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Object Contour Tracking Using Optimization of the
Number of Snake Points in Stereoscopic Images

Shin-Hyoung Kim" - Jong Whan Jang™

ABSTRACT

In this paper, we present a snake-based scheme for contour tracking of objects in stereo image sequences. We address the problem by
managing the insertion of new points and deletion of unnecessary points to better describe and track the object’s boundary. In particular,
our method uses more points in highly curved parts of the contour, and fewer points in less curved parts. The proposed algorithm can
successfully define the contour of the object, and can track the contour in complex images. Furthermore, we tested our algorithm in the
presence of partial object occlusion. Performance of the proposed algorithm has been verified by simulation.

Key Words : Snake, Contour Tracking. Stereoscopic Images, Disparity Information

1.M B 2e A g $AUARE YR o 2 Lste] A
of Rekoluh &e] WglE X 4 gy Aol A

AA F2 FH2 gAA 2 SEle] el 2R8I AA e ol BRe I A& HE oux REHGoR <
F 2e vpekst Bolo] F4% AFuUgolrt =3 Hyw ) A& & AFo] PEx, wjHol B AL F9
ol g AHg 4o disty ZHEvde] Mu]so] A AAER A3 ¥ HAF(local minima)el] WA F 9=
Fot7] A A G FBEr) Deeln AA BRI galo]l Arh2] oldd FAHEE A el 220 A
2 37 YN WA ANE JErHoz Begsn 2Ad o} GVF(gradient vector flow) Zule]=A[5]9 AHHSL S94
i1 7129 HHEL 234 oJabo At ofa A o] A Wo] A (disparity information)Z o]& % W[6-9]¢]
e TGN AANE FAsE WSl Bol 2MH% 27 Holth GVEAYo A @8] o x)ukg o] ga4x] &
o 53, 4% EJEZ e dux Haz Ee 23 L o219 FAEAS Fa A QEG f2tel Ao
angon AN &#4g #AEFsn FHae WyPow ~ FRAEZL FHIESE 39 T8y v A 238k of xS0
dlel=7h de] A drH2-4] o e ¥AE 2 Q3 EAletAY s2l¥ 2% (gourd shape)el &2 ztE A
dAde 2 FHEA s 27 Ao 2dde 940

tF 8 9 eAYeE AR AR Al A o] ARE o] &e FAIYE ol HEo) o) A



240 d2Melgzl=2A B M13-Bx M3=(2006.6)

3t7] #sf &le] JE o HAH3 Wi AL
THE ATk AGE Py [otakA e (o]

At o) TAEg 4
o AAe e

>
= T
w2 FHe o

o
2

dola EQEY] E =
A sk olvA s A (D 2ol HF v A (internal
energy) E,, (v,) ¢ 915 o] (external energy) Een (Vi)
o oz et

E.mukc(v) = MZ‘:I(EHH(VI' )+ Eext(v: ))

=
-
2
&£
>

Ir
[»
=
L
{u
33
re
{m
lo
)
=)
S
L
[\
2
a
Siid
lo

1=

So] Hx3 AL T8 RS JAHEE o oY
qUA = AAE7L 2 ZoA] & FE ZHA sto] &
FolEZF BAAA(OOL : object of interest)?] &=
o3re g "o dukdoz dade] o7

svola EQESS AAW &ML FEdA HFE
gy uAE @A EAE v old 2L ol F EAEI} of
2r REol Hav Wi AN o F oA weA

=

o

{m

N

A

N,

2

i) o
;

Mo ook B

= %

o o -

o i

o

o

)

2

N

N

oR

o

X 2 oo
m
Ir o wu
- 1o
g o
S
o
e
R
N
S
o _[}{]
3 e
lz o b>

r
ol
_L?L
R
N
QL

1
o
S

rlo

o)
2
)

O, 2 o X2
N
N
X
e
o
2,

=y
H o
L
L =
fol

MO o

\ s
Sl
2
fatn)

. Ol
o
™
do

-
fo
-z

e

2%
2

ﬁ N
fo 2
-
o

N ]

A gk of

AR A

=
ol

i
N
to
-z
=2

Mo 2 S

o tu

=)

r'lo

>

.

o
=AY

Rrogy
N
— 1
ot
2
o
N
N
Ol
o
2

y fo
e
e

Bk 4o

1 _]l_m
ol
ol
ol
R
=
o
e
K3
>
N
3
i
2

Zyoflo g o o
f
=

=
=
=
B9
rir
Mo
2
offt oy
L o
S~
>
2
2 &
S
N
2 o
2w
o
i

ol
-

O
O

a1 ~EHP L
Z

gl Al Akl ]

oh
i
O
o o
o
Ruigrin)
gl
i
ol
o
o

[&%]
=
re
_gl:
rir
ne
Kl
n
il

w (2
ok
it
rlo
I
il
=
fo
of
ox
1o
oft
§1=
2

2
"
iz}
oL
=
rE
o

B o

L &
-
[kl
osh
o,
2

E
2 4
ox
i
i
i
o
= ol—J
a rlo
e,
o 3
o
i)
o
N,
¥ |o
BOHong
T %
Fo 5

X

)
:
rie
=
It
=
=
A

o jwl Aol TE

fu
R

o e

gy
&
s
L

o
2,
Py
o
clr
ne
k1
)
ofN
fof
ojn
b
i
i
Aul
=
v

Snake points
insertion

Motion

estimation
Y

Snake points deletion

Go to the next frame

1
1) Wil A

i H
2 |m
R

M rl

y ror
Oglé
o
T

S
BN

i)
N
rir

2]
Zol Ao sk 71Ee] WHE 2de]a ¥JEST
HJEAYE o] 43t FRAEEO F NAL olFEF YA
g, 2dleja &HMe] eaetEHA Hd A oA

rﬂ
e
flo ro Xt



2HHS S0 2u0|2 ZE o HXNOLE 0188 MM g2 =M LIe|E 241

B o) ¥RJAESIY] 7wk Hwste] AL A
& A9 stk O o] 23 HAE F Hoighe et
el
d d d d
E ) ”‘fol.r_vm Vi T Visns
con\"id con Al (2)

max

Aux Eer(i) = [9)e] 2748 o]

& (curvature)
HEo} LMME S o]lgdte g FHoT solm
ZAEE A e WS o] &3ty A (3) ~ue|m
FolEd Mol AXME (tangent vector)E o]AtAH o2 e}
d Aol A 49 B+ Askste WA e 4E
ANAE el gl
T(V”) z+lr Vﬁ[ 21 (3)
Ecvi = o frob-reiafret ol | 4w
Lur( ir)Aﬁ(ﬂE(‘(V;{I)-I—(ﬂ71)E('(vi(i{/)) /l], (5)
o714 Fr Adela ZQEV 00T YR EE ¥ &
A=A ol e 2HH 59 A de Hol
ARE o]&dry IAAAY Wo| HHEF dophd ol
ATo Al FAAA Gdg & & Q7] wWEo] Aol
IAEZF A R B 5 A

JIEREIEE

92 A 2ede SYYoLtY urh GEd W
of ARE dolot 1 Ao] P wEe] B =Eox
= A0 he e JRYEN0E ol gsel Wo) A%

[

a1 o] %7&0 ¥E ¥, 00Ut 4A% go
o Aol #olo] 9 AHlayer image) Sps (X Virdoors) o] o
 AARE &4 °P°4 AF-8-8F 9 o [9]

7w E ~uvola eV} AR e RAFRE olF
& & 9,171] M= & iLﬂ (comer) AHAE Aol 3}t 2
iAo A Aol ZMg RES AE
strp o 791—3— 'r—4 2dle]a EQIEE o]fs AXE m
k13 -

dol Aok Ag U= A (6% (7

]

001.t)

d d d d_d
7E1‘E}— Eedge(vm)-l‘:_- Vi.zg} vi+l.l% 9\]% /\K_‘E‘(VIIVHII )Ao]'-o’]
-] 1 = <7 - d
NAZES tlote Frolm, E,, ()= 8 2 Vi
d
S} o} 93 TOLE Vi g} Vi, Alolo] o 2|7} Bo] &4}
E &0 FEE o]EAYE J5e s}

}VfDS (Vd )‘

‘dE‘:dz"de/ }4 (6)

Eedge (Vﬁ/ ) =

Eedge (vlgll.r) + Eedge(vlﬁ{l )}

COTax

ECOV (Vld/) ==
4

o714, v E F ZUE Ao AF Hag e
s = o123 ABE F Age etk A4 2
oz A gt thest 2k o)71H 0= AFAE U
ehdc,

M1
Epaiing 0 = 3 (@ 0 08 + BGE,, (v))

i=0
A DEy (58)) + 0E,,, (V) + 7, (v)

A (8)

32 Aujo|3 Eolee| 2xis)

T P e
92 2w s $EE XAES Foldrn A4
2o Go] gy ZIES AN} TIE 48
29 At ek 2 Bge e ol Ay,

z7] 2dloja ZAERRH 271 AA &3o] HE=d
7

O &= Treat 2ol A,

T'(vi)= v =+ ey 2 (9

(10)2 o] A EQJIE A9

roils sase 99 gAR) ol geln )

b AR Pdge) BT A A A (1D} 2ol WA EQ

£} thg ZES 7 S1Ad Mze FAEE 4yan,

sguEe 27 [Toe o) 2 2% @4 zaEdA
3

el Fgo l 27] Wgel &2& 2 FEF8] A v
O 3L

2 TQETL FoTolol ek ER B Aol EAE A
ol9] oA Au FeeeVi) 7} 223 2oy = wole Apo]
of &2to] 2458 Zo|7] wie] Adlo]a ZJAEZ F7heh
o,
’ Idl)l ZthT AND Eedge(v;{r)gthedge A (10)
d _ vi&{/ + Vitilt
T 4 (11)



242 FEHMEISB=EX B X13-BA HM3=(2006.6)

< Inserted point
@ Initial point

2nd convergence
2nd point addition

3rd convergence

Aat, @A 2dlela ZJERD Vies AANE e} &
S R3] 2¥F £ vk e &3 2 2Hs v
=8 A5 ANE I

remove

O Removed point
v ® Tracked point

(b)

t
o
E9o Ax, 9 Ay, = MCE(motion compensation error)E
43 derh w3 of e BAAA Y] WHe] AR
7

H,(m)= Card{p(x,y) eR | fpu(x,y)=m } A (13)

W wau Agtelm plx, )& R*
714, Card{}= HolAx €U
((m) = 2uola gde 3§

(1)[_2
&
o
H
m _,

BoERAA AR AA & S
300k, ml=2] 1Ghyte, Y =$ XPE73
ol g3t FAL ATk AP AHE
ole] 5Cm¢l HepshA wixdE + EJM USB ﬂuﬂa}a‘ Olﬂ
3 A ddE B5E

7} 320%24091 B3 ©
e AA 0019 993 dEH zela dHGE o] &3




Hicd

A

= .

=B
A7} o

E=Z

]

Fat. RSD

o

B

3f W

)‘\_}.

Ho

=

AE

E

Aol 7] A

7—]‘4_
o=

]

[o}

=
B

Ly

AR REIE

5

i
Al

i

2 AA

TRA Aol
o

L

Lo

5

AH
AR 2717

o,

Z} 3370, 32709 ~dleja ¥R
AA7} =

.

T

ERE

e o

GVF Zdjel=gl 71Ee] 2dge Aol

(18 97
et

Eatiass

A

-

d 5+

RSD(relative shape distortion)Z 7|
@

& Bivh GVFAUelz29

1

(

ol
R
=

ofp
5
)4
T

B

-

i

ojy
=
of

5

il
o
.
N
W

bl

HEED: (a) GV, (b) 7I&

ol A

A 0019

Gl

I

L

2]}

P

2715k

=
= g
= A

a+

(

oy
s
1
N
=
P
iy
=
ol
=

el

J,
;€|
1

i

A

i

ol

180 190

(©)
frame 38

120

00 &o] HE =7 &
RSD

t

=

=]

frame 28
{E 1> RSD H|1 &

[=]
JUE 0|2

A

ET (22501M E|THE)

o

> — —
2 lE2|82(8s
2|E2|E 2|88
ml ././O.
x| NS ke
sl E I
KX = =
=
PRSI
_Hu././o
S| ES|ES
=8 s S
< | o —~ —
N R R
e J =
5] L [\
eLes o
LS|gS|g
Sl RS e B

A

(a) ®o| K=, (b) HIFE 2H0|F HH, (¢) HO|

frame 18

°

(c)

(38 6) "ol

wol

i, (b
ol 4]

L

R

5

# #oh 0019
[¢)

|~ Eado A 2559 A4 7}

Y

7

Eaay
1

Btk At W] of

©

=
el
™
.

1>

3
ar

Atz Aol

24o]
g <

!

Bl

gkol 255 o] 7] miel o

W 4699 A4S YeRg I

RSD#te] H]

=

oj
0SS

o

W s

—_

7bEAA

=
+




244 FEXMel=tEl=2X B MI13-B MI3=(2006.6)

frame | frame 15 frame 30

(28 8) 2 22t F& o AL | (a) 7|1E 9] (b) H

58 B

B e 2gd e A 2vlola 2AE 429 F
Aot WG ol &3 AA & F4 dudFe AL
Aokd WHe AMAe &N HEol AF Aol w2}
slolz ZAEE F71 9 A7sE AAHE WHE FH3o
Ade] 7 AEch B ohy, 7]EY wAo] 4
3 Age A Q8 FHAA oA FEFFeE <
g FAFES 2ol o 7] "l d9s $8 VIS
of Wynt £ AAE Hole e FAF = AUk
Aetal wyel AEH7tE RSDE ol &ato] H#gssd 54
o 7)Ee] WEd vuddn 4ydEde F Wl 7t
etz 5e 4o A9t ol gdte] £Hs gt 1y, ~
e 5948 o487 wEd Wol AxRE g 3o
A oEe Az Baw st AN S8elE A8 d
S AT, stesloz FdE AHHe AT Ards

[1] ISO/IEC JTC/SC29/WG11/W4350 : “Information Technology
- Coding of Audio-Visual Objects Part2: Visual” ISO/TEC
14496-2, July, 2001.

[2] M.Pardas and E. Sayrol, “Motion Estimation based Tracking
of Active Contours,” Pattern Recognition Letters 22,

pp.1447-1456, 2001.

[3] M. Kass, A. Witkin, and D. Terzopoulos, “Snake: Active
Contour Models,” Int’l J. Computer Vision, Vol.1, No.4, pp.
321-331, 1987.

[4] D. J. Williams and M. Shah, “A Fast Algorithm for Active
Contours And Curvature Estimation,” Computer Vision,
Graphics, and Image Processing, Vol.55, pp.14-26, 1992.

[5] C. Xu and J. L. Prince, “Snakes, Shapes, and Gradient Vector
Flow,” IEEE Trans. Image Processing, Vol.7, No.3, pp.
359-369, March, 1998.

[6] E. Francois and B. Chupeau, “Depth-Based Segmentation,”
IEEE Trans. Circuits and Systems for Video Technology,
Vol.7, No.l, pp.237-239, February, 1997.

[7] E. Izquierdo, “Disparity/Segmentation Analysis: Matching
with an Adaptive Window and Depth-Driven Segmentation,”
IEEE Trans. Circuits and Systems for Video Technology,
Vol.9, No.4d, pp.589-607, June, 1999.

[8] S.H. Kim and J.W. Jang, “Object Contour Tracking Using
Snakes in Stereo Image Sequences,” ICIP 2005, Vol.2, pp.
414- 417, Sept., 11-14, 2005.

(9] A4, A& “2HH S 534dA 2do]ag o] &3 7
A g 33 duF” AEA S =% BA A 12-BA
A 7%, pp.767-774, 2005.

[10] Y. Deng, Q. Yang, X. Lin, and X. Tang, “A Symmetric
Patch-Based Correspondence Model for Occlusion Handling,”
ICCV 2005, Vol.2, pp.1316-1322, Oct. 17-20. 2005.

2 A
e-mail : zeros@pcu.ac.kr

20014 WA A 854 B H(E 5D
20034 wjAdisha A BE4lg sk

i (F344D
20034 ~ A ATl B o}
SpAb g

Aok A, EEvite], A

S

e—mail : jangjw@pcu.ac.kr

19799 grbeheti AA5A1 ot
(ZHAD

1986d North Carolina THdign #7]

2 AFHFE Y (FIAD
1990%d North Carolina FH3uj&a A7)
2 AFH TSGR (FEEAD

1990 ~ @A v A JREE S we
2006 ~ & A Fa719H AR AL FYeSAEH A8
2003 ~ A A iAot gRFANS A

FalFol: A, dEvTlo] 4, Bviedd, AFEH HY



