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Real-Time Post-Processing for Online Video Segmentation

ZHONG Fan” QIN Xue-Ying”'® CHEN Jia-Zhou” MO Ming-Zhen” PENG Qun-Sheng"
U (State Key Laboratory of CAD & CG, Zhejiang University ,» Hangzhou 310027)
D (Department o f Computer Science, Shandong University, Jinan 250101)

Abstract  Applications of online video segmentation usually need to do post-processing in order
to remove mis-segmentation and suppress flicking. Traditional matting-based methods are too
slow, while simply blur the (foreground/background) boundary not only cause over-blur but also
can’t remove mis-segmentation. This paper proposes a novel post-processing method. For each
pixel around the boundary, a local color model is first estimated through a new fast clustering al-
gorithm, which is designed specially for color clustering. Mis-segmentation is then removed by
re-estimating the alpha value for each pixel according to its local color model. In order to improve
the consistence of result, an adaptive edge model is applied as a smooth constraint. The edge
model can adjust the center and width of the transition region according to the local context of
each pixel, and this way prevents the boundary from being over-blurred. The proposed method is

very fast, and can meet the requirement of online video segmentation very well.

Keywords alpha value; video segmentation; matting; fast clustering; edge model

SEMLIENTE 2 A E 5L AL 58 BF 58 1 BT ER AL 23 ) 5
0K 1] 2 T 5 B H A1 7 6 T BT kL X AE T 00 )
FUJ TR B MR 1R 3R 2 S i 5 1 S L A
PRHCE AR A B HT S AOE Ak — R WSRO R R A — S LKA alpha {7

1 5]

[

W H 1 :2008-08-09 5 Je 285 it fia e 31 H 39 : 2008-12-15. A PRS2 B K “ Ju -t =7 8 2 B il 53 & J &) 35T 5 2 4 (2002CB312101) |
FE Z NS =7 R BRI SE R SRR 0 H B 4: (2007AA01Z326) % [y, $¢ FL. 53,1982 4 A LW 92 A EBEAF 52 Jy 1) Ay TRLAR A 431 4 )
5445 . E-mail: zhonglan@cad. zju. edu. cn. B2 E . 4, 1966 44, #0821 1A T 00, WF 58 26 10 Oy 14 5 00 92 04004k 3 BB ML A 5 =
Y Emd G ALEIE F5E. BREA . B 1984 4R A A BFST A R BWF ST O 100 O AR AL G B T SR AL G BESRBRL 9, 1986 AR AR
AL EEBER O ERE R SIKE . BB 1947 A BB WA R 3 RS U R T S ML 2 SR R L R B S L A
BT EL Bl 0 AL R A B TR



262 it (=N BN 2 Eild 2009 4

BT LA L FE U 2 S RS A U 7E AT B — 040 . R T4 00 T LA i P )
R LELR LA B B T RO IS 6 TS, BB Caraph-cu) ) U K A L {76 30 R Y
TR R RE A I 25 1 36 LB A E] 705 A I 1 ) M T S 5048 LB DR A T4
SO DR 2 H B MM A R RS 40 A G B BBy v A 1 5 L U
M. Sy TSI A L BT By R AU 30 R B 00 22 1 U A B L A5 B DS

C L~

(a) NP5 (b) X (a) 73 FI 45 R (e X Ca) 23 HI T 45 2R

1 Zonar R AR AP T B 2 A i CHEHb (b)) (o) BT 7m J Ca) P AR 1A 3B 2 9 R 8T 7T LU B — e 0 1 7
B AR 2 W B R L OF HLd B MRS

o ) BA0Y JE A RO B BRI AT R R BRIy A R R B AR 4y
AR BBy AR PR AH R FRE Ak B R TN R (o B AT TR R0, AR TG A AE R AW 43 0 A S B
It HOPACZ 5 B AS 3 M 1 30 A S AR, S e K.

GZ )G AR B EE S mE 2 R, AR SCHE T — Bl I1EF X A 2 A 4351 Y S s
U (7735 0 R A AR I (border matting)™ "% 3% JEAFRE L. ANE 2(b) | (o) TR - AR SC 7 1% g
FiEH— SIRECKML A B R W REN « H.S RO BR L A 09 352 43 5 R A MR, 3+ B RS A&
T REUN S 50T 0 1 Sh AR R AR AR B, 5 N b O e U DX 8 0 ST (RS AR A A
FERT LAARIESE RV i A D126 05 1n) G v M. fE— 2 TR LR T A R A B T . 2 D i A R 1
3CH AT AT SRR G i KB T R B AR R S rhl Jy A ST R R AL O R
AR . BRI B) T o 45 R ek 4l iy SOLEUE alpha . DO R G40 5. J5 302066 B AL A]
— Bk AR TE AR L DA AT SRR . e S B A [ 2 A R = i S e 2R Pl
Ah TR IE W 20 ARG R I R 2 MU ME S e S AR R R S AR R A i BT
TV R UG AS W] R e 2 AE D BIE M R ML T HE BRE O T R A R — B0 . P — U S 50 ik
B el . YA T R A U X R R s RUEEDE M AR R A alpha A 1 AR
R 5. — 4K & (coherence matting)™ " VI RURTAR Y 1 5L T DT E S N MR 4 U DX TE
WA I A b T R R SRR DA SR R RO DA Ik 3 B B s ) L AR
SR AL AT 1 S Y B R k. SPS i HE (8 alpha B 13 5t alpha {H 09 07 12 B & 410
AP G, FHE T AR E IR ACEIE R R E RN alpha {H.

pa A RY R A9 DV RS R R (B R 1N o N s A £

(a) ELHESPHMEIN S5 R (FEIL A I (b) RAASCTNEAE B R 45 RSB (o) RSSO 5 40 BE R 1F 15 50 e i 45 21
AR T S ) A LURILIL S ROE TR T R )

K2



2 4 B JUAE . TESAM FI SLI S AL B 263

2 IHEAE

2.1 HEE®«E

BUAT 1) 70 LA AT T80 5 12 e 2 2 3 PRI
SRR SR M. EROOR VD) S B 1) T N 3 S B 1Y
Hb 77 AT 43 AR TE S0 BB L AL SR B TR
FERAE S R A 2 AN 1] kO AT — 8 FE R TR G
L =070 BIAR 45 5 4 Cn & 1o — ek it
P 3R DR 5 | A A R A R A (E R A AR B
SO KR ™ S SRR AR — 2P Ak 3
ZH o A5 I R X 158 43

Jei Kb P A BT X i1 A AR R R AT i
FRAEBIR R IR RN QN T Hth Q. Z HT 9 77 15 4R
ek AT I SR A I B B A R R R R
2NN R IR ARG S Q R i B — B
AR R . IXh 7 1% 1) A B R0, AR SR ) —
i 2ok E X Q-

QL) ={p] T,<ls, <ty }s §,=

1 E o, (1)

Lf rEN, (L
P AH—BEIN, (LR p WL, XL, 50, € (0,1}
HGE p W J0rH s, R p BIARIR N BT A 1R & 4
FENME 2 T F B 5 (L) Ay s 5 ) — 7 bR X 38K
WIR R XIS th S8 o o Bl 0o, <
o <1. 1 F s, AT DA i AR B P b o 5 Ok
P Q 1R s R 5

XF O P R—RE p o K1 — R FB B0 R T ok
B alpha {8 o € [0, 1. Jy 30 2 o 52 70 ) e
YGURTIAL) 1 2 e i Ak B 5 3% B 75 38 3] 512 B 174 G gt
1 AR T v SR T e T ASE 78 ke 3 JR) 8 €8 4 A
AR 1 TS AR A g s AR PR R R SO XS
PRI R AR 2 i p X A ) ) D i — B SR
E R A B (GMMD L {H 2 Al i GMM 9 2 50k
18 . 763X R — R LR 7 i 1 e RE A R R
JERE— A E AR IR, TR R RS
T A0 e (A AT L HIARAE A 2 S 4 R P AR S AR

(a) T T 1% R R Y 26 4
AR A5 32 (L, =T, 1,=0.1; 1,=0.9))

(b) Fittalphafl

HE T T A () A 50 ) T PR R S U k.

W 0,23 [ ¥ 51 ) 3 ol 32X 32 X 32 A>F 25 [H]
Biw. 0T X BUOFEALE X AT R, Bl e E
— DICE AR R Y F- 28 [ o 45 38— R FRHEAR
B X A | X | e WA Ry X ST B 1) 5 =5 [
B # RS Horpr [« | RN EE G s R Y8 AR 4%
WA AE 25 28 B Y 3% T8 3 R A — N i SR
HAEWNFEA YK B TIEE AR HIH =
2 10 b S B T R AR DR b AR S 3 3 5 A A X
()23 (] AT ZE X B AT B A BB 3. 2 e>0
AR/ FAE A B S B 25 58 SRR ] DA A I
FR 53 F 52 [ B ] DA ER SR figp 322 368 R 1y 3

REZE . B LP B aSE T — &b
RURFOR H A ICREASE X 58 & A1 2R & i
A DG X0 W B s 8T X S

P(s| X)=max{D,(s| X)|k=0,1,--,K—1}
(2)
Horp K 7280 A 80 1 B X BUR A I 2 de KA
L MRCA 15 GMM —FE R TR S0, 3002 R oy e KA
FERE T ER M S R R G SR G AR AR DL,

X0 R ER p . R B R SR RS R A
ZJe AT LA JR) 8 AR R A T B o fA.
N,(L)RBE p L, X LA % L >L,.N
N, (L) bR Hi 5 AR R (o, =D MEFFRER
(a,=0). i N, (LOHHI RBERME RBERNES
a3 NG AN

v P(I,|NE)
" P, INY)4P,|N)
Hrp I, B8 % p 1 RGB Bl .

h T BGE B alpha 1Y 5 B — BOME A S0l
FH A — 15 R AL 0 J) 38 0 €0 A5 70 ke 1153 i /N AR S5
RMPE alpha (. IHEE - TMBREKRSHIEZE 9
ANFi alpha {8, i J5 BOX S A 1) B EE MR R
({4 alpha . & 3(b) ., (o) & iy bR S L5 2] 1)
i, alpha {6 K& AR HT 5. 5 & 1(b) | (o) ]
RIRKIR AT 1557 FVHR O 2B BR T .

(3

e

-

() ik (b) W ialpha i 5 21 171 5%, 5 B0
AHEE AT AR IR 2 Hst oy B 40

3



264 it =

Hl

Eild 2009 4F

AL
-

2.2 itEiA R alpha &
Wl 3 (b)) i 7 o FE | 5% 75 5% e AR 30 1Y IX
B B alpha (644 5 W WA 45 R 2 80S 581k
iﬁﬁuﬁcinjz%uLﬁKﬁ‘ﬁiﬁ. FE 3K B BT N 2% 30 A
JLor R AE SR 21 5 alpha fEL R AR 5 15 3 85 23 35
AR TR R alpha 6., —BOR UL B R E LR
{1 B A 3 5 A A AR R SR A (R TE X L
SR JH — ol S0 67 58 PR 1 5 vk 1 B E (D
s, €LOL LI Y E R R p LTI FAR R 0 A %
FELERDURIMER p B RS, 03 % p 1
W alpha {0y o) AR RECH f(2:0,), HH 6,
Hp A HFHREBSEC N o), = f(5,30,). BICR
FAAESCHR LIS T 42 s 1 U 2 850t A

f(x:0,) b, 4

1+

Hrp @p:{a,nbp’cp,%}fs44‘%%7&5@%%& Z R
Bk — STE BB a,. b, AT 6 HAH KL, o, AT 45 1
B i R s ), T o FL rp . SBR[ 15 T A X B A i
T AT A R AR R AR BT AT 20 X R ARRT LA
ARAFARGT R A2 o B 8 AR SR — A AR
T35 I N T O B ke T B B R B S B
ik

HEHE o, I E R o, W% 5 3 B0 i
FHIE I« 390 560375 WA+ o, 17 2 08 /). T 300 AL 19 9 B
FE— i R b R WA S AW A T S o A
I H 5060 1 2000 255 [R) A 3¢ 3k k20 0] 50 A v
BT B P DAAR b — 7 okt 6 2 T 1 ) 4 R
fli 130 BT . A B T 45 (8] B RIEH S N
M NGH TR WA BE = . il 2, N T A —

SO A AL B 1 N RN R AR Y R
MR p Ab iy S35 Wi FE hy
g —1—1% (5
RGN o, |
0, =5 (1=¢,)+o, (6

[ =N e

(a) v=0.2, i Z BT S B Z PR 5

(b) v=0.5, WA R EH O W FE

oo AT B 1k o, KN AEA SO 3235 H B 0, =0. 1.

HTRE e, ESE. T EB IR alpha
E I IZAE 5 15 5 RURT SO 35 0 O e U, TR
H£0;0,)=0;f(1;0,)=1. 4.4 £(0.5;0,) =
tp T 5, =0.5 MR AT B0 2 W47 A8 i B 2k
bR A g, AT LASE 3 B R R L. B L E
3 AL RA] DL iR

g =AWty o Abgth
T A—ghh T =D TR
(7
Horp
PP S Oy B et SR
g=e ™, h g<g—<g+1>m @

VRN T B logh 45 85 3 h MK 0. LT 0<
G TR A <, <ﬁ. W T Iy f

il 1, ,—Hﬂ“ligj‘:lﬁuTE’Jﬁ/fm

_gtvd—g)
Hp— +1 ’ 0<<v<<1

#v=0.5,0c,=0.5 50, J0 5%, PLA 31 A ok FL 1
O W P AERT VT S R4 b v<<0.5, 0] ¢, >
0.5, HUU FE R 5 X3 B ¢, <0, 5, b 7E 35 5 X
B W A R s v AT RS R R B A alpha
B 4 7 i B R B ol RV 7E B ES alpha

(9

(B G AN o070 5D TR BHT 1 Sl 5 By B
MRG0, alpha {EARAH DL A 3 5 -
v=0. 5+—2<a (10)

2lal &=

HE v X Q T A B RE M F R, B EW
EARBEEMER R E TR v S A H S
Pr b X A2 51 AR Z A — 2 B TR IX B v Y
FRAE 2 R By 6 AR R Z 8] 1) 22 oK@ il o, £ B
k. S v flo, .0, T I B S BT R4 b i 5
ok AR S AT GE kI LR BOR T RAR R p IR
alpha {H o).

L LR R (o) v=0.8, I Z 1 BRI T S

B4 s v #EH A alpha ff



2 B LR TESARM FISL I S AL B 265

2.3 it& alpha &

i, alpha {8 A] LAAG 250CH TH B 252 43 %1 , (H 72 A
AL T 25 B R 5 S alpha fH A 32
RN ER VRN I SRR 1IN 5 97l 5] BU i 3115 k=
(ERSEEE 37 NSNS 3 S NS S R U DO N 1518
HRIT R MR B AN alpha A o, » BUCE R 8 1
i€, alpha (B A1 5 alpha AT BE R 15T

ICHUE alpha {f o) YA BE N o) B S5 PR L
RTARER p JR BT 5006 7 2060 25 8] 1Y 43 25 2
JE S DR AT B4 P B R o, AR o) A
w, = @,. NI 05 alpha HI G E R o, &
NEZEET p JA I o0 43 000 A R 32 DR AT DL
SUN RN (R v s A PP g <

w;):% > Jay—ay ] (1)

7EN, ()

N, (DFEREER p 1y 3X3 4Bk, 4 & p 1Y alpha
ap:j:%ﬂui+%j7
wﬁ@ (12)

T RS — T AR R IR

1. #i oo B B L B e fr b BRI L AR R &
G0

2. % QB —MMEER p LRI N, (LOFERRED
B AR A B ST R FR B R B L T p MBS alpha {H
o, F30 FHIE Wi ¢,

3. B v

4.5 Q P —BE p I o, RIERYE v Mo, iH 5
@, s WA A alpha ff o ;

a, :wpa;)+(1_wp)a[;; s W, =

(b)

(d %fﬂiﬁﬁi[lﬂé‘]ﬁiﬂ&l&lﬂ‘]éé‘%
R HUAE S 8 DA W) A2 PR € it th IR )

Ce) JUASCIFVEAE BL IR 1 25 1

5. R w) oo LKA w, 485 XS o) I o AL
FIREER R p Wik alpha (] a,.

3 XBER5ITR

TSI A FR AT 1 5 SR A SCHR 3 ] Hb (9 77 6 X i
AR HAT Z 5050 8 S8 05 FAS SCHR B 00 O 1 ik 47
Jei hb B

FAIHE 2. 2GHz CPU ) PC EJH CH+3LBL T
ASCH IR TE, E 1 RXTEATI R ST A
320X 240 WA F A . ST BT B 7« 5 i 4T X6 B
WSO G R S50 KR WIAT U T =
KO B AT A 5200 S50 Ly 7o 70 23 58 T 5 AL
B 1 FAR B T LY T ST R
oA Y () R AR 1) /DN DL I 4 %38 A7 5[] 5 AR K
(52 . AT DL H A SO B8 0 1 B R B B A T Ak
i 40~70 .

Bl 5 2475 AC 3 — i kb B 25 5.
(b) (o) AT LAFE H 00 43 1 76 321 LB 3 A7 72 AR K 1)
[*) R o ASAS A 43 0 e 77 i L R 7 R AR A i A
WMEHR L L. (D)L i KR IK B 3RS 1 45
U BURTE SR A3 X R AR A (R AE AT L Sl T
AEARL A b 7 200 €6 s 1 30 52 2 AR ™ FE. X2 T A R
K A3 1 1 T 4 1 i Ak B — A S R i L B Ah
K B E AE R B 1 AR M 3K ) S R K. (o)
(D J2& A SCIH 7 2 A B 1 45 5. v LB AR S0
J7 VA R B T R4 OF HOBCR B s I

NS () =g

() AR S5 0k B ) g 45 R

B 5 X740 AC Hp A — Ak B8 ) 25 1



266 07 W A /[ R <S4 2009 4
*x1 AESHTLES 10 WiEF XA E KR S F A6 E
E 34 [ [E] /ms
A L, 7 T L, ~10 ~20 ~30 ~40 ~50 ~60 ~70 ksl
7 0.3 0.7 15 15.1 14. 1 14.1 14.1 14. 6 14. 1 14. 6 14.8*
MS 15 0.3 0.7 21 42.2 41.2 41.7 39.6 32.2 41.7 42.2 42. 4
7 0.1 0.9 15 27.6 26.6 27.1 25.5 28.1 26.6 27.6 27.3
7 0.3 0.7 21 13.5 13. 6 13.6 13.0 13.0 13.5 12. 5 13.1
AC 15 0.3 0.7 21 36. 5 36.0 36.0 34. 4 34.9 36. 4 31. 8 34.7
7 0.1 0.9 15 23.4 23.9 24.0 23.0 23.0 24.0 21.9 22.9*

MIEL 6 AT LA AR S5 A SO R 5 1 3
15 R JEE . AE X Eﬁ"éﬁz\%ﬂz%%*?"ﬁu%ﬂ@fniﬂﬁw

Ca) Hiw N

(b) b

Kl 6

HT T e Ab B Y H AR T BRI BRI SC R T

IR KRB F 2 O RE N . X — T g i

FURb PR BRI ) PR R 5 5 — T T DR PR O AE AR

SCT7 ¥ IR T B 52 2 1 1) Jay 350 1 4 A TR At v A

OO A R A 2 20 ) B A R

Jey w8 B T S AR AN Al DRI R e Y 5 ) — P
FURE 38 i e B SR R TH R

ASSCHRE T — TS £ LA 73 B 45 SR AT S

Jo A B B DU BR 0 23 1 B R A A
M B AL E OR . 16 T T I R S A A T DAy 1 Ak B
BFIHH — B alpha {8, FFA5 TH 32 50035 W . 8
1 B alpha {E AT LAA 20T BR 352 43 81 10050 54
T WA 2 T LA ) e 908 DX ) B R Dy bR A S
F R A R R AR SO T — b R T = 4 0 S ]
P ST o R G SRR R A PR R AR SR T vk UK
AR VU 2 B 1 SR O o Ak R K — 5
alpha fE. 15 alpha {6 5 A R4 00068 15 9F HA
2RISR BLBUE 19 R . 14 5 ek KR AR 3R 1 5 Ak
{14 3 BT 2 ) 3l e 8] ok 8 DX I B O AR A R
A T B R A O AL B IR A 3 I RE ) AR

AT =Ty FI AR, T T

RIS T IR AL LR 1 45 3R Ol LA A

SO RO R T R EI AL TD,
TFARAE T 14 G R CH LS

XF P31 56 Hp R — WAL 3] £ 2R

AT+ 1P DX A i 9 A T A, T A 0 R DU AR 3 b {ELAD
BEAT 73 FAE R — A 1 98 7

Y )

AN

(c) Li—ATh =6 B4, Rl A7
IR ST VR R B (K 45 RO LU
SR TTIEA R B T R R
Gy, IFORFE T AL S I R CA LS

AT

SCHRE UL AT T 57 AR AL B8R 2 51 7™ 3 A 320 5 B ok
7 A AR PR A 8 DT B Lk TR L R R AR
B4 alpha (E A1 FF alpha {E Ay AT {5 50K E AT
P IG1F B &1 alpha {H XA REA RO R TR
SR SCBRAIE T &5 5 /906 3 . AR SO T vk AR
PR AT LA A 7E 2 A 73 B B S IR SR AL A
SCHTT AN T 3 I 09 DR Bl T
7 o B s XA S PR AR B S A TS 0
— &I AT Ak B

5

4

2 X ®

[1] Blake A, Rother C, Brown M, Perez P, Torr P. Interactive
image segmentation using an adaptive GMMRF model//Pro-
ceedings of the European Conference on Computer Vision.
Prague, Czech Republic, 2004 428-441

[2] Chuang Y Y. Curless B, Salesin D H, Szeliski R. A bayesian
approach to digital matting//Proceedings of the Conference
on Computer Vision and Pattern Recognition. Hawaii, 2001 ;
264-271

[3] Kolmogorov V, Criminisi A, Blake A, Cross G, Rother C.
Bi-layer segmentation of binocular stereo video//Proceedings
of the Conference on Computer Vision and Pattern Recogni-
tion. San Diego, CA, USA, 2005: 407-414

[4] Criminisi A, Cross G, Blake A, Kolmogorov V. Bilayer seg-

mentation of live video//Proceedings of the Conference on



2 B LA FEL AL 43 F SERT JE Ab B 267

Computer Vision and Pattern Recognition. New York, 2006
53-60

[5] Yin P, Criminisi A, Winn J, Essa I. Tree-based classifiers
for bilayer video segmentation//Proceedings of Conference on
Computer Vision and Pattern Recognition. Minneapolis,
MN, 2007. 1-8

[6] Sun J, Zhang W, Tang X, Shum H Y, Background cut//
Proceedings of the European Conference on Computer Vi-
sion. Graz, Austria, 2006: 628-641

[7] Boykov Y, Veksler O, Zabih R. Efficient approximate ener-
gy minimization via graph cuts. IEEE Transactions on Pat-
tern Analysis and Machine Intelligence, 2001, 20(11); 1222-
1239

[8] Rother C, Kolmogorov V., Blake A. Grab-cut: Interactive
foreground extraction using iterated graph cuts. ACM Trans-
actions on Graphics, 2004, 23(3): 309-314

[9] Wang J. Bhat P, Colburn R A, Agrawala M, Cohen F-M.
Interactive video cutout//Proceedings of the ACM SIG-
GRAPH. Los Angeles, 2005;: 585-594

[10] Shum H-Y, Sun J, Yamazaki S, Li Y, Tang C-K. Pop-up

light field: An interactive image based modeling and render-

ZHONG Fan, born in 1982, Ph. D.
candidate. His research interests include
image and video segmentation, editing,

etc.

QIN Xue-Ying, born in 1966, professor, Ph. D. supervi-
sor. Her major research interests include augment reality, vid-

eo processing, computer vision and computer graphics, etc.

Background

High-quality online video segmentation is very difficult
due to the scene complexity and limited computational re-
source. Recent works almost all regard it as a MRF-based
optimization problem, and then solve with max-flow/min-
cut, which yields a binary segmentation that is global optimal
but less satisfying nearby the foreground/background bound-
ary, so post-processing must be applied in order to suppress
flicking. Previous works do post-processing by either feath-
ering or matting, both are not designed specially for online
video segmentation and perform not very well.

This paper proposed a post-processing method that fully

ing system. ACM Transactions on Graphics, 2004, 23(2):
143-162

[11] LiY, SunJ, Shum H-Y. Video object cut and paste//Pro-
ceedings of the ACM SIGGRAPH. Los Angeles, 2005: 595-
600

[12] Criminisi A, Blake A. The SPS algorithm; Patching figural
continuity and transparency by split-patch search//Proceed-
ings of the European Conference on Computer Vision. Wash-
ington, DC, 2004 . 342-349

[13] Viola P, Jones M. Robust real-time object detection. Inter-
national Journal of Computer Vision, 2004, 57(2) . 137-154

[14] Rucklidge W-J. Efficient Visual Recognition Using the Haus-
dorff Distance. NY: Springer-Verlag, 1996

[15] Mortensen Eric N, Barrett William A. Toboggan-based in-
telligent scissors with a four parameter edge model//Proceed-
ings of the ACM SIGGRAPH. Fort Collins, CO, USA,
1999. 451-459

[16] Wang J. Cohen M. An iterative optimization approach for
unified image segmentation and matting//Proceedings of the
International Conference on Computer Vision. Beijing, 2005

936-943

CHEN Jia-Zhou, born in 1984, Ph. D. candidate. His
research interests include image and video editing, computer
vision, etc.

MO Ming-Zhen, born in 1986, undergraduate student.
His research interests include image completion and matting.

PENG Qun-Sheng, born in 1947, professor, Ph. D. su-
pervisor. His major research interests include realistic image
synthesis, virtual reality, video processing, computer anima-

tion, scientific visualization, etc.

considering the requirement of online video segmentation.
The proposed method can effectively remove the mis-segmen-
tation nearby the boundary and adaptively smooth the bound-
ary without causing over-blur. In addition, it is very fast and
brings only a little computational burden for real-time appli-
cations.
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