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ABSTRACT

Color is one of the most widely used features for content-based image retrieval (CBIR)
systems; especially color histogram. However, color histogram fails to recognize different types
of color distribution. Therefore, in this thesis, combined descriptors of Connected Color Region
(CCR) and moment invariants are proposed as color features for a Content-Based Image Retrieval
system. CCR provides the spatial information and maximum co-occurrence color while moment
invariants help to better distinguish different distribution of colors in the image. From the
experiments, the retrieval results using only CCR descriptors depend on CCR block size. The
smaller the size of the block, the higher the retrieval performance. However, if the block size is
small, it requires longer retrieval time. Therefore, in this paper, color moment is introduced as
additional feature to CCR descriptors to help compromising between retrieval performance and
time. The retrieval results using both CCR with large block size and moment descriptors are
comparable to those of using only CCR with small block size while require less amount of
retrieval time. However, there are several ways to calculate the moment invariants such as
moment based on the distribution of the color in the whole image or in the connected color
blocks. From the experiments, moment invariants calculated from the whole image prove to be

superior to the moment invariants taken from the connected color blocks.
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Ed

0) iz msadouaumsIfeglugiamsndg (Matrix) 18l

(x,y) =0,

/(0,0) fon - fON-D

f(1,0) sy e fAN-1)

f(x,y)= (3.1)

f(M-10) f(M-11) - f(M-1,N-1)

{ 1 1 A a ~ 1 an s
VINAUMIN (3.1) AAaZAINDY IUUUNTAFFUNIBAUNYDININ (Picture Element)
4 A . o ' 1 v ¥y oA Y o o W o '
nionnara (Pixel) TAUAUMUA (0,0) ILOYNNAUNILDAUVUYDININ N1TIATIAVAWNUI
vpagan ez sanndie lunluusazidunin uazmsfadavveudunimeziSoannuun
a9 Aaansiied1aluglin 3.3
3 ] o A o d aa A’ P o o kY
msldmizsanusuiesanunmadiaeaTaudlen lumsiunmannsasiuan ldan

° ° [ ° a 1
VIUIULDDT X TUIUADDUU X ‘i]'lu:luﬂﬂ‘llf)@{[’ﬂl:l'ﬂiuuﬂﬁﬁﬂﬂﬂ'l‘w
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(0,0)

y

U7 3.3 A0019NMATABAYIIA 256 x 384 WAKA

3.3 Uszianveamnadnea
mwﬁ%mnﬁﬂg:‘ﬂmﬂﬂmm_!izmw U Binary Images Intensity Images Indexed Images

¥ '
uae RGB Images TﬂUﬂ]WLlﬂﬁSﬂ‘izmﬂuuﬂzﬁﬂ“lﬂ']1111"‘321l1ﬁ\1116~1ﬂ1‘)‘1ﬂlmﬂﬂ’Nﬂu

3.3.1 Binary Image e Black and White Image

HAAZWAIYAYDININ Binary i aansouaasfuanaamild 2 A1 e 0 @d1) waz 1 @)

whﬁ'uﬁagﬂﬁ 3.4

—

SR
= L i i

ol =l I e R

1
Lj1j1j1f{1rj1j1

- .,- !

| L

317 3.4 @200197 W Binary oz i luuAaz N0 veIn M Binary



3.3.2 Intensity Image %39 Monochrome Image Y Gray Image

Intensity Image W30 Gray Image unmfitansiemnmdunds o udazdunisves
Fnanelunn FanmezdanyauziiuInudimi (Gray scale) Tasmamdunaafiamse
uatma 1] (Gray Levels) azavagiusnuiaiilfununmluudaznmi&nn L=2¢ oL
ApsLAUTIM Az k ﬁaﬁﬁmmﬁﬂﬁwsmymw IFUNIN Gray scale YH1IA 8 UAXIIIONAA

v '
Arszauam1dnanua 256 szau uazminiiiu i 187e [0-255]

1
$0 T0 110 70
§ ___,..«-'"""
90 100 150 100
180 175 170 130
100 198 132 140
-...“__“
135 320 130 160

511 3.5 A296190 M Gray Image 112 i) Gray scale YDIUAATHAIYD

3.3.3 Indexed Image

' a = ' & nr;:ia” o o o n’;
UAALANIFAYDININ Indexed 92IAVA Index Number Fauiluarid luldad luarsred dniu
grdeamaveniuidlundazinee szdesligardua319d index asefumlumiads

319 3.6

Color Table

Index Red | Oreen Elue
No.  |Comper - Comp
1] s3] 24 1 0.1 05 03
3 9 1l 12 \4\
2 03 0.1 e
12 | 10 18
6l |7 3 03 | o3 0

317 3.6 190713971 Indexed 1oz AVBLADTHNILA
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3.3.4 Color Image %30 RGB Image

] =) 1 o "
Color Image W30 RGB Image uaazfiniyalsznoudioid 3 i1 Hunfe MUeadual

o [
o7 uaziidu deguli 3.6

10 22 24 15

80 75 12 10 20

42 | 20 | 40 | so |65 | 15

35 20 37 44 60 14

18 10 30 28 55

10 15 17 25

5171 3.7 §100197 0 RGB 1z A lunAazAiniravoanIn RGB

o =
3.4 nuu19949a (Color Model)
o J 4 1 [-3 ~ ~ o u’/‘
wuiaesddgnadstuiorslumsdmuad iy llanmnasgufeiu viunfe
Wi diluailndifvaiu nie mileusu nazymlszasnanvesmsadauuuiiaesd
J n’a’ 4 A [ o L4 A a Y i ]
Sun1Ty fieseefunisiiauvesgdnsal nieldsunsulszynanien Ar0013%Y
° = adq Y a o 9/ U 9
uup§1a09d RGB  WugduuudnlFlunuuaainan1auetines nae0IwNIm Wudu
wuiaesd cMy  uaz cMYK fuglunu @il luandied wazuuuinesd Hst il

9 o o

° a o =) 1 1 y
Luiaseaiamsousnesssznendeensinainrmiduuasld nazididguuuiiaedii
—

o P = o o 9 o o o aw
Sunpuiraseinlndifestumssuiuazlannumnedveaypiuiniga dmMsuauIY

4 ¥
f9zna Nt uaNIZIULI1a09d RGB U

3.4.1 1UUS12098 RGB
° = id.' a = 9 - [y anyy A - A
wyuIadaLuy RGB | UNIFOTUIWAAWAITHAUTHAN 3 ’ﬂvlﬂllﬂ TUAY TIVYD UL
= : = [ 1 " o o Y a ﬂ a .5' ar :r “Q A - n’: doﬁyl
’duumqluammaumm U 'ﬂ'ﬂ‘”lﬂﬂl UANHAINHATUVU AIUUIUTUNTNI 3aun
' . 2 o o ¥ aw ’a A 5 .
“a (Primary Colors) mnm1a0qu1%1:uuwnﬂmimmﬂu (Cartesian coordinate system)

Tumsadhausassdauaaslugli 3.8
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- (0 -
Magenta (1,0,1)
@O
Q@

Green (0,1,0)

Red (1,0,0) J Yellow(1,1.0)

31 3.8 Lup1a0ad RGB VuAfAMITIToN

o s Vo ¢ ¢ . o ¢
nn1lii 3.8 Sdmualimdiiunsuoiuoalad (Normalize) daiugnuen lugdeaily
4 4 | ' a aa “ o a a ' ' aa
qninAfunAnilamiae uazmvesduas #ie wazihdusziidieglugae [0,1] Tavhduas
¥ " ¥
307 nazihiniuszogiyugnuiaine 3 gy vuduunu R G uag B AwdAy dudidin
¥ . ¥ ' v
Y131 (Cyan) @1i291A9 (Magenta) nazdimdnavzogiiyudn 3 yuiimae dmiviigaduiase
o 1 = ' o s o o & o c!dy y A '
udd daudvnezegiyuieg lnagavingaduiia Falunuuswesdiiduiansznitagy
fiudsnudauidudvisziudumnaveadin (Gray Scale) Taoludumisiianiag

- o 1} 1

Hd ¥
= ) = ~ o = ' o ﬂ& U o
vudumnadimileeil dadauvesmiduas Fda nazdiniumig fuaue Feeelassay

AR ¥ ¥y 4 i A a ) P -
AUAANMVNLAINNUBINGA (A1) Sovyududim HATAIMIVNUTINNNTA (A1)
Hd ]
AN ao " =1

@ e 4 -] ' (n:' o = ' Y
SmiuFsug vewwuassilfedidadag fegnwlugauiaii laninmstiuerdimaiiin
wauiuludadiunuandraiuly

o .:; i\ - 1:: J o o - i i

snvdgagaiiiuli 8o susazRnariusziuiuinauia (Pixel Depth) Alduans
= ! A ~ o a A A o a & o q Yo a
SauAaz9d uae 107 uaz 113U (RGB space) ilofinssmuainnniuazii Iniisnoud

4 '

MNYUAIY 13U

g Pixel depth 1L 1 Tn vzeunsaadndiuandaiuld 2'=2 @

&rimun Pixel depth (111 2 Tin vzeusoadradfiuanaradiuld 2244

f189111uA Pixel depth INAY 4 1 wannsoaindiuanaeiuld 2= 16 @

&1 1muA Pixel depth My 8 T szamnsoadrediuandaiuld 20 =256 &

818 MuA Pixel depth 110U 16 1A sramnsoadudnuanmaiu’ld 2 = 65536 &

Taowa lnmitumudasuuuiionsd RGB  uiionldnmuuia 24 fin wiefiGoni
“nna 24 1a (24-Bit Color Image)” Tavszunumduag de2 waviiiduday s Oa dafuee
mmsn'l%’umuE'nlmmw'lﬁ'vfwuﬂ 2% = 16,777,216 & n3edszanm 16.7 Aud FansHay
ﬁu-uaqu:jt"'f"lugﬂuuugnmﬁﬁmnﬁmmm'lﬁ'ﬁ'a;ﬂﬁ 3.9 wazdet1anmaAvIA 24 Tiafifa

b ]
nInMsHaniueaduas fidivd Hiudu Foz 8 Dadagilin 3.10
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Red

(M)
(M)
Blue

Uit 3.10 Fedanmivina 24 fin
(M A luuuudiaesd RGB vua 24 1in
(V) MNAIRANNFLAINIIA 8 Tin
() MwiBavndideiviia 8 in

A a = gy - =
(3) MANNANNTUNIUYUIA 8 UA
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3.4.2 LUVUS10099 216 @ RGB

a o

lunuu$iaesd RGB veiiuvuiasd 216 dnidumasgditdonldiuludunesiia
Taoudazd181910A1@ RGB A6 051 102 153 204 wip 255 winiu dafusadafdul 18
Wanua 6= 216 & faqilit 3.11 Usznou Tudavousduosdsnau 6 ga Tundazaezilog 36
Aﬁ"ﬂumﬁ'mﬁt‘fﬂqﬂu'iﬂ%'wﬁeﬁ’muu ?rm%iuqﬁt’huﬁmm'muqﬂ(‘nmma'u 1)1 RGB 1)1 (255,
255, 255) Ao A1 AmAvudaunavanileinuiiu (255, 255, 204) (255, 255, 153) (255, 255,
102) (255,255, 51) 1A (255, 255, 0) MUAIAL Fuifudldnmndudimasssousutanien
iy dalunnfaefimdizeanin (255, 204, 255) (255, 204, 153) (255, 204, 102) (255, 204,
51) unz (255, 204, 0) Tususdgaficosmayniiovesyausmozisuduiiad (204, 204, 204)

= = ') dy: =] 9 o M g " P= ) -
I.lﬁ:i]xllﬂ'liI.‘iUQ1“ﬂﬂ‘Hm3'I.l'ﬂ-1'H1.Iﬂ"DLIQ~1llﬂ’.lT;Iﬂ'ﬂ'IU‘iJENB'Il'iU‘IJ’J‘}IJElﬂ'Iuﬂ'NKﬂuﬁﬂ']11ﬂ1ﬁlﬁu

0, 0, 0) uazasouaaslugduuugmnan 1ddegii 3.12

51l 3.12 nanagMAR YD Safe-Color 216
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3.5 Falaunsua (Color Histogram)
amoztlsznen li@odszauaieg winue Tavda Taunsudez 19 lunsesuiolsnadn

4 : '
Ysnglunm Feamnsoda ldnnaumsi (3.2)

h(ri) = ng (3.2)
‘!l o dd’ [ 4 = & = o
Taof rp uszdudiidmun oz »g dudnouvesiinmalunmaaiiszdudiiu g
° ¥ o o y Y 1 = ' L] o
msfnumueiuea laduesda launsuiterSusvesda Taunsuldeglugia [0,1] M
14 v
13 TAMINIs Ay ) A0TWIURNBARIMUAYOINN 7 AT (3.3)

h(r k) (3‘3)

plri)=

Falaunsudez Tindsuulas llawianianisnsyu nie yuwesnnlasulvoann

"

)

= (] Yo = |l @ A a d’
ifipaninmsnduuyuuesee bidewa IS nouiinasuvesndazseaumiiansnldsundas
@ : a =3 - Lo A - v o v
Fuiu Falaunsuiuaiouiuiadrunldlunsefuisnnminaiiuvesdnlnngeglunm
£ A a o 1 w @ 1 a ° )
Faarvesdidvatuzogluszduvosdidorsy msmmdalaunsuanninirldlaniy

» ] » ¥
Snnuinanamuanegluszauauduaniug musai ldnnmseaudin naz nnd

Ed »
Tavitunoumsiidede luil
d o a o = z —
1. #$a013isdvosgalaunsy audmaudu (bin) Ao
a 21 & ¢ -
2. induimeIsisonanuaveda Taunsy
. [ b

3. dmFunng Aniwa o wHn x, y 1a9 Tuanmumsa Taunsunseauanuduuaniu f

gb 1
azniianm
salaunsuddmsunmilfuuusiaced RGB szilsznoudqvdalaunsy 3 dalaunsy

-~ =y = ] ny - o d‘
fio Farlaunsuduas Wor uazidu Asaaalugli 3.3
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31N 3.13 FaTaunsuveannd

(M mwalutuusaosd RGB

= = s A =4 :’ =
(V) galaunsuvesduay d1307 ardinduy

3.6 Moment Invariants

ﬂ o - ' a4 A Yy A a A4 - 2 "?_]

sUsnidlugudvuzveanmanedianilangnlsauaummuuuFaiion Gaezinunms

a oo v - [ P = °

ARTIAR MU 1TB vnagnsavesiogiisinglunim madalumssuungdnsaanse
¥

wa 1860 2 dszinn dszianusnie M5 19Uz IMY0IV0VIYA (Boundary-Based) Tauld

3 [ ¥
YoUIANIMNAveIIAgINeMI3INTIveaTAg uazdszinnaesie ns 19Uz INvBIUTIIN

] ]
ad o a

. & ya’ s A [ A @ v '
(Region-Based) #41¥MuNUININVOITAQINONIZUNIveTAg n3suiIsnilon]gveudas
15210 Fourier Descriptor 2% Moment Invariants #1151 Fourier Descriptor witluns 14

o I i [y ' a ] ) [ 3
WiEvsnsmmesy Momveuavesing Iegludnyuzueazils1a d1m5y Moment Invariants

3/ P 3 e 3o 3 1
ﬁ]:tﬂuﬂﬁ 1% Region-Based Geometric Moment %3 Hu[6] 188 1MuA Centrals Moment 13 7 A
P o o 4 ' ' i
nlFuaasudnyuzyeznse NFRmMuaeNsTaveIw MInlasuyuuesvoInn

o' aa ' aada i '

Tumudluamgnmainea Aeameadaninsanlasnmisueaninlag neglugiling
@M1 (Gray tone) 1¥0g1u31) Probability Density Function InoTunnunuivvesgininasaea

" v ] ]
F(x,y) fflvwa Nx Miwsgmimlunug m, fivewnes p+g dvouldnnaumsi 3.4)
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M-IN-

m, = Z xPyiF(x,y) (3.4)

y=0 x=

19 p,g =0,1,2,... @1W15011 Centrals Moment 18 Taverunisn (3.5)

M-1IN-1

By =22, (x=X) (=) F(x.) (3.5)
y=0 x=0
Taw
—_m 4 4 - i
g="ho 5o ay (x, y, ) lugudnaneiiui vie guinaeiag
moo mUO

E ) 1
&a17uf1 Centrals Moment ¥83801A93 0 — 3 HAAIANNITN (3.6) - (3.15)

Moo =My (3.6)
to=0 3.7
Hoy = 0 (3.8)
Hy g =Myo =Xy, (3.9)
Hoa =My = Yy, (3.10)
My =My — Y, (3.11)
Mg =My —3x.m,, + 2’"1,0)‘%2 (3.12)
My =My =2y my +x.mg, + 2yc2m1.o (3.13)
Moy =My, —=2X My = Y o+ 2xc2m0,] (3.14)
Hos = Moz =3y.my, +2y. Mo, (3.15)

¢ Normalized Central Moment @y 77,,, ansaidouiuaumslédsaumsi (.16)

— Hpq
Mpa Py (3.16)
Lﬂﬂ
+g+2
7’=—"p g (3.17)

2
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dM5U p+q = 2,311uA1 Moment Invariants 7 AAa 5o 1d91n 2" order moment

d s o P
way 3" order moment Jjai@aaunisn (3.18) - (3.24)

B =Ny + 1 (3.18)

$y = (M —T10)" + an, (3.19)

= (1o-302" + G-’ (3.20)

By = (s +102)" + (7 +165)° (3.21)

@5 = (M50 = 32 )30 + 112 (730 + nu) -3+ 6y))’ (3.22)
+ (3131 = 163)B172y + 110330130 + 7112 )’ = (M +10)’°]

s = (120 =030 +1112)" = (1 +1703)"] (3.23)
+4n,, (30 + 1) +1103)

¢, = (31151 = 103 )30 + 112773 + M) =30 +7163)°] (3.24)

— (N30 = 3m2)(5 + 103) B30 + 111, )2 = (172 + 703 )2]

k4 i
3.6.1 M31)52nAlY Moment Invariants AUMW
a o d, Y o . o 79 ¥ o o o U
139011 18111 Moment Invariants u11n151szgnaldnunin Tavaziimsiiuunim
Moment Invariants Y03tAazaN131ngn101unM 11911171 Moment Invariants Aif 11 1417
HINSANIUIMIAMANUUANANAUTDININATANYULAITINIZAGU NTBNITNTLNIVAIVDA
uAnzngunuananduniouiivela
[ ' o' J s - [ J
§20619m13152gnA 191 Moment Invariants AUNISRIITUIENVULNMIIINIZAGY HTDNS
o ‘Sd‘ 14. 1 o 1 9y o= d'
nsznwAavesdnsngmelunmiuandeiu Taonmudaznmazilsznou ladae 1ui 13

(@en) Tun 181(Fua) Tui 211(Fmdeq) uag Tun 216 (@v17)

YE?

YREY
(M) ()

- o ' Aa o o A ' o
517 3.14 A10019VBINMNTANYUENTNTLIIUMVBITNUANAIINY
(M) MNAIDYIIN 1

(W) MNA2BEIIN 2
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33715819 NIA1 Moment Invariants YDININ

1 ymsssma Tumud m feodiaed p+qg Tanm =0,1,2
. Pq p q psq )

NNAUNITNG.4)

M-1N-1

m,, = ZZx”qu(x,y)

y=0 x=0

i p=0 uaz g =0 wldTumudnossines o dwio lui

o n’.: o o o o [ 1 9 e ]
AIUU moo(imuumeaima fue) I UAIVBINATINAINIBVVHAINA WU (x, p)

¥
o ﬂﬂu

Taq molunm ualuaudtelindumia (x, y) 1a9 ﬂﬂsmgawmﬁ'awmamw'”“iwumwimu

] ¥ ¥ ]
| @iy daiu my, Juiuiiveswasavvesiuauiinmalag flsnngandida
AT

i ] ' b d
i p=0 uoz g =1 18 Tumudnoosined 1 o g =1 o llil

MoNl 1

my, 22 x'y F(x,y)
y=0 x=0
M-1N-1

my, = yxF(x,y)
y=0 x=0

4 i li ar " ldy
die p=1uaz ¢ =0 wldTunudiessines 1 e p =1 Awellil

M-

IN-1 -
Zx y°'F(x,y)

y=0 x=0
M-1

2 1

xx F(x,)

[
o

y=0x

" ] . d
o p=1unz g =1 wldluudnoofines 2 e p,q =1 Aol



M-1N-1

Zxxny(x ¥)

y=0 x=0

xyF(JL y)

¥ 1 " d
o p=2uaz g =0 v1&Tumudnensiaes 2 le p = 2, ¢ = 0fwie il

My

MZE
y=0

x=0
s H_

=0 x=

M-1
=2 > %’y F(x,y)

|
x2 x F(x,y)
0

l ] 1 b d
o p=0 oz g =2 swldunmdnossines 2 ile p = 0, g = 2 fsde il

my, =

MZ—IE
y=0 x=0
thi
y=0 x=0

=0 x=

x’y*F(x,y)

y: x F(x,y)
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) ° 1 ot o o ° o [ v o "
f?THTUfn5ﬂ1u3mﬂ1ﬂ11”luu¢\“ﬂﬂiiﬂﬂ‘i 3 5]37]"Ichnlﬁﬂﬂm31%”16U3ﬂuﬂun1‘5ﬂﬁ1’)1}3’1u

: 9 n’a ' o L4 o ‘ [ — o o
UYUADU ﬂ\‘luﬂﬂzllﬁ’ﬂ"ﬂﬂmuﬂﬂﬂﬂﬂﬂﬂi 0-3 'IJ'fNﬂTWﬁ 1 1A% 2 A9 1HN 3.1- 3.2 AuaIAY

= 1 o o o P
M1919N 3.1 llﬁﬂdﬂ'lillinuglﬂﬂilﬂﬂﬁﬂ 0 -3 9934M1NN 1

i Mo | My | Moy | My | My | My | Mag | Moy | My, | My
13 13132 | 357 | 250 | 6.80 | 9.77 | 5.12 | 2.69 | 1.11 | 1.39 | 1.86
GIN[p)) E+06 | E+06 | E+08 | E+08 | E+08 | E+11 | E+11 | E+11 | E+11
181 13383 | 1.56 | 3.77 | 4.40 | 2.04 | 1.09 | 2.90 | 3.18 | 1.27 | 5.76
(Fuaa) E+06 | E+06 | E+08 | E+08 | E+09 | E+10 | E+11 | E+11 | E+10
211 14595 | 2.08 | 1.28 | 1.82 | 3.15 | 128 | 5.02 | 1.39 | 1.82 | 2.77
GRGED) E+06 | E+06 | E+08 | E+08 | E+08 | E+10 | E+10 | E+10 | E+10
216 | 84587 | 129 | 1.82 | 2.83 | 2.81 | 534 | 6.84 | 1.74 | 851 | 6.14
(@v12) E+07 | E+07 | E+09 | E+09 | E+09 | E+11 | E+12 | E+11 | E+11
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a ' /& P - <
M1I1N 3.2 llﬁﬂ\?ﬂ’ﬂﬂlnuﬂﬂﬂﬂﬂﬂi'ﬂ 0-3 U930 NN 2

L |
a1
my, My, | My | omy | My | Mgy | My | Moy |omy, | My,

13 12950 | 2.09 | 2.75 | 445 | 3.44 | 857 | 574 | 295 | 1.39 | 7.32
GIRLR)] E+06 | E+06 | E+08 | E+08 | E+08 | E+10 | E+11 | E+11 | E+10

181 12709 | 2.03 | 2.48 | 397 | 490 | 7.66 | 1.31 | 2.60 | 1.23 | 9.47
GAGH) E+06 | E+06 | E+08 | E+08 | E+08 | E+11 | E+11 | E+11 | E+10

211 14407 | 2.34 | 293 | 477 | 399 | 6.12 | 7.07 | 1.31 | 9.96 | 8.12
(alﬂaﬂd) E+06 | E+06 | E+08 | E+08 [ E+08 | E+10 | E+11 | E+10 | E+10

216 84465 | 1.34 | 1.75 | 2.77 | 298 | 477 | 746 | 1.47 | 7.55 | 6.18

(qu‘U'I‘D) E+07 | E+07 | E+09 | E+09 | E+09 [ E+11 [ E+12 | E+11 | E+11

o ° " o v 0 i
2. MIMIAMIUNIAIUDIPAUINAIINIA (Central Moment) VoUAAAGUANIIING

Meolunm NaTuNsh (3.5)

M=1N-1

Hoy =D Y (x=F)(y— D) F(x,y)
y=0 x=0
e e ,J—):_mm
Moo Mg

] ¥
92 14f1 Central Moment ﬁﬂﬂ{lﬂﬂi"mﬁ‘] (4,,) 18ae 111l

" ] ¥
ile p =0 uaz g =0 3214 Central Moment fioosin03 0 Asdn l1lil

M-1N-1

Hoo =2, 2. (x=-X)°(y-3)'F(x,)
=0 x=0
’ M-1N-1
B =20 F(x,y)=my,
y=0 x=0

¥ v td
il p =0 uaz g =1 1214 Central Moment fi0o31n03 1 Aare Tl

M-1N-1

Ho = 22 (x=0)"(y=9)'F(x,y)

y=0 x=



M-1N-1
Hoy = ( )x F(x,y)
y=0 x=0
M-IN-1
Hoy = (yxF(x,y)-yxF(x,y))
y=0 x=0

i & & woa Y
@io p=1uaz ¢ =0 3214 Central Moment No03IADS 1 A3ae 11/

M-IN-1
= ZZ(r -%)'(y-7)°F(x,)

x=0
M-1N-1
(x—X)x F(x,y)
y=0 x=0
M-1N-I| _
Hio = (xx F(x,y)-xx F(x,y))
y=0 x=0

m
Hyg =My _i(mm)

My,

Hg =0

¥ ¥
o p=1uaz g =1 9214 Central Moment HioosiAn3 2 Asanl1lii

M-1N-1
=20 (x-%)'(y-3)'F(xy)
=0 x=0
M—)l’ -1 _ _ L
Hy = (xy - xy—Xy+Xy)F(x,y)
y=0 x=0 ‘

M-1N-

L

ty = 2. Y (xyF(x,y) = xF(x,y)¥ - yF(x, )X + XF (x,y) )

y=0 x=0
My, My My | Mo
Hy = my, —m!o( )_mm[ +
Mg, My, My, \ Moo
m[omol mlomﬂl
My =myy =2 +
Mgy My,

myo My,

Hy =my —
Mg,

My = My — XMy = My — ym,
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} : N D N, &
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3.7.2 Euclidean Distances
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CCR: 2 x 2 Block
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§=0.75,+0.3S, | 0 3850 0.9724 0.9724 0.9539 0.9539 0.3470 0.3470 0.3457 0. 9441
§=0.8S, +0.285, 0.9613 0.9613 0.3504 0.3466 0.9466 0.9463

$=0.95, +0.1,

0.395500 0.9500 0.9500 0.9500 0.9500 0.9500 0.9000 0.9000 0.9000




76

as

o

¥
o

CCR4x4 Uﬁi)ﬂﬁ’JU?i'lu'muﬂﬂllﬂﬂﬁNﬂu

o

Y
f3u

TadiTu

-

¥

5.4 A10U1IHANITAUAUN TN

o/

=
AN

NMNAIDTY

0.7915 0.7915 0.7915 0.7915 0.7656 0.7680 0.7680 0.7476 0.7476

.8025 0.8025 0.7831 0.7799 0.7799 0.7635 0.7635

0.8026 0.8025 0

"2
(=
[
L]
e
["x]
=
o0
«
=
w
o
m
==
=

CCR: 4 x 4 Block

S=8,

0.1, +0.9S,

S =

0.2S, +0.85,

S =

=0.35, +0.75,

S




77

4 (99)

=
AMINNS

AINAIDIY

0.8246 0.8245 0.8245 0.8245 0.8101 0.8037 0.8037 0.7952 0.7952

0.8357 0.8356 0.8355 0.8355 0.8236 0.8156 0.8156 0.8111 0.8111

o SO0 O o

ST

0.8357 0.8356 0.8355 0.8355 0.8236 0.8156 0.8156 0.8111 0.8111

0.8467 0.8467 0.8465 0.8465 0.8371 0.8275 0.8275 0.8270 0.8270

CCR: 4 x 4 Block

0.4S, +0.65,

S =

0.5S, +0.55;

S=

0.6S, +0.45,

S =

0.7, +0.3S,

§=




78

M13197 5.4 (7D)

NNAIDIY

0.9951 0.9419 0.9419 0.9077 0.5070 0.8736 0.8736 0.8732 0.8732
0.8688 0.8687 0.8685 0.8685 0.8640 0.8587 0.8587 0.8547 0.8547

(=
m
"r]
<

0.9976 0

0.8798 0.8738 0.8795 0.87395 0.8775 0.8746 0.8746 0.8731 0.8731

0.7317 0.7317

0.7805 0.7805 0.7805 0.7805 0.7561 0.7561 0.756

CCR: 4 x 4 Block

0.8, +0.25,

Q=

=0.98, +0.1S,

S




79

o

- ¥ '
o = 1

aaﬂﬁ"aumumﬁnmmnmanu

=]

A7 CCR8x 81

TasiTu

-~

¥

5.5 A2DU19NANITAUAUNIN

[

a
MINN

NINAIDIY

0.8310 0.8910 0.8910 0.8303 0.8909 0.8308 0.8908 0.8908 0.8908

7680 0.7680 0.7476 0.7476

7799 0.7799 0.7635 0.7635

0.8026 0.8025 0.8025 0.8025 0.7831 0

0.8136 0.8136 0.8135 0.8135 0.7966 0.7918 0.7918 0.7793 0.7793

CCR: 8 x 8 Block

S=S§,

2

+0.98

S=0.1S,

2

+0.85

0.25,

S =

2

+0.78

$=0.35,




80

M1319N 5.5 (A0)

NTHATD W

0.8246 0.8246 0.8245 0.8245 0.8101 0.8037 0.8037 0.7352 0.7352

£
-
®
e
&
<
@
e
4
Y
®
e
&
<
®
e
o
0
o
a
i ¢
™~
[
e
L]
e
@
&
S
L
c
L
@
=1
®
=

0.8357 0.8356 0.8355 0.8355 0.8236 0.8156 0.8156 0.8111 0.8111

® o

L
w
7}
@
=]
L
o
7]
=]
L]
<
w
"]
«©
<
-
w
i
©
e
<N
"2}
=
«
]
<
w
=
L]
=)
m
(-]
(]
g
-]
o
N
=
a
a
=]

0.8467 0.8467 0.8465 0.8465 0.8371 0.8275 0.8275 0.8270 0.8270

0.8577 0.8577 0.8575 0.8575 0.8506 0.8429 0.8429 0.8394 0.8334

CCR: 8 x 8 Block

0.4, +0.65,

s

0.58, +0.58,

S=

0.6, + 0.4,

I

0.7S, +0.3S,

S=




81

13199 5.5 (710)

NINAINIY

o
o
™~
-]
(]
o
[
™~
)
L]
4
oy
™~
@
i=]
-] =
”m
B~
-]
]

0.8688 0.8687 0.8685 0.8685 0.8640 0.8587 0.8587 0.8547 0.8547

8
e
A
®
e
!
g
e

0.8798 0.8798 0.8795 0.8795 0.8775 0.8746 0.8746 0.873

0. 80

=
s
&
™~
m
"y}
«©
(-]
P~
m
2]
L]
=]
<
[ ]
<
o
(]

7805 0.7805 0.7561 0.7561 0.7561 0.7317 0.7317

7805 0

0.7805 0

CCR: 8 x 8 Block

S =0.8S, +0.2S,

0.9, +0.18,

S=




82

o

v ¥
o ~ L

am#’humumﬁnmmnmqnu

d

I CCR 16x16 U

3y

TaiiTu

AUAUMN

A1319N 5.6 A29U1IHANS

NTHAINIY

0.8902 0.8901 0.8770

0.8306 0.8905 0.890

0.4059 0.3930 0.3763 0.3761 0.3724 0.3696 0.3694 0_.3673 0_3593

0.4547 0.4483 0.4332 0.4274 0.4255 0.4255 0.4233 0.4220 0.4104

0.5023 0.5004 0.4903 0.4853 0.4837 0.4773 0.4747 0.4716 0.4660

CCR: 16 x 16 Block

0.1S, +0.98,

S=

+0.85,

0.25,

S=

+0.78,

0.3,

S=




83

M13137 5.6 (710)

NINAIDIN

0.9448 0.5997 0.53971 0.5950 0.5300 0.5741 0.5737 0.57039 0.5530

0.5476 0.5474 0.5460 0.5431 0.5419 0.5312 0.5266 0.5238 0.5236

0.6045 0.6010 0.6000 0.5930 0.5916 0.5873 0.5851 0.5847 0.5835

0.6588 0.6582 0.6539 0.6479

o0 o ofMeos
i

~N

o @

0.7166 0.7164 0.7086 0.7070 0.7063 0.7054 0.7025 0.6971 0.6953

CCR: 16 x 16 Block

0.4S, +0.65,

S=

0.58, +0.58,

S =

0.6S, +0.4S,

S=

0.75, +0.3,

e




84

.6 (AD)

a
MTNNS

MNAINIY

® o008

0.7746 0.7745 0.7693 0.7682 0.7677 0.7671 0.7651 0.76

B
o
[
@
(=}
] ©
"]
[l
L]
=y ©
™~
”
"]
L]

\
L]
Py
o™
W
-]
o
«©
L=
P~
-]
=

8328 0.8323 0.8299 0.8293 0.8291 0.8288 0.8278 0.8260 0.8118

0.3091 0.3083

0.3500 0.3376 0.3271 0.3228 0.3130 0.3154 0.3

CCR: 16 x 16 Block

0.8S, +0.2S,

e

S=09S,+0.1S, |




85

120
100
- 80 —a—CCR 2 x 2 Block
2 & —=— CCR 4 x 4 Block
o —e— CCR 8 x 8 Block
& 40 —e—CCR 16 x 16 Block
20
0
0 50 100 150
Recall

q1ii 5.7 naluarassmiauniuduaznsiduniuveanmIaiiTudae CCR Mvunavden
uANAIY
o — a0 d i .
nnmstuaunwann liFuaidansei 5.7 iinsAufudls CCR 2 x 2 uaen e
L4
msianumioulaolda S, Wosedradunzniuldmaveamsduduiu gl lddde
A ) a & A 1 d 4 o q ¥
wioaen il dvazgndududum Weananmsuiwdensemilu 2 x 2 vaen ildns
fosanludnuaznmsmzaguiuvesd liaunsomimsAnsamsimznguiuyesd 14
Y a o v w ad o 4 = w a
Indifvsfumsimenguinvesdmifatunolunm uaziididy S, WunsAinsan
- @ = 1 ' [ 3 d.l ] 1 s o 9
mileusuves)sadlundazngu dniudle hiawsouonmsimznguiuvesdnganu1d
2 o v ar = ' Y] ﬂ [ = [ a a ng al: 2 o 3
o limsialSnumaimeznquinvesdillunisiadSuanguanfavunanin vairlv
a v oa o A VoA A A a o w oA A ° W o
awmignAuduumiuiilSunavesngudidvanlndifsiunquidilorvesniwiiniy Aniuvs
o £y ~ =) e,: ﬂ ar [ A o - =
wldnmigadusunniuilunwauazdszndunmd o deiimsduaulasiinsan
~ ] = o " = q’: = 3/ ' e o a -
S, vntadursziu ldmamsduiniuiinnugndeaniudid mszamsnnsanmsine
L ] v b ¥
Faufuvesdiniimsinsannndifasuunigavewaaznguiisadifounniu aniu
A = - = (Y J ° ¥ = = 1 [
donmilanauzmin/doudludnvuzyesnms lamadezi limsnonsamaiasuiuves
" ] ¥
dilszansnmlidniniags demmsduiulasldaninninues S, > S, naveansdunu

- = Y e ' v A A Y e v o
1'”?1‘]?‘]\1“ 5.7 i):llﬂ’)'lllgﬂﬂmlmuﬂﬂlmlﬂuﬂ l.'ui)Qiﬂﬂmiﬁuﬂuﬂ’mﬂﬂuﬂlzﬁmu%Lﬂuﬂ'ﬁ

[
- W

v ¥ 1
TWanudngaelSunudnnmznquiu anhudle liansautiinmsimenguiuvesdnyanu
" L
146 adawalinanisAuauiinnugnuiudr hivimin deinsduduTasddniminves
| )
S, < S, mamsdumniusziinnugndeaniudrnds hivamin iiessnidums Iianudidy

v A ' a - 4 a  da ' ' o ' ¥
aednsingiuTasnisinsuuiivemdiRerninasiuvesudaznguiiu higunsoly



86

=

) LY o al ya 1 = 2 o 3 M A
Wil'ﬁﬂl']ﬂﬂﬂ']'ﬂnluﬁﬂ‘Hﬁlﬁ‘UENﬂTWﬁ'i511%19‘11@1@11’111’]?135 ﬂﬁﬂ11ﬁﬂﬁﬂﬂﬁﬂ15ﬁ,ﬂﬂu1]ﬂ'ﬂu

y " o o A o a Yi o e ¥ A i-j
DNADILLUHYIAN ua:mamms‘wmsmﬁﬂuiwmumuﬂvm Sl =82 HAYDINITAUAUITIUY

&

L v ]
msnsaalSnadiimeznguiuvoadazngud nazmannsandilsngsmgega ua

= ¥

d o " o o 1 o 1 v a
Hﬁ'UENﬂTiﬁuﬁUﬂUQHﬂQTHﬂﬂﬁBQHlJLIU'Iﬂ'I WS NVUIAVDIVUADNAINAADAITWIITWUINDG

9

¥
o £ o

" W o o Vv Yy A A 3 oo e
I.ﬂ'l%iﬂflllﬂuﬂ!ﬂQ'ﬂ FN‘LI'H‘\N‘Hﬂﬂﬂﬁfn'iﬂl‘lﬂullﬂ']'miﬂﬂﬁﬂﬁlmuﬂ'm'l

91NA15137 5.8 — 5.10 1WUMSAUAUNIMAIU CCR 4 x 4 8 x 8 UAL16 x 16 Vaon 1o

¥y A

a ¥ n’ LY =t ' a = 31 - | 3 -
fnsanmssuduTaslihminues S, Woseddurszmuldnmisuiniueziinnugn

] '
b

) Ve A d a0 ¥ d o o ¥ A Y a 4 "o
ADULUUYINAVULIDEN FI"IiJﬂIU“!ﬂiJﬂQUﬁfJﬂﬂll‘lN‘l'HmHEN ANUHUNMITAUAUAIY S] TN'U‘.-I?JQﬂ"IJ

o ° oW - a -]
YUIAYDIUADN INI1E CCR Tnﬂ'lillUﬂllﬂﬁﬂ‘lilﬂ’lﬁﬂquﬂu‘“ﬂﬁﬁ 15]351\5@5“1“"““1?“]6\7“38"]

-~ o 9 =Y = ] ] A :i 9 o a ' ar ﬂ“i
s I msAnsenlsunvesuaaznquiiinimlndimeanuliuumsiniznquauvean
= J = .d'l o a = aa o E'l o = U | Y
Hav1L95 93 e IN1INITUININUABANIVUIAIAN paziieRinmsnnsannsauaunmiao i
:’ £ =1 ] =) o 9y 9 A : =t 3 1 e' ; - ¥
vminves S, osediufurszminlddnavesmsauiniuoziinnugnaAsugIa nal
o ' d g ¥ a v d do q ¥ Y M A Y v e '
22Ny svInueInaoni lansa 1vianas Ad i nanmsduAuiianugndeaiud i
" 3 .
i e ssndumsfinsanmsiauiuvesdifivadidoaviniudah Idile e
ad o q ¥ Yy A et o ' a A 3dwﬂ dad wﬂd
555umAs i Iiwanisauau limin uanwigndufuuniundatlunimniinunaauue
Y o e o A ° o Y A Y : o o U
Auanusunmaio dedinmsnnsaimsauaulaslianiimin S, = S, vziulddwa
- ] o 5 4 4 o wnﬂ.d
yosmsAuduariinnugndvuniudigaiuisesy wennnmilumshguaniaiavens

=

i o ' a ° 1 A A& e ¥ &Y
1“?‘1“1““‘7“8‘3 Sl nae SZ NI IAYIUININITHINURAY QQW‘I’I“ﬂﬂlsﬁ’Uﬂuﬂ')U

A

S =0.55, +0.55, Wnamsdufuiifinnugndousiudigeiiuiesn WeimsfuAudIY

9

CCR Afvunavesudenianas
w03t 5.8 ifuglnsmiaasminnumiué uazmsGoniuveaninaen liduas Tavld
a 1 -~ as Hq 3 o o [ = " e
msiamanumilouiuves ccr Aldmanudidgveansindiinumamenguiuvesd
' oe - = ' [ ' " A o o '
WAUMIARNTHINSIRATTIWAUGIgAYRILAaYNqN (S = 0.55, +0.55,) ¥39ENIMIIAM
ATNQNADANILET UAZMSIEUNAUAIL CCR YUIA 2x 2,4 x 4, 8 x 8 LAz 16X 16 vien Tay

=1 ' o
HAUBINIRUANAIL CCR 8 x 8 LA 16 x 16 Ufanwziinnugndeauniudiga uaz inamsdu

& o ci

A A A 2w 2qy o ' e = o A w
ﬂuﬂﬂlﬂglﬂmﬂu ﬂ'31“ﬂi1ﬂﬂllﬁﬂQﬂ1ﬂ11ﬂlluuu1 H'ﬂxﬂ'ﬁﬁUﬂﬂu’JaﬂEmz“iﬂglﬂUQﬂu Hag

3/ '

o g o o o A
dmiunsfufudio ccr 2 x 2 vdenselramsduduiiinnmgndeaniuidriiga

¥ - to A
Wuns MuaaInaIIogAmga



H @ [ = =]
A15197 5.7 A2001eHamIAuAuN weon 1 AAIdI8 CCR2 x2 UADN

]
= 1

na

87

¥ ]

NIMInNUANAINY

NINAINY

CCR: 2 x 2 Block

S=5, 0.6589

0.4524 0.4304 0.4303 0.4166 0.4069 0.4009

.

0.8713 0.3226 0.3149
0.2274

0.2244 0.2229 0.2175 0.2142 0.2100

§=0.18, +0.98,
S =0.25, +0.85, ; g : 0.2658
S =0.38, +0.75, , 0.2729 ©.2577 0.240

0.2074 0.1838 0.1835

P
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CCR: 2 x 2 Block

MINAIDTY

S =0.4S, +0.65,

0.3559

A s &3

0;2425.0.2413 0.2401 0.2398 0.2373 0.2305

S =0.58, +0.5S, .

0.9085 0.4132

% &

2 e € §

0.2905 0.2836 0.2696

0.2679 0.2672 0.2667 0.2660 0.2622 0.2606

S =0.6S, +0.4S,

0.3980

S =0.7S, +0.3S,

0.3314 0.3314 0.3313

0.3270 0.3269 0.3177 0.3173 0.3167 0.3104
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CCR: 2 x 2 Block

b

INAID I

S =0.8S, +0.2S,
S =095, +0.1S,
S = Sz 0.8170 . 33850 2938 0.2586

0.1675 0. 1667 0. 15?2 0.1503

0.1486 0.1392 0.1366 0.1271 0.1263




90
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MHAIDY
CCR: 4 x 4 Block
S=58

0.4334 0.4288 0.4286 0.4155 0.4054 0.4000 0.3973 0.3343 0.3925

S=0.15, +0.95, .1589 0. 0.1310 0.1290 0.12

0.0383 0.0983 0.0

S =0.25, +0.85, 0.1684 0.1565 0. ‘

0.1453 0.1397 0.1309 0.1290 0.1270 0.1264 0.1262 0.1262 0.1253
:

S =0.35, +0.7S, 0.2084 0.1841 0.1

0.1738 0.1689 0.1687 0.1631 0.1595 0.1595 0.1590 0.1556 0.1515
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MWAID W

0.9154 0. 4848

0.2065 0.2029

0.4482 0. 3214 0.2584 0.

0.2029 0.2023 0.1981 0.1911

0.1841 0.1821 0.1819

0.2580 0 2579 0. 2464

0.2230 0.2218 0.2194

0.9438 0. 31

0.2821 0.2760

0.2899 0.2839 0.2826

0.2592 0.2564 0.2560

CCR: 4 x 4 Block
S =0.4S, +0.6S,
S =058, +0.55,
S =0.65, +0.45,
S =0.7S, +0.38,

0.3106 0.3074

0.3054 0.3031 0.2959 0.2945

0.3334 0.3334 0. 3133

0.2940 0.2920 0.2883
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CCR: 4 x 4 Block

NTHATD Y

S=0.88S,+0.2S, L9, 37880.3768 22078
§=0.98, +0.15,
§=8,

0.0885 0 0884 0.0832 0.0814 0.0784 0.0771 0.0771 0.0759 0.0747
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CCR: 8 x 8 Block
S =35, 0.4385

0.4054 0.4047 0.4046 0.3700 0.3678 0.3614 0.3592 0.3571 0.3563
S§=0.15, +0.9S5, | o.7592 1143 0.1038 0.0891 0.0802

0.0752 0.0701 0.0701 0.0676 0.0675 0.0648 0.0645 0_0644 0.0643
S = 02Sl +0.882 0.7860

0.1096 0.1073 0.1065 0.1051 0.1051 0.1020 0.1011 0.0984 0.0953
§=0.3S, +0.7S, 0.2903 0.2598 0.

0.1433 0.1427 0.1425 0.1422 0.1414 0.1378 0.1368 0.1321 0.1263
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CCR: 8 x 8 Block

MWAINIY

0.2548 0.2519 0.2441 0.2398 0.2333

0.2318

§=0.485, +0.6S, 0.3316 0.3046 0.2657 0.2181

0.1816 0.1802 0.1800 0.1752 0.1747 0.1721 0.1691 0.1631 0.1594
S =0.55, +0.55,

0.2178 0.2174 ozmn 0.2136 0.2073 0.2027 0.2004 0.1941 0.1927
§=0.65, +04S, 0. 4128 0.394 0.3666 0.3146

S =0.75, +0.3S,

0.2929

0. 4535 0. 4388 0.4171 0.3656 0.3472

0.2923 0.2903 0.2724 0.2721 0.2640

0.2631

0.2600 0.2593
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CCR: 8 x 8 Block

RNGRIRIY

0.0438

0.0436 0.0433

S:0'8S1 +0‘282 0.9465 0.4941 0.4836 0.4675 0.4165 0.3902 0.3595 0.3502 0.3305
I A |
0.3304 0.3297 0.3287 0.3049 0.3002 0.2959 0.2946 0.23944 0.2926
§=0.95, +0.15, : 0.5347 0.5284 0.5180 0. _ 0.3681
0.3675 0.3671 0.3?1 0.3375 0:3#13 0.3282 0.3270 0.3253 0.3257
§=8,

.0633 0.0495 0.0470 0.0461
g

0.0426 0.0401 0.0401 0.0400 0.0391 0.0372
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A13199 5.10 Are01anansAuAunIwaen IFuAId0 CCR 16 x 16 udenfaiming

UANAINY
NINAIDIY
CCR: 16 x 16 Block
S = Sx 0. ss«w 0.9640 0.9030 0.95082

0.8910 0.8910 0.8910 0.8909 08303 0.8908 0.8308 0.8908 08308
§=0.15, + 0.9, ). 0-031 0.9030 0.8647 08647 0. 0.8134 0.

0.7915 0.7915 0.7915 0.7915 0.7696 0.7680 0.7680 0.7476 0.7476
§=0.2S,+0.385S, 0.8220 0. 0.8220 0.

0.8026 0.8025 0.8025 0.8025 0.7831 0.7793 0.7799 0.7635 0.7635
§=0.3S, +0.75, . ] ; 0.8305 0.

; 5
0.8136 0.8136 0.8135 0.8135 0.7966 0.7918 0.7918 07793 0.7793
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CCR: 16 x 16 Block

NIHAINY

0.8467 0.8465 0.

S =0.4S, +0.6S5, 0.9051 0.9047 0.8978

0.8246 0.8246 0.8245 0.8245 0.8101 0.8037 0.305? 0.7952 0.7952
§=0.55, +0.58, 0.9088 0.9088 0.

0.8357 0.8356 0.8355 08355 0.8236 0.8156 0.8156 0.8111 0.8111
§=0.6S, +0.4S, 0.9199 0.9193 0.9064 0.9059 0.8564 0.8564 08561 0.8561

8465 0.8371 0.8275 0.8275 0.8270 0.8270

$=0.7, +0.3S,

0.8577

y 1
0.9309 0.93039 0.

0.8577 0.8575 0.

9070 0.3064 0.8650 0.8650 0.8647 0.8647
F R a L 2

8575 0.8506 0.8429 0.8429 0.83%4 0.8394
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CCR: 16 x 16 Block

NNAIDY

4

0.7805

§=0.8S, +0.25, 0.9419 0.9419 0.9077 0.
0.8688 0.8687 0.8685 0.8685 0.8640 0.8587 0.8587 0.8547 0.8547
$=0.9S, +0.185, 0.9530 0.9530 0.9084 0.9076 08821 0_8821 0.8818 0.8818
0.8798 0.8798 0.8795 0.8795 0.8775 0.8746 0.8746 0.8731 0.8731
A g :
§=85, 0.9024 0.9024 0.8537 0.8049 0_8049 0.8043 0.8049

0.7805 0.7805 0.7805 0.7561 0.7561 0.7561 0.7317 0.7317

\
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A13190 5.11 A20019HaMIAUAUMN 1Al TuA 0 11 IUA 1D IMoment InvariantsiANA1INY

NNAIDIY

N[DlB[G[U]z]alow

0.000 52.569 65.621 80_805 88.571 88.767 90.822 93_428 97.203

RIX[AK|J|SMIPIV

97.259 98.919 99.417 101.568103.618104. 481105.797107.677109. 491

o — @, 000 25851 30.787 37.602 41.468 41.774 41.930 42295 43605

IUIUVDIA

Moment Invariants

Moment Invariants Full

¢t - ¢7

46.789 47.877 48.10% 48.282 48.495 50.429 51.219 52.050 52.708

4 g ' 14 4 o 1 P ' w
ﬂrﬂﬁﬁ 5.12 ﬂ?ﬂU’l\iNﬂﬂ’]‘iﬂUﬁHﬂ’lWiUﬁﬂﬁ')U‘ﬂW’l!T’l!ﬂ‘l‘U 03¢ Moment Invariants Y1 IANHINNU

MNAID
$1UIUVDIM

Moment Invariants

Moment Invariants Full

¢| B ¢7

Moment Invariants Full

¢t —¢4

85.879 86.002 86.310 86.664 86.782 87.675 87.780 88_338 88 838
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Histogram 1.0000 09957 0.3953 0.9925 0.9922 0_9856 0.9832 0.9829 0.9829
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Moment

Invariants
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M15197 N.1.1 LAAIAT Moment invariants IMFU MTINZAGUUVVAIE

Filename & @, ey e b
s
1.506048 | 3.843674 | 65535 65535 65535 65535 65535
A1l
=4 1.506048 | 3.843674 | 65535 65535 65535 65535 65535
A2
1.506048 | 3.843674 | 65535 65535 65535 65535 65535
=3
A3
1' 1.506048 | 3.843674 | 65535 65535 65535 65535 65535
A4
I 1.506048 | 3.843674 | 65535 65535 65535 65535 65535
A5
l' 1.506048 | 3.843674 | 65535 65535 65535 65535 65535
AB
' 1.505436 | 3.841225 | 21.29553 | 23.28913 | 45.9164 | 26.28495 | 45.93996
A7
' 1.505453 | 3.841177 | 19.15224 | 21.7684 | 42.56321 | 23.95247 | 42.86339
A8
I 1.505507 | 3.841289 | 19.45926 | 21.82198 | 42.75202 | 23.99206 | 43.07524
A9
s 1.505287 | 3.84057 | 19.40889 | 21.78083 | 42.52078 | 23.91588 | 43.92849

A10




o v
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Filename | 4, b, IR
\ 1.505473 | 3.841112 | 24.24273 | 27.35019 | 53.36952 | 29.93202 | 563.65798
Al1
‘ 1.505218 | 3.840225 | 18.2758 | 20.65597 | 40.45693 | 22.84632 | 40.65142
A12
[ — |
R

1.445672 | 4.041817 | 19.36887 | 19.36887 | 38.73773 | 21.61925 | 65535
B1
i 1.445672 | 4.041817 | 19.36887 | 19.36887 | 38.73773 | 21.61925 | 99.12005
B2

1.445721 | 4041937 | 20.19057 | 19.15455 | 38.83414 | 21.41154 | 41.08354
=
B3

]

0.101516 | 0.605377 | 7.969308 | 7.969609 | 15.93907 | 8.272303 | 30.17286

S
B4
|'l 1.445743 | 4.042742 | 19.3324 | 19.37393 | 38.72709 | 21.62472 | 65535
B5 ‘

ll 1.445743 | 4.042742 | 19.3324 | 19.37393 | 38.72709 | 21.62472 | 67.52473
B6
!i 1.445779 | 4.043205 | 19.52961 | 19.3411 | 38.77645 | 21.59246 | 65.25333
B7

E 0.341625 | 2.142558 | 9.724951 | 9.725752 | 19.4511 | 10.79703 | 65535

B8
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Filename ¢! b, ¢3 ¢4 i e A¢5

// 1.407634 | 4.133005 | 20.14281 | 18.63682 | 38.02971 | 20.94133 | 40.5746
B9

// 1.136557 | 5.969224 | 15.42159 14.951 30.13731 | 18.21194 | 35.29539
B10

ﬁ 1417588 | 4.098971 | 16.96804 | 20.3581 | 39.21595 | 22.76054 | 39.58678
B11

// 1.142583 | 5.909424 | 14.30536 | 15.14716 | 29.87367 | 18.3726 33673
B12

\\ 1.418265 | 4.102082 | 17.76451 19.541 38.2251 | 21.84624 | 39.59416
B13

\\‘ 1.148749 5.8484 1452276 | 15.14026 | 29.97207 | 18.33583 | 33.69249
B14

\ 1413775 | 4.121284 | 16.86335 | 20.28335 | 38.88712 | 22.58949 | 40.27164
B15

\ 1.090205 | 6.734358 | 13.65025 | 14.66129 | 28.81732 | 18.30959 | 32.5934
B16

= 1.537038 | 4.19105 | 13.87413 | 16.17414 | 31.19833 | 18.26973 | 35.7433
B17

I 1.53699 | 4.190959 | 13.85109 | 16.19006 | 31.21205 | 18.28692 | 34.14627

B18
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Filename é, @, oo & G
1537038 | 4.19105 | 13.87413 | 16.17414 | 31.19833 | 18.26973 | 35.7433

B19

| ]
0.042892 | 0.09877 | 9.073454 | 9.440273 | 18.69714 | 9.48966 | 26.52109

=

B20

= |
- 0.042812 | 0.098948 | 9.073654 | 9.440525 | 18.69761 | 9.489999 | 28.08047

B21
0.042799 | 0.098986 | 9.053213 | 9.421741 | 18.65922 | 9.471238 | 25.92242

B22

j5igs ]
1407557 | 3.55202 | 18.53857 | 18.56738 | 37.12038 | 20.34672 | 42.08001

B23
MW |, 407557 | 355202 | 18.53857 | 18.56738 | 37.12038 | 20.34672 | 42.08001

B24
1.407557 | 3.55202 | 18.53857 | 18.56738 | 37.12038 | 20.34672 | 42.08001

st

B25 !

1.071909 | 2.641516 | 14.7723 | 14.78114 | 29.55786 | 16.10204 | 36.52507

B26
E 1.061033 | 2.613686 | 14.67097 | 14.68548 | 29.36371 | 15.99233 65535

B27
Q 1.050197 | 2.586042 | 14.62401 | 14.63214 | 29.26023 | 15.92529 | 36.3074

B28
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Filename |

¢,

e

¢4 .

¢

B29

1.563631

4.191063

13.10554

15.22921

29.39711

17.3253

32.9741

’0

B30

1.043648

2.694153

11.2618

12.1916

23.91832

13.53875

29.12435

%

B31

1.388495

3.489056

15.38717

16.24786

32.06875

18.00926

34.56723

0.879023

2.156005

19.29679

19.93797

39.56892

21.15635

41.36563

0.2405

0.705881

8.737026

8.990213

17.85494

9.346009

22.6062

0.157653

0.520504

11.78377

11.87107

23.69885

12.13157

27.32385

1.02188

2.565625

13.83909

14.98822

29.52114

16.70216

30.34007

0.161803

0.163006

8.880689

9.256995

18.326

9.178113

22.56168

1.453829

4.013141

18.93186

18.93186

37.86373

21.1728

65535

c2

1.453829

4.013141

18.93186

18.93186

37.86373

21.1728

65535
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o '
MINN N.1.1 (AD)

Pl

Filename | ¢l ¢z

1.453829 | 4.013141 | 18.93186 | 18.93186 | 37.86373 | 21.1728 65535

C3
1.27262 | 4.867218 | 14.8621 | 14.92684 | 29.8213 | 17.64241 | 61.79578

C4
snaies 1.272704 | 4.867626 | 15.07584 | 14.87409 | 29.84907 | 17.59071 | 35.09297

C5
— 1.27266 | 4.867856 | 14.93641 | 14.90165 | 29.82069 | 17.61795 | 35.76655

| C6
— 0.093959 | 0.689777 | 5.155936 | 5.249926 | 10.45291 | 5.616989 | 15.34498

c7

1.453851 | 4.013355 | 18.73356 | 18.96985 | 37.82171 | 21.21141 | 41.98624

O
(o]

l 1.453829 | 4.013141 | 18.93186 | 18.93186 | 37.86373 | 21.1728 65535

I 1.453829 | 4.013141 | 18.93186 | 18.93186 | 37.86373 | 21.1728 65535

C10

I" 1.272665 | 4.866958 | 14.79133 | 14.95271 | 29.82475 | 17.66827 | 35.00078

C1

'“ 1.272702 | 4.868006 | 14.64543 | 14.98356 | 29.79808 | 17.69871 | 34.77575

C12
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d', 1
M1319N N.1.1 (AD)

_Fﬂename ¢i ¢2 ¢5 ¢1
"l 1272661 | 4.867376 | 14.76406 | 14.95422 | 29.81337 | 17.66959 | 36.25541
c13
”I 0.650091 | 4.048592 | 11.72881 | 11.8474 | 23.63561 | 13.89448 | 27.87733
Cla
'\\.\ 1254002 | 4.829659 | 14.47084 | 14.48772 | 28.97737 | 17.19493 | 31.06948
c15
\%‘ 0.893702 | 6.684516 | 11.22677 | 13.42354 | 25.94627 | 17.51368 | 28.08581
C16
/?/ 1243272 | 4.844791 | 14.1559 | 14.19312 | 28.37082 | 16.91028 | 31.05599
C17
‘Z’ 0.995713 | 6.955865 | 11.67917 | 11.58499 | 23.21711 | 16.28065 | 27.85878
c18
[T1]

1214185 | 3.014665 | 12.88888 | 13.2495 | 26.32207 | 14.8714 | 28.98881
c19 '
llﬁ 1.214185 | 3.014665 | 12.88888 | 13.2495 | 26.32207 | 14.8714 | 28.98881
C20
“} 1.214185 | 3.014665 | 12.88888 | 13.2495 | 26.32207 | 14.8714 | 28.98881
c21
- |
- 1.214185 | 3.014665 | 12.88888 | 13.2495 | 26.32207 | 14.8714 | 28.98881
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=

B | | 1214185 | 3.014665 | 12.88888 | 13.2495 | 26.32207 | 14.8714 | 28.98881
c23

=

B | 1214185 | 3.014665 | 12.88888 | 13.2495 | 26.32207 | 14.8714 | 28.98881
Coa
]
= 0770248 | 1.722463 | 7.848271 | 8.281467 | 16.34651 | 9.144919 | 20.5646
C25

E 0.75992 | 1.702536 | 7.51425 | 7.958333 | 15.69493 | 8.813263 | 19.64214
C26

El

B | 0747915 | 1674524 | 8.203558 | 877679 | 17.31262 | 9623151 | 20.73015
Cc27

A
&% | | 1206834 | 2.995627 | 1323546 | 13.48868 | 26.85194 | 15.06228 | 30.03892
C28
2,

¥ | | 1206597 | 2.995033 | 13.0915 | 13.31197 | 26.51452 | 14.87554 | 29.88899
C29
E3

: 0.362664 | 0.913267 | 5.309522 | 5.997611 | 11.67749 | 6.691482 | 13.50697
30

E

: 0.410678 | 1.007554 | 7.994426 | 8.330643 | 16.49483 | 8.866992 | 19.60415
Ca1
o

l' 0.199291 | 0.527921 | 5.588904 | 5.73428 | 11.39595 | 6.011617 | 15.75649
| ¥
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1(70)
 Filename | ¢, s B g P, g P ¢
- |
l' 0.122401 | 0.365389 | 5.396299 | 5.715156 | 11.27292 | 5.957859 | 14.02279
C33
| B ]
] 0.861478 | 6.292477 | 3.029803 | 9.57253 | 16.16054 | 12.73241 | 16.58832
C34
'l. 0.815926 | 8.756583 | 2.869405 | 8.167422 | 15.09719 | 12.96382 | 13.74699
C35
2]
.' 0.511873 | 2.379026 | 2.080771 | 5.105802 | 9.250171 | 7.036034 | 12.10607
C36
a
l. 0.356685 | 2.477959 | 1.463377 | 4762079 | 8.749374 | 6.937299 | 8.283792
C37
=
1.184205 | 3.189725 | 13.89395 | 13.89395 | 27.82186 | 15.49723 | 29.14958
D1
m=m= | 1.184205 | 3.189725 | 13.89395 | 13.80395 | 27.82186 | 15.49723 | 29.14958
D2
: __\ 1.184205 | 3.189725 | 13.89395 | 13.89395 | 27.82186 | 15.49723 | 29.14958
D3
il
i 1.184205 | 3.189725 | 13.89395 | 13.89395 | 27.82186 | 15.49723 | 29.14958
D4
1.184205 | 3.189725 | 13.89395 | 13.89395 | 27.82186 | 15.49723 | 29.14958
D5
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Filename &, &, s &, P Ps ?,
[ 1]
gl | 1184205 | 3.189725 | 13.89395 | 13.89395 | 27.82186 | 15.49723 | 29.14958
D6
-
- 0.152392 | 0.531668 | 7.503294 | 7.959941 | 15.69156 | 8.225776 | 24.56876
)
D7
-
o 0.152392 | 0.531668 | 7.503294 | 7.959941 | 15.69156 | 8.225776 | 24.56876
-
D8
1
| | 0152392 | 0531668 | 7.503294 | 7.959941 | 15.69156 | 8.225776 24.56876
=g
D9
-
= 1.189713 | 3.100236 | 10.70258 | 12.19894 | 23.6497 | 13.74907 | 29.23473
D10
BIEB| | 1238494 | 3.241568 | 10.88698 | 12.58203 | 24.37506 | 14.28456 | 25.61145
D11
= 0.879294 | 2.295976 | 10.33885 | 11.10187 | 21.84423 | 12.33515 | 23.60525
D12
== 0.899311 | 2.350199 | 10.42691 | 11.27462 | 22.14177 | 12.5261 | 23.84265
D13
=
| | 0082848 | 0.015789 | 6.882852 | 7.185118 | 14.21926 | 7.19595 | 18.52905
ma
D14
f2
| | 0067481 | 1.857923 | 11.29827 | 8.311961 | 21.21795 | 9.297942 18.38844
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Fi_ignéme -

4

¢,

¢,

4

¢6--. ik

¢

D16

0.499515

4.713201

9.475696

10.39981

22.16494

13.14416

20.59173

11
D17

0.109778

2.18623

7.414926

7.470628

15.49376

11.84278

15.10131

0.977106

3.697514

9.128933

10.28137

20.39766

12.27102

20.51785

0.128936

1.357464

6.114236

6.945145

13.52523

7.695469

14.98028

0.937098

2.244217

7.364371

7.699083

15.23258

8.856996

18.05329

1.149496

2.869722

7.714868

9.972934

19.07876

11.83288

21.72481

0.347556

4.249318

1.333422

5.492383

9.260612

8.239481

9.243256

0.324158

4.158041

1.249961

5.622686

8.913787

8.231076

11.66775

1.358019

8.354709

10.63567

12.91143

25.11558

17.98975

25.37341

0.307611

1.131006

2.245505

3.767222

7.241426

5.441088

7.693311
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M13199 N.1.1 (A9)
Filename | 4, ¢ ¢ [ ¢ o
=
E 0.505373 | 1.554607 | 2.415225 | 3.098681 | 5.869357 | 4.062422 | 7.660226
D26
-]
o | | 0.640343 | 3.136193 | 2.526004 | 6.91186 | 11.69061 | 8.515351 | 13.10422
D27
--I
= | | 0280007 | 1.581660 | 1.944301 | 5.187443 | 8.753351 | 5978834 | 13.88374
D28
[l |
g8l | 0.609058 | 3267652 | 2.408252 | 3.67527 | 6.99298 |5.317769 | 7.805965
D29
¥
guE| | 1116782 | 3.675595 | 3.868419 | 5.423405 | 10.155 | 7.544707 | 10.99351
D30
1
I'I 0.374817 | 2.65578 | 3.547189 | 4.874237 | 9.368548 | 6.350398 | 10.00939
D31
m
0.332972 | 1.415133 | 1.229636 | 1.695023 | 3.157358 | 2.402637 | 9.444224
]
D32
W
BN | 0770271 | 6.490656 | 10.04237 | 13.30338 | 25.39197 | 18.53826 | 25.49161
D33
=
i 0.008134 | 1.323876 | 1.406454 | 3.238527 | 6.987328 | 5.288157 | 5.590729
ERE
D34
= §
B™| | 0123961 | 1.761159 | 1.839789 | 5.170959 | 8.881707 | 8.102234 | 9.74091
L}
E1
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- i
M1519N n.1.1 (D)

el

Filename | 4, ¢, ¢ & (> % | &
=11
- 0.093645 | 0.955682 | 0.763091 | 1.801944 | 3.113935 | 2.311074 | 5.500181
£
E2
= -
3 i 0.041393 | 2.119954 | 4.541284 | 2.810354 | 8.22368 | 4.125155 | 6.5432
=
E3
- =
=1 0.091921 | 1.953607 | 4.185624 | 4.249959 | 9.840018 | 6.748075 | 9.062896
" -
E4
s =
"l 0.122412 | 1.790884 | 4.949064 | 2.780918 | 9.050926 | 3.676464 | 6.658623
"
E5
0.252379 | 2.565183 | 8.994158 | 6.196091 | 14.45978 | 7.499639 | 14.29306
0.023579 | 2.534491 | 6.611878 | 8.34002 | 18.52079 | 10.48593 | 16.12873
-l:.
» 0.096472 | 1.40272 | 7.765664 | 6.028137 | 13.07657 | 6.761316 | 13.95404
l,’._
E8
.:-
= : 0.587443 | 8.039126 | 4.753547 | 6.066569 | 11.93326 | 11.04555 | 12.81447
E9
-
L B §
T 0.516184 | 2.758724 | 8.157768 | 9.611533 | 18.54032 | 12.89535 | 19.7318
-
E10
e
.. 0.449469 | 2.695036 | 2.220977 | 3.238996 | 5.968994 | 4.590813 | 11.73297
L]
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 Bilapame

&

¢,

¢,

¢4

g5

¢6.-jﬂ

¢,

0.251829

3.185119

1.663238

4.047383

6.952033

5.6460567

8.674017

0.364807

2.416892

2.695345

9.367108

16.52389

12.00408

15.77005

0.955848

4.552792

6.787074

15.73729

27.32378

19.15639

27.69488

0.788495

5117998

6.048058

9.018485

16.55806

11.58702

19.00287

0.26121

3.060839

1.491365

10.09534

15.89995

12.46807

18.06651

0.554607

3.491755

4.429308

6.500717

16.99013

9.08486

12.37131

0.120415

1.512457

2.444891

0.900856

2.579481

1.657579

5.744311

0.453329

1.787437

2.729632

6.109058

10.53382

7.003485

12.7936

0.802406

6.267544

9.105104

8.130584

16.7535

11.37869

19.0465

0.438025

3.261898

3.32208

8.970741

15.12961

10.61591

17.25765
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1.2 MIULINGUNFINEZNGUUAZMINTZBAIVDITNINA M1-M4
A a1 i ) o/ J o
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Image Retrieval using Connected Color Region
And Moment Invariants

Daungkamol Dongphontong and Orachat Chitsobhuk

Abstract-In this paper, combined descriptors of Connected
Color Region (CCR) and moment invariants are proposed as
color features for a Content-Based Image Retrieval system. CCR
provides the spatial information and maximum co-occurrence
color while moment invariants help to better distinguish
different distribution of colors in the image. From the
experiments, the retrieval results using only CCR descriptors
depend on CCR block size. The smaller the size of the block, the
higher the retrieval performance. However, if the block size is
small, it requires longer retrieval time. Therefore, in this ﬁ‘aper,
color moment is introduced as additional feature to CCR
descriptors to help compromising between retrieval perlformance
and time. The retrieval results using both CCR with large block
size and moment descriptors are comparable to those of using
only CCR with small block size while require less amount of
retrieval time.

Keywords-Image retrieval, Connected Color Region: CCR,
Moment invariants

1. INTRODUCTION

The low-level image features such as color, texture, and
shape are widely used for CBIR (Content-Based Image
Retrieval) [1-6]. While attempting the task of image retrieval,
we identify the mutual correspondence between two images in
a set of database images using similarity measurement. The
content-based query system processes a query image and
assigns this unknown image to the closest possible image
available in the database. Thus, it may be concluded that
selection and extraction of low-level image features and
subsequent similarity-based matching and classification are
the two issues in content-based image retrieval

This paper using color features to represent the content of
an image. Color is strongly related to the underlying objects in
an image. Moreover, color feature is robust to background
complications, scaling, orientation, perspective, and size of an
image. Therefore, color descriptors of Color Connected
Region (CCR) [7] and moment invariants [6] are introduced in
the proposed image retrieval system.
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The CCR descriptor provides spatial information and
maximum co-occurrence color while moment invariants
provide the distribution of the specified colors in the image.
Using both color descriptors can help compromising between
retrieval performance and time.

The organization of this paper is as followed. Section 2
presents techniques to extract several color descriptors from
an image. Section 3 details the proposed image retrieval
system followed by experimental results in Section 4. Finally,
summarize and conclusions are presented in Section 5.

2. COLOR FEATURES FOR IMAGE RETRIEVAL
In this section, we describe the conventional methods used
to retrieve an image from image collections. The discussion of
advantage and disadvantage using the conventional methods is
also presented.

2.1 Histogram comparison

The color histogram is computed by counting the number of
pixels in each of these colors. Color histogram has been found
to be very effective in characterizing the global distribution of
colors in an image, and can be used as an important feature for
image characterization. Swain and Ballard [10] introduced a
measure of histogram similarity called histogram intersection.
Given a pair of histograms, H (I) and H (Q), of image I and
query image Q, respectively, each containing bins of colors,
they defined the histogram intersection as follows:

2 min{h, (1), h,(Q)} 1)

SHULHQ) = =H——
e e

Where h (1) is the number of pixels of color J in image
I, h,(Q) is the number of pixels of color j in image ) and
M 0 X N, 0 is the size of query image. This measure can be
represented by difference form (dissimilarity) as the L;-norm

(I h
D{H(I),H(Q)} = Z|N ’f; _NI::QA/)I | )
j=l 1 ] [1]

ol

Where N, x M, is the image size. For a given distance

T , two histograms are said to be similar if S=7

orD €T, and an image in a database is retrieved in response
to the given query image.

IMECS 2007



The problem in histogram comparison is that the global
color distribution does not reflect the spatial distribution of the
color pixels locally in the image. Therefore, it cannot be used
to distinguish whether a particular color is sparsely scattered
all over the image or it appears in a single large region in the
image. Fig. 1 shows two different images having similar color
distribution.

Figurel. Example of the images having similar color histograms
from image collections

2.2 Connected color region (CCR)

Kim and Han [8] introduced a content-based image
retrieval system using connected color regions. A connected
color region is composed of spatial positions .that are
connected and have the same color histogram. CCR can be
calculated as followed

2.2.1 Divide an N x M image into blocks size of m x n and
extract regions where pixels of the same color are
connected.

2.2.2 Compute the color density of each connected color
region.

2.2.3 Calculate maximum co-occurrence color, which is
defined as the maximum occurrence probability of a
color that occurs simultaneously with a specific color
within each connected color region.

2.2.4 After that, the measures at the similarity function
used for image retrieval, which is similar to the
merits of histogram comparison and reflects spatial
information of color distributions as follows.

S0 = Y, min{H . (R), H,(Ry)} 3)
ZkH*‘(RQ)
s ~ min{Q, (R,), 0, (Ry)} )

p
_ A0, if Tz(R))=T,.(Ry) 5
Sl(I’Q) - ;{0 ‘kar-(Rr)#th(RQ)} ()

SUQ = (5+85)/2 (6)

The limitation of CCR descriptor to retrieval performance
depends on CCR block size. For the large block size, the
retrieval performance is low since it cannot be used to
distinguish different distribution of color. However, if the
block size is small, the retrieved performance is high thus
require larger amount of retrieval time.

2.3 CCR and Moment Invariants

In this paper, moment invariants are introduced as
additional features to the CCR descriptors in order to help

IMECS 2007

180

compromising between the retrieval performance and time.
CCR provides the spatial information and maximum co-
occurrence color while moment invariants help to better
distinguish different distribution of colors in the image. The
retrieval results using both CCR with large block size and
moment-invariant descriptors are comparable to those of using
only CCR with small block size while require less amount of
retrieval time.

We choose the moment-invariants based on region features
proposed by Hu [6], which generates totally seven invariant
moments. The two dimensional moment of order p+g of a
N x M discrete image g(x, y) is defined as followed:

M-1N-1

m, =2 > x"y'g(x,y) )

y=0 x=0

Forp,q=0, 1, 2,... The central moments are expressed as

M-IN-1
=Y (=B (-7 gxy)  ®
y=0 x=0
Where
i — —i, j)_ —_— mOl (9)
My, My,

The central moments of order three (p + g = 3) which are
invariant to rotation, translation and scale are given by

M, = 1+ g (10.1)
My = (i — i)' + 4485 (10.2)
M, = (g =31)" + 30tk + i)’ (10.3)
M, = (pyy + 3)" +(yy + gy’ (10.4)

M = (4 - 3p )y + (g + 1, )2 =3(uy + f"m)2 ]

+ (3t = by Nty + o N3 ttsg + 112)" =ty + 1)’ ] (10.5)
Mg =t = po2) (30 + ﬂu)z —(fy + He)']

+ a4, (5 + )ty + Hoy) (10.6)
M, = (3 iz = s Yt + Hi M (ftao + 112)" =3ty + Hes)')

+ 3y = p3o )y + 1033130 + )" = (s +fig)'] (10.7)

Hu's moment invariants have the desirable properties of
being invariant under image scaling, translation, and rotation.
However, in this paper, only the first four moments are used
since they are efficient enough to distinguish the different

. distribution of the color. From the experiments, the first two

moments (M1 and M2) obviously represent a compact set of
color while the other two moments (M3 and M4) correspond
to a distributed set of color. The color is considered to be
compact if either or both values of M1 and M2 are greater
than both M3 and M4. On the other hand, the color is
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considered as a distributed color if both values of M3 and M4
are greater than both M1 and M2. The similarity of the
moments between two images can be measured using the
Euclidean distance defined as follows:

216 n

§= ZZJZ(M (H-M,(Q)’ (1n
i=l j=1
Where n the number of groups of color is, Af,(7)is the
values of moment invariants of image / , and A (Q) is the

values of moment invariants of image 0 .

3. THE PROPOSED IMAGE RETRIEVAL SYSTEM

Fig. 2 shows a process to extract the proposed color
descriptors, CCR and moments. The CCR and moment
invariant descriptors of images are pre-computed and stored in
the database. g

RGB Col
]magch el ee

Histogram E
Moment
Invariants

Figure2. The process to compute the CCR and Moment Invariants

Query Matching using || Result
mage CCR descriptors Set
A
Y
Reorder Rewicval
using - reesucl:’s‘
Moment Invariants

Figure3. The process to retrieve image from the database

The proposed retrieval process is shown in fig. 3. In the first
step, CCR descriptors of the query are compared to those of
the images in the database. The retrieval results are used as
candidate images. The CCR descriptors are used as the spatial
information and maximum co-occurrence color of the colors
in query image and images database. In the second step, the
result set of the candidate images are ordered according to the
values of their moment invariant descriptors and presented to
the user as the final retrieval results.

4, EXPERIMENT RESULTS
The experiments are conducted based on a database of
7,000 images (256 x 384 pixels) chosen from different
sources. The source images can be categorized into nine
groups (e.g., flowers, animal, human, flags, etc.). A histogram
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of 216 color bins is extracted from each image in the database.
The CCR and moment invariant descriptors are, then,
calculated and used as color representation.

In this experiment, the retrieval results of using histogram

intersection, CCR, and combined CCR and moment invariant
descriptors are compared. Since the retrieval performance
using CCR descriptors depends on the CCR block size, several
block sizes of 2 x 2, 4 x 4, 8 x 8 blocks are examined to show
the appropriate block size for image retrieval.
To measure the retrieval performance of the proposed image
retrieval system, an objective measure called ANMRR
suggested by MPEG-7 [9] is used. A set of ground truth
images that are most relevant to the query are identified. The
query and ground truth sets are chosen manually. For each
query, a set of ground truth images are specified in a rank.
This measure combines the precision and recall measure to
obtain a single objective value.

The average rank AVR(g) for query g is computed as

follows:
N9 Rank(k)
AVR(g)= Y, —rt) (12)
@ i NG(g)

where
- NG(g) is the number of ground truth images for query ¢
- Rank(k) is the retrieval rank of the ground truth image.
- K is the top ranked retrievals are examined
where K = min (4*NG(q),2*GMT)
and GTM = max{NG(q)} for all g’s of a data set.
- The ground truth images are not in the first K retrievals is
assigned to (K+1)
The modified retrieval rank is computed as follows:

MRR(g) = AVR(Q)—O.S—@ (13)

Note that MRR = 0, when the NG(q) ground truth images are
the top retrievals.
The normalized modified retrieval rank is computed as
follows:
MRR(q) (14)
K+05-05*NG(q)

NMRR(q) =
Then compute average of NMRR over all queries

ANMRR = —é—fNMRR(q) (15)

q=1

The ANMRR not only indicates the number of correct items
retrieved from the database, but also how highly they are ranked
among the retrieved items. The ANMRR is always in range of 0

“ to 1.The smaller the value of this measure, the better the

retrieval quality.
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Choosing the CCR block size is very important since it
B effects on both retrieval performance and time. The smaller
the block size, the better the retrieval performance. However,
if the block size is small, it requires longer retrieval time as
presented in figure 6.

CCR1 8 1 § Bhack:

Figure 4. Retrieved images using Histogram Intersection and CCR with
various block sizes.

From figure 4 and 5, the experimental results show that the
retrieval performance using CCR of block size equal to or
greater than 4 x 4 blocks outperforms that of using histogram
intersection. However, the appropriate block size of CCR is 8
x 8 blocks, which give the best retrieval results compared to
the other sizes in most cases.

120

—e— Histogram —+—CCR: 2 x 2 Block

Intersection
—a— CCR: 2 x 2 Block

100
——CCR: 2 x 2 Block +
Moment Invariants

—+—CCR: 4 x 4 Block —a—CCR: 4 x 4 Block

Precision
Precision

—a—CCR: 4 x 4 Block +
Moment Imvariants

~—n—CCR: 8 x 8 Block

—»—CCR: 8 x 8 Block

0 50 100 150

—5—CCR: 8 x 8 Block +
Recall 9 % 100 150 Moment Imariants
Recall
Figure 5. Precision versus Recall graph of each method to retrieve
red flower image Figure 8. An example of retrieval Precision versus Recall for red flower
image.
t(s) . . .

450 T Figure 7 and 8 present retrieval results of using only CCR
400 B compared to combined CCR and moment invariant
. descriptors. From the result images, the results of using
350 18 @ Hstogram combined CCR and moment invariant descriptors show better
300 htersection retrieval performance than those of using only CCR
250 |8 0 CCR: 2 x 2 Block descriptors of the same block size especially for the CCR 2 x 2

blocks. In addition, we can see that the retrieval results of
using combined CCR with large block size and moment
O CCR: 8 x 8 Block invariants are comparable to those of using only CCR with
smaller block size while require less amount of retrieval time
as shown in figure 9.

200 0 CCR: 4 x 4 Block

150

100

50

0

Figure 6. A comparison of processing time required for Histogram
intersection and CCR with various block sizes.
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Figure 9. A comparison of processing time required for CCR with various
block sizes and moment invariants.

Tablel. The comparison of performances

ANMRR
Histogram Intersection 0.340
CCR 2 x 2 Block 0.328
CCR 4 x 4 Block 0.240
CCR 8 x 8 Block 0.186
CCR 2 x 2 Block + Moment Invariants 0.277
CCR 4 x 4 Block + Moment Invariants 0.202
CCR 8 x 8 Block + Moment Invariants 0.166

Table 1 shows the performance comparison of using
histogram intersection, CCR, and combined CCR and moment
invariant descriptors. The ANMRR is used as the average
retrieval performance of 7,000 images in the database. The
results show that the retrieval performance of using combined
CCR and moment invariants descriptors is superior to that of
using histogram intersection and outperforms that of using
only CCR with the same block size. Furthermore, the retrieval
results of using the proposed combined descriptors are
comparable to those of using CCR with smaller block size
while required less amount of retrieval time.
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5. CONCLUSION {

This paper presents an image retrieval system using
combined color descriptors of CCR and moment invariants.
The CCR descriptor provides spatial information and
maximum co-occurrence color while moment invariants
provide the distribution of the specified colors in the image.
The retrieval performance of using CCR depends on the CCR
block size. The smaller the CCR block size, the higher the
retrieval performance. However, if the block size is small, it
requires longer retrieval time. Therefore, moment invariants
are introduced as an additional feature to CCR in order to help
compromising between retrieval performance and time. The
experimental results show that the retrieval performance of
using the proposed combined CCR and moment invariant
descriptors outperforms that of using histogram intersection
and using only CCR with the same block size. Besides, the
retrieval results of using the proposed combined descriptors
are comparable to those of using CCR with smaller block size
while required less amount of retrieval time.
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