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ABSTRACT

The object boundary of an image plays an im-
portant role for image interpretation. In this paper,
we introduce a concept of hierarchical mesh-based
image segmentation for finding object boundaries.
In each hierarchical layer, we employ neighborhood
searching and boundary tracking methods to refine
the initial boundary estimate. We also apply a local
region growing method to define closed contours.
Experimental results indicate that reliable segmen-
tation of objects can be accomplished by the pro-
posed low complexity technique.

1. H&

< 98 AHY EAeR 749
ol 2 B4 FANS o
ol

%
lo
=3
)
s Ol 3O,

o off I rr X

[e]
2% 7NeFd shtoltt. AFNA FAEL

A% A8 7Rl GaesEo] AUgHIeH,
A&l wjAd Ll Algo] Qe FWoe=
TAEH JAAE2E 71 A3 e e
Folo $&3lele AR 51 duii-2] &=
3k, MPEG-4 A EES J4 AA S o 7)
o EAZ PR g NYgHen K3

o]

setm zghshs e 9Fa gled, o
AAE A& A= A A
ol Soi A of ).

AF7HA dd dEHY 4T FH
ol = ZA7% & (thresholding), B  FZ(re-
gion growing), ¥% 3 % (split-and-merge),
watershed, 2] 7[¥h(edge-based) FPHET F

of

>

'
M %
ok
o

FEE-2 3] & (luminance) 2t
7Rkt AL f-A}gk(homogeneous) B HE
2 B E3u). watershed 9 JH A WL o]
E4E A8 7Hg 9 AbeEE Mol 1
gt o] W EL JF T Shregion simpli-
fication)®} Z2 A& FasHoF 22 T2
AibZo] &g st

o] FAE sAstY] Ysld B =FdAAE
AFAA o4 FFE(hierarchical meshes)E A&
3 94y 2 UyHE AU olHE ol &
3t ke AEZRE 713 AFAA Ads
FAL F deoy, AFol AP wet A
o] AAAol HAF AUA B A (refine) B T}
T3 BA AAA A9 d9us R 4
of AFH JAETo] FPHE=z G4 HA
o W AE&HE e WHERY A4tEo]
Adsl Zadich A Wye AMdAdE
AAd 23 A AM(closed contour)S BH3IH

S e
=

A geg 22T F god, Aie BiEs)
at}
2. 2 F9ET B4

2 owgiiE g4Asge 2 Bz ¥
Faath | GAAE B o9 a9
GIAY FWE gl J4d SHE &
Eaha, 2 @Al 1 9] Aol is) A
FH TERE ASSE 49 d29 P
g 7We Hgac

Aker FArd Wue sels dol



FZE 7FA AlFAEQd o4 BFol riwksich
AZHA A2 Wy 542 AHXl(coarse)
WMol A wrEojx diEFAH B{F AAE HA
B A (refine)d] W7t d drh EI depvi=
TZE 94 AAdE BEA 1S T
Al = doh B =FdAMe B9 AA XA
F2 #AE Fou gk ARg ¢xElE
2 top-down EFolA ZE detuj= dlo]E] 9]

dRere R wEd ANRe Eddow
%0]

A A 732 (boundary detection)oll AHE
divide-and-conquer €31 & &3 vh-¢- FA}
g BHEY. 7t Al
A B BAIAS Egste dde oS @A
oA Bot HEE Hd FERE 7] 9% F
H71 "ot o] HFAHNA EA AALE 23t
T 3717 #Aokdl BAE w4 727} wEo
Ag. 448 71X & are AFAA A4
TEE 194 9448 2 oA HRE
Abgete e, vide 7 2 E59 74
F 4 (centroid)y S VA3l wEY. oA TE
oA s Fxo HAZAAE S (left-
hand rule)®} ¢4 (right-hand rule)2 A& o
2 Algsto] A (tracking)dt 3, o] A=
S AlFe W4AE 2= FERE AMEHY. o9
Zo] AFol 2P wet EX AAD ZA
o FEI7F XA Hu 1 AFe HA
ZFolgo] Aktgo] AP o9 2L Y
o8 HEHOF 3ta 9 BALA7A FH
obdl F AAML WFEE AL1, olg vtraB
ALgsld QRS FPsitt. 1Y 1 A
Qhst Wriel AA sFxolth

I Bounding Box Masking ]

l Edge Detection ]

F Set Initia! Block Size ]

1

Region Growing for Each
Candidate Node as a Seed

T

r L Check Candidate Nodesj
rMesh Boundary Tracking I k3

Reduce Block Size j

T

I Mesh Construction ]

-
-

Region Filing |

Image Masking ]

10

2% L ASA o xR N 94T

AZIA Z+ AFeN FR HAES F
e Az Fd8n. v A% A
Ay oA ZA A28y F884ct o
B dote ALk ol WAz HEH
oz eiddn. 4 AFdMe ofd AFe A
g ZAMd st AFHA FAjo]
P}

AHAJA EAY BAE HALsA &7 o
ol BARA Aol FrHHez Hastoh
olg A3l old AT AL 9 He A
2 (seed) 02 A}gsto], O FHo] st
A HHE AT HEE mpaaEe
BAE A FALY WF 949& HUM T
gt

21 A A4 79

G Al s oA 74 A7 At

o of

)

date EAV o= AAAE AFHeE F
T AL W ol dolth wetM, AF
qedL 247 243 Ad 5 Jd= ¥
S8l AHgd = nh AWkl S8l
£ AMAE dets A9 BA 99E A
skl g ¢ gl

ay 29 ol o2 A9 ARE A, E
A, AR AR B4 G HROL region of
interest) EAHE AHEsty AAE FEAE
F Atk £3 o|AEL Ao A4 £
At

(d AHEA A F4
2 BHG A

2.2 74|14 F#H(Boundary Tracking)
ge BE olakdely 4akde

34



£8 2d9sq WA Fre wAY 4 2

[2,8]. HIAELS dukxog Zols} 71 EA 9
BAAE E%EW x5, o] 7374]_ E A
g oulE AFsH] "Eo] AFAHI F=

]’\1 Fag Aol &, dolryt 71 AAXA
o 2= oulgtin & 4 Qut A AA
AL oAdEe AZd g8 Faixo. AR
Al A A o 2] M(local edge, edge segment)2 wh
gtA BA Aol FIAREE dAEZ o
2] AlFe AHETo] o]FoZ}

FH BALY fAE 2 F EA HA
of dist FUEE ixo°H°}‘ g, 2198 32
AZAQ v4o A Wz AAAM o:}yg v}
HE Austn Aok AlE koA AE
e

Nedo EAg o 99Ee A3
ketolds) B 430} Ae sxg Pge
2, A% k+l oA o XEL 7709 49 <t
AAste, o] 4L AF k+2°ﬂ/‘1-4 Fy
SRR

{2 Generated Node — Ral Edge
- Generated Edge
. I ‘ 1 1T
1 Pra
-’f H

L. L R ’|

Level: k k+l k+2

729 3 A2 e AR Bl 93
gAe AANE 248
CH BRI e
sol Aggol wetd BA9 3
Aol BAAo2 wAHT 9l

ﬁﬂ AT i
) N
q 9\_ £ ’ e HEELRNE
S oL
Level k Level k+1 Level k+2
—  Object Boundary
Estimated Boundary

aY 4 AN 1A

1

= gg des Fonr 7
] “(centrmd) (Cx, Cy)E ¥ 239

- e

BS—-1BS-1
2 Zk-l(i*BS+k,j*BS +1)

k=0 [=0
BS-1B5-1

Zl(i*BS +k, j*BS +1)
k=0 [=0

ey

BS-1BS-1
214(;’*35 +k, j*BS+1I)

i.j — k=0 1=0
¥ = TBs-iBs-i @)

Y 1G*BS+k,j*BS+1)
k=0 [=0
A7A (e 7 2R IAE ehis
g x(index)olth. BS & £F A7), 10)E A%

C

A2l AX& dErdTh oA 3kE AHE-sHo
T FAFAUCl F¥e HA=Fe At
T FATHRG & o A9 FACd #
Chetib-ic)

A oA A FHe dAd HAeHH
FrEe AHREglh olu & e gy
o2 aRHoR A BAE #e 5 UG

Jde] dF oA AFste oAAE AR
250 A dug A7x Adz
(raster scan)St}. HES AL & AAA
4% A% A4 fAA7 Bk of A
A AgE A5UE A8 2AH 23

FTHa
ol A8t}

b) ¥R X< $HEH(priority)oll wet o
A€ 71K ESS 7] 98 FH9 3x3
ESS 9A%8Y. o] #AHo] 1™ 59 1
g 6o Adso] o vk A4HE] 23l
(closed) AAIAE #7] Holl A9 FA
of o]2H, o]He AlF A2 HEo}e}
A odbd) #gko 2 thE g wbel $-
He FL3. o -"}73% =z A 2]
ﬁle AAE w7hx] wrEA o p:Rzh=

c) dAE 7MW Aoz gy oz BEe
ARl A, dA] AAE Wzt oA i
of AU WEE A5 Ysle DIR ©

—I> m{u:z

=

ghe AT E AMEST o AAA AA
T O% 69 $AEYE wWE £MZ2
gt olgdA FaA dAE 9 ¥
2] DIR o] "t}

d) X B9 AZNE Zo]7] Y&l A9
AANA ARFA el GHEgo] o] Ro]xr}.



o) 9o HAL siady ddxTe EA HA oS w@Alel A& YAZ EolohA whd) W)
Mol o]& w7tz AFHo=z NEHL o= -?—#t,'..ﬂo] A4 3 No. 13914 No. 16 &
A7MA e RS ¢ F Jdoy, 23 A%

Jmmmm———

g olaag A7) A8 AAEn.

cedanden

J
0 1 2 3 4567 8 910111213

Previous Candidates 0
1 N
2 ] N
3 ul
Current Candidates 4 ﬁz P
5
1y 3 s[5 4
4 \<'>5 7 AV k*ﬁ
» 8 4 Q\
6|78 o 14 N
Direction Index ag 7: AL F3H9 4
(@) W A=
y E 1. $FOR)F? A gk(Pos.)
2 No | Pos | DIR | Scan | No| Pos | DIR | Scan
3 0 | (0,5 7 left | 17 | (8,2) 8 left
4|l 516 1 ] (,5) 6 left | 18 | (9,1) 6 left
2 124 1 left § 19 | (0,5) 5 right
3 1(,3) 7 left | 20 | (0,6) 5 right
Candidate Position for Left-hand Rule 4 |(23) 7 left | 21| (0,7 8 right
5133 7 left | 22 | (1,8) 7 right
2| 516 6 | 4,3) 7 left | 23| (2,8) 8 right
7 1063 7 left | 24 | (3,9) 3 right
3 B 8 |54 | 5 | left [ 25](2,10)] 7 | right
2|1 9 | (6,5 8 left {26 |@G,100] 7 right
10 | (7.4) 6 left | 27 [ (4,100 6 | right
11 | (7,3) 4 left § 28 | (5,9) 6 right
Candidate Position for Right-hand Rule 12 | (8,2) 6 left | 29 | (6,8) 3 right
(b) T8 g xolx e g Blay[ 1 et [30] (7.9 | 5_|right
N 14 | (6,1) 2 left | 31 | (7,100 8 right
g 5 AAAN =%
1% 5 BAA FA4 15|60 ] 4 | teft | 32][8,11)] 8 |right
16 | (7,1) 8 Left | 33 | (9,12) end
3[2]1][4]3]2]}[s]4]3] [3]als 3[4][3]4]5
ax 3|5 * ][l A 2] (26| 1][2[5]]2] 26
stel7][6l 78] (7] 8 1] [118]7 716][1]8]7 23 X A& 99
2]1]8 6[5]4] [8]1]2 4]5]6
3|47 73] | 7]+ 3 317 E2AE9 AA A U= IJAEL A
s[5l sl1]2] Lels]e 28] 2zl o1 AQHA Adae e
118)7 71e6l]l71615] |7]8]11|6]7{8]15]6]7 . a-s}o]z Oﬂ/\]-o_"é_k]._o_zl-)k—ltﬂ_
o So&E = &0
P43 KIE2 BT ETVEY g K P4 R CARR B F 27w og*g%@ow e Fed A
31als| 213 a|l1]2]3] [s]4l3][4l3]2]l3]2]1 volth, AaRate] 2L AN HE kel
(a) 51 &) ¢4 Wsl dojubs dAEg AZst 2d o
= . g gohhE Holdh.
2 ¢ A o 0 2 2= =
T 6 A AL A FALH e LTS AW ded PYolk
_ L= o] A & I~
978 AA 349 A8 waza g U0 T A9 4L e xdel Aol
o E 1elE oliel olx 99} 330 A u it N e
3 ] Qo o= F2=md 8 i . Uy =
o] Aol Atk HFole FFULE AlF 2A2 o2t 22HE(egment)E 2717

3FAARY, No. 18 ol A 73] ZAlel ol28A,



3 F =gk zpo] ojdlel 7 xzte] F
A B HA e AL

Az HEd 49 L d9d AAA
A7 A FY deMe HEs
(smoothing)® 3 =32 71ATE 71AstNA=
TYs FAolth. F A BEF EA AALAE
ZAY #dst d9de FIYL7. TEeA
(homogenity)-< M AH(color), ©2F (texture), w
2 9l (motion), Z°l(depth) T& T3 FAHZL F
weH, J7IAE =g WHIE AFESS
th 4 AZA(hybrid link)S AFEE g 3
ol Al o2 A&7 2 Fhol disl] HEEHo
ol X (edge) &2 H|o A|(non-edge)Z T3}
FHo = FA2F dAd £5A Ze g4

2 A3 EZS(segments)E AT E A
22tE2 vz SAES AFste] o]FofH
o FEoly BE3e FA4E dE A HE
2 ZEd A 274 ¢EV] g 23]4
R AHAdol FaA Fx UL

EA3  AZA(statistical link)2 AMg3 HY
e F A4 24E9 uide FAH
EA Agslds 343 vudt B4
B4 3 o= Al BEEe A7 shaghol
o 5 oY AdHR A e AAAE
et #d3 32 JHAE A2gdy. o] 3y
2 &4 AZ" 23 FZE AR, AL
o] @olxlc}.

o] 7 WS AFAZ HHe AEAE
HHE Heds o dAse FAER AT
BostA "ot 28X A el 7t
e FEE &AsA AAAE Felr] W7
of AP HoZgk AR Er} o] BHHE UwkH
o2 dZAH dA FZRE XA Bo o
ASNM EE 7|8 €Y 1, E50] F¥

& X E 7R =R AFE A}k dot o]
£ st 2t ES9 H7 oA FE TEHA
o wlweb,

N2 HEL Y3 Wty oz Fol] A& H
= Sobel HAE71E AM&gstlth A7)A, 3
wekol | 2} =38k (first-order derivative)E -8}
7] Ag AL by 8 BEge] | A} =9
£ 317 fs d4A b ' oS3 2o

1 2 1 -1 0 1

hy, = 0 0| h,=|-2 0 2
-1 -2 -1 -1 0 1
AGHA 4% FHe A3 g AFY
23 AAY FH4L A% 27 Frgo] B

2.4 99 AL (Region Filling)
AAEY vl E 37| Y5t A B

13

Mol AR E ol galol
g 9Astol Yuhs

scan conversion) &

e o

i
RN

Joqde Aech o
A

78 ¥ (polygonal

(concave)2 EF ©F=d &3t O™ 8

2 949 AR FAHE BAFy. o] FAHL ¢

&3 2ol 3AE FH

a) tzhg(polygon)o] AlA 9} A0 2}(scan
line)o} wztd-& 2=t}

b)x & ko] &2 FAFE HH3h

c) 7 MY uAA Alejo] Qv vzt e U
o BE A E AAAY siagez A
o} olu dHe YR Je FAUAE
Artst7] f8l &2l 8l 2 (odd parity
rule)S Abg-stol HZlElE Hxde &5
2 AAHsn wagdE g dolg g
£ v sgErt g0l T sAE

A, obyd A3 e

Parity:  odd odd odd
€V

Scan line y1
: T

l
Scan line yn T\/T%

Parity: odd even odd even

¥ 8 39 A

2.5 94 vl2% (Image Masking)

Fe BEANE €7 s, 4 d4H A
T AR JAEE vt2A9t AND XS T
s,

r

3. 234+
B =AM ASE AT dugss
A58zl A8 CIF (352x288) Z71E 7431 <
& o]&3ta] AEE sy A o
7 H8& 7} CLARE 9 AKIYO 348 A}

3tk 2% 9= HNE & &5 Ar|E
7B = AFe A 728 RAFE

AAdA AFAHE dde lexie A7E
A B0z Urm, BAUE FFoA o
A8 Agerh A F2 EA9 oS
webd Ergn. ZAN FH PEe AHES
of 2t AFelA SHsHA 2s=s ddd A
Ade 789 895 ASdME F o A2

B8 2719 2L Algstedl BA AAML
AU o714 85 A4 49 3
Fo 29 ddo AANE F=F Hd =

J



g ua}t
oﬂxH 74143*

(a) BS=16 (b) BS=8
a® 9 =% A7 9E Asd A4 7=

aY 102 AXE PPl 49 Az @

dE HAFD 9714 Z4 FHe A= e

2719 252 Agata Qon, 1dd =
NAEe g3 278 derd e @
2 AP o A AAHo] RAAS

¢ # qlu.

(a) BS=16 (b) BS=8

(d) BS=2

() £ vjx23

14

2 AR dagEFE AGsRT. 249
AFAEJE dYELS dowM AxEe =
ol HHS AN FEiR Ane= gy
o} ox] AKX EXo AA HARBRE Fx3517)
ol AlzZtH o= 4" A5S 47l A

1.5 s}(object-based coding)oll A}-&H
F Utk &3, o] A= A K3 3l(shape
codmg)93r M FAE A% 27 BAAL Aw
2 AIRS 5

At 2
B =

2 FF AL EYKIST) 204
FUEHZ(UFON) @TAHHE &3 S35
A ¢rdFHMENERC) YT <F AY

U,

FaEd

[1] L. Westberg, “Hierarchical contour-based seg-

mentation of dynamic scenes,” IEEE Trans.

Pattern Analysis and Machine Intelligence, vol.

14, no. 9, pp. 946-952, September 1992.

Y. Altunbasak, “Object-scalable mesh-based

coding of synthetic and natural image objects,”

ICIP’97, pp. 94-97, October 1997.

(3] L. Vincent and P. Soille, “Watersheds in digital
spaces: An efficient algorithm based on immer-
sion simulations,” IEEE Trans. Pattern Analysis
Machine Intelligence, vol. 13, pp. 583-598, June
1991.

[4] L. Najiman and M. Schmitt, “Geodesic saliency

of watershed contours and hierarchical segmen-

tation,” IEEE Trans. Pattern Analysis and Ma-
chine Intelligence, vol. 18, pp. 1163-1173, De-

cember 1996.

S.A. Hojjatoleslami and J. Kittler, “Region

growing: a new approach,” IEEE Trans. Image

Processing, vol. 7, no. 7, July 1998.

(6] T. Pavlidis and Y.T. Liow, “Integrating region
growing and edge detection,” IEEE Trans. Pat-
tern Analysis and Machine Intelligence, vol. 7,
no.3, pp. 225-233, September 1992.

{71 M. Tabb and N. Ahuja, “Multiscale image seg-

mentation by integrated edge and region detec-

tion,” IEEE Trans. Image Processing, vol. 6, pp.

642-655, May 1997.

O. Lee and Y. Wang, “Nonuniform image sam-

pling and interpolation over deformed meshes

and its hierarchical extension,” Visual Comm.

And Image Proc. SPIE vol. 2501, pp.389-400,

May 1995.

J.D. Foley, et al., Introduction to computer

graphics, Addison-Wesley, 1994.

{2]

(5]

(81

(91



