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Pobota mpucBsueHa aHaTi3y MOXKIMBOCTI BUKOPUCTAHHS TiCTOrpaM KOJILOPOBUX 300pakeHb,
chopMOBaHMX Yy KOJipHHX Moxaenax HS* mins 3amau  kimacugikamii Ta po3Mi3HABAHHS.
BcTaHoBneHO, 10 BHKOpHCTaHHS H-ricrorpamu 1o3BOJISIE YCHINIHO iAeHTHU(IKyBaTH 00'€KT 3a
HOTO KOJIIpHUMU XapaKTepPUCTUKaMH ITpH MaclTaOyBaHHI Ta TOBOPOTi 300paKeHb.

Kniouoei cnosa: rictorpaMu KoJbpopy, KoedillieHT B3aeMHOT Kopensii, HS* kounipHi cuctemu,
CHUCTEMH TMOITYKY 300paKeHb 38 BMiCTOM.

Beryn.

Inentndikanis 00'exTiB Ha 300pa)KEHHSAX 3/IMCHIOEThCS 3a HAOOpPOM iXHIX O3HaK,
XapakTep SKUX € Ay)Ke Pi3HUM. 3arajoM Iii 0COOJIMBOCTI MOAUIAIOTHECS HA TPU PIBHI: HIDKHIH,
SKMH BKJIIOYA€E KOJIpP 1 TEKCTypy; CepeiHiil - KOHTypH 1 MexXi Ta BEpXHid - CEeMaHTH4HI 1
CTaTUCTUYHI XapakTepucTHku [1-4]. 3anexHo Bij peaiizauii crocoOy oTpuUMaHHS aTpHOYTIB,
e Moxke OyTH reoMeTpuuHa KOHQIrypaiis OCOOJHMBHX TOYOK, TICTOrpama Opi€HTaIlii
rpamieHTiB, Habip TPOCTOPOBHX dYacTOoT Ta Oarato iHmmxX. Hamexne wicume cepel HHX
3aliMalOTh METOIHM, 3aCHOBaHI Ha aHaNi3l TicTOrpaM iHTCHCHBHOCTI OKPEMHX OO'€KTiB SK Y
MOHOXPOMHOMY, TaK 1 B KOJBOPOBOMY IIpENCTaBicHi. Y mnupoBiii oOpoOIi 300pakeHb
HaifuacTime BUKOPUCTOBYIOTBCS TiCTOrpamMu KoibopiB y cuctemi RGB, omHak € pobotu, siki
MMOKAa3yIOTh MOXIUBICTP BHKOPHCTaHHS s imeHTH(ikamii 300pakeHb TicTOrpamMu B
kossopoBoMmy mpocropi CLE L*a*b* [5-8] . Onnak HalGIMKYIUM 10 CIEKTPATBLHOTO MOAaHHS
KOJIbOPY € CHCTEeMH, SIKi 3/1IiCHIOIOTh OIKC KOJBOPY B LMIIHAPHYHIA CHCTEMI KOOpAWHAT, e
KOJIIp € KYTOBOIO KOOPJIUHATOI. [IpeicTaBHUKAMH TaKHX CHCTEM € MPOCTOpH Koibopy HSL,
HSV ta HSI (3aransHe nosHauenus HS*), koxkeH 3 skux Mae cBOi 0COOJMBOCTI, 1 sIKi, Ha HAII
TIOTJIA], MOKYTh OYTH NMPUIATHUMH JUTSI KOIBOPOBOI iIeHTH(IKAIT 00’ €KTiB Ha 300pakeHHI.

PesyabTaTH i iuckycis.

Y poGoTi mNpoBENEHO aHaJi3 MOJMJIMBOCTI BHMKOPHCTaHHS TiCTOTpaM KOJbOPOBHX
300paxxeHb y BHIAJIKy (OpPMYyBaHHS OITUCY KOJILOPOBHX KOOPAMHAT IIKCEINIB Y IPOCTOpax
HSL, HSV ta HSI. CrinsHoto pucoro mux cucrem omucy konsopy HSL, HSV ta HSI € cnoci6
BU3HAUCHHS KOJBbOpOBOi koopauHatd H (hue), sika B ycix TppoX cHCTEMax € KyTOBOIO
KOOPAMHATOIO y IMIIHIPUIHIA CHCTEMi KOOPIHMHAT 1 Ma€ 3MICT MOJIOKCHHS HA IIKaJli 3MiHU
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KOJIbOPY BiJl YEPBOHOIO Yepe3 KOBTHUH 10 3€JICHOT0, Aaji uepe3 OJaKUTHUH 10 CHHBOTO 1 Jaii
Yyepe3 MaIMHOBHH 3HOBY 10 uepBoHOro. Koopaunarta S (saturation) mae 3mict HacHYeHOCTI i
BIJINIOBiJIa€ BIAJAJICHOCTI BiJ OcCi ItiHApa. He3pakarouu Ha CHijIbHE MO3HAYEHHS, Y BCIX IHUX
KOJIbOPOBHX CHCTEMAax S BU3HAUAETHCA MO Pi3HOMY. PyXoBi B3IOBXK OCi IHIIIHIpa BiIIOBigae
smina sickpasocti | (intensity),V (value) a6o L (lightness) Bim mynst 10 mMakcumymy, TO6TO
3MiHa KOJBOPIB BiJ TEMHOTO IO CBITJIIOTO 4Yepe3 BIiATIHKH NAaHOTO KOJIbOpy. OUeBHIHO, IIO
croci0 OOYMCIIEHHS IMX BEIWYMH Yy KOXKHIA cCHCTeMi € iHmmM. TakuM YHHOM B YCIX IHX
cucreMax H mae 3MICT CHEKTpambHOTO CKIaay KOJNBOpPY, a JABiI iHINI KOOPAWHATH JIWIIC
BHU3HAYAIOTh HOTO SICKPaBICTh Ta Hacu4yeHicTh. OTOx H-TicTorpama Moxe OyTH BUKOPHCTaHA Y
POJIi CTIEKTPATIBHOTO iIeHTH(IKATOpa 300paKESHHS Y OKPEMOT0o 00’ €KTa Ha HhOMY.

Iepexin Bix 3arampHOMOMKpPeHOi cucteMu RGB o cuctem HS* 3nilicHIOETHCS 32 TAKUMU
CITiBBiIHOIIIEHHSIMH.

HeBu3HayeHo...C =0

G-B
mod6...M =R M =max(R,G,B)
H=60.-!p_ , m=min(R,G,B) ;
B R+2 ...... =G e ( )
C C=M-m
R=C. 4. M-8
C
I ==(R+G+B)
V: ]
L=>(M+m)
0, =0 0, V=0 0 L=1
S = 1S = ,S = C '
HSET g Mg s E Vo THLT)]—— L=1
| \Y 1_|2L_]4

Ha cehoromui icHyroTh crammaptai Habopu mamux (dataset), ski mmpoko
BHUKOPHCTOBYIOTBCS ISl PI3HUX Liseil B obyacTi pociiukeHHs 300paxeHb. Jlo HUX, 30Kpema,
Hanexarts: Brodatz texture dataset, OUTex texture dataset, Coil-100 dataset, ETH-80 dataset,
Caltech 101 dataset, PASCAL VOC dataset Tomo. 1li camomocrarHi HaGOpH JaHHUX TaKOXK
MOXYyThb OyTH BHKOPHCTaHI s pO3Mi3HaBaHHA o00pa3iB. Y HAmIOMYy JOCITIKEHHI, IS
YHCENILHOT OLIHKM CXOXOCTI ricrorpam, OyJjM BUKOpPHCTaHi 300pakeHHs, IIoKa3aHi Ha puc. 1 y
dopmarax *.bmp, *.png ta *.jpg, a Takox Habopu 300paxeHr 3 0a3zu ganux Caltech 101
dataset [9].

Bubip sragannx ¢opmari 300paxkeHb NOB’sI3aHUI 3 MPUHIMIOBO PI3HUMHU CHOCOOaMU
30epiranHs iH(GopMalii mpo po3moAiN sickpaBocTi mikceniB. HaliMeHImMi miHIHHUHA po3Mip
BHUXITHUX 300pa)XKCHb CTaHOBHB MIoHaiiMeHmie 1024 mikcem. B xomi ekcrepuMeHTIB Oyio
BCTAHOBIICHO, IO Pe3yiabTaTd s (opMariB *.bmp ta *.png € imeHTHYHAMH, OTXKe, HaJai,
JlaHi JoCTiKeHHst Oy Iy Th ToaHi e it popmaty *.bmp.
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Puc. 1. TecToBi, He MacurTaboBaHi 300paskeHHs Ta ix H-ricrorpamu: ,, Desertl ”, , Desert2”, ,, Jungle”,
,Snow”, ,,Lviv”, ,,Lena”. Tlo oci abCIyc 3HAYCHHS KOJTIPHOT KOOPAUHATH H 3MIiHIOETBCS B MEKaX
noBHoro 1ukiy. ITo oci opauHaT — HOpMOBaHa KUTBKICTB MIKCETiB 300paXkeHHs IS JAHOTO KOJIbOPY
(H-xoopauHath).

[opiBHSHHS TiCTOrpaM 3JiHCHIOBAJIOCS Ha OCHOBI PO3paxyHKy Koe(illieHTa B3a€MHOI
kopeJsiii R:

> (Hy () —H)(H, () -H,)
V2 (O -F) (H, () - H,)°

R(H,,H,)=

ne H, (i), H,(i) — snauenns dymxuii posnoxiny ma i-My Biamiky ricrorpamu, H,, H,

cepeHe 3a po3moAlIoM 1-01 Ta 2-01 ricrorpam, BiAMOBiAHO. 3HAYEHHS KOSQII[IEHTY B3a€MHOI
xopemsuii R(H,,H,) nexurs y mexax [-1;1], ne BepxHs i HKHA MeKa BH3HAYalOTh

MaKCHMaJIbHY 1 MiHIMaJIbHY KOPEJIALiI0 BiAMOBITHO, a 3HaueHHs () — ii BiICYTHICTb.

Ilepen mopiBHSHHSAM TicTOTpaM MPOBOJMIIACS 1X HOpMai3aiis, A TOTo, 00 cyma BCix
BIJUTIKIB JIOpiBHIOBana onuHWI|. llei Meroj BW3HAYae YMOBHY BiJCTaHb, TOOTO piBEHBb
CXOXKOCTI MDK TiCTOrpamaMM — pO3INOJUT mikcesiB. Bapro HaromocutH, mo moOynosa i
MOPIBHSAHHSA TiCTOrpaM 31iHCHIOBANIACH JIMIIE 1O napameTpy Hue.

OueBHHA PI3HUIL MK TICTOrpaMaMHM Pi3HUX 300pakeHb Ja€ MOXKIINBICTh CTBEPIKYBATH
JIONYCTUMICTh  OTPUMA@HHMX YHCEIbHUMH METOJaMH BiIMIHHOCTEH MiX KOJbOPOBHMH
XapaKTepUCTUKaMH 300pakeHb abo OKkpeMux o00’ekTiB Ha HuX. [IpoBeneHi mociifKeHHS
Habopy TEeCTOBUX 300pakeHb, MPEACTABICHNX Ha pHC. | 1 cTaHmapTHUX 300pakeHb 3 HaOOpy
nmanux Caltech 101 dataset, nokasye, 1o MakcuMajibHe 3HaYEHHS KoedillieHTa KOpesii 1s
Oinpriocti He MacmTaboBaHUX 300pakeHb cTaHOBUTH 0,89 1 crocTepiraeTscs Ui BUIAAKY
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pi3HMX KyTIB criocTepekeHHs. B iHmmx Bumankax koedilieHT B3aeMHOI Kopemsuii R He
nepesuirye 3HaueHHs: 0,60. ToOTo, MK 3HaYeHHSIMU KoedilieHTa B3aeMHOI Kopessinii R ais
IICHTHYHUX 1 PI3HUX 300paXCHb € CYTT€BA DI3HHUIA, IO O3BOJSIE 3a0C3MEUNTH HamiliHE
pO3aineHHS 00’ €KTiB.

Bimomo, mo B 3amagax oOpoOKH Ta po3Mi3HABaHHS 300pa)KeHb HA/I3BHYAIHO Ba)KIIMBOIO
MPOIEIypor0 € BHOIp TaKWX CHCTEM O3HAK, sKi OyAyTh iHBapiaHTHUMH A0 aQiHHUX
MIEPEeTBOPEHB, a caMe MaclTabyBaHHA Ta moBopoTy [2, 3]. Tak, mpu BUpIIIeHHI mpobiemMu
po3mi3HaBaHHSA 00’€KTiB, IX PO3Mip y 300pa’keHHi, SK MPaBUJIO, BIAPI3HAETHCSA BiI pO3Mipy
1abJoHy, 1HOMI, JOCHTh CYTTEBO. TOMY OKpPEMOIO 3a7aycio OyJOo MPOBEACHHS OI[IHKH MEX
BUKOpHCTaHHs H-ricTorpam Juist MOpiBHAHHS 300pakeHb IPH MIMPOKKUX Bapiallisax X po3MipiB.

Tomy Oynu mpoBeneHi NOCHIPKEHHs 3MiHM KoedilieHTa R, mpu 3MeHIIeHHI po3Mipy
300pakends y 2" pasie (n=1...9). EBomromis ricrorpam mis 300paxkeHHs ,,Lviv” mpu
3MEHIICHHI IXHBOTO pO3Mipy IIOKa3aHa Ha puc.2. BisdyanpHa mnopniOHicTe H-ricrorpam
30epiraeThCsi, JOKU PO3MIp 300paKeHHs 3MEHIIIYEThCS 10 64 pasiB.

Ha puc. 3 HaBeneHi YWCIIOBI 3HAYCHHS CTYIEHS MOMIOHOCTI 300pa)KeHb NPH IXHBOMY
MacIuTabyBaHHi s popmaTis *.jpg Ta *.bmp, BixnosimgHo.
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Puc. 2. H-ricrorpamu ais 300paxkenus ,, Lviv”’ npn MacmraOyBaHHi:
a—1/1;6-1/2; 6 — 1/4; 2 — 1/8; 0 — 1/16; e — 1/32; € — 1/64; oc — 1/128; 3 — 1/256; u — 1/512.
ITo oci abcuyc 3HaYeHHS KOTipHOT KoopANHATH H 3MIHIOETHCS B MeXax MoBHOTO muKiy. I1o oci
OpAMHAT — HOPMOBAHA KiJBbKICTh MiKCEIiB 300pakeHHs JUIsl TaHOTO Koubopy (H-koopauHatn).

Sk BumHO 3 pHc. 2, aust 000X ¢dopmMaTiB 300pakeHHsT 3HaYECHHs Koe(illieHTa B3a€MHOI
Kopesiii R 3anuimaeTscsl MpakTHYHO MOCTIMHUM, NOKH 300paskeHHs 3MEHINYeThes 110 32
pasiB. Heznaunum € 3meHnieHHst 3HadeHHs R i npu 64-kpatHoMy MaciutaOyBaHHS, OJHAK, 3
MOJAIBIIMM 3MEHIICHHSIM pO3Mipy 300pakeHHs, 3MiHa KoedirieHTa B3aeMHOI Kopemsuii R €
3HAYHOIO, 1[0 HE JI03BOJISIE MOPIBHIOBATH 300paXkeHHS MiX coboro. Ciif 3a3HAUMTH, IO NPU
MacmradbyBanHi 1/128 Bi3yalbHy CXOXICTh OpHriHAaly Ta 3MEHIICHOr0 300pakKeHHS
HaJ3BUYaiiHO Ba)KKO BCTAHOBUTH.
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BpaxoByroun Bullle ckazaHe, MOXHa IPUITYCTHTH, 1110, HABITH IIPH 3aCTOCYBaHHI OHOTO 3
HAWIIPOCTIIINX YHCIIOBUX KPUTEPIiB CTymeHs IMOMIOHOCTI, SIKMM € KOe(illieHT B3aeMHOI
Kopersimii R, MOXXHa BU3HAYMTH HOTO TMOpPOTOBE 3HAa4YeHHs (200 [iama3oH 3HAYEHB), IO
ITO3BOJISIE OTHO3HAYHO Kacu(iKyBaTH 300paXXeHHs 3a iX ricTorpamMamu, IpHu 3MiHi iX po3MipiB
ax 1o 128 pazis.

Hapemri, mopiBHIOIOUH I1i 3HAYEHHS 3 PE3yJIbTaTaMH, IIPEACTABICHUMH Ha PHUC. 2, MOYKHA
CTBEPKYBATH, LIO 3MCHIICHHS pO3Mipy 300pakeHb HaBiTh y 128 pasiB He BIUIMHE Ha
JTIOCTOBIPHICTh OTPUMaHHS O3HAK KOJBOPY, a OTXKE, 1 Ha SAKIiCTh posmizHaBaHHA. CIiI Takox
JOJIATH, IO MPH 3aCTOCYBaHHI JAECKPUITOPA O3HAK HA OCHOBI H-ricTorpam CriBBiIHOIICHHS
CTOpiH 300paKeHHsI TAKOXK HE MA€E 3HAYCHHS.
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Puc. 3. Banexuicte koedimienty R B3aemHoi kopersiii H-ricrorpam 306paskeHs Gpopmaris *.jpg ta
*.bmp opurinansHOro po3mipy Ta 3meHmieHoro B 2" pasis (n = 1...9).
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ByIo npoBenieHO TakoXK JAOCIIKEHHS 3aJIeKHOCTI KoedilieHTy B3aeMHOi Kopesiuii R H-
ricrorpaM TeCTOBHX 300pakeHb HpH ix potauii. Kyt obepranns 3mintoBascs Bix 0° mo 180° 3
kpokoM B 10°. Ilpu po3paxyHKy TicTorpam MOBEpPHYTHX 300pakeHb BUOUpANUCS IUISTHKH
PIBHOBEJHKOI IUIOMII 3 IEHTPY 300pakeHHs. Taki AUISHKM - 1 KBaapaT, BIMCAHUN y KOJIO,
sIKe, Y CBOIO Uepry, BIINCAHE B OCHOBHE 300paskeHHs. Pe3ynpraT mociimKkeHHs 300pakeHo Ha
puc. 4. He3nauyne BinxwuieHHS 3HaUYeHHS KoedimieHTY R Bim omuHMII 171t OUTBIIOCTI TECTOBHX
3pa3KiB MOXE CBIIYUTH PO MOXKITMBICTD 3aCTOCYBAaHHS 3allPOIIOHOBAHOI METOJUKA HE TIJIBKU
IUTA IOPIBHAHHS CTHCHEHUX, aJie MOBEPHYTHX 300paKCHb.
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Puc. 4. 3anexnicts koedimienty R B3aemuoi kopensuii H-ricrorpam 306pakens ¢popmartis *.jpg Ta *.omp
mpu oBopoTi Bix 0° 1o 180°.
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Bucnosku.

PesynbraT HOCIKEHb CBiAYATh PO BUCOKUH CTYHIHb IPUIATHOCTI BUKOpHCTaHHS H-
ricrorpamMu AJisl TOPIBHSHHS KOJBOPOBHX 300pa)KeHb i, B MOJANBIIOMY, PO3Ii3HABaHHSA IXHIX
(¢parMeHTiB TpH BIDIHBI (akTOpiB, SKi HOTIPIIYIOTH SKICTh 300pa)KEHHSA, IO IO3BOJISIE
BHKOPHCTOBYBATH IeH MiAXiJ y cHCTeMax MOIIyKy 3o00paxkens 3a Bmicrom (CBIR - Content
Based Image Retrieval).

ITokazaHo, 1m0 TpU 3MEHIICHHI 300pakeHHS 10 128 pasiB 30epiraeTbcs MyKe BHCOKA
CTyIiHh MOAIOHOCTI H-TicTorpamMu HaBiTP y BHIIAAKaX, KOJH Bi3yallbHa CXOXICTh
BCTaHOBJIIOETbCS 3 JACSKAMH TPYAHOLIAMH. BCTAaHOBIEHO HECYTTEBY 3MiHY KOe(ilieHTY
B3aeMHOI Kopenslii H-rictorpam npu o0epTaHHi 300paKeHb.

OTpuMaHi pe3yJibTaTH BKa3ylOTh Ha IEPCHEKTUBY MOOYIOBH JIECKPUITOpA aHaJi3y
KOJILOPOBHX 300pakeHb Ha OCHOBI H-ricrorpamu, skuii iHBapiaHTHH 10 MacIITa0yBaHHS Ta
oOepTaHHs.
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The objects detection in images is based on a set of their features, the nature of which can be
very different. In general, these features are divided into three levels: the bottom, which includes
color and texture; middle - contours/outlines and upper - semantic and statistical characteristics.
There are methods based on the analysis of intensity histograms of individual objects, both in
monochrome and color versions. The most commonly used color histogram in digital image
processing is RGB. However, those being closest to the spectral representation of color are HSL,
HSV, and HSI (general notation HS*), which describe the color in a cylindrical coordinate system,
where the color is an angular coordinate.

This work analyzes the possibility of using the color histograms in the *.bmp and *.jpg
formats generated in HS* color spaces for content based retrieval. Histograms analysis was
carried out by their comparison via the cross-correlation coefficient R calculation. The studies
were performed for Caltech 101 dataset standard samples and also for a set of own test images.

In the objects recognition tasks, the size of the objects in the image is often different from the
size of the template. Therefore, we attempted to evaluate the limits of using H-histograms for
comparing images with wide variations of their sizes. Studies of the change of the cross-
correlation coefficient R when the image size was reduced by 2" times (n = 1...9) show that the
use of the H-histogram allows to successfully recognize the image when its size is reduced up to
128 times.

Also, the dependence of the H-histograms cross-correlation coefficient R for the test images
during their rotation was studied. The rotation angle was varied from 0° up to 180°. Slight
deviation of the cross-correlation coefficient R value from unity for most test samples allows to
assume the possibility of using the proposed method not only to compare compressed images but
also rotated ones.

The research results show a possibility of the H-histogram using for comparing the color
images and, subsequently, recognizing their fragments due to factors that impair image quality,
that allows this approach to be used in Content Based Image Retrieval (CBIR) systems.

In addition, the research results indicate the further possibility of constructing a color image
descriptor based on the H-histogram.

Key words: color histograms, cross-correlation coefficient, HS* color system, content based
image retrieval.
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