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Active Contour Models on Image Segmentation: A Survey

CHEN Bo, LAI Jian-huang

( School of Mathematics and Computational Science, Sun Yat-Sen university, Guangzhou 510275)

Abstract Image segmentation and boundary extraction are very important in the fields of image understanding, image
analysis, pattern recognition and computer vision et al, while active contour model is one of the most important tools in the
areas of image segmentation and boundary extraction which mainly includes parametric active contour model and geometric
active contour model. Geometric active contour model has many advantages over parametric active contour model, such as
computational simplicity and the ability to change curve topology during deformation, et al. Therefore, significant advances
have been made in theories and applications of geometric active contour model recently. In order to show the general idea of
this technique, a novel classified mode is developed to describe the parametric active contour model, geometric active contour
model and the relationship between them at first in this paper. Moreover, by analyzing several classical active contour models,
this paper summarizes the research, development and applications of active contour model. Finally, this paper points out
future research orientations on the theories and applications research of active contour model.
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T, e R R GRS, A R RIS R
T+ EARYS T 2 ROE SR R R, LT
BB A R R I, 0T+ B4 fAT B P AN 7E AR
T 93 72 o BE 5 4k B il 2R ) 3R FD AL S, B AE Ok,
JURI 6 B HE AR B R R R, AR S RS TT R 2
WE2E ERBRE R - SRBENMES &
J&o CHR[37] WA T EMZREIRRIEHHR,
BAE = A AR A R R S It RSN & .

5T, SR 0 AR B T A B oKL R
BN BB BE S 5 K U B RE R A%
207 18 B9 By, BT YD 7 i B R o RO T TR 7 B
RS, WA R ER LR, RS H0E s
B TG

v%—((F +F, +F_ -n)n (26)

Hipn BN BEAIER., XBR[37]hREERT
EATHOK SRR, TR, o hHER
(elastic ) FIRNE F7 (rigid) «

{Fe,““c(x) = a(x)k(x)

F o) = BG)R (x) - p(x)
H k(x) Rl %, k() =B(2)k(x),

Vv (VS H)] Teal )
1 1P 3P
(p‘( ¥’ ax)

k(@) +ak(0¢) L, k00 o0

(27)

Q)._

=y |

g oy ay ox 0xdy 0x ay_
\ ap\’ [ ady\
AL
(%) (%)
a o@ ok 00
dx 0x 0y oy

p

((2) ()Y
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E12%

— AN S B RS MBAEMFZE, K
A I R BB 7 A B 1) B R, T EL 20 B
AR, EAaRAEEL, T8RSN EERE
B2 (6], DN B0 3 1 0 B K F S T R

F..(X(s)) - n(s) = TV—‘E[FM.W vV B(x) ]

T 30 25 3 0 5 4 T 1 2 28 8 A £ B AR 4K T il o
— PR AR 2 1B s () A AL R R Fy , Lk 1) 2 AT LA
®H

Fo.(s) -n(s) = 0,.(x)

BTl it — A WA, 2 = F k() T

Mﬂzmwﬁﬁm"a—f “F(k(x)) |V @/, B 7

AP — A — R G shie ik . S a M A
RILA R FAIE
Y@, (x) =[a(x)k(x) +B(x)k (x) -p(x)]
[V @(x) | +0,,(2) | VO(x)| -
F_(z) -V ®(x) (28)
B BR 2 PR AR HE I 2 505 s 50 B AR 1 A — AL AT
EEH AR, B ERFE a(x),8(x),
@pea (%), F o () LA R 948, BP BT LR 2R [F) 89
JUEsh i A R R .

5 REMNLAEZRFTEMERTIE

15 3 3 BB R B R i A AR B TH AL R B it
Ko pi WG TR sl B, T X B
P, B TR E TAEARR T 5 T 4w i 77 B A B R 4k
BRI BEN, BB X T M R R S 5 AR A
BT B AR B IT T AR R B TR B TR
AR B 4 N BB A vk BB

REFEHNRBEMOEEHRERATEER, N
B RIRIAR A, (2R T BT 32 1 37 B AR R R
EHM AR ZIEN T ERNE ", BHIA, W
N 77 T R X — S

(1) D7 ik — B BT IR S i A B 98 T
T BFFT . B 40 X 1 58 5 B0 3l e B AR B0 3 1R
6 T B PR R L B JLA T 3h 40 B R B i 4 5 e H
T S B O e P B AR R

(2) FEREE R BT P, B EEHELIT L
T ORI RS, X T AR AT REE
145 B B A, IO 32 5 AN ] 6 450 2R A 388 AR [ i S

B AR 7 3l R B B AR AT R A ok 5
BRI REREER;QF B L% GEKRSE, b
FESh AR AR B 6 4% A0, 7E RO LB R S5
HRTR L, H ) R SR O O P LB R,
EETEYEGAR™ > BRESREANELH
WO PRR AN E, EXQEGRLE D, WAL %
HITORRE, REHETAE, NSCHEK[45] T iE
o B A6 B R A0 B BR OB, O S K R A HIS
=% (6] ) BRI HE T, Bp
D, =sqrt( (I, -II.)Z + (S,cosH, - SjcosHj)Z +
(S;sinH, —S}sinHj)z)

(EAP IS, .S, H, H, 7 51 i, j BB 1 K
JBE A B €8 BE ) R AT B PR B BE L BOUR AN AE L B
T 33X o 7 TH BB 5T ARG AR 0 s BV sh 3k R AR AU
SHMAMBAEARKE S, URARD G FR LR K
&, B SUA F B AR B 556 N BR T 3K I B
I3t N B AR R v Bk T HMM
R R B IR IRE Y, A0SR R S 0 Bh A
6N AR RERE M E D 0ok B ig
FREVLRAE AR K WS R %, HEL b,
BEARREBRER FHREEEA SO ERE
GG A FIBH =Y, 0 SCER (33 ] ool ) 3 46 B i
RS Em B me Sk, 4 T NGVF (normal -
) (3,1 - N ()
N(p), I HIKEHEM A0S & 1 B R R 58 &
L E 88

gradient vector flow) ;

SR AR Rl T B IR A, e E
FTREMERESEROELRES, L 20 FX8
ZA T ZHN MR KRG RE, BRTER T HHE
PP BE U A 36 BRI £ 2 —, EREEXER
L EE PR o &) 12 B R S 7 T 64 R AR E 51 i
TIRBFA REORIE X, RN ARERER
HEHH T B B R AT SO FORCE T R B R
AR SCLASY 2 B 77 3R 158 2 80 TLART 3 2 50 B A Y
IR EMZEIBERR , AR SCE LGB T e, EH
X LT I8 B 48 B A A L RS b LA 2
TR R ST T B B R TR
BIXE R MR R B R R BT T 0. A BN
RS B SEA B TR AR N GG Pridids



B BT RIS B Sh A R R 4 R 19

—
—

15

£ 3 ST Hk ( References)

Kass M, Witkin A, Terzopoulos D. Snakes: Active contour odels
[I]. International Journal of Computer Vision, 1987, 1(4): 321 ~
331.

Li Pei-hua, Zhang Tian-wen. Review on active contour model ( Snake
model) [J]. Journal of Software, 2000, 11(6): 751 ~757. [ Z
OB FHRBRER (WER) ER[T]. KEER,
2000, 11(6) : 751 ~757. ]

Jain A K, Zhong Y, Jolly M P D. Deformable template models; A
review[ J]. Signal Processing, 1998, 71(2) :109 ~ 129.

Mcinerney T, Terzopoulos D. Deformable models in medical image
analysis: A survey [ J]. Medical Image Analysis, 1996, 1(2):
91 ~108.

Jacob M, Blu T, Unser M. Efficient energies and algorithms for
parametric Snakes [ J].

2004, 13(9): 1231 ~ 1244,

IEEE Transactions on Image Processing,

Xu C , Prince J L. Snakes, shapes, and gradient vector flow[J].
IEEE Transactions on Image Processing, 1998,7(3) :359 ~369.
Gao J, Kosaka A, Kak A. A deformable model for human organ
extraction[ A]. In: Proceedings of International Conference on Image
Processing[ C], Chicago, 1L, USA, 1998 323 ~327.

Menet S, Saint-Mark P, Medioni G. B-Snakes: Implementation and
application to stereo[ A]. In: Proceedings of Image Understanding
Workshop[ C], Pittsburgh, Penn, USA, 1990; 720 ~726.

Brigger P, Hoeg J, Unser M. B-spline snakes: A flexible tool for
parametric contour detection [ J]. IEEE Transactions on Image
Processing, 2000, 9(9) :1484 ~ 1496.

Staib L H, Duncan J S. Boundary fitting with parametrically
deformable models[ J]. IEEE Transactions on Pattern Analysis and
Machine Intelligence, 1992, 14(11) ;1061 ~ 1075.

Chakraborthy A, Staib L H, Duncan ] S. Deformable boundary
finding in medical images by integrating gradient and region
information [ J]. IEEE Transactions on Medical Imaging, 1996,
15(6) :859 ~870.

Casselles V, Kimmel R, Sapiro G. Geodesic active contours[ A ].
In: Proceedings of International Conference on Computer Vision{ C],
Boston, MA, USA, 1995: 694 ~699.

Malladi R, Sethian J A, Vemuri B C. Shape modeling with front
propagation: A level set approach{J]. TEEE Transactions on Pattern
Analysis and Machine Intelligence, 1995, 17(2) :158 ~174.

Sapiro G. Geometric Partial Differential Equations and Image Analysis
(M],Cambridge, U K. Cambridge University Press, 2001.
Leventon M E, Grimson W E L, Faugeras O. Statistical shape
influence in geodesic active contours[ A]. In: Proceedings of IEEE
Conference on Computer Vision and Pattern Recognition{ C], Hilton
Head Islands, South California, USA, 2000, 1: 316 ~323.

Jiang X Y, Zhao R C. Image segmentation with an improved active
contour[ J]. Journal of Image and Graphics, 2004, 9(9):1019 ~
1024 [ BB, Y SRHE. — RO B M IR SR BR AR S B R [T].
T EEREEER, 2004, 9(9):1019 ~1024. ]

17

18

20

2

22

2

w

24

25

26

27

28

29

30

3

32

Cohen L D. On active contour models and balloons[ J]. CVGIP:
Image Understanding, 1991, 53(2) . 211 ~218.

Ma Bo, Zhang Tian-wen, Li Pei-hua. HMM-based Kalman snake for
contour tracking[ J]. Journal of Computer-aided Design and Computer
Graphics, 2003, 15(10) ;1236 ~ 1241. [ 3 3 H ¢, &84, &
F HMM @ R/RSERE (1] HEMBIRItSEB¥%R,
2003,15(10) ;1236 ~ 1241. ]

Cohen L D, Cohen I.
models and balloons for 2-D and 3-D images[J]. IEEE Transactions
on Pattern Analysis and Machine Intelligence, 1993, 15 (11):
1131 ~1147.

Finite-element methods for active contour

Lefoy B, Herlin I, Cohen L D. Multiresolution algorithms for active
contour models[ A]. In; proceedings of 12th International Conference
on Analysis and Optimization of Systems[ C], Paris, France, 1996
58 ~65.

Tek H, Kimia B B. Image segmentation by reaction-diffusion bubbles
[A].
Vision[ C], Boston, Massachusetts, USA ,1995.:156 ~162.

In: Proceedings of Fifth International Conference on Computer

Storvik G. A Bayesian approach to dynamic contours through
stochastic sampling and simulated Annealing[J]. IEEE Transactions
on Pattern Analysis and Machine Intelligence, 1994, 16 (10):
970 ~986.

Yezzi A, Kichenassamy S, Kumar A, et al. A geometric snake model
for segmentation of medical imagery [ J]. IEEE Transactions on
Medical Imaging, 1997, 16(2) :199 ~209.

Roman Goldenberg, Ron Kimmel, Ehud Rivlin, et al. Fast geodesic
active contours[ J]. IEEE Transactions on Image Processing, 2001,
10(10) : 1467 ~ 1475.

Adalsteinsson D, Sethian J. A fast level set method for propagating
interfaces[ J]. Journal of Computational Physics, 1995, 118 (2) .
269 ~277.

Caselles V, Catte F, Coll B, et al. A geometric model for active
1993,

contours in image processing [ J]. Numeric Mathematic,

66(1):1 ~31.

Chan T F, Vese L A. Active contour model without edges[J]. IEEE
Transactions on Image Processing, 10(2) :266 ~277.

Kithne G, Weickert J. Fast methods for implicit active contour models
[A]. In: S. Osher, N. Paragios, eds., Geometric Level Set
Methods in Imaging, Vision, and Graphics[ M ], Berlin: Springer
Verlag, 2003.

Kimmel R. Fast edge integration[ A]. In: S. Osher, N. Paragios,
eds. , Geometric Level Set Methods in Imaging, Vision, and Graphics
[M], Berlin: Springer Verlag, 2003.

Weickert J, ter Haar Romeny B M, Viergever M A. Efficient and
reliable scheme for non-linear diffusion and filtering [ J]. IEEE
Transactions on Image Processing, 1998, 7(3) :398 ~410.

Osher S, Sethian J. Fronts propagating with curvature-dependent
speed: Algorithms based on the Hamilton-Jacobi formulation [ J].
Journal of Computational Physics, 1988, 79(1) ;12 ~49.

Li Jun, Yang Xin, Shi Peng-fei. A fast level set approach to image

segmentation based on Mumford-Shah model[ J], Chinese Journal of



20 : o E B R E R R

B12%

33

34

35

36

37

38

39

Computers, 2002, 25(11) :1175 ~1183. [ ZE4R , ¥ %, lEWS «. 3
F Mumford-Shah BB iyt K VR R R0 T [J]. HEPLE
#,2002, 25(11): 1175 ~1183. ]

Paragios N, Mellina-Gottardo O, Ramesh V. Gradient vector flow fast
geometric active contours[ J]. IEEE Transactions on Pattern Analysis
and Machine Intelligence, 2004, 26(3) ;402 ~407.

Ayed I B, Mitiche A, Belhadj Z. Multiregion level-set partitioning of
synthetic aperture radar images[J]. IEEE Transactions on Pattern
Analysis and Machine Intelligence, 2005, 27(5) :793 ~ 800.

Zhang Ji-wu, Zhang Dao-bing, Shi Shu-juan, et al. Digital chest
image segmentation based on level set method [ J]. Journal of Image
and Graphics, 2004, 12(12) .1459 ~ 1465. [ k&, ki &, &
FFE%E BT KPEFENREFRABGSH]. THRARHE
2, 2004, 12(12) ;1459 ~ 1465, ]

Huang Fu-zhen, Su Jian-bo. Face contour extraction and tracking
using level sets[ J]. Chinese Journal of Computers, 2003, 26 (4) .
491 ~496. [ HEWP , KO HTF Level Set Jy ik B A MK 50 BE 2 K
HEE(T]. iHEHLER, 2003, 26(4) :491 ~496. ]

Xu Chenyang, Yezzi Anthony, Jerry L. On the relationship between
parametric and geometric active contours [ A]. In: Proceedings of
34th Asilomar Conference on Signals, Systems, and Computers{ M ],
Pacific Grove, CA, USA, 2000; 483 ~489.

Zhang Dan, Chen Gang. Image Processing Based on Partial
Differential Equations[ M]. Beijing: Higher Education Press, Aug,
2003. [ KB BERI. B TWMES P BROEGRLEIM]. L. §
HHE W IR, 2003,8. ]

Sapiro Guillermo. Geometric partial differential equations in image

40

41

42

43

44

45

analysis: past, present and future [ A ]. In: Proceedings of
International Conference on Image Processing[ C], Washington, DC,
USA, 1995, 3:1 ~4.

Shi Cheng-xian, Wang Hong-yuan, Xia De-shen. Anisotropic
diffusion filtering for image restoration on wavelet domain[J]. Journal
of Image and Graphics, 2004, 9(9) ;1439 ~1453. [ A B W, T3
JCL RN NS RGNS s []). PREREE
S0, 2004, 9(9) ;1439 ~ 1453, ]

Xu C, Prince J. Generalized gradient vector flow external forces for
active contours[ J]. Signal Processing, 1998, 71(2) :131 ~139.
Cootes T, Taylor C, Cooper D, et al. Active shape models—their
trz;ining and application [ J ]. Computer Vision and Image
Understanding, 1995, 61(1) :38 ~59.
Zhu S, Yuille A. Region competition: Unifying Snakes, region
growing, and Bayes/MDL for multiband image segmentation [ J].
IEEE Transactions on Pattern Analysis and Machine Intelligence,
1996, 18(9) : 884 ~900.

Yezzi A, Tsai A, Willsky A. A statistical approach to Snakes for
bimodal and trimodal imagery [ A ]. In: Proceedings of IEEE
International Conference on Computer Vision[ C], Kerkyra, Greece,
1999 898 ~903.

Li Su-da, Zhang Xin-rong. The research of using Snake model to
extract contours of objects in color images[ J]. Journal of Image and
Graphics, 2003, 8 (11) ;1266 ~ 1271. [ ZHik, K FH . & H
Snake MR BE AR ARRRANBEI]. PERRER

248, 2003, 8(11) :1266 ~1271. ]

A F A K R FE L HY 75 BA

e KP B, 2R TERB(RZR) B EF(RLFAEHLE) (XA RMELER ), #
BRLALAR KT BEREEBR BERILAHERFRA AL RTE R HLS KA, KA P
B A B ) () BB AR FUAUR )RR 09 A5 4 48 B B a8 it B A R 34T R4S R AR BE B RS, AR
P— R R A — RO 3T AR AR AR R IRE (B PP RDIR St B R A W 28R &A1 R 7 X e dRE )

AT 4 4% 30
2006 412 A 8 H



