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A Design and Implementation of Arbitrary Retrieval
System Using Multi-resolution Edge Mathcing

Kang-ho Lee®, Yonghak-Ahn **

Q o

2 =2dMe Fe FeREe Aol ZAE 4 2z FEAR] §F Hd® aHHoz PNE ¢
Ve & FEE 7INeR she GHTS s e A S Adteitt. Aote W2 122
7] FRE HEAHOE ALE + AT AL A TEY F oM =47 22 AR EXNE
R e 3R & gtk EF, A P2EE o83 tF HAE oA BT ASHA AL S
BalA A&dtn AEe FAS shssl dch 4E da AdE e =A% 22 do] Sl gig)
e ANeS Et

Abstract

In this paper, we proposed multi-resolution search method based on edge information
that can be search a partial input pattern and detect a difference of minute shape
information in effectively. The proposed method utilizes the small shape differences among
objects as much as possible to distinguish an object from similar shaped objects. It
consists of the GHT based candidate generation and top-down candidate verfication. The
test results show that it can retrieve the correct object even with a part of object in
reasonable time.

> Keyword : 2e|2x| & (Arbitrary object detection), CFSSHAT oflX| HeH multi-resolustion
edge matching), GHT(General Hough Transform)

- AMIXA : olE

- "% : 2004.08.28, AAREY : 2004.09.13
* 2R ABEAYS R 3

v EFFAARUG AMP AR 25



96 B®E ATERREE wOE(2004. 9)

.M 2

ABAA oA Lol 2AE HEE) 9 ok
S0 AFHe HH1)(2). ey Aoy} FAETH
(histogram)# 22 A9 F ¥} PHE(moment) o #&
29 FEE 7Ntog sk 7|1EY] W AN dhgeg
© B4R 22 e EAd i MM F& ANE oA
71 oA 2}(5).

49 EAE HH] A% 712 PPEE d3elA
AAREE o83l FHES FESw 7)o FHz
IHAY WAE o83 FF AFE dEe
VisualSeek(6), 43o2RE F£3 o)A FRE Tz
74 FEZ olgsle gyt A4 e QVE
system(7), Z8lm 2AXE HeAE e A (shape
transformation) ¥ fALE AAFHE S ol SR G4} o
Aot Ago =N i S 748 DelBimbol(3) &
o] ot}

22 VisualSeek el AT B34 Exl9 4%
FEE o]83lnz FEAo] HolAw, olHF FAHST B
gst7] 3l AR BERE o]8sh= QVE systeme -l
£ AA Azl AN FAM S DA YallMs dolE
wlolzo]  ARE Azl B o Hy
(transformation), Z71(scaling), 3™ (rotating)™ 2
71818kl HEg ddo] zEdol drhe BAHS 7HA
3 3t} DelBimbo2] -folle 278 FRE o83
2ol 22 AolE olfshe F T HelS HAsle U
o2y A R}

B =RdAe ol #ARE dds] A8 Fe 3
BPHe] AolE ZAE & gln ¥EAHA 949 HHE &
FHHog FAY 4 Qe GHTE 7oz sk s iy
T oA A HekE AR ziekd wie 2l she
Hee] 4y 208 AFE & sdvke A ddo] fAkst
of sjEizle] polE iz FEaiof Y= P& Bl
He i FHE HUEEA AY £28 TE F

RE HA Aol

oY
=z
>

>
Jiits
lo
>
X
Na
-
re

At A4 Axmle Qo] Ex9] & Qldx
(index) 2 dlolEjlo] 2ol AF3ta ok, A4E EA9
3} A27} AN o)F upteE dlolgjuo)2e) A
28 A A M fAl RES A AR
A7 2ol A1 el Ze TR EAE FEFH
oz ZHAs] M & dPddAe oA FRe
GHT(General Hough Transform)(9)(10)& 7l¥te=z
3= A WES Agsich

GHTE o|&3td 2719t #$7} v wlojejlo 20 A
39 o) EXde AEE ] dEiMe B2 Aol ¥
ssit. g3gs) ANE BAE dYske S o= 3=
AAE 4 71 Wil 2719 B9 Hke ol- Ax |
A Yy 238 £ et 22h} dlolEuolxd] FEH
BAS7b wold wie Algtakol e widlsle] Bokxcl
2 doMe ojdd AL meisld o 1.3 o] b
¢ g FHE weA AFshe FEAR R AFd
FHZ Zr) AN AHAEE Al a5 AE TR
g BHske AEE Ao s 748 H4 Als"g A
=

t R BOEN0A ’

i 03 WYs g e l

S

l GHT Dl 912 343 H

HRE Ay

OGE NS eI me 4y ‘

OBXI H X B R BY l

O3 1. Aok AlAY X
Fig. 1 The structure of proposed system



0% A4 oA 48S o8¢ YABA A4 A2 4A 2 FE 97

FRAHE el oA 2B the ME¥(down
sampling) & 58] w2A A 715E wete A

A2 ggd Ao (query) F4E oI A& A AA
A #3 elolE(reference table)E WEHT} oA AZ
AMAZE Canny Edge #E ¥n2lE(8)S ARSI
THE AR S daMe dn HEE AR d¥sta o
oleio] Ao AAE AR UXEE TR AZHYdH GHT
£ Agshe 23 Wk A} ERA% 3HdlA
£ 7Fsol v FE EXNE oid oz 91, e,
7] 7 g4 AREch HAEFE e e o
2l TH FRE ol gl A size oA HolA
7 FREC] AInE A ALY + e 739
GHT wers: Algksict,

EAE M2A F457] HaiA & FFodAE AaHE
T2 BAR A7t FEHO BAER AAHA St
(11). °I% o]83ld THAFT chgo=z Aol thito] =
t e dA F2EZ ARHA U delEuolAz
He Z7|FRE MFST 27 $EMAFHE dolEuox
d SUE oA FH2EE AZGskipTosA fuEy
(resampling) 8131, 2MERE 712 74 (accumulator)
g A% asln Fn ddd gAZgE dix] glaE
of GHTE 2&doen 27| FHE Nt

il. 2 gl

3t &

At afe MM
71-_1_ _\—;H

3 He Fa HolE AHoR ojFoAed, Fn
Hol82 WEE o]8go 24 2319] welnie](parameter)
gtoz ®do) shssltt FAa elold 4L HaMe o
4 29 o] BAlel FHEE FnH (refX, refY) 2=
Aot ox] glaede] BE A E(X,, V)M IFnde
771 AEE PRk a3 o] WHE o83l RE
oA Bl E(X,, V)l g3k oo 2712 53HY
. dlo]ES A}

(refX . refY

................

a8 2. 7[skE Melg 98t GHT
Fig. 2 GHT for geometric processing

ol Ao JAT S HolEIE do]E{uo]| 22 R
AN v B 2717 e Aedze] JAFD HE S
HA A7) 8 ARETh 23 dm dde] w9je a2
7] WEE dgs 3 sl o 4 13 o] MA
7] stast AP A WEE rL0,2 BHo]
A7,

v=(v,0,) = (refX,ref V) — E(X,, ;)

v
0k=tan'1;£ 7 = Ui+l

z
Rtable = {{r o), () )} (1)

o714 Riable2 Fa dHlolE-& <n|dich

e 9] AR 713EAQ) Wl g H3A4E Jhedt
A o 5 99 7IEdd e FEA 2d FAE2
o] 439 A saE FHE o, o] U E o] g3l
et 2712 FEgoRA des] WIS F7HIAN
olmixle] A& HA & 4 it zEln Fvigke] WHskE
B3A 2o Fdel 7] W8 (scaling) = A nF &
ot

32 ctE siat D ofel MM

AR e A AAsh] AsiMe Feiul= 9
gol A% AHEY. & 14T 44E Az 9o
2 AR cE o A oXE At 49 &
AL Geold B FEE FobA ol sk
A o a4 e st



Z @TolME dlolgulo) 2] oln] &9 o7} Y
22 ARH] gle A& AAZ dn U mE FE 4
AE AN F4E o AEFshe diddl Fx Ade
A= HoR HHsin o] F 2& veE U AEY
€ g9 oA gf2Ed) Fgshe WS A

nl DE TR AEY olad 2 A% dx Holed A

UAE (n— DM AW 9 (d,.d,)% e 4 2.9 2
o) AR,

d, =r;xcosa;/n
du =r, Xsina,-/n TP 23]

38R (d,,d)E A B Hole) F7kech o
W (d,, d,)7h ole] EAeHE FAIg),

AT ool ARE o Ao AIWE B
dsAos A%E AodlE e FaaN 9L 2% #
A ANE ATE B 4 9ok AR S o
$E H2N Qi Aol vlsh ANYo] 33 Ak,

33 CIE siAtTe ox] MY

GHTE °l88ld o] 94 HJa% o Adzge U9
o} 2AYE mReA e dvigs A4 (A sk
704 x shape®] 3t& 7)ol wlalgicl aepy HA &=
o] S 9% AAE] dARA $4 HolEwo] Az HE
glojeE Holge AVE Fole WIS Agsig

tolglo) 2o Qe HlolHE oX] grEZ F¥H A
o] opd f9Y A ole WEE EY AL A A
=2 E99S o) B8 (interpolation) A% 17
gof 3ln], ole ZAM &% A3 BAE zct uEpd
olgig FAZ A A3 & =FoMT ulojElolx
]l Ao g4 B G4 A7) ofd oA FRE A
B3l=E dAe] A S Azch

3 HolEe ARE oA HAEL AIHE 99E
A& or ARFd Agole 34
Atgt Az gt ALEEQ
A G Ao vlg AltEe] J38] ooz dolE
8l doleuel 2o SlE HlolElE iy ¢lojE writ}
Atz Al 3 HolEE AN A+ YT ME
& A7)(sampling size) 2 T AEHs] Asdze o
A5 A

o
=
M B2 F49)

(b) Msfet EmE

72| 3. cfE T Ao
Fig. 3 Multi-resolution reference pattern

(24 3)& udxel 9 #Ax Hd# 49 H3 o
HE Hoge oz vads o & Aert gS
& 4 glon, o AEYow oA FAE sl YA
2 7 de A2 AETERE ALFEA JAE AIUE
@9(11)2 F8slr] 2ol rFssltt

34 GHTII8 5 dH

el 2719] Wse AokebdA waA e HAst
7] e AN IBE Fhdke Ao Bos. volH
vlolxo] AFE EAe) oAl AIRE de 250
A% gvke A AW (28 )9 22 GHT 7]
v 3R ARehe Akt

RBYE 20 BE 2 AN ARy

I |
:

A9 Jo 4y

BHT 28

P MY

D8 4, B ME 1y
Fig. 4 Candidate select processing
7 the MEY ol Az Fxn s YA
2 2 updol AR Fm djE YA AP ) 5
428 g oA FAE wily 2xiEld AEY 3 Az 0}
A2 3 E W8 hough transformation)2 oA 3}&



0% AE oA 3T )88 AeA A4 A2 4A 2 7R 99

£ MEt} o] A%E ¥4E o AEYs oA HE
<+ 7P A YA AR g/ AFY A
Aavt AadE S92 SAUE AREe] 3] Wi &
At ETE Jepdth SRR 9dE 46k AR A
dske 2 vis) AR BAE £ g B A

A7) 4ol WaElE ¥ ZA$. #HZF7Hhough
space % accumulator) 2 43R0l e}, Hheieh 2717}
o= A= He dF $3E ndz ANFES Hust
7] HEol] AXEE Fol7l M T FUE HAsle
et gioh. #An HE3 oA rEE o AT
24 3= F0E FY F Uk HE e U Eold
A olxol) XFE o E FE] g3k HZ WA &)
vl il (accumulator cell) A F¢]9) 3x3 4GS
F7WIZIY S EEe A9E dRgart (x, y)oln
2 e8] WElt (d,,d,)E o] HElo] tisiA »
v $49 HBE g 4 39 Fo] e 944 (x,9)
g Atz

X= x/n-’,—dz Y:y/n—}—dl ............... (3)

71 (X, 1) Aleel) S 14 F7IRit

o} A% A7t R HEe] B & hh ool A
o] o]Foix}7| AR FHE FIho| AL Z3} wlg S A
9 4L 3nd] Z7IH0] Aladake] ankg ZolEd &
g Aol AT BA 44T 4 mvl FA3ME 2719w
7} 23ENE | WS FYshe AFE 2% Zaddh
AAR R pf FAAFA ANFS 3x° w7t gag
o & % g

FTRAYE Fi7] vdeA BRE Ao o]FolA
o & AL HEs] Wl THY YHA} wez A
Al AL 1008 27] FR2 AFdc) FPAEe
BREol B o] FEEHE e Y] Al el
Z(watershed) 7IHE o|&¢ 33 A& IS AR
TH12)(13). AAE 3P FEHEA D g 24}
A AX), Mg, W FEE AT

35 A% A

GHT 9402 A% 24 &= A3t BAS 2sp] 9
A the AEYY oA PaE Y] Mg SE el
t & 498 veFAW the 4EYS Ad) AT 4
£ 21039 ozt BYHBA Gae] JHES vo}

Ae 23S 2k webd FY e s 27
FE2 A4 A ugeR JIEE Al oA 1
& dHshke WetE AAR

AF T 2] FHe HAad 298 Hges 4%
goh mebd 34 o] He HlolEe HlojEulolad
ARl e ZE volErt opd 7] FRZ WA
oHE oA Halo] o] FoiAA Hr. = 27] FEE
ARetA 2aat she de] dgHd AR, B9, 27
7 3 2Eo] ARHBR o] FJHE ol8l] A F
& Zole o) 7Fsditt.

AT FE RS AT AY I W e 4
E3 A wenolth. o] Y IR 2] FRE PP
u 2FE AP EE T4 (29 5)9} o] ¥t

Hal 4=l edge

OlgI X!

T3 5. LIS shilzollMel B 321
Fig. 5 Search area on multi-resolution
g AEHE  eA
(width] n) x(height/n) 2717} 3AFo] Ho} A=
dr Rz AFHY FAZ FAFo2A AN &
£ AT

2 =2dAME GHT @] 2dske £x Aot ZAE
s st o AT AN RS AQY gF
= A bge] AR O MEY duE gAlE o
2l(quantize error)7} A71A sl AAE FPY o) ot
=7t RolRle EAPZE EASHA =AUt wElAd o] Balg
s|dsl7] Hsted 439 GHTS SGHT ¥x2EFS AME
3] Bt g9 AFEE AAdeld HE $HE A
=3

GHT= the AZYE olA] oo disted ZE o7 3}
& A4 digsted el wiASs FYsigt. e o
GHTe 24 Fiez d3d o iy g -

ol dxE 9yl

—_—




100 #E FFEERSE H3GEE2004. 9))

27 F5 A3 239 dFHd s 2] ZRE
o83l AGHTE Fdgo=s HF TS ZA3,

GHT®E F3dle] A Z3Hct Hoe SHdx 3
¥ 275 BAE.

1T
11 "
- ROISUA HE BEO
- el 2iAl

1SS0 accumulator G =X E el HE 3 St
s TME 2| edge
TAHLE A ARSI B B

£

J2 6. GGHTS 0i83 AF $8 MY
Fig. 6 Final candidate select by reverse GHT

V. 23 2 B

B (33 e FE Ak G R BEARRE
A48 Aot 2PN £ & U ARY Fert A
2R e} dael TAB A 1FRZ H4) BAE Al 23
22 HUge 8 5 oo

AL MY - wE UY

mnF= 93k Hutmber. 449 HEFR  pesk Hutber 376 HIFE  peak Rumbas 365

2| 7. 2lo| SA| 7 2}
Fig. 7 The result of arbitrary object search

s (a8

A% 2e 9

o) AA ARoz Zag Ans 22 g

8)el (a) (b)= AEF Z71E 9= &

og ANG dolnt. F2 WHE ¥ o e ¥
Wl A9 Zd%(peak)el 7HE 2 w28 AFd
meha djogjulo] 22N HAHe Ado]l 4Y Hu
AT 2858 AU 7P 2 w2 2 =9 A
d AeME A% S R0l g 94T FUE I
of Al 1FHE ol HAX 1 teo R AR FE
FH2 ABEAY. Y 7] FRE WY W FEe) 2
7] ZPA AL A= AN T ntEA F2 Ae &
A% £ 9ok B AR A9 g JHYS B4l
= A4 RS 4E e oj8PS B FYE A
A dAE Hols A2 ¢ Y

R3%E peakNumber: 113

H1&ES peak Number: 334 H2%Y peak Number 150

(b) £= ] 244 Zn}

a8l 8. miEd 2 Za}
Fig. 8 The result of pattern matching

(238 9)9 (a)9 (b)e 207 =4S tde= e 4
glo] A& 37(step size) 7% 1~92 F3 HALE
bl she dylel A4 A9 28 deez 74z ga
#E We] FHF Aot}

(238 99 (@)% (b) A=A 7T ol Qe
ol AA Helo] 192 &2 vigoln, AY 947t ¥
£971 991 <o)l X wlgoltl (I¥ 9)9] (a)F %3l
A 28] Z27)7} 37K81NA FEEE HolAle S ElE
& ok (¥ 9)9] 23 I Yol 28] 2717 9L o
FARLZ AEE FEo| AIAx AL F 75%% 70%S]
AR vy F& A4 e JeEdE 2d 5 ¢l
=3

lrn WL



OF AT oAl HES ol &F A A Alxgle dA 2 7 101

i 2 3 4 5 f 7 8 &

(a) TA| sl H4) 2ot

gz
120

100 | o WM“;:M_&\O
80 . \M\ﬁ
60
4

20

(b) 5= zHE 2

——ppak® HEE T

-, - 39} QtOE HEH HIS
—— GO} QP2 E BB HIT
- v «~99OoR HHE HIT

03 9. MEY A8 oo g Hug Ho}
Fig. 9 The resuit of search rate on the sampling step size

d7IM X5 AZY =Zlelm,
e,

Aie MER 2§ ZA S FEE HAAsim, A%
H FRS dsiA AEE o] Aldsks WilE Bl
FEES FAREA A £55 P F 2SS B
b Eg BE delosc M oz Fug Ae
FAI ARE BAFE IUE F Qi)

Y&e 38x=E vt

£ d7dxE 22 FuRRe AolE AT F U3
FEAA 1Y AR EdEes AAE ¢ e GHTE

7o g s oF AT oA AE RME o84 Y9
A A4 Aade A AdE WHe #aA ke
Aol 48 238 AP £ 3lod dY 78 YL A
isleid AN £28 PN £ e Yo fA
FHE 27 943 GHTS SGHT e Agaiact. 12
2 GHTH ¥lad B2 AN A€ @] 98 ok
MERE oA 2|2E P AL, HA e 20l
€ UgE Al 8E WUt AsE AN B
FolAgt dAl FANMY &8 7HeAE BTt

FFole EAY oA} FoA TE THo| ¥ ¥
AAE Al oA & wges ke Rrl mEx FEs
RS A7 gaot sl

o

re

AT

(1) V. N. Gudivada and V. V. Raghavan,
“Content ased Image Retrieval Systems”, IEEE
Computer, 28(9), 1995.

{2) W. Niblack, R. Barber, W. Equitz, M.
Flickner, E. Glasman, D. Petkovic, P. Yanker,
C. Faloutsos and G. Taubin, “The QBIC
‘Project: Querying Image by Content using

SPIE
Storage and Retrieval for Image and Video
Databases, February 1993, pages 173-187.

(3] A. Del Bimbo and P. Pala. "Image Retrieval
by Elastic Matching of User Sketches,” IEEE
Trans PAMI, 19(2), 1997, pages 121-132.

Color, Texture, and Shape,” Proc.



102 #E A FEfFREe Hak(2004. 9.)

(4) Tipwai, P. and Madarasmi, S., “Image Search
Using Deformable Contours”, Image Processing.
2002. Proceedings. 2002 International Conference
n , Volume: 1, 22-25 Sept. 2002 , Page(s):
1-437 -1-440 vol.1

(5) Virginia E. Ogle and Michael Stonebraker.,
“Chabot: Retrieval from a Relational Database
of image”. IEEE computer, 28(9), 1995

{(6) J. R. Smith and S.-F. Chang, "VisualSEEk: A
Fully Automated Content-based Image Query
System,” ACM Multimedia 96, Boston, MA,
1996.

(7) K. Hirata and T. Kato. Query by visual
example-content  based image retrieval.
Advances in Database Technology(EDBT 92),
1992, pages 56-71.

(8) J.Canny, “A Computational Approach to Edge
Detection”, IEEE Transactions on PAMI, 8-6,
pp.679-698, 1986.

(9} D. H. Ballard. “Generalizing the Hough
Transform to detect arbitrary shapes.”,
Pattern Recognition, Vol. 13, No. 2, 1981,
pages. 111-122.

(10} I A vinoam Beinglass and Haim J. Wolfson,
Computer Science Department Sackler Faculty
of Exact Sciences Tel Aviv university Tel Aviv
69 978, ISRAEL, ‘“articulated Object
Recognition, or @ How to Generalize the
Generalized Hough Transform”

(11) o1Zz, sk83}, e, dAE 94 A g A o
2 Ex A7, FEAFEPRES =52, 2004.

(12) Luc Vincent, Pierre Soille. “Watersheds in
Digital Spaces: An Efficient Algorithm Based
on Immersion simulations,” IEEE Transactions
on Pattern Analysis and Machine Intelligence,
Vol.13, No.6, pp.583-598, 1991

(13) Andre Bleau and L. Joshua Leon,
"Watershed-Based Segmentation and Region
Merging,” Computer Vision and Image
Understanding, Vol.77, pp.317-370, 2000

oz s
Yt Axbgsiet 24
(FPAD

Fstm Axrpsiat 4
(F2HAD
EElb P bR iy
FEig geje|delat ag
A FYIFALEAYEL P

st me

A AszFergnsy Fay
(BEoh Buuet e 94
AHg

ot 8 &

738 dEtn AR &Y

(ZEHAY

Z3loietn AaAkEet

(rrs)

FHEADRIE GIS AL

atd

£3oiet HRARIAE wg

A FdedREds AdgEst
® a4

(B4 ¥op) Hentle] dxEdd

A2, Phble



