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ABSTRACT

In this paper, we propose a novel JPEG-2000 compressed image retrieval system using feature vector
extracted through partial entropy decoding. Main idea of the proposed method is to utilize the context
information that is generated during entropy encoding/decoding. In the framework of JPEG-2000, the context of a
current coefficient is determined depending on the pattern of the significance and/or the sign of its neighbors in
three bit-plane coding passes and four coding modes. The contexts provide a model for estimating the probability
of each symbol to be coded. And they can efficiently describe texture images which have different pattern
because they represent the local property of images. In addition, our system can directly search the images in
the JPEG-2000 compressed domain without full decompression. Therefore, our proposed scheme can accelerate
the work of retrieving images. We create various distortion and similarity image databases using MIT VisTex
texture images for simulation. we evaluate the proposed algorithm comparing with the previous ones. Through
simulations, we demonstrate that our method achieves good performance in terms of the retrieval accuracy as
well as the computational complexity.
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Ea °ﬂ”«l Ln, H ZF m|EellA] F8 Ael Aol
A7t Az gedA 18EE A 3 vehd
o} mebA D grel XL%«’F% el gyt frakgk
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WA A wE A bk
= 34t E(resolution)®] 7t
2 A Aele] Ml
(frequency) ARE olgqhcl Mo FrET
W2 A, o)F T3 2 rlslEiH o R Wkl

A 714 el EgHo)

o

=

B—1R—1
D,(gd) = 33 P absd, =, ], ®)
b=0r=0

1=B=<M),(1<R<Ek+1)

714, 2 A= ro] 2 BIE bellM 1R A
olf = AFEe] sxEas vepich 2 vt
R FALE A8 DE gl HLeE Al o
A3t fARE e R ghdElcl ol

gkl Al A4S AR 5 ol
B3] b el vehks BAAA
T = odrk wEhA gle] &Sl A

D(¢,d)=D,(¢d)+w * D,(¢d) (6)

2 )2 w= D7 DyHE Alele] 7l (weighting)
Z yehith SSF 74 &weE]&e WCF 4aE|=
o] feolEsl Alg w37l obd BIE |2 EA
Zo] ZhsEA ey S % 54

Z250, 1) witoll 9 3Ak A wzed 4=

.

o

32
£

3.3 ™A sl (packet header)

HE J]gh A

S AE 7 oue B 55 3] Sl
JEZT HF3}E 3ot gk}l Mandal> 7
A A7ks Fol7] S18te] b5 ~ERIY] Fv] AR
£ olgsle] EAE FEShe daElEs AldE
o' JPEG-2000 | 3l|ti(packet header)oll= 7}
Fo B5S Fu3lel] fl8 eue vlE St
Aej=e] olek. ARARE W8-S FF3F w4 219
Annex BE X wiglth I3 5elx Lz, oo
MSBE MM|Eo|x, 7} It H2ox 74 wiA
TR dehdes A9 HES pRIER Aol 1
H 59 F= EReA PH|EE= M-30] ok
M-P=P)E 0LZ AR = BF9 A9
BIE R AeEa, med & A o) 2e F

502

|

< 7HAL sl FOWe Ro e ookl
TAAE Aelch 7l dHellA 2t 2= EEo] 0

HAA vIE = pE 5 HEE o83l
S el wMlS ko @ PHF(Packet Header
Feature) = &gtk §lolo] Fdid s& T43k=
Fe B N9 RRES o83t Al (N 7]
H1(mean) m, Y EF HXKstandard deviation) o,

& 7% 5 9k

el o] 2R cdae] Al W Se
Bl 2% A Rek A S13 ke 3
7h e Ae] g4 2 deleels Jae] 7
o) ol Bt m, BE DA 0,0 oA

Lo 7E SAP

Digd)= Y] ([m! —m+]ot —0?), (1 <S<3k+1) (8)
s=0

PHF A4 dae]52 Azl 7k A4 st

A& AR AR el RE A RS 23]

V. EY%(Context) H& 7|4t ZHM

a7 19| JERY] I53} A= JPEG-2000 A
AAQl Hw3} A4 o 50%2] AZto] AeH
¥ ekx] AkHE WCF 2 SSF 714 okare|ZolA]
E EE dolEs ez dEZS HE3) 3

A& Fsflof 37| wiitell A e A4S S8k
= AR T E w Ate] aEe) vk QlE
23 353} el Azt ] Ad 54 &
402 AHe & 4 gupd vy 2 A Az
QoA W2 0|58 P& F 9)S Aotk wet
Al B =Ex= JPEG-2000 E353) #AS FE
Mo 3sla, 7t v|EcA WA= v AHR
Z olgsle] il EAES FET F ole AR
+ WS Aljkeke) G ARE 9] A Al

2
o 0 Lo
&
g3
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=+ /JPEG2000 -3 Q=23 B33l 23 Azt dAk wlo]ejule]~ A

JPEG-2000->
Aste gls) WA st £ Aueser)E 7
w53} 7l Hash sckad 2 D). 79
=Q Al FxAel =6 ule} 256(2°) 7] =
o] ZCs} MC7|%ellM= 22t 97l 2 370, 2]
I SC7I%EE 162" FolA] 57 e Aue
Qorsleici?. weld gAF 7AW Ao & u o
FEE ool 93t Q1A A4 FQ Ale] W}
o] tele] A3k HAl whe 5 glrk wep
Are Qf AF nulEe] 2o Ad Wl =7
wlgkelA] ek 4 gly] el tlekat AlE A2

7|8kekd] Wit Sub B2 o3 34 dlolefHlo]

é

ooy e
H‘j d
o,
. 8
2
4}-1

50% % 7WAska, $14 zqi )
RC7]%2] 2l Aw(17, 18)= &k o=t}

153
o w17 9 QI Fo Abee} Ak
glo] HhAEla Ful An 18-S ‘%}—E'] 43)°] =
Aeie vehil 391 140e] F2 S 32

3F7] wstell el wizsk 4= °lu‘r ae]3 SC)

E 1. of=ell gk QA Alpe] F8 A ool WshA]
W 7C71%e] 9 AN SE

o (%) = EE (%)
0 0.39% 5 0.78%
1 1.56% 6 11.72%
2 4.30% 7 37.50%
3 12.50% 8 25.00%
4 6.25% 7C I+ 11.11%

A Al F8 A Aol WakA

= (%) = (%)
9 25.00% 12 37.50%
10 37.50% 13 56.25%
11 56.25% SC 3¢ 42.5%

150 9 A Holel wsi]

] (%) ] (%)
14 0.39% 16 100%
15 99.61% MC 3¢ 66.67%

= T8 FE, W), TR, 7)) ATES] FE
(+ T ) gl o8 A=A ederhar v
Aslar &4 Tf’r- el Heovt e vkl o=
2 57} wEAsieEle olsk Ag7)E]=

1 =71 wiitoll 2o ¥kAE shgo]| =) o]
SC7|% A Aol HHER] 945 uf #
S5k Y Sl W ARE ddsic) 24
g 8- w3 [2]2] Annex Del|4] Table
S Gk viEich el dA Al BES

53t 7]ed ool ALEA] o2 A At

E1, 52 % E 30 vehbEe] a3 22

i AR0~16)] WekA] & A Hd HES
°F 30.15% 1At oli= Azt <ditellx] WhAE= 7h
Tl Hnol Al g B¥r) =% FY(uniform)
g 27ellA] e At eIk et 27 60
Al ZE B ARl AA A SES Al A
Hizl o 2 w]tY(non-uniform) ¥EE ek 2
2] 62 qloje] Azt A 10715 Adste] 1,4
Aol 7b 9 An by ghEo] HEE FARE
A7Z dehiich dubdow 17, Fdelxe zC
7)) Em 7~8°, SC7|&e] 9 <13, MC7]$
o] & ‘15~16" A7} wo] AR} op] w3}

=

1 7C71E9] 9 2, 4, ‘5’9 MC7]&9]
Q4 el ofa] WaE SEe B A ol
2l gue] whAl HEe thE Ful uo] Bl
oS 9] wpEel e A gnel we] o)
WEEA b Wl A BE SRS o ol
Holeh. MC71%9] 14 ) At o4 A9
Eoflx ZC7|&9] 9 AX 0 AAH AR &
bz, #@A) wEeld T4 Qe shel Fa
Abel AGL B 0' 5ol Rk,

webr] A-g 2 QJu2 dulsie] Ex wlg
= PgoEs et As Azl 2 e

c

=

Probability

o t 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Context

32 6. F(context) HH LAY FE(LL, o).

503

www.dbpia.co.kr



=4 "07-5 Vol. 32 No. §

—+— original  —#— U_noise20 —&— rotation180  —%— jpeg

8oit 7oit 6bit Sbit apit 3bit 2bit 1hit
Bit-plane

2 7. ook des A8 9]

| Tl My qlER
5] (A3]°34} : Flower02).

o5

g ol A4 shF g dleleldlel s U Ak
o2 g AR vehks f4b 34 volel

o]z~of ZFQlgt A Al~Els 5 4 Qlch o
78 27} ¢34} ‘Flower02’ol] JPEG 4%, 7 #He

20% 2 AA W $4180°)& A48t L,
o] 7t mlEdA] HMEhs Y AHe] JERd
(entropy) W3}EFE viehiich T17lefla] HoejF=Re] v}
FE el 2t m|EL] ) ARro| qlERIE= ¢
B edxll v|asle] 2 wislEk] ¢le-S oF 2= 9t}
I3 8 B =R Agks= JPEG-2000 =
oAl A A|~elS el JPEG-2000°2 3
9] 3 Kquery)#} dle]elHo]x 34K (database)
WA QERS] H§s} AL FEAoR 3
H|Eox] HFAel= Fml Hu 2 Z=Z3)o]
TAg} oA7|A, B4 wE] PAE
s 54 el 2 H]EE

=3 =
=7 —]HE‘
=) FALE =4

= Aelgiey
< B4 dolellols dAEL Hage ehis
490 A BE, o] F AR 5l
Rolvle] S dlolello] s ke vnix] JPEG

2000 H353} IpgS Feato] o] o
dow Eelgith
ol gt dlolElel~ gate] fAk=

b AR

71#

g‘l;zc-’]% 7_' ]Eoﬂ/q Hl—/xga}.— _,_uﬂ X—li,] -s]vj
O BELSE o83t FE Eos) A
Ak w1 AR FAAH EAE o83l 54
WelE Pk WS ke=® CXF(Context
Feature) 2 %33k},

4.1 & FZ=(feature extraction)

B =l Akl gl CXF A4 %}131%—
A EA wWEl FAL 93 F AHH ==
1:]»——‘1,]- 71‘1;], u{;q ;(L/] o:])x]—‘,] Ex]

(normalization). 12|31 A=]E Ho|oljx
S A0 wE ddE 98 2 vl

io

AR E o) HE AR p)F olgsle] A

=2aE 2RItk F el el 54 Yo

A we AnE M HeE FE] A
1] o

®

Context Histogram

}—»‘ Normalization |

Construction
T I
JPEG-2000 : - L -
Query Image Bit-stream Band Selection Partial Inverse Context Entropy Context Selection Context
— Organization —»{ for Feature |—»{ Arithmetic Code Measurement for {—{ for Feature — Probability
(Tier-2 Decoding) Extraction (Tier—1 Decoding) Bit-Plane Selection Extraction Extraction
Band Information Bit Information Context Information
Transmission Transmission Transmission
‘gg?&sggg Bit-stream Partial Inverse Context
——{ Organization Arithmetic Code Probability
(Tier-2 Decoding) (Tier—1 Decoding) Extraction
v
Context Histogram o
‘ Construction H Normalization |
Retrieved Residual Database Image Similarity

Arithmetic Decoding

Database Images and Decompression

2! 8. JPEG-2000 7|9t §F3 o4k AA
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Ranking Ordering Measurement

Database Image
Drop Out
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- [ JPEG-2000

i ez B335t o Az} gk dlofeuo]x A4

,,,,,

8bit Thit 6bit sbit apit 3pit 2bit 1bit
Bit-plane

38 9. VisTex A% Ao LL A AE=ZI(N=16, A
& gk water07, wood02, tile08).

o714, plz)= 2 BIE pelA] Hl—}\ﬂsl___ R
2] FEoly NS QERI E(P)E 3
Q8 AHeEl Eul Ao sfolt] o] & ERY]
7} Eo wEES FAowm Hul Hud o3t Ex
HE S :ruﬂfsl 2 gt} wlEhd 7 ngjede] mE
o 54 WEsE EoM A

51|
Fc% é% =4 slek =F ol WHsHA Stk
ILooke A dloleuo]zellx] A wE FAE

A wze] F3F H Ak Az S-S g o
abgellA] W oSS S 5 ol Zlelth 11 9
= L, Adelld Az At ‘water07’, ‘wood02’,
‘tile08’2] W|EM olE=Z)E epdcl T34
BojFzo] Zh Aol Azk d| SAel et ook
g JERIE vERd 5 gk

ufepa] Ae] <dake] 7t
Aol Qele] MlEg AU

A
B4 wMEE R e 4 A% 93l AR

4.2 RAE &BF

(similarity measurement)

a7 8ol 9le]e] 9 Aol ik Ao
¢®l p)= deolelo]l Ak 49 pla?)2
% %7Nsimilarity measurement)= 2] (10)3}
KLD(Kullback-Leibler Distance) 3% o4&
Ae)E AxRIESP duid e KLDE ¢
5 BEEE el F odelyY S St
g 4 glew Aol F4E A A%
Sldl=

n‘.\l il
rlo

N

2

- p(a?)
Dlp()lp(z?)) = abs| Y p(z?) « log, -
Q=0 p(a?)

g o8l A=z} %{— HlE s e
Foll A (1% o 48le] 2 mEad fAkE 57
& 9% & g T web 2E doleo]
& GFE Aol G KIDE oIkl
2 W1 AT T A 29 mlUY G
% % gt

o714, s= 54 WE LS S8 Aek

o] Fglola, B NERT ZAHS T Adwsl v
ES] A3k (p(z? )lp(a? )=
dele] o] so] WIE pellA] ) AR gl tHI
Aol o34 plat )9} dlelelrle]l~ AA; plal,
KLD AXkkgre vehdch Al 1S Ea doix=
fAEE 3% Dlgd) dlolelwo]~ 7F <date]
Al AR 2 A

Lo
=
fa
_‘é
H
S

a
T
lo,

H =17e] AFPS 93 JPEG-2000 & <3 7]
A A|2~El2 Visual C++ 6022 A= glck
] (pentium) 4 1.83GHz CPU, 2GB RAM #
FE] Ao Adslelon] AE golemo] Ak
512x512 =7]¢] MIT Vision Texture(VisTex) 27}
o34k 2407l (gray-scale) S o]-g3}dTi?. 7+ edake
JPEG-2000 A F3} FA]ollx] F<=A(lossless)
45 e AYsta ol 53 dlelEsl THE
A-g3te] b5 Ak dlelelmlo]~E FASIck £
=l Aljksls daElEe] A5S s oA
34 2 AE 3 dlelelmle] 2~ A AHFE 3
ghe} gk 3A-elA At 3714 whe] JPEG-
2000 % %3 7]ub A4k A A mElE Rl
E E=wellA AlbEla gl W CXF o] g
Rl g Avks BAgiel 3 wAR Tk el
A BA wElE sk dlolEEl odd st 34
ZA(WCF) AlzE, & WAz B =Tl #|sts)
3 e daElE) AR dERS] §5s) oo
719k 44 AASSF) A=, | mATe R &

¢

ol

4

OJ:’
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At Auel AL

S o] el S 3 AAPHP) AR

ok Aol 24 A

2 Eeldle T A Wk

o ermelzel mede s

‘A -8-(Retrieval Rate, RR)¥} 71A< $Igt o

%3 W =7 WS PSR 4o

17X Retrieval Time, RT)S 717 A|2~ele] 3

7b AEEy ARgR A& RRE TS S18)
e

o2 oo
rlrlﬂc:rs‘:
o T

#of images acquired in the rank R
rank R

RR(%) = x100(%)

12

A7, R FARE BAHE Fal Al Gt b
fAbe e EFSHE deleiilel s JakEe] 4
912 dhehlled, B AReE RS Qo) @A o)
g0z B} A A% ARE el
JArEo] MR F3H3l AME rrE A7F dlo]
el zold A Faels] SIat A5l 9]
Rl 2P 4T A 5L iR A
A AZF RT= JPEG-2000 45 Abefe] Ak ~E
G AN AT Geone) %5 g 9 5
WENE PSR sass A7HE ekt

o,

5.1 T oiat Z4Al Mg
o A4 A7 dlelelulels TS 913

A

7y A7t 9d2kel] theksl el Si(distortion) HWHHE A
L3k = AlFe=i= 9] ZA(brightening,
darkening), AFZ'd(sharpening), 2~ (smoothing),
< #re(uniform noise) 20%, JPEG(Q factor 30)
o JPEG-2000 $+=(Q factor 40), 3]& (rotation,
A|A ¥FeE 90°, 180°, 270°% 2°), =7] ZA(scaling,
3)(1024x1024), Z2(256x256)), Al o|(translation,
= ukek 20%), Z2]3 Z(cropping) s 15714]
3 Al #43le] F 3840 (=240x16)7H Hle]E]
wlo|~5 AT a3 10 Az <A
‘Flower02’¢ll ekt A& Aeg] 2 7|3}z ¥
o Aest e el

2 WA AEe Y A7) oJAkS zle] ojafoz

AH&3sto] WCF, SSF, PHF 2 Xﬂ?}ﬁ}% dareE
CXPule] A4 Alxw] Ao Aot 2E H
s

ofefmlols 32 3 slolwEl dslE st
a1, 7 Hie eax6d4 A7) = BEOR Rt
g} CXFYaE|Eeld 54 e s s $lg
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a2 10. DPJ""P =
A7} 32} ‘Flower02’
(G 24%151 AU 8 93, W] 274 (brightening,

S 483F MIT VisTex(Vision Texture)

darkening), AkZY, %W, FU A4S 20%, (1024
x1024), 54x(256x256), 900 3|4, 1800 34, 2700 %], 20
3|4, JPEG $%, JPEG-2000 $t55, Hol 20%, 23 <34h.
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=3 | JPEG-2000 H-& EZ3] B33le] o3 Az A

dlelelmle] s 23

E 4. 95 34 AN AY AN S=3, B=3, N=16, R=16, RR(Retrieval Rate(%))).

2e] o3a WCF SSF PHF CXF
RR(%) RR(%) RR(%) RR(%)
Bark03 62.50% 50.00% 37.50% 100%
Bark05 68.75% 43.75% 50.00% 93.75%
Bark08 75.00% 43.75% 37.50% 93.75%
Brick06 62.50% 50.00% 31.25% 93.75%
Brick07 56.25% 31.25% 37.50% 100%
BrickPaint00 68.75% 31.25% 37.50% 87.50%
Building05 81.25% 50.00% 50.00% 100%
Clouds00 81.25% 50.00% 56.25% 93.75%
Corridor01 62.50% 37.50% 31.25% 87.50%
DocCageCity00 87.50% 37.50% 37.50% 100%
Fabric03 50.00% 37.50% 50.00% 87.50%
Fabric09 75.00% 68.75% 43.75% 100%
Flower02 56.25% 50.00% 43.75% 100%
Food04 62.50% 50.00% 50.00% 100%
Grass02 50.00% 56.25% 62.50% 75.00%
GrassLand04 56.25% 37.50% 31.25% 93.75%
GrassPlantSky06 56.25% 37.50% 43.75% 87.50%
Leaves04 75.00% 50.00% 43.75% 100%
Leaves10 75.00% 43.75% 56.25% 100%
Leaves16 62.50% 37.50% 37.50% 93.75%
MetalO1 75.00% 75.00% 56.25% 81.25%
Misc02 56.25% 50.00% 37.50% 87.50%
Paintings02 43.75% 50.00% 25.00% 87.50%
Paintings04 56.25% 43.75% 43.75% 87.50%
Paintings12 62.50% 37.50% 37.50% 100%
PrisonWindow01 87.50% 68.75% 81.25% 93.75%
PrisonWindow08 87.50% 50.00% 56.25% 100%
Sand03 56.25% 50.00% 43.75% 87.50%
Stone02 56.25% 50.00% 31.25% 93.75%
Texture03 75.00% 43.75% 56.25% 93.75%
Texture05 62.50% 43.75% 37.50% 87.50%
Texture08 68.75% 43.75% 50.00% 87.50%
Texture10 43.75% 37.50% 37.50% 93.75%
Tile03 68.75% 43.75% 31.25% 87.50%
Tile04 81.25% 50.00% 25.00% 100%
Tile07 56.25% 37.50% 56.25% 100%
ValleyWater01 50.00% 37.50% 43.75% 93.75%
Water04 50.00% 37.50% 43.75% 87.50%
Water07 68.75% 37.50% 43.75% 87.50%
Wood02 75.00% 43.75% 68.75% 87.50%
45 A dlolelo] 2ol Holut A e E 5. 4T 4 doleulo|xe] HF A4S 2 HF A
Uebd 4 oloh cela Alolsls olmelEe A A AZHRT(Retrieval Time(s))).
g el B AnE FEe] Wl 5 Wer S AP OXF
2 WEE sy 98 wue SRR W RR(%)  65.16% 45.63% 44.38% 92.81%
L o]ES AL 4= glth E 58 o= ek dlolE] RT(s) 2.299(s) 2.182(s) 4.7x10-6(s)  0.075(s)
Welos A4 9] B AR BF A4
AZHRDS VeRick RT= EAL 53] 93 F 50 vehte] Algkel= CXF das|E2
255 o U dolepiels 34k @ Ao 54 yudel dERY RusE E 54 yojdw
WE)E PSR 2aslE A7He Sfulgh, HlEeld 54 e P4 2 AR 30e el
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WCF s PHF

)
g
R

RR(Retrieval Rate(%))
&
®

level 2 level 3 level 4
Decomposition Level

2l 11, theksl do)Eel &3 o4 WCF, SSF, PHF
CX E&”d/l 74 Ay §=3, B=3, N=16, R=16).

NN |

N

uf] o] WCF$} SSF ®himc) oF 29~30u8) w-E
Zhl A A3E A& 4 9lck H¥|E PHF B
5353} S FAsA| ©7] wsiell AL AA
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= el mlgtele] |3 Wolzck 13 112
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8 A Fjde] 7} Eolddel

o >
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¢

%

1= hal RS [e3N<RE=1 o h= o= =
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JPEG $+&(Q factor 30)01 A% il Ao ¢
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e 34
RR(%) RT(s) RR(%) RR(%) RT(s) RR(%) RT(s)
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68.13% 8827.89(s) 44.38% 8376.55(s) 30.63%  0.018(s)  93.13%  287.23(s)
3 68.75% 8826.73(s) 18.75% 8376.12(s) 38.13%  0.018(s)  93.75%  287.43(s)
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