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ABSTRACT

Noise-invariant Image Retrieval

based on Color and Edge Refinement

Park, Tae-Soo
Advisor : Prof. Park, JongAn, Ph.D.
Department of Information & Communications,

Graduate School of Chosun University

Standard histograms are very efficient image features and they are
widely used for content based image retrieval. They are insensitive to
small changes in the image appearances. Due to the fact that they are not
very unique and robust, many images of different appearances can have
similar histograms. Hence, the main disadvantage of histograms 1is that
they provide coarse characterization of an image. Color histograms, too, are
widely used and suffer from the same problem. Color histograms are
employed in systems as QBIC [1], Chabot [2] etc.

In order to avoid these shortcomings of histograms, a modified scheme
based on histogram refinement method [3] is presented. The histogram
refinement method says that the pixels within a given bucket is to be split
into classes based upon some local property, and these split histograms are
then compared on bucket by bucket basis, just like normal histogram
matching. The pixels within a bucket with same local property are
compared. Therefore, the results are better than the normal histogram
matching. Hence, not only the color features of the image are used but
also spatial information is incorporated to refine the histogram. The results

are obtained by testing the algorithm on a database of images provided in

- viii -



MPEG-7 data.

The technique defined in this paper is based on histogram refinement,
and is called as ‘color and edge refinement’. The proposed method splits
the pixels in a given bucket into several classes similar to histogram
refinement method. These classes are quantized and compared based upon
their color and edge coherence vectors. Color refinement is based on
histogram refinement method suggested by Pass and Zabih [3]. However,
edge refinement involves a different mechanism.

Pass and Zabih state that color histogram buckets are partitioned based
on spatial coherence. A pixel is coherent if it is a part of some sizable
similar colored region, otherwise 1t 1s incoherent. Therefore, in color
refinement, the pixels are classified as coherent or incoherent within each
color bucket. If a pixel is part of a large group of pixels of the same color
which form at least one percent of the image then that pixel is a coherent
pixel and that group is called the coherent group or coherent -cluster.
Otherwise it is incoherent pixel and the group is incoherent group or
incoherent cluster. Two more properties are calculated next for each bin.
Firstly, the numbers of clusters are found for each case, i.e., coherent and
incoherent case in each of the bin. Secondly, the average size of clusters
1s computed. Hence, there are six values calculated for each bin: one each
for percentage of coherent pixels and incoherent pixels, number of coherent
clusters and incoherent clusters, average of coherent cluster and incoherent
cluster.

Edge refinement is also based on histogram refinement method. The
buckets are formed based on edge direction in the pre-processing stage,
and then, total number of on pixels is computed for each bucket. Sobel
operator i1s used to compute the horizontal and vertical edges. Hence, two
buckets are formed, which are further classified as coherent or incoherent.

Four more values are calculated in each bucket. The numbers of clusters



are found in each bucket by 8-neighborhood rule, and then the average of
the cluster is computed in each bucket. Moreover, the number of straight
edges and slanted edges is computed. Therefore, for each bin, there are
five values: one each for total number of on pixels, number of clusters,
average size of cluster, number of straight edges and number of slanted
edges.

Hence, we can conclude that color refinement method takes care of the
color as well as the spatial relation feature. Moreover, edge refinement
method implementation to the results of color refinement method presents
significant improvement and provides more accurate and precise results as
proved through rigorous experimentation. Furthermore, experiments have
proved that the proposed algorithm provides better results than the

equivalent methods.
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H

] 3}
=1

o el

Saturation, Intensity) & 3%F, HSB(Hue, Saturation, Brightness)
©

Ea9 98 A AM(Color Histogram Intersection)©] t}.
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rg= R— G (3-1)
by=2B— R— G

wb= R+ G+ B

G Ay s2EaWS T AlA Ao Al o 7S drolof sk,

o] 71X = Al 7] (intensity)5 ¢l wb7} FdomFEle] 7 3 Wy Wz o 1
o] FFS Fol7l A 7S ° A STk rg , by & 167019 F

oR yron whe 89 FioE yFo J2EIWL F 2048 (16x16%x8)
A, sl2Eadlo] FafjAH F G MY sl2Eade 2R
ol ole] mlueEn

dutdow F4S N /N Aez gFAs v, 29 s2Ea9 H =
Chyho by hpp @ FART olwl e 924 We) 285 A7 stage £8 4
gt 943 A (query image)o] I(image)e]aL, " o] Eld] o]~ <dAFo] M(model) Y
o

H
S|lAEIY JAEAALE A (3-2)9F o] F AEIYY] ufgdor AHoH

W] g}

H(LM)= me I, M) (3-2)

j=1

o714 j& slaEaddAe) 7 T e o An: Jae 276l o
2 grol WMalme A (3-3)% 2o AiE AAA AT

Y min(Z;, M)
= i M

H(I, M)= (3-3)

2(3-3)& 949 G4 deolHuolx FF FAEES YERUE, 004 14Fo] 9
o= Aarsk ® golvh wEM ME FAMETE = F Al theiM 19 ghel
Ae gE A
Feol Ae e A4E 09 @S v B vk o] z2Ead JdEAAE

daglFol vl restar, A (3-3)ol A BuAld] B0 Aol el
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rAS A AEE bAE R oolulA [ H 9 Zzte] M4 An A9xg Ei
Fi, o, i 223l si, ti &Far st 5 olm o] A FA== A (3-5)9F o]

SEE=S
yyom (H 1) = Z (wy| B; = Fl+ wplo; — Gl +wils; — ) (3-5)

i=1

AN wy =01 <Lk<3)E A&7 A3 Aot A5-E 24To2H

it

g @A 2A FAE s AT U
o] MY oW A MY FAHE AL Fo AYxE o]gdte] e F e
FAE 7HAM Aol o E e
Aok, zelvk 2 AN ArdAbel o] Al e ojuw g FRE o] §5hA] ¢ o
LAl alolAl @AZE glvh
M HRE o]§d tEAd AF2E Ay Zdo Hdego] ofgi) FArE 1Y
of iR He=rbe BAT AT, olvA e A MY HAHE SAsE7] A 2
2 S2EaWS JAFS A AT, VisualSEEK Al =#o A ZAe oju]x]o] ¢

A o] Agd MY PFl AT Fol k.

e
rE
a
o
fr
i
N
f
-
S
o
rlr
Py
Mo
N
ftl
[
il

2
lo
=
oX,
Sh
=
Lo,
o
it
fr
o2
o2

o 2% ZWE(Roberts) ZEEH, 4A¥ ¥, EZIHE(Prewitt) ZE, =ZZZ}AIeH

(Laplacian) 2H 52 & F th

4. M8 AFH
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(18], viAZre = A gs shvpe] WMy grlow FHFsto] A2 oA

H19]o 2 A BEHFE

a. 9% FA 99 (output fusion method)

Red H Grad_R H OllXI R

22l gy Geen [ Gad G |—| oin G oA Y

Blue H Grad_B H OllAl_B

FA PN A 94e AR A A AYE RRE F A ALEE TE
g ;AT AHT T o| X EE ol g3tel b dARos He
¥

ojty. olw A HE2 dubA R, G, B Ado]del= HSI, YUVS 9

 Yaut YUA 2 A9¢ olgate] Ao oA% 4
Fohe PHoR e e PPe A

T (luminance) Ad 2l Yo} A2} (chrominance) &£4¢ U8 V& A

1l
H
of
iy
o
)

o Z4zy Z+ Ao ghs zbal e 23 9o R @ T

oju, YAIEL AAl A oz ALt U vAld 24+ siAEE whhalf
solution) 0.2  Foj Al Apggttt A (x, y)ol st HOE(x, y), VOE(x, vy),
NOE(x, y), SOE(x, y)& Aojd e HEAIA oA ZrE Far
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(x-1, y-1) (x-1, y) (x-1, y+1)
(x, y=1) x, v) (x, y+1)
(x+1, y-1) x+1, v) (x+1, y+1)

11211 110 ]-1 2,11]0 O 1]2
01010 2|10 |-2 110 1]-1 -1 0|1
-11-2|-1 110 ]-1 0O |-1|-2 -2|-1|0

(b HOEA & (c)VOEA®  (ANOEA &  (e)SOE4 &

Y 32 AL PHES 9 vaas

ojuf, HOE(x, y)+ 34w =, VOEKx, y)& 44 S, NOEKX, y)© 55%

WE ARS, SOE(, ) HA% Wg 23 goath 4 Ao thate] A

[oJe} o=,

(3-6)FH A (3-9)9 Hd& gt ALE Fu=E T

HOE(xz,y) = | I(z—1,y—1)+20(z, y—1) (3-6)
+ Iz+1,y—1)—IHz—1,y+1)

-2z, y+1)—I(z+1,y+1) |

VOE(xz,y) = | I(z—1,y—1)+21(z—1, y) (3-7)
+ I(z—1,y+1)—Iz+1,y+1)

—2/(x+1,y)—I(z+1,y+1) |

NOE(z,y) = |20(z—1,y—1)+20(z, y—1) (3-8)
+ Hz—1,y)—Iz+1,y+1)

—2l(z+1,y)—IHz+1,y+1) |
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SOF(z,y) = |20(z,y—1)+201(z+1,y—1) (3-9)
+ I(x+1, y)—I(z—1,y+1)

QA(x, v)o A9 AW o)A =<2 MOEK, y)= 2 3-6)FH 2 (3-9)9

Mol w5 M 2 #e e Aow 4 (3-1009F 2ol A7

rle

MOE(z, y)= maxHOF(x,y), VOE(z,y), NOE(z,y), SOF(x,y) (3-10)

tg A A ZF YUV @2 JAXE o] &3] oot o x]7t ofd HAlS
Taste] A AWS AT ZHzte] AdEE 7 AAA O st s T E
o] g3atof o AW A st
Y Ade o AAA 4= A 3-11)F 2ok ol Tys YA gkelt.
Uldd vad o x4 &% 2 (3-1D3H FAFsH
1, edgwrzel,if MOE(x,y) < Ty B
YE(z, y)= {O, nonedge wxel,if MOE(xz,y) < Ty (3-11)
ol AEd FUE olgated Azl YUV Adel dated ol Awe 44w
F AT FA AL wEe 4 (123 2.
1.if (Y, — LYy T Yy_
0, otherwise

5 a9 el = W9 (multiple dimensional method)

oA PHE e A b AMERE shbel FHES YN BE PHo
2 19 339 28 AYRRL 2
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Red H Grad_R

e b Green H Grad_G Gradient ‘

Bue — Grad B

a9 33 0 PE Pl Ay

e e AAAL Fu=Es Fekr]l Hskel Al e

Aol 3 A
THEE EdetE FHOE Leedt Coke ZAd

garel 371A Ade FHIE G,

34 yE A = y=[yl, y2, y3lg} o} old vyl y2, y3& Ay IA

o Z+ AEdS ousty, MHE= yo] FIF FufZ(spatial gradient) E D &

};ll
(3-13)7 o] Aeojd 4 vk
oyl oyl
ou ov
_ | oy2 oy2
D(i,j) = | ==, == _
D s (3-13)
oy3  oy3
ou ov
1714 ush viz HA G, j)o] FraHEoITh
DD, 3) = (pli il 1) (3-14)
10i,7) qli, j)

o A & afrgk(eigen value)d Awy=3 2o g3t
vector) © ZzZe} oA Fujwee] =7|ep wrEky 2

DD AW mAF A= 4 (3-15) o o] AL 5 9t
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> )+ a6 )+ Vol N0l iV — 400 a6 )~ 16 )7)  (3-15)

o oyl )2 oy2 )2 oy3 )2
}\ f—
A7) A pli, ) o Bl ol Bl b
N [yl )2 ( oy2 )2 ( oy3 )2
pli j)= ( v + v + )

p(i, j)

(e ) ()
1) (51) ou ov ou ov
o] o},

Astdom 7t Ade] E¢E TolEe AdArlE GG j) =VAG ) o2 e

4 Atk ol @ e FHlE WL olgdtel Ao dAE FE7] 915t o

2l 7hAe) vlazv AR S mnk A8E Al dAE FE87] dete o

A PHE S o4 A FHES Toby] Y naAR
&

o =
o] &3¢ WH I} Canny FAHAE ]
6. WE & WY (vector method)

o] M G A FEs WMEHE Fsto] Agstaa ste HIWRolt
of 7]o 23 E = WMo RE G4 AAdo] ti 1HFHS et AAE F= G
% (ordering statistics) WHS A E&3t= 9H

=M %A% 99 (vector order statistics method)o] ¢t}

WE SAEAG UHS SA A Aost= Al (ordering) &=7]vHE AFE-3)o]

Ad o AE FotuA st HE Yot

a717F N9l 85 ¥HE X, X, -+, X,g A7Eow ydsd & spg g it
= Xy, L B A2 #E Xy o0 olFA ARG X, <X, < -0 X7 A
Had oW, X, X,, , Xy= A FAF olgt v R-eX e 45 A
3 xEg E4 AEg2REH AY #F diS o4l s MESe e SAYR
Ud @ F Ao vdF SAFeE 189 AS dAY A2 Fole WY

ool WHe adE Ay Gl AREsHA | A Aol zte Al EA A

doll ek Ze] AapH o sl Ad ghoz Adds o] UEYAl FH= Aol



R-TA 27IvtE AMS3te WH oo Ald WHoe=E HoT o Ay 434S I
A g 72 A2 nxn 955 23 oy, 72t JAE5L Ay WHE Ty
o wggA] G dA4e C,, 1 =1,2, .., ;N = nxnZ Ed 4 Ju. R-54
~71akef A, 2 WY C,= A EF(distance criterion)ell o] ato] ~Zhep el di=
Sadn. Az B st 24 Hy JFA G, G -, Cyd T A" 4= A
(3-16)2 o] Ve 4 9t}

d;=>|C -G (3-16)

S EATE o R dio gS vdstd A 3-17)% 2o

d(l) < d(2) < ..o < d(AV) (3-17)
Aol AL HE Col sty ot 2ol ydd A 22 ouE Ad,
Q1) < qz) < o< C((]\) (3_18)
ol AL ol &3t A oA HEVIE Aoty 4 (3-19)7 24,
VH:’CU)*C(A')’ (3-19)
$oll Ed¥ VR(vector range) 21 WEHE9 FTak o= Fo v WHE
o] HAE el o2 AT A7 HW BE WHES AZ Hiu Uiy

Ao wkdi gl A "k o] Zlo] VRe] ¥
Hgstel HFAor AA oAS A Ao



@< 2} (single difference) 9t & A 3} A A A} (minimization operation) tAle] 233 k

o § g},

ﬂllﬁ.l

min(|Cn—j+1)— Cc()l) for j=1,2,...k k<N (3-20)
F A WE B2 (minimum vector disperion)®] A#=Z o AE A& £ 9 ow
2l (3-21)3 #2t.
L
ZC(?)
MVD = min| |C(N—j+1)— ”:lL (3-21)
or j=1,2, ..k L<N

Ha wE B HHE o] &3t dAE FIA He AF HAg AAAE A}
43l 4 2A oA = F2(ong tailed noise)oll °Ftil HF ALAE ALET

T ARG dAAoR FEel A% AdE A ST

=] HE) AR= AgHoR o v g ARE 7 o

A FRF2Z Urod ¢ do[22]. stye &3 A 7]‘*(boundary based)”] ol t}

B4 W e G BA e

il

ol
ol
o
rlr
o2
12
N
=
o
D
..
o
5
O"
IS
»
(@)
=
N
U:E
X_‘,
o
|

to
)
rx
2
=
ol
0
Jm
o
o
— o
e
ol
rlr
oz
N o
o
it
o
2
-0,
K
f
a
=
&
=}
o
o}
A
o
=]
ik
2
kd

A} (Fourier descriptor), UN

W 5 TR MEe] EART 99 AW we BA 999 At 5
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il E (Zernike moments)E H] F3lo] B2 #HEo] 9t B dAfoMes tix A

el I A 71 Jain 5O A W HAEAYE ol & WHB0], A
ol2 RUEE of&d wWHW[21] = AFGHY vE =WA(local differential
invariants)& °] 4% WSl ths) gohErH27][28].

Jainol o3 Aoty gwow g e BAY oo Y HAEIAS P
Auz olgatdrl. =, A9 Wy

WS o] 83lo] zZF Ao | AED

2,
=)

JrEI9e PR 5 dsEIE AHAA
@2 u) 1 3¢ T30

WA Canny o7 ARARIIE o g3ke] A9 fAE R F oA HANA

aYHAES) WL T A WG FRE Aol F g

NA Az % WFoze WMAFE g,(mn) ol Hi, +4

S g, (m,n) k3 st WFL A (3-22)F o] &ste] AT F Sk

at

(3-22)

oA Uk AN o] dE ®sts FH g ARt
EAZE FAed oA o] W s aEaRe e o] F(shift)o] dojuA "l 1A
o 2 FAVE BAGT F, oA ke s A~Efe] T1i0] 45, o 74
749,30, , 40, 9 oA = 22 aFo TFHA "ok 2y
old A 27 A= g2 aF &sA go=zx duHy 3
Heofo] sla~Eafo] whEo A . o]y FAE | As]
AdA sl2Eaf@el sl 3 &3 (smoothing) ALES FH At A 7 F2E
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Aubelz BRIEE w99 WM S AndTS FAHE B

2 gggoniy R Auold RAES ol g F4d Ade W@ AT
7} Khontanzadel o8] Alt=giri21] Avbol= vhadel ARE A (3239
Vi @.y)ol o134 Lhebulof 21k

I/nm (x’ y) = I/nm (p7 9) = an, (p)exp(]me) (3723)
o} 714,

n: 03} o] 45
m: Iml< n,n—Iml=even =1 & WFH3= A5
p.0: FA7HA o] A ] o} A A ke Wt o] 2

R (p): WAV b

n—Iml _
R, (p)= Y, (—1) (n—s)! P (3-24)
s=0

949 G4 flay) of A n A, BEAS m o Aol mHEL Aela
Saa e olgstel 4 (3-25)9 ol At WAES fAbskA FelH )

+
a,, =21 EZf 2, y) y), A7 2t <1 (3-25)

74 el WA olRA FEE EUESS vudowA At FH O
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71 A7)

=
=

Harris 7

W)

]

-
)

(eigenvalue)s 2 == CHYZE

1
X

[e]
i

L

3]

2 & (curvature)©o] = o]

Moravec HE7]5 A9

™
nE
i

el

-E’:I:‘g/ = ZZ I/I/'I-l,"l) (‘[wl+m‘7;+y7 [71,"(1)2

(3-26)
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(shift), w,v:

o

z,y: ©|

~

NI
ol

Alz1el ¥

Y

wAO

fpace)
o
ﬁo
B

—_—

0

23

o|J

A9 7k {(1,0),(1,1), (0, 1), (=1,1)}

71+
o], A ¥ Huj

=
=

e

t}. Moravec?]

—

[e]

~L
R

b

<0

o] ez o

S

At Moravec 7

TAHESE A

A 7EA

Moravec #Z7]9]

7=

=
=

Harris 4

)

A S WsEY o v Harris

—_—
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iy
o
W
)
N

—
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F
7+

)

N
_zrd

$9] o]Eo] 45, wrh o] o]

M
o

|

B

—~
o
pul
=3
o

mp

al7
ofn
e

o

do

il
o
M
o

Y

2 Wstsy A3rt o] WA (anisotropic)©]

(analytic expansion)%

=

R

(3-27)

Ew’y = ZZ VVU,U(IUwLx,ery_[u,v)Z = ZZ u,17(‘rX+yY+ 0(332"‘?/2))2

(3-28)3 2t}

A
A

(3-28)

(2, y) M(z,y)"

Az*+2Cry+ By* =

E(z,y)
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aff=AB— C*

a+pB=A+B
R= Det— kT

7r (M)
Det (M)
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4 7ve 7
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SESENERE e
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<4 gl
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(3-32)
(3-33)
(3-34)

}‘
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