Poman Menvhux, FOpii Kanuuax / Komn tomune, 2010, mom 9, eunyck 4, 353-361

Yol

computing@computingonline.net
www.computingonline.net

ISSN 1727-6209
International Journal of Computing

PO3MOAINEHI CTPYKTYPHI BJIACTUBOCTI 3OBPAXXEHb HA OCHOBI
“PEHTFEHOCKOMII” IHTEHCUBHOCTI

PomaH MenbHuK, HOpin Kanunyak

Hauionanbhwuii yHiBepcuret “JIpBiBCbka nositexHika”
79013, m.JIsBiB, Byn. C.bannmepu, 12
ramelnyk@polynet.lviv.ua, maestrodirk@gmail.com

Pe3tome: npeocmasnena memoouxa OMPUMAHMS [HMESPATLHUX MA PO3NOOIIEHUX CMPYKMYPHUX 61ACMUBOCTHEl
obpasie Ha ocHosl anzopummy “‘penmeerockonii” inmencusHocmi 3i cmoponu ponmanvroi naowuny XOZ uu 6iunoil
nrowunu YOZ. Po3nodineni cmpykmypHi 03HaKu ¢opmyromscs 01 ceeMeHmie npocmopy iHmeHCUHOCMI, Ha AKi 11020
nooineno. CeemeHmy8aHHA 30IUCHEHO pO30ineHHAM ‘‘3HiMKa’ 06pasy i npocmopy 3a 3HAYeHHAMU IHMEeHCUBHOCMI i
Kkoopounam. Haeedeni npuxnadu nowyky obpasie 3a 3anponoHo8aHUMU XapaKmepucmukamu.

Kuro4oBi cnoBa: 306pasicenHs, aneopumm HPOHUKAIOYUO20 CKAHYBAHMA, NPOCMIp IHMEHCUSHOCMI, po3nodiieHi ma

iHme2panbHi cmpykmypHi Koe@iyichmu

BCTYN

IlocranoBka 3amaui aexommo3uuii oOpasis.
CucreMu 3HAXOKEHHS 300paKeHb 3a iX BMICTOM
(Content-based image retrieval — CBIR) [1]
MPaLIOIOTh Yy /IBa €Taly: 1HACKCYBAaHHS Ta IOIIYK.
Ha erami inaexcyBaHHS KOKHAN 00pa3 y 0a3i maHuX
MPEICTaBIAETbCA BEKTOPOM BIACTHBOCTEH. [cHYyI0Ui
yHiBepcanbHi cuctemMu CBIR BigHOCATH 110 OfHiET i3
TPHOX KaTETOpil 3aJIe’KHO BiM IMiIXOMy OTPUMAaHHS
BJIACTUBOCTECH 00pa3y: ricTorpama, KOJIbOPOBE
po3TamryBaHHS 1 TOIIYK 3a perioHamu. Takumu
BIIACTHBOCTSIMH, 30KpeMa, €: kouip [2 — 3], dopma [4
— 5], ctpyktypa [6] i po3ranryBanHs [7]. OTpumMani
BJIACTUBOCTI 30epiratoTbcss B OKpeMiil 0a3i mgaHmx
Bi3yaslbHHX BiacTuBocTed. Ha eranmi momyky
OOYHCITIOIOTECS ~ BJIACTHBOCTI 13 00pasy-3amuTy
KOpHUCTYBaua. BuxopucroByroun KpHTepii
MoMiOHOCTI, OTPUMAaHWKA BEKTOP BJIACTUBOCTEU
MOPIBHIOETECA 3  BEKTOpamMH y 0a3i  JaHWUX
BisyalibHHX BiacTuBOocTel. KopucryBau y BiAmoBiib
OTpUMy€ 00pa3H, SKi MaKCUMaJbHO BiJIOBIJAIOTh
3aIuTy.

Cucremn TTOTIYKY 3a perioHaMu
BUKOPUCTOBYIOTh JIOKQJbHI BIIACTUBOCTI PETiOHIB
(imeanpHUX 00’€KTIB) Y MPOTUIIEKHICTH TI00ATEHUM
BJIACTUBOCTSIM IOBHOIO 300paxkeHHs. lIpuxiamom
takoi cuctemu € SIMPLIcity [8]. Skuo 00’ekTu B
MeXax 300pakeHHS CErMEHTOBaHI 1  KOXHa
BJIACTUBICTh 00’€KTa OTpPHMaHa aBTOMATHYHO, TO
Taki OCOOJHBOCTI pOOJATH MOXKIUBY CHUCTEMY
moumryky  300pakeHbr  3a  perioHamum  [9].

[IpeacraBneHHs: BizyanbHOro 00pa3y ameKBaTHUM
YHCIIOM KIacTepiB (00’€KTH y 300pa)KeHHI) MOXKe
Kpalre BitoOpasuTu HOro BMICT, OJHAK U Miaxif €
4aco3aJeKHUM.

B pobGori [11] 3ampomoHOBaHO HaBYAILHUI
kommnoHeHT it CBIR cucremu. Bin mepenbadae
KOHTPOJIIOIOUE TPEHYBaHHS CHCTEMH Ha PI3HHX
¢parmeHTax oOpaszy. Szummer Ta Picard [10]
PO3BUHYJM CHCTeMy Kiacudikamii BHYTpIIIHIX Ta
30BHINIHIX CIIEH. [HIN TIpUKIaAM CEeMaHTHIHOI
knacugikanii  300pakeHb  BKIIIOYAIOTh  IIPAIIIO
MOPIBHSHHS MicTa Ta manmmadTy [1] i 3HAXOmKEeHHS
obmmaus [12]. Wang Ta Fischler [13] mokazamm, 1o
TOYHE CEMAaHTUYHE MPEJICTABICHHS € KOPUCHHUM JUIS
3a7iay MOPiBHSHHS 300paKeHb.

B poOorti 3anpornoHoBaHa METOOMKA OTPUMAHHS
CTPYKTYpHUX BJIACTUBOCTEHl IHTEHCHBHOCTI Ha
OCHOBI IPOHUKAIOYOTO CKaHyBaHHA ii MOBEpXHi. Ta
(dopmyBanns koedinienTis mis CBIR.

1. NEPETBOPEHHA IHTEHCUBHOCTI
TA Il CKAHYBAHHA

JlJis OTpUMaHHS CHUIIYETY KOJIbOPOBE 300pasKeHHS
NEepeTBOPIOEThCA Yy  BiATiHKM  ciporo. Koxna
eJIeMeHTapHa KIIITHHKA, TMIKCeh, IPHMae 3HAYCHHS
BiJl YOPHOTO JI0 OIJIOr0 KOJBOPY, AKE MO3HAYMMO SIK
b — sickpaBicTh. Jliama3oH BCiX MOXIMBUX 3HA4YCHb
IHTEHCUBHOCTI 3HaXOIUTHCA B Mexax 0+255.

Jnis mepeTBOpeHHS BUKOPHCTOBYEMO aJTOPUTM
BT709 3 mactrynaumu koedirienramu R, G, B:

R=02125G=0,7154; B=0,0721.
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3HaueHHS IHTEHCHBHOCTI MiKCeiB
O0YHCITIOETHCS 3 PIBHSHHS BIIHOCHOTO 3arlOBHEHHS
KIIITUHKY Y BiJICOTKAX BiJI YOPHOTO KOJILOPY:

b=(256 c¢,)x100 / 256 , @8
a00 y BiJICOTKaXx BiJ O1JIOT0 KOJIBOPY:
b=c, x100/256, 2)

ne ¢; (i =1, 2, 3) — 3HadyeHHa komnoHeHTH R (G abo
B) ciporo xompopy MiKces.

Ha puc. 1. mokazano TecroBe 300pakeHHs. Ha
LBOMY 3K PHCYHKY IpeICTaBleHi IHTCHCHUBHOCTI
300paXeHHs Y TPUBHMIPHOMY TpOCTOpi. SIcKkpaBicTh
rmopaxoBana 3a hopmyioro (2).

B e

Puc. 1 — O6pa3, iioro mpocropose, ppoHTATbHE Ta
OiuHe 300paskeHHs] iIHTEeHCMBHOCTI

[Ipencrasneni TPUBUMIpHI 300pakeHHs
IHTEHCUBHOCTI HE Oar0Th OdYeBHUAHOI iH(MOpMAaIIii,
HeoOXimHO1 g kinacugikamii  4Yd  TIOHIYKY
300pakeHb. [IpoTe anropuTMmiyHi MaHImyIAdii 3
HUMU JTO3BOJIAIOTH OTPUMATH TIEBHI Kiacu(ikamiiHi

o3Haku. llepmmMu 1  HaWmpocTimmMH TS
3HAXO/MKCHHS € CHIYeTH IHTeHcuBHOCTI. Jlnsa
(hpoHTAIEHOTO Ta OigHOTO 300pakeHHs

IHTEHCUBHOCTI MOXEMO 3HAaWTH KpHBI iX BEPXHIX
rpaHHIb, TOOTO (poHTambHOrO Hi(X) Ta Oi4yHOrO

cunyery  Hy(y) inteHcuBHocTi. Jns  wporo
peanizyemMo HaCTyIHI BUPa3H:
H,(x)=max B, (xy) xeX
yeY
H,(y)=max B,(xy) yeY 3)
xekX

e XY — MHOXHHH KOOpPAHWHAT 300pa)KeHHS,
B,(x,y) — ACKpaBiCTh MiKCEs 06pa3y. .

Ilpuknaayn GpoHTATHPHOTO Ta OIYHOTO CHIIYETIB
TECTOBOTO  300pa)KCHHS MPOJEMOHCTPOBaHI  Ha
puc. 2.

W0 400 B0 B0 00 100 1A00 100
Parh

Puc. 2 — ®ponTanbHuii Ta 0OiuyHMIA cuIyeTH

Cunyer SIK KpUTEpianbHy ¢dhyHKIIITO
BHKOPHCTOBYEMO IS TICBHUX KJIACiB 300pa’keHb IS
ix momyky Ta kiacudikamii. OmgHak TpUBUMIpHA
SACKpaBiCTh €  XOpOIIMM  MarepiajoMm  Juis
3HAXO/DKEHHS B Hill 0ararbox iHIIUX O3HAK 00pa3iB,
30KpeMa, TIOB’SI3aHUX 31 CTPYKTYypOlO  caMmoi
MOBEPXHI IHTEHCHUBHOCTI. s ILOTO o
TPUBHUMIPHOTO 300paskeHHS IHTEHCHBHOCTI
3aCTOCYEMO aJNrOpUTM “pEHTTCHOCKOITIT":
NPOHMKAIOYOTO CKaHyBaHHA (pOHTaJIbHOrO (32
KOOPAMHATOI X) 4 OIYHOTO (32 KOOPIWHATOIO ))
300paKCHHS  IHTEHCHUBHOCTI  NPOMEHEM,  SIKHH
MPOXOIUTh Kpi3b SICKpPaBicTh 00pa3zy 3i CTOPOHH
neperjsiny 10 MpOTHIIeKHOT ctopoHH. Ha cBoemy
MUISIXYy TPOMIHb MaTHME JIBa THIIA BiJpPi3KiB: R; —
MiJi TOBEpXHEI IHTEHCUBHOCTI (BKIIOYHO 3
rpanunero), To0to mig “maropbom” Ta Ry — Hax
MOBEPXHEI0 1HTEHCUBHOCTI, TOOTO HaJ ‘“‘BIAJMHOI0”

(puc. 3).

Puc. 3 — lllngx npomeHsi Kpi3b siCKpaBicTh
300paKeHHs

Jns ppoHTanpHOTO HUIAXY MPOMEHS Bia OmHi€q
CTOPOHH 300payKeHHS 10 MPOTHIICIKHOT 00UHCITIOEMO
CyMy  JOBXHMH  Bipi3KiB T  HOBEPXHEIO
IHTEHCHBHOCTI JUIsl 3HaYEHHS IHTEHCUBHOCTI TOYKH
BXOJly Ta BUXOIY ITPOMEHS:

R(B,x)=) " R,(B,(x)), (4a)
yeY
a U1 O1YHOTO IUTAXY
Ry(B,.7) =2 R, (B,(x,7), (40)

xe X
ae Ry, (By(x,y)) — i-uii CyniIbHUI BiIPi30K MIPOMEHS,
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10 TPOXOANUTH i OJHIEIO CYIIJIHFHOIO ITOBEPXHEIO
IHTEHCHBHOCTI Ha PiBHi B,(x,)).

Pesynaprar mpoHUKaO4YOro CKaHyBaHHS 00pasy
NpPEeICTaBUMO 300paXeHHAM B, TOCTaBUBLIM Yy
BiJIMOBIIHICTh KOXKHOMY 3HAa4YCHHIO RL(Bp,x) abo

RL(Bp b y)
HOpMaJi3amii oTpuMaHUX LUISAXiB Ha Biapizok 0-255

SICKPaBiCTh TTKCEIIS CIocooom

iHTeHCUBHOCTI B

oe3 B

BpaxyBaHHS  PiBHSA

OCHOBHOT'0 00pazy:
B, (R, (B,,x)) = (255 /max(d ,,d,)* R, (B,,x) »(5)

B, (R, (B,,y) = (255 /maxd .,d,) )* R, (B,,y) (30)

ne d., d, — KiUIbKiCTh MIKCEIiB OCHOBHOTO 00pasy 3a
KOOpIMHATAMH X, ).

OTpumaHe 300pakeHHS  HA3BEMO  3HIMKOM
IHTCHCUBHOCTI OpHUTIHAJIBLHOrO 00pa3y (MpHUKIaIu
¢poHTanpHOTO Ta 6iYHOTO Ha pHUC. 4).

— e

Puc. 4 — 3HiMKH iHTeHCUBHOCTI OpHUTiHAJLHOTO 00pa3y

HasBHicTs BIZIpi3KiB abo
R.B,,y

iHTeHcuBHOCTI B B

cyM R.B,.%

JO3BOJIIE OJIsI  KOXHOI'0O 3HAYCHHIA

OCHOBHOro 00pa3y 3HaWTH

IUIONIY IMepepi3y WOro iHTEHCHUBHOCTI SIK CyMYy BCIX
JIOBJKUH BiJIPi3KiB 3 KOOPJUHATOIO TaHOTO 3HAYCHHS
IHTEHCHBHOCTI TOOTO

S(B,)=2, R(B,.x), (6a)
xeX
S(B,)=>Y R/(B,,y) (66)

yeY
TakuM YHMHOM, OTPUMYEMO O3HAKH OCHOBHOTO
o0pazy: R, (B,,x), RL(Bp,y) — Cyma OOBXKHH
IHTEeHCUBHOCTI B 3
abo B, (R (B,,x)),

B, (R (B,,y)) — 3Hauenns iHTeHCHBHOCTI miKces

BIIPI3KiB Ha  BHCOTI
KOODJMHATOK X YU )

3HIMKa 3 TUMH JK KOOpJMHATAMHA Ta IUIONIA
MIOTIEPEYHOT0 nepepizy BCiX “narop0OiB”
inTencuHocTi 06pasy S;(B,). 3aysaxumo, wo
IUTONIA TIOIEPEYHOro Hepepisy (POPMYETHCS 3 ILIOIL
MIONIEPEYHOTO Tepepi3y OKPeMuX “rmaropois

S.(B,)=D.5,.(B,) (7)

xeX,yeY

BigHomreHHs OOWHMIN OO0 3a3HAYEHMX IUIOLNL Ta

CyM [IOBXHH BIIPI3KiB CIYI'YIOTh TakKOX SIK
Oe3po3mipHi o3HakM oOpa3y, iHBapiaHTHi [0
po3MmipiB 06pa3sy.

KinbkocTi BiJIPi3KiB JUTS OIYHOIrO Ta
(GpoHTAILHOTO 3HIMKIB € pIi3HHUMH, a IJIONI

HONEPEYHOTO Tepepi3y IHTEHCHBHOCTI Ul TIEBHOTO
piBHA B, € 0IHAKOBUMHM JUISl PI3HUX 3HIMKIB.

2. PO3NOAINEHI XAPAKTEPUCTUKU
3HIMKA TA OBPA3Y

Jnst  BpaxyBaHHS MPOCTOPOBHX  KOOPIHMHAT
CEerMEHTYEMO 3HIMOK 1 MpPOCTip iHTEHCHBHOCTI 3a
HUM. [lpy 1pOMYy BUIUIIEMO TpH  CIIOCOOM
CEerMEHTYBAaHHS: TOPU30HTAIBHUMH JTiHISAMHU (pHC. 5
a) — PO3MOJIN 3a SICKPaBICTIO, BEPTUKAIbHUMHU
miHisME (puc. 50) — pO3MOJiN 32 KOOPAHHATOR,
TOPU30HTAIPHUMH Ta BEPTHUKAIBPHUMH JIHIIMH
(puc. 58) — SCKpaBICTIO  Ta
KOOPIMHATOIO.

po3momin  3a

I i=Em
T

Puc. 5 — Cnocodu cermeHTyBaHH$ 3HiMKa i mpocTopy
iHTeHCUBHOCTI

BinmoBimHO 0 crocoOy cerMeHTyBaHHS 3HIMKa
OTPUMYEMO pO3MOII CyM JOBXHH BiApI3KiB
R.(By,x), 1 R, (B,y) ab0 eleMeHTapHHX BiIpi3KiB
Ry, (By(x,y)) B 3a11€KHOCTI Bijl MiCIisl pPO3TallyBaHHs:

3a SICKpaBICTIO -

K(Ry, (By) = {K(RL, (By1)), K(RL(Bp2)), ... K(Ry (Bpn))} -
B, €C/(B,) (8)

ne Ci(B,) — cerMeHT npu [iNeHHI 3HIMKAa 3a
SICKPaBICTIO;

32 KOOPAMHATOK —
K(R. (x))= {K(RL (x1)), KR, (x2)), ... KR (xm))},
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xeC/(X) ©

ne Ci(X) — cerMeHT mnpHM JOiICHHI 3HIMKa 3a
KOOPIWHATOIO, 7 — KIJIBKICTh TOPH3OHTAIEHUX
CETMEHTIB, M — KUIbKICTh BEPTHKAJILHUX CEIMEHTIB;
3a SICKPaBICTIO Ta KOOPMHATOIO -
KR, (Bp»x)) = {K(R, (Bphxl))a K(R, (Bp 2,%2)),
s K(RL By wimX )} (10)
xeC(X) B,eCi(B)

Ha ocHOBi Bifpi3kiB, IO Monamd y CErMeHT
MOXHa TIOOyAyBaTh TakKoX Tictorpamu. ToOTO
OTpUMATH po3noiieHi XapaKTePUCTUKU
IHTEHCHUBHOCTI 4YHM JIOBXXHH BIJpi3KiB 3HIMKa B
MeXax KOXHOTro cermeHtra. OmHaK Iieé CYTTEBO
301IBLIYE KUTBKICTh O3HAaK 00pazy, IO MiJsAraroTh
ompaifoBaHHi0. (OCHOBHOIO O3HAKOK CErMeHTa
BBa)XaEMO 00’€M IHTEHCHBHOCTI 00pa3y B HOTro
Mekax. BiH CKIaaeThest 3 yCiX IUION] MOIEPEYHOTO
nepepizy, SKi MOXHAa YTBOPUTH B CEIMCHTI.
HaBegemo ¢opmyny i cermMeHTa, YTBOPEHOTO
MTOMIIJIOM IHTEHCHBHOCTI:

Vi(C(B))= D, S,(B,) (11)

B,eC(B,)
Jis  iHIIMX TUOIB  CETMEHTIB  3MIHIOIOTHCS
OOMEXEHHS: 3aMICTh IHTEHCUBHOCTI  ILJIOIIl

00OMEXYIOThCS KOOpAWHATaMH ab0 KOMOIHAIisIMU
KOOPIHWHAT Ta IHTEHCUBHOCTI.

s OIIHKHU CTyIIEHs CTPYKTypH3aIlii
300paXeHHS Ha OCHOBI TOPH30HTAIEHUX CETMEHTIB
BBEIECMO PSII TApaMeTpiB, SKHUMH XapaKTePHU3yEMO
300paXCHHS 3 TOYKHM 30py WOTr0 CTPYKTYPHHX
BIIACTHBOCTEH, 30KpeMa BEpXHIN iHJEKC MO3HaYae
piBeHb cerMeHTa. I I[OTO BUKOPHCTAEMO 00’ €M
MIPOCTOPY IHTEHCHUBHOCTI:

1) CTPYKTYpHi KoedinieHTn CTYIIEHS
TpaHcopMallii  IHTEHCUBHOCTI ~ 00pazy  Mixk
TOBUTHHUMH i-MIM Ta j-UM CETMCHTAMH:

K =V,(B,)/V (B) (12)
ne Vi(B,)., V,(B,)) 00’emu  “marop0iB”
CETMEHTa;

2) CTPYKTYpHi KoedilieaTn CTYIICHS

TpaHchopMarii IHTEHCHBHOCTI 00pa3y B Mekax
CerMEeHTa Ha OCHOBI IO TIepepizy

K. =8S,(B,) /S (B,
nae Sl (Bp) s Sf (Bp)

(13)

[UIoIa KIHIEBOIO 1

[IOYAaTKOBOTO  PIBHIB  IHTEHCHBHOCTI  CErMEHTa
(HAMBHUIIIOTO 1 HAWHWKIOTO).
2) CTPYKTYpHi KoedinieHTn CTYIIEHS

TpaHcopMallii MiX JOBUTBHHUMH i-UM Ta j-HM
CerMEHTaMHU:
K =Ms(S (B,) | M{(S (By)), (14)
OCKiIbKM ~ IIIOI  IONEPEYHOTo Tepepisy B
CerMeHTi 0araro, TO Ha iX OCHOBI (OPMYIOTHCS

CTaTHCTUYHI O3HAKH:
1) Cepennst 1iomia IMONEPEYHOTO MEpepizy y
CErMEHTI:
My(S (By) =(1/K(S (By) - 2. Si(By)); (15)
2) CepenHe KBampaTHYHE BIAXWUJICHHS ILIOMII
MOTEPEUHOTO Mepepi3y Yy CerMeHTI:

Dy(S(B) = (1/K(S(B,)- (S, (B,) - My(S (B,)) (16)
ne K(S (B,)) — KinbKicTbh piBHIB IHTCHCHBHOCTI y
TOPHU30HTAIEHOMY CETMEHTI;
3) CepenHsi TOUKOBA SICKPaBiCTh 3HIMKA:
Bopm (R (Bp,x) =(1/Ky) - X Bopi(Ry (Bp,x)) (17)
4) CepenHe KBaJpaTHYHE BiIXHICHHS TOYKOBOI
IHTEHCHBHOCTI 3HIMKa:

B, (R, (B,,x)=y/(1/K)- T (Bo,(R, (B, x)-B,, (R, (B,x) (18)

ne K, — KinbKicTh MIKCENiB y CETMEHTI.

3. CTATUCTUYHI IHTEIPAJbHI
XAPAKTEPUCTUKU 3HIMKA TA
OBPA3Y

Hns  ¢opmyBaHHS O3HaK 3HIMKa Ta o00pasy
HaWTIPOCTINTUMHU € MOJeN Ticrorpamu. Hampukian,
ricrorpama iHTEHCUBHOCTI 3HIMKa!

K(By, (R1))= {K(Byy (Rra1), K(Byp (RLa2), ..,
K(Bsp (RL dN))}r N =255, (19)
ne K(By,, (R;))) — KUIBKICTb BCiX 3HaueHb
iHTeHcuBHOCTI 3HIMKA, K(By, (R, »)) — KUIBKICTH
3HA4Y€Hb KOHKPETHOI IHTEHCHBHOCTI.

Bnuspkor0 10 IHTEHCHBHOCTI € TicTorpama
JIOBKWH CYIUTPHUX BIAPI3KIB TiJ TOBEPXHEIO
IHTEHCUBHOCTI:

K(R)={K(Rra1), K(RLa2), -... K(RLan)}, (20)
ne K(R;) — kinmbkicth Bcix BinpizkiB, K(L, ») —
KUTBKIiCTh BIJJPi3KiB JOBXKHWH Y iHTEpBai,

a0o ricTorpama IUIONT MOTIEPEIHOTO TIEpepi3y I
MOBEPXHEI0 IHTEHCUBHOCTI:

K(B,, (R))= {K(Boy (Ru.ar)), K(Byy (RLar)), ...

K(Bs, (Reav)}, 21)
ne K(By, (R;)) — KUIBKICTb BCIX CYLUIBHUX IIJOIL
nonepeynoro nepepisy, K(By, (R; »)) — KiIbKICTh
3HAYEHb IJIONI B KOHKPETHOMY 1HTEpPBAI.

B mopiBHSHHI 3 OpHriHaIBHMM 00pa3oM [aHi
ricrorpamMu  OiTBII KOMITAaKTHI (4Yepe3 BiJICiKaHHS
HIDKHBOT YaCTUHU 1 3MeHIIeHHsS o0pa3y). [Ipore, Ha
JKallb, BOHM HE MICTSTh HPOCTOPOBUX KOOPIUHAT,
o € caabuM MicIleM ricTorpam B3araii.

4. NPEACTABJIEHHA CTPYKTYPHUX
BJIACTUBOCTEM

Mpuknamm obpazie 'y ¢opmari JPEG i3
po3mipamu 256x384 mikcemniB, iX (pOHTAIBFHUX Ta
OlYHMX 3HIMKIB IHTEHCHBHOCTI TPEICTABICHO Ha
puc. 6.
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6)

Puc. 6 — Ilpukiaaau odpa3iB Ta ix 3HiMKiB

Tadmuusa 1. O6’eMu cerMeHTIB Ta CTPYKTYPHI
BiIHOLLIEHHS MI:K HUMM ISl PO3MOJILY 32
sickpaBocTsiMu (N=6)

00 enm1 cerMeHTIR Bigsomenna 00 eMiE CETMEHTIE
Cerment || Of'em 2 3 4 3 6
Puc. Sa
1 356 0.,00233 000065 0.00049 0,00021 0.00009
2 152263 - 0.29551 021198 0,09233 004131
3 515255 0 - 0.71736  0,31247 0,13981
4 718259 0 0 - 0.43558 0.19489
5 1648958 0 0 0 - 0.44744
6 3685283 0 0 0 0 -
[ Puc 36
1 11164 011931 003474 0.0127> 0,00366 0.00333
2 93568 - 029118 0.10693 0,04747 002792
3 321334 0 0.36722 0,16303 0,09391
4 875023 0 0 - 0.44395 026117
5 1970957 0 0 0 - 0.58829
6 3350283 0 0 0 0 -

Tabauus 2. O0’emMu cerMeHTIiB AJs po3N0iay 3a
KoopauHatoro (N=7)

Obpaz | 06 enm cermenTis |
[ 1 2 3 4 3 6 7]

Puc.5a | 699791 | 663027 | 1046133 | 1084344 | 1291039 1082897 | 832923

Puc. 50| 849440 | 1004362 1303645 | 1193233 | 1013549 614340 | 643760

5. NOWYK 30BPAXEHb

Jns TecTyBaHHS BJIACTHBOCTEH SK KpPHTEPIiB
MOLTYKYy BHKOpucTaHo ©a3y Banra [14], xorpa
ckianaerbes i3 1000 BizyanmpHHX 00pa3iB, 3i0paHHX
y 10 ceMaHTHYHUX KaTeropiil: TUHO3aBPH, CJIOHU,
KOHI, KBITH, DKa, TOpH, aBTOOYCH, apxXIiTEKTypa,
moau Ta KpaeBuau. Koken kmac wmictute 100
pucyskie 'y cdopmati JPEG posmipom 256x384
MIKCEJIIB.

[puknanm momyky JesKuMX 300paxkeHb 3
BHKOPHUCTaHHSIM CTPYKTYPHHUX BIIACTHBOCTEMH
HaBemeHO Ha puc. 7. Tyr mepmre 300pakeHHS €

00pazoM-3aInuToM.

slo]e

3HaiineHo 18 300paxeHHs:
17 300paxkeHHs BinmnoBigae obpasy-3amury, 1 — Hi(25
BEPTHKAIBHUX 1 25 rOPU3OHTAIBHHUX CETMEHTIB)

Fdim I el S e
Rl e e Nl ¢
A

3naiineHo 20 300paXkeHHs:
20 300paxeHHs BiAnosigae obpasy-3amury, 0 — Hi(25
BEPTHUKAIBHUX 1 25 rOPU3OHTAIBHUX CETMEHTIB)

Puc. 7 — Ilpuknagu nomyky oopasis

6. BACHOBKU

Po3pobneno AJITOPUTM MIPOHHUKAIOYOTO
CKaHyBaHHS IHTEHCHBHOCTI Bi3yalbHHX 00pa3iB,
SKAH JTO3BOJITE OTPUMATH KIMBKICHI Ta SKICHI
XapaKTEPUCTUKN THTCHCUBHOCTI Ta BiJHOIICHb MiXK
HUMH. 3allpONOHOBAaHO KOEQIlliEHTH CTPYKTYpH3amii

IHTEHCUBHOCTI,  IHTETpaJIbHI Ta  PO3MOIIICHI
CTPYKTYpHI BJIACTHUBOCTI. ExcniepumenTtu
MiATBEP AU IOLIBHICTD BUKOPUCTAHHS
CTPYKTYpHUX O3HaK s Kiacugikamii 300pakeHs.
dopmyBaHHS KITIOYiB 300paKeHHS 3a
MPEJICTABICHUMHU BIIACTUBOCTSIMH oOpa3ziB
PEKOMEHTYFOThCS VTS 3aCTOCYBaHHS y

aBTOMATH30BAaHUX CHUCTEMaXx IOIIYKY 300paKeHb.
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MenbHuk PomaH AHOPpI-
uoeu4, OOKMOP MEXHIYHUX
Hayk, npogecop Kagedpu
rnpozpamHoeo 3abe3rnedyeHHs
HY “Jlbeiecbka nonimexHika’.
Haykosi iHmepecu: kombiHa-
mopHi  3adayi  HerosiHo-
MiarnbHoI cknadHocmi.

Kanuyak HKOpilt lzoposuuy,
cmydeHm KagheOpu ripozpam-
HO20 3abesrneqyeHHsi HY
“Jlbgigcbka rnosimexHika’,
iHCmumym Komm’romepHux
Hayk ma  iHgopmauitiHuX
mexHoroeili, cneuyianbHiCMb!
rnpoepamHe 3abesrnedyeHHs

asmomamu3oeaHux cucmem.
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Abstract: an approach to determine structural integral and distributed image features on the basis of the “X-ray”
algorithm from the perspective of the frontal plane XOZ or lateral plane YOZ is considered. The distributed structural
features of segments are formed for the space of intensity. Segmentation is performed through splitting the image and
space by intensity and coordinate values. The results of defined features and searching algorithm are presented.

Keywords: visual pattern, “X-ray” algorithm, intensity space, distributed and integral structural coefficients

1. INTRODUCTION

The existent universal content-based image
retrieval systems (CBIR) attribute to one of three
categories depending on approach of extracting
features: a histogram, coloured location, and region-
based. Such properties in particular, is: color [2 — 3],
shape [4 — 5], structure [6] and location [7].
Extracted features are stored in a visual feature
database. In the searching phase, when a user makes
a query, a feature vector for the query is compared to
the vectors in the feature database. The images most
similar to the query are returned to the user.

A successful categorization of images will
greatly enhance the performance of CBIR systems
by filtering out images from irrelevant classes during
matching [1].

Region-based image retrieval systems use local
properties of regions (ideally objects) as opposed to
the global properties of the entire image. Example of
regions-based systems includes SIMPLIcity [8]. If
objects within the image are segmented and each
object feature is extracted automatically, these
feature make possible object-based image retrieval
[9]. However, representing of the images by
adequate number of clusters (objects in the image)
can better present the content of them but this
approach is time consuming.

Minka and Picard [11] introduced a learning
component in their CBIR system. The system
requires the supervised training of various parts of
the image. Szummer and Picard [10] have developed
a system to classify indoor and outdoor scenes.
Classification over low-level image features such as

color histogram and discrete cosine transformation
(DCT) coefficients is performed. A 90 percent
accuracy rate has been reported over database of
1300 images from Kodak.

2. “X-RAYING” ALGORITHM

The 3-D intensity is a good material to find it in
many other characteristics of images, in particular
related to the intensity of the surface structure itself.
For this to apply three-dimensional image intensity
“X-raying” algorithm: penetrating front crawl (with
coordinate x) or lateral (with coordinate y) image
intensity beam that passes through the intensity of
the image from side view to the opposite side. On
his way a ray will have two types of segments: RL —
beneath the surface intensity (including the border),
that under the “hill” and RU — above the intensity
that is above the “cavity”.

On the beam path from current to the opposite
side of image the sum of the lengths of segments
under the surface intensity for intensity values are
calculated:

R(B,.x)=) R, (B,x,))
yeY , (1)
where R;i(B,(x,y)) is continuous interval of beam,
which passes under one continuous surface intensity
at B,(x,y).

Result of penetrating scanning of image we
present as image By, posing in matching each value
of R, (B,, x) or pixel intensity normalization obtained
by way of section 0-255 excluding intensity level B,
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of main image:
B, (R,(B,x)=(255/max(d,,d, ), )-R, (B, %), ()
where d,, d, — count of pixels in main image by
coordinates x, y.

Availability amounts segments R;(B,, x) or R.(B,,
y) allows for each intensity B, of main image to find
its cross-sectional area of intensity as the sum of all
segments of the lengths of the coordinate value of
intensity:

S(B,) =2, R.(B,.x)), (3a)
xeX

S(Bﬁ):z RL(B,;ay))_ (3b)
y el

Thus, we get the basic features of the image:
Ri(B,, x), Ri(B,, y) — sum of the lengths of segments
at an altitude of intensity B with coordinate x or y
and B (R, (B ,.x) > B ,(R,(B,y) — value of image

pixel intensity with the same coordinates and cross-
sectional area of all the “hills” intensity image. Note
that the cross-sectional area is formed from cross-
sectional area of individual “hills”:

S.B,)=2.8,(B,) (4)
xeX,yeY
The ratio of units to these areas and the sums of
lengths of segments serve as dimensionless image
features invariant to image size.
Quantity pieces for side and frontal images are
different, and cross-sectional area for a certain level
of intensity B, is the same for different images.

3. DISTRIBUTED VISUAL PATTERN
STRUCTURE FEATURES

For incorporation of spatial coordinates we
segment the space of image and intensity. It outlines
three methods of segmentation: horizontal lines — the
distribution of intensity, vertical lines — the
coordinate, horizontal and vertical lines because of
intensity and coordinate.

According to the method of image segmentation,
we get the distribution of sums of segment lengths
R.(B,x), and R, (B,y) or elementary segments
R.i(By(x,y)) depending on location:

for intensity — KR, (By) = {KR. (B, 1)),
K(RL (sz)), EARS] K(RL (Bpn))} .
B, €C,(B,) (®)

where Ci(B,) — segment of the image intensity;
for coordinate — K(R; (x))= {K(R, (x 1)), K(R,
(xz))a .. ~’K(RL (xm))},
xeC,(X) )

where C;(X) — calculated by dividing the segment of
the image coordinate, n — number of horizontal
segments, m — number of vertical segments;

The main feature of the segment contains the
volume of image intensity within it. It consists of all
cross-sectional areas that can be formed in the
segment. Here’s the formula for the segment formed
by dividing the intensity:

Vi(C(B,)=2.5,(B,) (10)
B,eC,(B,)

For other types of segments constraints are being

changed: the intensity space 1is limited by

combinations of coordinates and intensity.

To evaluate the degree of image structure based
on horizontal segments we define a number of
parameters that characterize the image in terms of its
structural properties. To do this we use the amount
of space intensity ( the upper index indicates the
level segment):

1) structural coefficients of transformation degree
of pattern intensity between random i- and j-
segment:

(11)

V;(B,) — volumes of segment

K!'=V,(B,)/V (B,

where V. (B,),
“hills”;

2) structural coefficients of transformation degree

of pattern intensity within a segment based on the
cordinate:

(12)

— area of end- and entry-

Ksi =5, (Bp)/sf (Bp)’
where S, (B,), S, (B,)

level of segment intensity (the highest and lowest).
3) structural coefficients of transformation degree
of random i- and j-segment:

K7 =Ms\(S (B,) | MJ(S (B,). (13)

4. EXPERIMENTS

Two examples of pattern searching in database
[14] by distributed pattern structure features are

presented on fig.1.

Fig. 1 — Examples of searching
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5. CONCLUSION

A penetrating scanning algorithm of visual
patterns intensity allows to extract quantitative and
qualitative features of intensity and relations
between them. Coefficients of intensity structure,
integral and distributed structural features are
proposed.  Searching  experiments confirmed
efficiency of structural features for the patterns
classification. The image keys formed according to
the presented patterns features are recommended for
the usage in automated image searching systems.
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