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RAG-based Image Segmentation Using Multiple Windows

Sang-Hoon Lee '

Kyungwon University

Abstract : This study proposes RAG (Region Adjancency Graph)-based image segmentation for
large imagery in remote sensing. The proposed algorithm uses CN-chain linking for computational
efficiency and multi-window operation of sliding structure for memory efficiency. Region-merging due
to RAG is a process to find an edge of the best merge and update the graph according to the merge. The
CN-chain linking constructs a chain of the closest neighbors and finds the edge for merging two
adjacent regions. It makes the computation time increase as much as an exact multiple in the
increasement of image size. An RNV (Regional Neighbor Vector) is used to update the RAG according
to the change in image configuration due to merging at each step. The analysis of large images requires
an enormous amount of computational memory. The proposed sliding multi-window operation with
horizontal structure considerably reduces the memory capacity required for the analysis and then make
it possible to apply the RAG-based segmentation for very large images. In this study, the proposed
algorithm has been extensively evaluated using simulated images and the results have shown its
potentiality for the application of remotely-sensed imagery.
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=

3 edge— gk ?I’Z}‘%‘(’ﬂ g graph4 7419 4 40]‘3} CN—chain @2H2 7H¢ %A}Z‘P 01%‘3 x]oﬂ,]
AZE FYAHHA HAY edged YAst FHE o Whe o2 A A7 3719 F7to) nhet @A)
70 a4 AE ST Sl o5 Wake RAGY &3 XS $iste) RNV
(Regional Neighbor Vector)& AM-SFGITt, Wizt 7] Am B4 ghdigh 71 §3F2 Aj2g S Fa
2 g} Aok A 729 sliding W A 292 s 7Y §38 WA gaA 7 24
7] 2718 FUAHES ¥ otdet ARE AIZEe A48 sttt £ A& simulation AR S AR}
of B QeHA AtE daEEo A5 ddstgen 4 ik dueEe 284S YFeha

2006\ 114 28% 4= ; 2006\ 124 269 2.
Y SLAIA A} 0]AFE (shl@mail kyungwon.ac kr)

-601-



Korean Journal of Remote Sensing, Vol.22, No.6, 2006

LAE
A4 2 o wE e Ak ARHY B
(scene)el] Z3tE|o] ‘Rl% ME ThE EA Y dEET
BB e g ofgf PR BEE 4 At oleet 94
H3kimage segmentatlon)% e I Eat]
(image analysis system)o|A] 49 ©AS] G4+ a4
(image interpretation)}& 3+ st GA Az HA

_I

Eo 3o UBo St Gy BN 819 3t
gle]

Ao B4 ohatel T AP AR glol s 4]
Bgom Mg BY 2ne 35 Frhn A4
o}, 4] Tt 819 S T Aol 2= 2 3y

of Folzl Ao ubg Zlofch 49} HAHL wAlE A
73] WgEol g BT A JRE AMgets v
519 WAL BA dlux} sl Ao A glo] UnkA

O

o
o g M lo

2t o] & 4= 9lt} F2A/4d(homogeneity)X
A(contrast)E o131 AEZ %’B}W HHE
3t o] EAC: A9e) Het Am)o® S4d &
ATk FAF 2 BAE sl B2 7IEe] AtEHA
tHHaralick and Shapiro, 1985; Pal and Pal, 1993).
158 dHl(thresholding) 711, 77 B4 (edge
detection) 718, AY 7|¥Hregion—based) 7|HLE
A 379 M2 FET 4= itk 3| 71 FAdol
F HE 9l TUS AT AEER FAE0
Ath= 7HAot kAl ghe Fotol PARE 2 Y 14
o7 Fagtti(Pal and Pal, 1993; Tobias and Seara,
2002). A A 71 AR BAY 74 ol A
AL 2] AALNE titshe 224 (contours)
< FAdstoll o8l BS WetHTorre, 1986; Canny,
1986; Jain, A., 1989). A% 7]dt 7] nj2] o)Al
old 7|&g Sk dZH s Jdd A9
HHek= 7 l‘?;‘—o—i A9 T (region merging)dt |
B2 (region splitting) o] AUTHChen et al., 1991;

wor
-
12
|o
il
i
-lr
O B S dm

b3

Wu, 1993).
A 2o duty e gt s g2 A|Hn O
o] J7HA o] 5 Hluste] FAA 71E F2 A4

FAF 2o 2AsE] Tl TS Zstar Qlot
Adams and Bishof(1994)+= 524 2 (parameters)
£ 283 glo] o8] 9] 27] T (seed) B0l 2
oJA]:= SRG (Seeded Region Growing)7|'H-& 233}

1 Chang and Li(1994)% % ol A5 AR HL} e
Z&o| BQskA] oF1 2|9 EA B o] #-9-E|of
A& A &4 314-E 47) 3H5iTh Hojjatoleslami and
Kittler(1998)= 2|9 2 2L 245h7] sl 5
EHZ(peripheral contrast)? B+ & (average
contrast)ebe F 7 o2 % A% ZAAE ARSIt
Wand H1gg1ns(2003) 271 & Ao] Addo] g2
WER) QRS AL A7t 719 Bkl s AE&AQL
SymRG (Symmetric Region Growing) ¥12&S
Alkataict, A et AA| EME o] AMgste &
Ahybrid) 71%o] |4 £8& 7HAAI717] Hste] 74
Hrejo] Ht} Pavlidis and Liow(1990)= B34 7|1&
o o8 F4H HAAZ ¥ T2 AAT) s X9
2 AkE sk S AIjY 8L Fan et al (2001 Q1
ot AA A9 Atole] FHAE 27] AR ANt
A &1} SRGY 2AE Fooke SA7IHE ARt
stoich A 7id 71 B E o 24 7He

2 Zhu and Yullie(1996)= snakes/balloons mEol
7548k BT} 2] Be] BAA 7|14S gHAlste

A A (region competition) EXAES /W5ty
1 Haris et al (1998)2 watershed 83} RAG]| 7]
uhel 219 g AR, ’

G A0l Qlol arejEojof 3 FHt Fa%t Xﬂok
Z9] shube 44 Y4H(digital image)ol AE +
(hierarchical structure)E Zra Qith= Aot}
(Tanimoto and Klinger, 1990), &, A& F2oM=
3k9l :29] % 7 ool AL A sub—region) 5L
Ao shte] o 2 N9 o g Fefix|a @R 4
Az AFGEL g AeEdA thA] o & A9
o2 Ak 2] G A L2 E Lot R
g 5 299 i}%é F88h= RAG 7|9k 2|9 @4 7]

I

O

mlo

2
N A VB S F A% BE F 34 2154
HEe e SAE A Y F Aee
A AG B s 7ol 97 BAtel G4
Azt Zol Wiie 248 TP RAHE B



HE F Re 2 ks dhtY] & Hdog Ay
7} clustering T8 AAY7]| A vi$ H| A& H o]
et 8 dEKos 751153}7(] Zoltt vl
%‘3 EAE dl43k] 91304 Haris et al 1998} ¢
A watershed £ 53] 219 $hES g 27] A
o 28 7k4A]7]3 NNG (Nearest Neighbor Graph)
S Aojate] zF dAlol A Q] 419 A Aetg 943t T
TR i 49S St s Y & =2
(o1&, 20002 NNG&F 845 MCRNP (Mutual
Closest Regional Neighbor Pair)g ZolA 419 2
e AEstA T A7 A4S AE4 F7HE st
AA H#(oundary blocking)oll &3t pyramid A=
Fz9] thE A2 A3 Lee and Crawford
(2005)= BAE AAo] Uehte 93 A4S W
o5}t7] 9l3le] Markov Random Fieldoll <€
Bayesian £32|& RAG 7|4t 2|9 ol AM-8lSL
E} E3F A9 B3 clustering®] ZF GAA 2|49
2 AMsle 588 S7H1717] 8k CN (Closest
Nelghbor)—cham 7ol ARt ATh(Lee, 2004).
£ 7oA Lee(2004)° sl Aot H CN-
chain 4Z2& AHgshe the & 71HME WS 4R
50 2 B} oja)ol UHO ]

xm‘

ok

ZF GAlA fz}t%ﬂ 46H ‘f*ok— RAGS Ho}o:] RNV
2 HYste] ALZ9 RAGY AL =538
pyramid 729 thg & thAlo) sliding T A2 At
Soto] YA B Alkl/71 A B84SR
E3] A9 9 sliding th & 22 7|9 880l 5§
A AMO R ThsT B Aw e 718 FUARE B
ohujt AL AJ7te] g 2 efiskglrt

)
o)
>
)
)

a9}
—'-l

P

18

xk

o
M

ek

>.1
o i
ruh'.
ju
-3
rlr
>
KU

A7 XY B clustering B2
o]t A G E0] FolXl FA| F2of wpE A& Foljt
B TS A G4 ofe] Yo g Fa3it

RAG-based Image Segmentation Using Mulfiple Windows
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Fig. 2. Examples of RNV.
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Fig. 3. Initial and 6-region RAGs.
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Table 1. Results of segmentation of 3-band 6K x 6K simulation image.

Replication ns MSE CPUT
1 50745 5.57 163.11
2 50906 5.58 162.59
3 50661 5.58 161.94
4 50807 5.58 161.83
5 50718 5.58 161.73

simulation A& ol Tt Ao Fetst et 44| ¥4
gAp Ao 43 Ay Ate 2 =29 34 HA
A T A9 P o & A AlF ERell Bt =
BollA LREUHOIFE, 2006). 2 A9 AP 2
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pattern®] A7t HogErh ZF SAe AR TE B
7Y%= 2470, 100, 130, 160, 190)= 72 183 & 7]
A& AR T2 FHAE /I, B B A = 9
e 30082 T ghe AR 22 XA BHE
band® B¢+ FE 42 FLHEE 5lcth.

£ AA oA} Bel Al e 2 99
o] F4 A7) A4 AZHCPUD S 449 B A=Y
Ha A5 27 ZHMSE) 2.2 24359t} 6K X 6K
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7} Table 10 Weht Sltk, TableollA] nye= 2
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RAG-based Image Segmentation Using Multiple Windows
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Table 2. Results of segmentation of 3-band 6K x 6K simulation image using pyramid and sliding window structure of different window sizes.

. o Pyramid Window Sliding Window

Window Side-Size e MSE CPU s MSE CPUT
6144 50718 5.58 16224
3072 50859 5.58 19335 50985 558 190.60
1536 50499 5.58 21267 50508 5.58 20382
768 50709 5.58 23002 50396 5.58 204.63
384 51102 5.59 23637 50808 5.58 201.70
192 51212 561 23424 51825 561 216.19
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Fig. 8. Example of segmentation.
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Fig. 9. Comparison of CPU times between multi-window
operations of pyramid and sliding structures.

Table 3. CPU times of segmentations of 3-band simulation images
of different sizes using sliding window structure of 1K x 1K
(image size = S x K?).

S CPUT CPUT/S
4 20.05 5.01
16 88.44 553
36 205.78 572
64 372.59 5.82
100 588.79 5.89
144 850.71 591
196 1165.09 5.94
256 1534.48 5.99
sliding %8 AMSSIRE 749 B4 el 270 me
CPUTE ¥oiZth. Table 3014 Lt 94k 2719f o

3 CPUTY] Bl &2 G4+ 2719] Z7toll whe} of okt
& Z7hgict, ofgt njnjgt F7he CPUTZF 974 271
o] vlj=ttE gk o2 Z71%kE ofn|gich

0202 sliding A& AME 4AKX4K 3719 G4
& AME3H] band = S0l WE BE Ane) ¥sks
Al8519IT) Table 4% 1 212 gy glow 1
Ao A HEo] hand?] /M= QA4 =719 F7HAE
CPUTY] Z7tof W& g3kg 71]7] =th,
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Table 4. CPU times of segmentations of 4K x 4K simulation
images of different numbers of bands using sliding
window structure of 1K x 1K (I = number of bands).

l MSE CPUT CPUT/I
1 16.39 82.82 82.82
3 5.76 88.78 29.59
5 2.68 101.74 20.35
10 1.05 138.36 13.84
20 0.72 218.16 1091
50 0.55 471.76 9.44
5 7?3 T

I s 3o 2 29 94 4 Y5 4 otk
Paxe)

50| band 9] F7}o] &J3tof

zog Qi B
oA} 2R B

—
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T graph?) 7 de] 2
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At (Haris et al, 1998; oJAE, 2001), 23y A&
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RAG-based Image Segmentation Using Multiple Windows

39] Aol A RojFizo

Yo R@s 27|19 F7t Wend) 2 4 Alﬂ% 3
7

A% 7199 &4 AM-S flsto] AR e &
ato] BAske A Hfoll 93t o A 2Ho] AjtH
Aok, 2001). AMEHE pyramid +RHA
sliding 5 & £2& A¢kskx k. AYH sliding
?. t /\le-l oz :er-1qu1 L yramld :rL_;Jc_gq. I:LE]

R F4H Aot +3H< pyramid 2
Ai% BE Bge Estod WA AR g ARt of 4
H2& RAGY A4S Yate] A Bha Jof] 03|
e 27]9) WSS 913k YA 7)o} Sfo| Wasit
aHER Wit 3719 $E B4 Sstel ol
3+ AF 7199 Z7|= wosict 1 Aol A
9 sliding & 242 F22Q A= o A%gro] 2
Q5k1 Aj20] RAGE A8k Zlo] oh 1 7iA1E 8}
HA AA GAE BASIER 4] 92 10)flA B9l
pyramid +Zof ¥]s] @A) HAg 7| EFE A4
ARtk 22ER 3 e 2 2 Aaet 22 W
gt Ao AEAQ BAS Yt AlokE duejE
__ }\]_.9:61- 2 oh;}.

HN

OWIE, 2001 FUALYT AF R 718 ©)
$3 RUT QUEF, U,
17: 57-70

OMFE, 2006, RAGZIH A% 25, diardlAeler
A}, 228 650l AR oA,

Adams, R. and L. Bischof, 1994. Seeded region
growing, IEEE Trans. Pattern Anal. Machine
Intell., 16: 641-647.

Anderberg, M. R., 1973. Cluster Analysis for
Application, Academic Press, NY.

Ballard, D. and C. Brown, 1982. Computer Vision.
Englewood Cliffs, NJ: Prentice-Hall.

Canny, J., 1986. A computational approach to edge

-611-



Korean Journal of Remote Sensing, Vol.22, No.6, 2006

detection, IEEE Trans. Pattern Anal. Machine.
Intell,, 8: 679-698.

Chang, Y-L. and X. Li, 1994. Adaptive image region
growing, IEEE Trans. Image Process., 3: 868-
872.

Chen, 5, W. Lin, and C. Chen, 1991. Split-and-merge
image segmentation based on localized
feature analysis and stafistical tests, CVGIP:
Graph. Models Image Process., 53: 457-475.

Fan, ], D. K Y. Yau, A. K. Elmagarmid, and W. G.

Aref, 2001. Automatic image segmentation
by integrating color-edge extraction and
seeded region growing, IEEE Trans. Image
Process., 10: 1454-1466.

Haralick, R. and L. Shapiro, 1985. Image
segmentation techniques, CVGIP, 29: 100-132.

Haris, K, S. N. Efstratiadis, N. Maglaveras, and A.
K. Katsaggelos, 1998. Hybrid image
segmentation usingwatershed and fast region
merging, IEEE Trans. Image Process., 7: 1684
1699.

Hojjatoleslami, S. A. and J. Kittler, 1998. Region
growing: a new approach, [EEE Trans. Image
Process., 7: 1079-1084.

Jain, A., 1989. Fundamentals of Digital Image Processing,
Englewood Cliffs, NJ; Prentice-Hall.

Lee, S, 1989. An unsupervised hierarchical clustering
image segmentation and an adaptive image
reconstruction system for remote sensing,
Ph.D. Thesis, The University of Texas at
Austin.

Lee, S-H, 2004. Unsupervised image classification
using region-growingsegmentation based on
CN-chain, Korean Journal of Remote Sensing,
20: 215-225.

Lee, S. and M. M. Crawford, 2005. Unsupervised

Bayesian image segmentation using
multistage hierarchical clustering, [EEE Trans.
Image Process., 14: 312-320.

Pal, N. and S. Pal, 1993. A review on image
segmentation techniques, Pattern Recognit.,
26: 1277-1294.

Pavlidis, T. and Y-T. Liow, 1990. Integrating region
growing and edge detection, IEEE Trans.
Pattern Anal. Machine Intell., 12; 225-233.

Sahoo, P. K., S.Soltani, A. K. C. Wong, and Y. C.
Chen, 1988. A survey of thresholding
techniques, CVGIP, 41: 233-260.

Schwarz, G., 1978. Estimation of the Dimension of a

" Model, Annal,, Math., Statist., 6: 461464,

Tanimoto, S. and A. Klinger, 1980. Structured
Computer Vision, Academic, NY.

Tobias, O. J. and R. Seara, 2002. Image segmentation
by histogram thresholding using fuzzy sets,
IEEE Trans. Image Process., 11: 1457-1465.

Torre V. and T. Poggio, 1986. On edge detection,
IEEE Trans. Pattern Anal. Machine Intell., 8:
147-163.

Wan, S.-Y and W. E. Higgins; 2003. Symmetric
region growing, IEEE Trans. Image Process.
12: 1007-1015.

Won, C. S. and H. Derin, 1992. Unsupervised
segmentation of noisy and textured images
using Markov randomfields, CVGIP, 54: 308-
328.

Wu, Z., 1993. Homogeneity testing for unlabeled
data: A performance evaluation, CVGIP:
Graph. Models Image Process., 55: 370-380.

Zhu S. C. and A. Yuille, 1996. Region growing, and
Bayes/MDL for
segmentation, IEEE Trans. Pattern Anal.
Machine Intell., 18: 884-900.

multiband image

—-612-



