo
3al0BONIbHAE  000M crhiBBigHOWEHHAM. 3a oOmiHKaMH
OTPHMaHO BeNWYHHY, ONM3bKY [0 BHKOPHCTAaHOI B
KoMepuiiHiii cucremi crepeosopy.

® 3anpomoHOBaHO  cmoci6  yAOCKOHANeHHS
ICHYIOYHX CTEPEOANrOPHTMIB PEaNbHOro Yacy Ui Ginsm
IIBHAKOIO OTOTOXKHEHHA.
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[HOBYI0BA [IA®POBOT MOJEJII MICIITEBOCTI HA BA3I
AHAJII3Y TOMOTPAG®TYHAX KAPT TA
AEPO®OTO3HIMKIB.

Muxaiino Cemeniox
HBIII "Crpym", 286001, m.Binaums, Byi1. Komo6uacskoro 11, x8.108.
E-mail: misha@post.vinnica.ua

B pabome paccmampusaemcs memoo npeobpasoeanus
ungpopmayuu, Komopas Hawecewa Ha monozpaguye-
CKUX Kapmax uiu YOMOCHUMKAX NONYYEHHBIX U3 KOC-
Moca wiu camonema, 8 yugposylo mModens 014 nocne-
dylouyeti obpabomku Ha GLIMUCTUMENbHON MEXHUKe.
Memod ocHosvieaemcesa na npunyune gopmuposanus
3anumuix obnacmeii pagHoll 3HAYUMOCMU HA ONMUYe-
CKUX 8LIYUCTUMENBHBIX YCMPOUCMEaXx.

In the work the method is presented of transformation
of the information, which was put on the topographic
maps or photo pictures received from the space- or
aircrafl, into digital model for the consequent proces-
sion by the computers. The method is based on the
principle of the formation of the filled regions of equal
significance at the optical computerised devices.

BCTYIl

Indopmanis npo MiCLEBiCTh BHKOPHCTOBYETECA B
AKOCTI BXilHMX JaHMX B 0aratbox ramyssx
rocnofapctsa. I[Ipy nsoMy penbed € OXHAM i3 OCHOBHHX
reodismanux monis. ITpeacTaBneHHA #HOro B BHIMAMI
mu(pPOBHX MATPHIL HAla€ MOXJIMBICT 06poOKH JaHHX
Ip0 HBOTO 33 J[ONOMOTOI0 ENeKTPOHHHX 0049H-
COBANbHMX MammH. IIpejacTaBieHHA OHX JaHHX B
mapoBomy BEIAAI HabaraTo cipomye ix mepeady mo
KaHa/IaM 3B’ 3Ky, oansnry o6poOKy Ta 30epiranss.

Binbmicts amroputMiB ¢opMyBaHHA 1H(PPOBOT
MoJeNi MiCeBOCTI MOXHA PO3JILUIATH HAa JBa OCHOBHMX
MeToJIa:

- BHKODMCTaHHA MaHYaJbHAX HPHUCTPOIB
IepeTBOpeHHs aHajoroBoi imdopmanii B mEQpoBY
IUISXOM PeecTpalii KOOPAMHAT BY3JIOBHX i IOIOMIKHIX
TOYOK i, 33 JOMIOMOTOI0 THC/ICHHHX METO/IB OTPHMAaHHA
tabnmanoi (B koopmumarax X,Y,H) wm amamiteasoi
dopmu (dymxuis Bucotm H= F(x,y)) npeacrasieHHs
Janpx [1] (man. 1a);

- omm(poByBaHHA 300paXEeHHA ULIAXOM TIO-
CTPOKOBOTO CKAaHYBaHHS Po0OYOro mois Ta peectpauis
TOYOK MEepeTHHAHHA JiHIf CKaHyBaHHA 3 i30J]iHiAMH Ta
nmiHisMH  AKi  oOMeXyoTh ineHTHDikyiodwi O3HAKH
06’ektis (B momanemoMy Ui iHdopmaniaz Moxe OyTH
npeACTaBieHA SK y BHIVIAAI MacHBiB JaHWX, Tak i B
aHANTHIHOMY (BeKTOpHOMY) BADIAAi) [1] (Man. 16).
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Man. 1

IIpomonyemuit MeTos 0a3yeTbcs HAa BH3HAYEHHI
30H piBHOI 3Ha9MMOCTi i ¢opMmyBaHHA X iepapxidHOi
3BA3HOCTI 32 JONOMOrOI0 ONTHYHHX O0YHCIIOBAIBHHX
komriuiekciB (OOK) B axux BBeleHHs 300paXkeHHs 1 Horo
o6pobka mpoBoaATECH 6e3 NEpeTBOPEHHA ONTHYHHX
CHTHAJIiB B €IEKTPUYHI (OKO-NPOIIECOpHi CH(;;I‘CMH) [2.3].

®OPMYBAHHS IIADPOBOI
MOJEJI PEJIBE®Y

OcHoBHEMH 00’ekTaMH Ha  Tomorpadigamx
Kaprax i aepooTO3HIMKAX € 3aMKHYTi reOMETpHYHI
¢dirypm pisHoi xoHpirypamii - "mons". Mexi "momis"
MPEZCTABISIOTH cob010 Habip KPUBHX Ta JIAMAaHMX JIiHiH,
MO0 MaTeMaTWJHO MOXYThb OyTH  BHPaXEHHMH
CKIagHAMH QYHKI[IAMHA ABOX 3MiHHHEX - X,y. Ili dynkmii
MOXH2 OTpHMATH ab0 IMIAXOM pyXy IO MexXi 06’exTy 3
peectpauieto koopauHaT [4], 260 MUIAXOM HenepepBHOro
ckaHyBaHHs Beciei mwiomi 300pakeHHA i NONANBIIAM
ineHTAQIKYBAHHSAM  HAIEXHOCTI OKPEMHX  TOYOK
3aMKHeHHM JiHisM. [Ipu mpoMy, HaHOLIBITY CKIaIHICTH
npencTasise coboio imeHTHOiKamis TOYOK, a OTKe i
camoi obnacTi.

Ilpononyemuit Merox monarae B (opMyBaHHI
3IMTHX 00NacTeil Ha cTajlii BBOAYy 300pakeHHs KapTH B
00YHCTIOBATEHAN KOMIUIEKC. Leit KOMIUIEKC
npeacTaBnse co00K0 CTPYKTYPY MATPHYHOIO —THITY
(xracy - Garato nammx, Garato KOMaHI) B SKOMY
ofHO9acHO BimOyBaeTecs o0OpoOka MacHBY TOYOK
306paXkeHHs, IIPH LHOMY XapaKTePUCTHKA KOXKHOI TOIKH
300paKeHHs MPEACTABIAEThCA (YHKIIEI 3B'A3HOCTI i3
CYCiHIMH TOUKAMH:

Cij = F(Ipm), n=i-1,i,i+1; m=j-1,j,j+1, (1)
ze %

I - Bxizna ingopMalis Mpo aHATI3yeMY TOUKY.

s ¢yHkmis QopMyeThcs INEpIIHAM  IIAPOM

obunrcmosamsanx enementis OOK. Kpim Toro, Ha
OCHOBi KOJIOBHX I103Ha9€Hb HAHECEHHX Ha Tomorpadiuni
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KapTH (OpPMYETBCS O3HAKa HANPAMKY BHCOT (CKaTy
MiCIIEBOCTI).

Apyruit mmap OOK 6Gesnocepemaso  Gopmye
samari obnacti piBHOi 3HawmMocti. ILled mpouec
Bmﬁynaerbca crigyrounM gmHOM. Ha mijncrasi Ma'rpmn
3p'A3HOCTI i KONLOpY TOYKH BH3HAYAETHCA HANEXKHICTH
TOYKH JI0 OJIHOTO 3 €JIEMEHTIB I0JId KapTH:

-Mexi (To6T0, ropm3oHTami TOmOrpadivHOl

KapTH, Y4 KOHTYPY 30HH (OTO3HIMKa);

- BHyTpimHiit oGnacri.

ITpu msoMy, Y 3B'S3KY 3 0OMEXEHOI0 PO3/ILIBHOI0
3JaTHICTIO CHCTEMH BBOXY, BiIOyBaeThCa mpolec
inenTH(ikawii CrIOXy9eHb IPyT TOYOK MexXi, AKi MOXYTb
6yTH BiTHECEHi [0 CIIiYIOUHX KIACiB:

- T-cnomydeHHs, IPHMHKaHHA (PO3ramyXeHHS
un 36bKHicTS) OAHi€l inii X0 immof (Man. 2a);

- X-cnoyiydeHHs, OpHAMUKAaHHS, abo
nepeTHHAHHA JBOX NiHi# (Man. 26);

- crmiBmajaHH JiHi# (Mai. 2B).

e

a) 0) B)
Maun. 2

Jlani BinOysaerscs npouec 3acapGoByBaHHA
obnacteii 300paxeHHs, MO OOMEXEHHI KOHTYpaMH
(ropmonTaysamu). Skmo mpH  meomy  "mone"
3HAXOQHTHCA Ha Kpaio 300pakeHHd, TO 3aMHKaHHA JiHil
Mexi BinfOyBacThca MO TpsMii MiHIl fka cmiBnagae 3
KpaeM 300paxeHHs.

Ilepma TO4YKa BEPXHBOIO  JIiBOrO  KyTa
300pakeHHA AKa HAICKHTH "Nomo" mpHiMacTsCa 3a
HY/50BHI piBeHb (B MOAAIBIIOMY, IpH HeoOXigHOCTI,
BiH Oyme ckopmuropaHuif). Bci TOYKH BH3HAYECHOTO
"monaA" MpHMMAIOTH 3HAYEHHA KONBOPY IH€El TOYKH.
Toukm cycigasoro "monsa" B 3aI€XHOCTI Bifi 3HAKY
TpafiicHTy BHCOTH MpHIMAOTh 3HAYEHHA HA OJHY
muckpery Oimemry uwm memmry. Taxkmit Mmerox Hae
O/IHO3HAYHE BH3HAYEHHS IOJNIB HABiTh IPH HAABHOCTI
BHUMAJKIB 300pakeHNX Ha Mal. 3.

Mau. 3

ITicns ¢popmyBaHHA 3aMuTHX obnacreii — "momis"
— NPOBOJHTECA KOPEKIiA HYJIHOBOTO PiBHA BHCOTH i Y
BiJINOBiHOCTI 0 HHOTO — 3HAY€Hb BCIiX iHMHX "momis".
Jina uporo MpOBONMTHCA imeHTH(iKamis "HyIHOBOTO
noas” (B PYJYHOMY 9YHM aBTOMAaTHYHOMY pexmMi) i
BijHiIMaHHA HOro 3Ha9eHHS Bijl 3Ha9€HHA KOXKHOTO IOJIA.
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B mHacrymaomy mapi OOK Bin6ysaerscs
6esnocepenue GopMysanns muppoBoi Moneni penbedy
(rpagienTre 3adapGoByBanHa nojis). Bucora koxHoi
TOUKH MiCIIEBOCTi BU3HAYAETECA 32 PopMynoro:

H, ;= H} +sign(k)-AH -

1[(",' _xk,i)2 +(y; —}’lc,j)2 » @
2 2
i J(xkﬂ,i = Xki)" + ka1 — Vi, j)
(<
Hi - 3HAYEHHA BUCOTH K-TOpH30HTA;

sign(k) - HampsAMOK CKaTy BHCOT;
AH} - pisemng 3HAaYeHb BHCOT  Mix
ropm3oHTasAMH k Ta k+1;
Xk,isVk,j - KOOPAMHATH KiHIIB pafiajIbHOTO Bijpiska,
IO CHOJY9a€ NOPU30HTAII.

3a oTpAMAaHMMH 3HAYEHHAMH MOMNUIHBE SK
IUIONIMHE MOJEMIOBAHHA pO3MIMIEHHA 00°€KTiB Ha
MiCLIEBOCTi 3aBJAKHM PIBHOMIPHOMY MEpeXony KOIbopy
(BHCOTH) Bix onmHi€el TOUKH RO iHmMOIL, Tak i GopMyBaHHA
06’eMHOT0 300paxkeHEs penbedy.

BHCHOBKH

3a pesyisTaTaMH NpPOBEJECHHX  AOCIiKEHB
MOJHA 3pOGHTH BHCHOBKH, IO BHKOPHCTOBYIOYH METON
¢opMyBaHHA oOnacTedl piBHOI 3HAYMMOCTI MOKIIHBE
omeparuBHe (opMyBaHHA Mojenmi MicmeBocTi 3a
tonorpadgidEEME  KapTamMH Ta  (OTO3HIMKaMH
3poGIeHHMH 3 TOBIiTPA Ta KOCMOCY y BHIJIAAI MacHBiB
BHCOT penbse(dy, rpadiB NiHiHHUX 00’€KTiB; MPOBEIEHHS
00’eMHOr0 MOJIE/IOBAHHA NPH NpPOBEJCHI IPOEKTHHX
pobiT Mo MpOKIaZeHHI0 aBTOMOOLTBHAX Ta 3aTi3HIIHAX
NUIAXIB, JiHil enexTponepenad, TpyOOnpoBoiB, TOMO; a
TaK0XX MOJENIOBaHHA Nepeliry pisHUX OPHPOAHAX SBHII
B 3IEXHOCTI BiX XapakTepy MiCLIEBOCTi. KpiM TOrO,
NaHud METOX JIO3BOJIZE TIPOBOHTH apxiBamilo Ta
30epexxeHHs 306pakeHb MiCIIEBOCTI.
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Abstract: This paper addresses the problem of
finding a common structure to many deformed
samples of the same class. The algorithm used is the
multiscale  structure matching. We  have
experimented a new distance measure, based on the
curvature of the contour.

I. INTRODUCTION

Learning visual models from samples of the same
class is one of the central problems in pattern
recognition and computer vision. This paper addresses
the problem of generating a model from given
samples, using a multiscale convex/concave structure
of the shapes, and the extraction of the optimum scale
structure common to shape samples of the class.

There are many previous works in which shapes
are described by symbolic representations, which
means those parts and parts relationships are in the
form of attributed relational graphs.

The method described here does not need apriori
knowledge about object shapes, reduces the
computational complexity about graph models.

II. THEORETICAL
FRAMEWORK

A shape contour can be expressed as two periodic
functions C(t)=(x(t),y(t)), where x)y are the
coordinates along the contour. An evolved version of
this contour is defined using the convolution between
c(t) and the Gaussian kernel:

I'e=((X(u,0),Y(u,0)), ue(0,1)
X(n,0)=x(u)®g(u,0);

Y(u,0)=y(u) ®g(u,0); (1)
g(u,0) is the gaussian kernel.

The curvature along the contour is:

XuYuu - XuuYu
O G
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where u is the normalized length along the contour,
and x,, yu, xuu, yuu, are the derivatives of the
functions x(t) and y(t).

The points where k(t,6)=0 are inflection points,
and the segments between them are convex/concave
structures.

The shapes can be represented as sequences of
segments that have some characteristics. In our case
these characteristics are the ratio I/L, and DKci, where

]; = the length of the segment

L = total length of the contour ,

DKci = the variation of the curvature along
the contour.

We consider two shapes A and B defined as two
sequences of segments:

A'=a," a,",...,a"y

Bk=b|k,b2k,....,ka
h and k are associated with two different scale
factor G}, Oy

Increasing the value of o, odd consecutive
segments can be replaced by one segment. For the two
shapes it can be two different scales for which there
exist an optimum matching according to a distance
measure defined between the two shapes.

The problem is to match segments of different
shapes by finding corresponding segment pairs
between them.

The matching procedure involves the definition
of a dissimilarity measure between a;, and b; segments
as:

T IDK® -DKE| -1

DK+ oK I +
where DK is the signed difference between the
maximum and the minimum value of curvature along
the I; segment.

We denote a sequence of (2n+1) consecutive
segments of a shape, a(i-2n|i and a sequence of
(2m+1) segments of shape B, b(-2m j).

We consider that, a(i-2n | 1) at the finest scale can
be replaced by a,".(segment i at scale h), and similarly
b(j-2m |j) with b*.(segment j of shape B, at scale k).

(2)
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The multiscale segment dissimilarity between a(i-2n |
i) and b(j-2m | j), can be formulated as:

D(a(i-2n | i) ,b(j-2m | j))=d(a,b}}+ 3)
+da(a(i-2n l i-->a")+ dg(b(j-2m l -->bjk)

The first term is the one to one dissimilarity between
segments a; and b;, and the others represent the cost of
replacing a(i-2n |i) with a; and b(j-2m |j) with b;.

Given many samples of the same class of shapes
we can find a common structure of segments.

We consider a shape A; within N samples. This
shape is partitioned into n; subsets (each subset
contains an odd number of segments). Then matching
shapes A, to A; is performed by finding a
correspondence between the two sets.

Pij:{ ﬂj‘“fj | W=l,ﬂ§j}
P; is a partioned segment family of sets.
ae P;; consists of one or an odd number of segments of
the finest scale on the shape contour. Similarly we can
define P;; as the family of subsets that best describe the
matching of A; by A;. In the case of N samples of the
same class, the matching is performed N(N-1)/2 times.

We consider the union of P;:

Q=UP

j1=1N
Q, is named a partially ordered set. The interpretation
for shape generalization is equivalent to find the
maximal elements in Q;. The maximal element ge Q; is
an element for witch there is no q° with qcq’€ Q..

ITII. EXPERIMENTATION

We have tested this method on deformed
industrial shapes made by a small number of segments
(<15). We have used the curvature for the dissimilarity
measure, reducing the computational effort.

The minimization of the criterion function (2) is
performed for a value of 6=5-7.

' The algorithm for obtaining pairs of segments
has 2 stage:

Firstly we match the segments using the
dissimilarity measure formulated in (2).

Then we calculate the dissimilarity between the
replaced segments (at the finest scale) and the
corresponding segment at the scale G.

In the second recognition stage the dissimilarity
used is in the form:

da(a(i-2n | )=a(d(a(i-2n |i-2n+ 1))+
+d(a(i-2n+1 | i-2n42))..... +d(a(i-1 ] 1)) ()

where w is a weighting factor.
A o value of 0.6 reduces the effect of noisy
contour.
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In the case of models generation, given N
samples of the same class, The matching procedure
used are described in the Fig. 1.

The model generation is performed in many
stages, and finally the class model M12.N is find. The
matching between samples uses the equation (2).

M123..N

Fig. 1 :

IV. CONCLUSIONS

The method of shape recognition using a
multiscale matching is suitable for deformed objects,
and very robust with respect to position, orientation
and scale change.

This method is computational less expansive than
others such as those based on the curvature scale space
which have the same objective.
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Automatic matching of digital aerospace snapshots
with using of Radon integrated transform
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IponoHy€eThCs BUKOPHUCTAHHA
iHTerpaJibHOro mnepersopeHHs Panona juis
OymyBaHHs Olekilii CErMEHTIB KOMILIEKTY
1MdpoBHX 300paxeHb JUTSHKH
aeponanmmadry. CrofiBaHe MiBHINEHHA
TOYHOCTI CTONMYYCHHA AaepPO3HIMKIB Mac
ICTOTHY poin npu KOMIUIEKCHOMY
JieimgpyBaHHi MaTepiaiB BHJIOBOI'O
4€pOKOCMITHOI0 MOHITOPHHLY.

The wusing of Radon integrated
transform for construction of bijection between
segments of a complete set of the digital images
of an aerolandscape section is offered. The
expected accuracy increasing of matching of
aerosnapshots has an essential role for complex
interpretation of imagery aerospace monitoring
materials.

The matching of various digital images is the
one important class of problems of automated
processing of materials of imagery aerospace
monitoring. These images are an aerospace snapshots
obtained in a miscellany time, into various spectral
zones, from systems with distinguish geometry of
images creation or generally of various applicability —
for example, during outlines binding of an aerosnapshot
to a digital terrain map. The obtaining of synthesized
digital images on materials of multizonal aerospace
survey is impossible without high-precision preliminary
matching of source zonal aerospace snapshots [4.5].

In existing systems of matching of digital
images is applied morphing on a base points system.
These points are determinates by the operator manually.
In [3] the morphing system is represented as two
components: the generalized linear transform, that
nsure a main part of transformation, and residual non-
linear elastic deformation by a field of dismatching
vectors. A nontrivial problem is the automatic
construction of a base points system of matched images.
Usually for these purposes the chosen outlines of
segments of digital images are used [1]. Defect of the
mentioned approach is the rather low energy of an
outline of a segment comparable with a noise level of an
actual digital image. Traditionally, the reduction of
high-frequency spatial noise of digital images is
executed by the integrating operators.

One of such convenient operators represents an
integrated Radon transform — is a generalized expansion
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of a f{x,) function of initial n-dimension space x,€X, to
its integrals along every possible hyperplanes £, [6]:

e )i ot ) B (1)
gn-]EXn

There is exist an inverse transform, that regenerating
initial function by value of it Radon transform:

3V
fix) = | FedEn . (2)
4" T(n2) x,€€n

where !‘

PR

V.)=Z% = (3)

i=1 6x,-2

is the Laplace operator.

The Fig.1 illustrates a consecutive using of the
direct and inverse Radon transform to a test digital
image.

) )

Fig.1. Integrated Radon transform:
a — the source image, b — the inverse
transform (2), ¢, d — the consecutive
using of the Hamglton operator V,

The common defect of the competing
integrated operators, for example — a median filtration,
is the localization of using acts, that results to a
diffusion of the boundaries of segments after derivation.
It is illustrated a Fig.2 (c and d against g and h).
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9) I
Fig.2. A comparison of Radon transform (b)
with local filtration (f) of an source
digital image (a) -

€)

It is obviously, that the recovery of the
boundaries of a segment till a Fig.2d is possible with
higher accuracy, rather than till a Fig.2h. An important
feature of Radon transform using to processing digital
images — is the capability, on the one hand, acts to limit
only of some lines of initial plane and, accordingly, to
allocate the boundaries of segments only collinear by it,
and on the other hand — to use as a hyperplane, along
which the integration conduct, any arbitrary points set
of an source image, and not just lines set. The given
circumstance allows to apply such generalized Radon
transform to allocate segments of the certain beforehand
specific configuration on a digital image.

The inverse Radon transform forms on a digital
image some regular texture including a set of outlines,
appropriate to segments configuration, that the Fig.3 is

Fig.3. A set of outlines of the inverse Radon
transform for displacement of a segment
of an source digital image (a) - (¢)

The indicated set of outlines can be used for
clarification of a location, mutual orientation and scale
of images of segments. The given circumstance can be
useful for the stability increasing of construction of
bijection between the matched images. And the correctly
constructed bijection is the guarantee of precision
matching of interpreted aerospace snapshots [2].

Thus, the sequence of direct and inverse
integrated Radon transform provides a high-frequency
spatial filtration of digital images, saving during of it
the precise boundaries of segments and forming an
additional set of signs of their shape and orientation.
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With reference to aerospace snapshots the described
property can represent itself as a base for construction of
bijection between different images of one section of an
aerolandscape by the analysis of topological invariants
of segments [1]. The order of operations for automatic
matching of digital acrospace snapshots is explained to
aFig.4.

Fig.4. The scheme of automatic matching
of digital aerospace snapshots
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A study of geometric approach to face recognition problem
is presented. The Euclidian distance was used as a similarity
measure in the feature space. The recognition rate equals 90%
on the database of 50 images.

INTRODUCTION

There is a lot of approaches to face recognition
problem. We have analysed most of them in the survey
[1]. The oldest one is based on the face feature points,
which are also called the anthropometric points. There are
some merits and demerits of this approach. It is need
about 40 anthropometric points to describe a face quite
robustly. These points are known and used by criminalists
widely. The problem is to find the optimal geometric
feature set for a face description. It means the images of
similar people or images of one person must be closer to
each other in the feature space than to images of other
persons. The difficulties are in great quantities of
geometric feature variations. For example, there are 780
of all possible segments what may be drawn between 40
points. Beside that, geometric features may be presented
by perimeters and areas of some figures formed by the
points and so on. It makes choosing difficult. The aim of
our study is to obtain several steady features sets, to
compare them and to find the best one. This paper
presents the first steps of our study.

We can present faces as patterns in the feature space.
That is why the simplest measure in the recognition
process may be the Euclidian distance between the points.
To check effeciency of this idea we have provided several
experiments. We used the ORL face database. The image
name — SI_J means the J-th image of I-th person.

Table 1. Points and Distances used

N | Distance N | Distance

1 (ER2,ER1)*(ELLEL2))2 | 16 (ER2,ER1)+ELI1,EL2))/2
2 (ER4,ER6)HEL4,EL6))2 | 17 ((LL2,FL11)#(LR2 FR1))2
3 (EL5,ERS) 18 ((ER2,NR1)+EL2NL1))/2
4 (NL2,NR2) 19 (BL3,BR3)

5 LL2,LR2) 20 ((ER1,BR1)HELI,BL1))2
6 (FLLFRI) 21 _|(EL2,BL3)+(ER2,BR3))2
7 LL1,FL1) 22 ((ER2,ERI1)+ELI LEL2))2
8 (LRIFRI) 23_{(ER6,BR4)+(EL6,BLA))/2
9 [LLLLRI) 24 [(BR5,BR4)+BLS5,BLA))2
10_[LM.LU) 25 [(BLS5,BL1)+(BR5,BR1))2
11_[LM,LD) 26 {(BL5,BL1)+(BR5,BR3))2
12 (LD,TL) 27 KEL2,NN)

13 (NN,LU) 28 [(ER2,NN)

14 (NLI,NRI) 29 ((ER2,LR1)+(EL2,LL1 )2
15 K(EL5,NL2)+(ER5,NR2))22 | 30 ((EL1,ELS)+(ER1,ER5))/2
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EXPERIMENT 1

First we tested images of 5 people which were
organized as 5 clusters. Every cluster included 5 photos
of one person. Total number of images was 25. In the
experiment the goal was “to find 5 nearest images*.
Carrying out the experiment, we measured 45 distances
between 35 anthropometric points (Fig. 1) for every
image. The distances were transformed into 30 features,
Table 1. After that, the features were normalized by
dividing on the distance between centers of the left and
right irises. Describing the faces as points in 30-d feature
space, we calculated the distances from every image to
every other one and found 5 nearest images. The results
are presented in Table 2.

Table 2. Results of experiment 1

Tested Nearest to the tested imdge

Image 2 3 4

S5 6 S5.2 S5 8 S9 4

S5 102 lST BEds P ST 1 o 868 )y

S5 9 S5 8 S5 2 S10 5

S5 2 S5 9 S5 10 S7 5

S5 8 S5 6 S5 2 S10 5

S6 5 S6 7 S6 6 S10 10

S6 3 S6 5 S6 4 S6 7

S6 4 S6 6 S6 7 S9 8

S6 6 S6 3 S6 5 S6 4

S6 7 S6 6 S6 4 S6 3

S75 S7 4 S5 10 S7 8

ST S7 1 S7°5 S7 4

S7 8 S71 S7 5 S7 4

S7 1 B87.5 S7 8 S5 10 S74

S7 4 S$7.5 S5 10 S7 1 S7 8

S9 9 S9 8 S9 4 S9 6 S9 1

S9 8 S9 9 S9 4 S9 6 S9 1

S9 6 S9 9 S9 4 S9 1 S9 8

S9 1 S9 4 S9 6 S10 8 S9 9

S9 4 S9 1 S9 9 S9 6 S9 8

S10 5 510 6 S10 8 S9 4 S9 1
'S10.10° | S65 -|S66 |S64 |S67 (863
S10 6 510 5 S10 8 S9 1 S9 4 S9 6
S10 8 S9 1 S10 5 S10 1 S10 6 S9 4
S10 1 S10 8 S9 4 S9 6 S9 1 S10 5

There are two images S5_10 and S10_10 for which 5
nearest to them are not images of the same person. (see
Table 2.). There is just one case (S10_8) when the nearest
face is belonged to other person. The recognition
accuracy was 23/25 =92%. By thg word, the people
whose images were used in first part of experiments were
not similar to each other.
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