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A Hierarchical Method of Image Segmentation
with Topological Adaptability

ZHANG Li-fei, ZOU Mou-yan
(Institute of Electronics, Chinese Academy of Sciences, Beijing 100080)

Abstract This paper proposes a hierarchical method of image segmentation with topological adaptability, called B
spline active contour based on edge detector. Unlike traditional method of active contour, our method takes region
homogenous property into account and designs a new external force-regional force, which is very robust to noise
contamination. Also, internal force is integrated into the B spline. Our method is composed of two steps. First
step is a kind of low-level image segmentation. In this step, a local edge detector is used for detecting all edge

points of the image. Second step is a kind of high-level image segmentation. In this step, our B spline active

contour based on the global image statistic is used for refining the region boundary. Also, we propose a new

topology adaptability method, which is based on the change of region Euler number. Our method requires less

interactive operation and is insensitive to initial condition. The experiments reported in the paper, performed on

real images, confirm that the method can offer a good segmentation result and it has a very good topological

adaptability.

Keywords Image segmentation, Contour estimation, Local edge detector, Active contour, B spline, Topological

adaptability

i

0 3l

Pl 42 43 8 F Bl iE Al 31 (contour estimation) & &
SAFHREENEERRENTFRASZ— A
A EE % RAEX A EI0 R R RE A E AR
RO, d AR R AT 4 BB AE L T 4 2 B 7

REHE PEMEREHEAHEE
e 33 2001-11-01; 3 [E B #§ : 2002-03-19

%4‘!@%@%@%@@%,ﬁtfﬁlzﬁﬁ%@iﬁﬁﬁm-
B3 £ g — 1 S 2840 7 0 2 R T T T % R A
B3

B Kass A K # T 2 X FE“Snake: Active
Contour Models ” E, W 3 B B (Active
contour ) 3k i A Bl £ 11 16 R 1 A 280 0 1 R S A
Bz — T REARER AN RBGE X



1114 FEESRERFEHR

FTHEAR

B A RS S B (— R MK) R E
B ELEE B R 3, UGB R R X B 5
X P IZ B 2 AT A R B R /MR SR L S RE AR TS
2 Pl 38 16 0 5% 341 05 31 » Y B U AR5 L FA L IR
% gk B R /N B, [ R 0 SR BT B R I R X 5
mﬁ_[ﬂ'

R ZHEMESHEE T EFENT SRR
4E0T:

(1) By 3 0 W Pk BB 2. 046 15 3h B &0 70
e FME B A BB KA R

(2) ¥ 3 Bl IR NS A By LA

(3) ¥ sh il 5 T35 30 AR A5 AR B R H0 X ah
S CFSEF 43 , 10 AR X U S ) 2 5 B IX 3 % (A
B A0 45 A ).

(4) ST 4 24 b 0 BRRAE BT Y P R E B R
B— AR

(5) ¥k A U S5 B 1 AU ST AN BB AR EE.

6) T FEHEERA - LEHERRRRN,
4 B AR, R REVERR R D 4.

S EE A E T RAR Mo Rae N E T
E—METERZRBHENEE>HEA. HH,
Canny H F£—FHERE RIF MR BGIE 7, 1K
HA R IRMER 50 L R OB MR AR i
KRR FEE K. Canny B F 5] LLA B H X S B
X 3 A — e 0 A AT LLA R R — R
58 Bl TR MEENHRAE BERZE
B R O SR I, W LU BB R A il

T SR U B AR 8 (R 0 X A X
BHREEENERFER HEWS R EREK
& T I B FLE 4 ) 7 RO SRR E TG
& T I W B X R R R (5 B AT R W TG B
3 3 1 LT X A AR B R

AXRYTETHRARME TH BHEEL
P13 43 0 7 ok PR °F DX SR BRChr 0 4 £ B o o Ak
F % TR AU B0 5 IR T 8 J2 3% 3 BLE AT K2
T B S0 R Y B Y R R O L RT LA B LA 3K
i B RO R X S R

24T EITT B e N LS B O R K P Y
— B FR R RN A (seed) SR S5 43 P 25 SR U X 3
FoHHLE L BREZMIRESE A Canny B
FRW G EANERMRD S FFESD I A ETE
5 R A R I A LS RO A R A Y A
7 Y WD A B B REARIE S HEE 5 2 PR EIR

B9 R R4 B, B A B T XA TR M A0 3 B B E 4
H7 R SR B R MR R

1 ETERFITHEN B EEEDD
B 5 &5 %

TERL6]H . BEARBEE TESEEN BHEEAR
R T SCER( 7] (8 CER (3 b it — 2
Bkt 7E B AR RIS S B b R LB BBE R
BN BRI R S TR E S EER B &
FR FEERP BESEESRETHRR, &
— A HMERBER R ERRBEREE, S BZ
FHEELE RSN~ R SR GI =K B#
M) HE 4BRLZHARBHERE /. HE
BIE(Ve=(zusyu)  k=1,2, K LB HEH
WA B S, (DT LAFER N

K
Si(t) = D Vi u(®)

k=1
K
= Z (pid i () sy i (8) )

k=1

t € [0,1] D

FRASWKENE BB REZRESNEE
BEHUTHRA:

() BT BRZCLRETHEIBEER -
BN X — 4 1E , B g R TR fT e R A LR, B
WEESHESEREY AAFTEAREREX T,
MALEITERMSEMERNTERE AL M
RETHEEMIURERME LT ITH.

() BFR OB REFERER A ELERFR
R, AN SEEHESZREEL, TURBHFRRH

A SCHT B4 B KA B R A Gt — B
BOREBTETESSGIFESN BRXEHEES
B 76T kP, 0 3 B A S ER BE B o FELGE BT
R KB MG iRt g E L TR B Uk T HE
& E R

AP, BG4 E W B iR E RS BAR
BT X 3, 3% 6 T X 35 B % o 9 4k (R SRR R 1
KB — B R B R AR NG &
XEE MBR-AFREARERENKEM ] FF
SR—MEESH PU/O), METF X BRI R R
H—BH MERRNFREAEANRMEEI,
Hop .0 RMESHSH.




%115

KW CE . —FHEFRIN BN ERB S E A 1115

7E 15 5h BB vk o 1 3l B8 HE B R
3 FE P R M40 R B A X (N 1 BT 7). R
BARF KB M NS, BTE RaA R P BRIK
BEESIREE— RN FEEIERBRK
BE B B9 AR, A 0 30 (BB 4 T X sl B A
B, & KA R R AT EA —BCE P E
KRk UG BE RO BN, B TR A
— BB E AN — X8 H I P EE .
HoRE R U, 1 3 B B K A P ER
EE XN R P ERD. - P ENER TR
M TEEERSMER A UREMA T L
WRIFHR ¥ B SR TR (A B AR B SR
EHE M AR TR T ETERGI
P 93 3h B 2 FU T 3K

B D S
S R R B K35,

7] et 3 1 3 W TSR, EVE 3 R A0 BE BT
e, 6 TR0 TR T A LR IS R T
fE &7 R LUH FRER

EC) = pL — 1InPU|6) 2)
o, LR R K
pam = T[ Pdleo){ T[ PU.16.) 3

(i j)E Rip G )) € Roye

KPR 1 TR AR B/ MUK 1 A -
WIESEE 2 AT R R R B K
InP(I|6) ] fi 15 5h i WA & R 4k S50,
0 B2 B B RIS RSB BT T AR R . o B FT
£l R Q) FTRENS AN S BHEASH X, W
L5 38 A0 K 3B e R P . X R I
) 4 ¥ 3 B 0 B R TR R B
HFE R AL R 3R A4 X S B A 15 5115 8 B AT LA
SR EERE. B LR AR T R R
X AL B AR X RO IE R —.
W A SCE SR T WA B AR
BEE G THEAMRTESBHEFRER
KB, R (A B — RN
E(Cy) =— InPU|®) W
TEA SO HE M E S BUE £ R R IKEE S

7 29 0 3740 A, B S K AR R 2 B R oo T
Houws 77 2 01 00 B 37 43 7. LB, BE 3 2 A S 3K
80 = [t > 057 s Bow = [ tou s o2 ] TE S EITE ) B RE R K
EAMATE R

E(Cy) =%ln2noﬁ, +

7
200,

2 (Ii,j - f*‘in)Z +

NER,

Now
ol nrot,t e D) o o) (5)

2 g ek,

R Nl Now 53510 P KBRFSNKIHAR R EE

2 ETRERHMNEIEEEEL
BAE

A Th B E DL P R 18 I 3 R T AIE B R X
B PG . R RE 7 X S R A7 £L IR 19 1
B, i FALIR B AR X B R i — 4 B,
S BIE AN — R R E A& EEAEE,
REAT LA B 353 B8 A A b Al 2% AR I i) IX 3 B X
BAFLIR ISR BAEBA AL B0E 5 E 5 #1 77
EAL b TESEE ARELHR— KM, I
REA B shor Bk, B, T B AL i 5,
T 5 KRR FME , LURE S BRI IR 16 2 250
B B8 AR T, FE R B R 3 S T LA I (X S 9 Th 45
Ha. i, SCHR (10 D58 A 05 41 70 20 i B9 07 30Kk B &
O b 37 % 5 R A P A 5 SCARC 1 1 R DG i
BB L& AR, R ARk S
FIESH BB T XFR Y ERRBR T SHEE
FEL T A 3 D O IR LR R S Al A R TR
HIWBEE B RREF N

A SCHR M T — R R E R 07 B, T A 2
Y T 5 BT Sh B8 (0 3 £ B IS PR T AL X R
P S T 9 IR X 0 R v R T BLE RO 9
SNEFAE. B RK AL BB R 4 B A R KA SO R X
b LR 9 B 5 R A T 3 R A KOO
1, FL3Ch 0, Mt B Y K ARBR R K 15 24 B B
X NG R AR, R B 1, T AL
BATETF 1, WNKAB/NTET 0. ko L, 4
RPN TFET 0. MENATHENEIMIEE £
. BB AR E TR T KRB H
INEERALE TR

FRA T REEILENT

OB T 5T IR A7) 164 3 3h B8 7 1 Oy N0
(A 2(b)) , ¥ 3l B3l T B A A ) (X A Hl R 9




1116 FEERER¥R

87 B AR

+ i E LT
b o 1

a I ik
e E S I N e O N BT

AT s, BE o BRI 3 0T g,

LR L AL LR TE T R G
M B b g

0 AR IR R e

R R N R ] L feaT ¥

Sl LA I T A el T ES al [ NP W

[LAES R -

GRS TUE B

ICE R g R

B2 BT OB RO 4R B AL By

(A 2O HaXiE);

(O FE R A7 A FL SR Bt , 1 3h Bl 78 3h i 72
LR S B R (E 2(0), it i s B E e
B P X R BR RO /N T T O 2(g)), ALEGE
b SR X

OB XEERAEHEE HHEERT A
BR & &R (B 2(h)), W B IE# R T X84
5l

(O EE 4k 2 0 O 1 388 e &, T
43 B R 2R 5 g e g AT E O R R
fE T FLIR R TME , VAR B EE 5 B I 6E , TR e &
J7 16 W) 24T B ik — 25 4 B T B L 7T R AE X4
r A LR R D

(5 4) 85/ » ¥ 3h R 3 A BRI X S A7 AR
ALK AN, XBRIE T B K %A K.

3 EExy

AXEELASTIMF

HREMT ARG BEAREMSE TR S %
77 1 b B R T R Rl B BR i W R B R T
I £t 77 T2 RR B AR AR 2 ARG AR R AE
46 1 3h B, FOE 5 /K (5) R B B K 3K il
XL R BT KRG B R AR 3

BB 4 T R W TAE S AR

BEBST BT A Pu»r B REKIESIEE L #
MEEERSRMT .

B1E5 . RENMFET TSR

(D ¥ Canny BFHEAHTESR I, B3ZER
Mk E G.

(2) TEREHE G o, L Poeed g BEWE S, WIS 41
7 a0 o B — A E T B S P
BIE IR R Pocar

(3) BA Poee S8R B H A B BUR B 41 8 = 0K B
BMEBREABE GARQ). XH,K=4,
Vi=Poor. REFIHE BT EE 7 1 BR PoeeTE
BE MR P WG ATE REEE R
CB:M(4)Pnear' MH)E‘JEW}BEQ%%E‘UimDJ

F2H BENETEREITHEN B FEE
BhFEE LR

BHFRG) REERW RGN EE M Co FIMER
HESHOFAT R, HEAXRHERN L&
REBHBRM R B L RLAEER/METE, &F
EALT EM Hik.

(1) ¥ Co A2E, B 30 B 38 M P9 KR R
AR R EEWHBT  RBELERE
(KONBDPMBE 0= "_{t,0%, tou» 0%} . LR IS
HHBRT S50 53314 R R WV R R IKE



E 11

W% —FAH I AE R BRI 0 #ITT 1117

{E¥ AT 2.

(2) REFSH 0 R FIBE T M Bk R B
MER (5 ) Co. RIELTRINT

O HE Mo, i) SGERE M

@ WHEREREGROGONDRT G HHE
de,=( VEC)) |ey-c3). :

® EHFEHEE G =Ci+HeM o, &N
BK.

@ 0 53E B RIS g i AU T BIE, AR
EEHAR IS C=C L RBEREGEN A
5L

® RIS 2 R AR AR L E T RK
HW Oy REFEREH BRTAEHSRE
BBl 0 L S R Ak 38U 13 3 FRLIE B A CR

® & C=Cp HEEREBE KTFRET W
BAS S H 2 KTRE T MEHNHL G,
FHH B H I Mo, AW REE Co B M A AR
@#.

B HRE 2 BB AR BRI

BR— &S REE B LESEERH
RNy T3 3 FBLIE b % A 2 TR Y B IR A T
31 B AR AL AE — 5 VBB 2 0, DAARE K O R 1
A% T o 090 A A T U £ A P AY. ol T REE A
BT A EE RN K 2 BBUT S EE LA
2 1] 1 B K, M4 I 0 M IR A
T o B 3 30 0 o ol 6 1 R 4 O R 85
S A 3 TR B, R RS W HORE B R —
FHEASE FERBEESREERNIRARE
BEM, N T REE RS TEE R BERRAT £
A EH AR, BRF 4 9% T 1 E 3% R I B R
HEATHRAE , AFEA R R R B0 GEIT 4 1. o TR AT 9
R IE B AR B HZERE A T
B/ A R G S LS B A

BEE /I, i B RO B Bk AR 4 B SR MR SR ¥ 8l BT
Tk B 4 B R OB IV B L TR T R

-
E

e,
e

b g

3 EEEMEFVRL
4 KREER

ATRBYEETLRESR. REEW, AXE
v B RO YR D B0 BL M, TT AR AT b B O B AR
X 3ih R (B B MBI A LR R
B A BUR L A R R BRI SR
K AR e, B MBER 15, B/ REEN 0,8 K
EEET 0.5; BA BRI, R SE N 7. B/ REN
3, K EETF0.05. HAWET ER«%FT 5 H
BEAsH. FEFMRLEDEE.

1 AR LR R E TR 2 E L
DA B e A T A AN AR RO R . &
FOOE B B B B o DU T K R RS ERE
FEEREOHBEWH AR RE.MER
11185 35 70 AL T B 3 30 PR MR SR S IE R Y
Fr. B 4 A RA TS S BT R TROER, FH
KBTI F U A B R AT AR AR AL B A
b3 R

& 2 AR o i R R E R AT 2 E A
DS E MR BENES. B s Al THESE
38 B U B & A LB AR MR R AR LR L
BB RE 56 FR . B % E .4 E
oW T R A A B FLIA .

B4 R RERSE T



1118 HERSEL MR

BITHEAR

S WA G-
2EUL

(O B0k LS4 E R UNR RIS AL S FLE

B5 migRERSET

tad ¥l M BE o BddE @
T | P I ey [EIH
Bl A
5 B &

AR TR KB RA RIS TR i
EHEREGHWE R0 RIIr&k R T —/
HHE S EE 0 F T —— E T RS H B
PR B ELE Ay BT AR — R MM BT R
— AT RN HIEE TR HP,
Ao EEERA AR THLD 0GR EAR
R URAEHINBENEFNA. ABRY, BT
UL 7 BN ST LAME SR A I o XS ih S (RL AR
R R MR A AR R AT R 5 X
CUE(RITEE

2 £ XM

1 Mario A T, Figueiredo, Jose M N et al. Unsupervised contour
representation and estimation using B-splines and a minimum
description length criterion[J]. IEEE Trans. Image Processing,
2000,9(6):1075~1087.

2 Kass M, Witkin A, Terzopoulos D. Snakes: Active contour
models[J]. Int’l. J. Comp. Vis., 1987,1(4):321~331.

3 Wang M, Evans ], Hassebrook L ef al. A multistages, optimal
active contour model[ }]. IEEE Trans. Image Processing, 1996,
5(11):1586~1591.

4 Cohen L D, Cohen 1. Finite-element methods for active contour
models and balloons for 2-D and 3-D images[J]. IEEE Trans.
Patt. Anal. Mach. Intell., 1993,15(11):1131~1147.

5 Canny J. A computational approach to edge detection[J]. IEEE
Trans. Patt. Anal. Mach. Intell. , 1986,8(6):679~698.

6 Menet S, Saint-Marc P, Medioni G. B-snakes: Implementation
and application to stereo [ A]. In: Image Understanding
Workshop[CJ, Pittsburgh, USA, 1990:720~726.

7 Flickner M, Sawhney H, Pryor D et al. Intelligent interactive
image outlining using spline snakes [A]. In: 28th Asilomar
Conf. Signals, Systems., Computers[C], 1994,1:731~735.

8 Liao C W, Medioni G. Surface approximation of a cloud of 3D
points. Graph[]J]. Models Image Process. , 1995,57(1):67~
74.

9 Zhu S C, Yuille A. Region competition; unifying snakes, region
growing, and Bayes/MDL for multiband image segmentation
[JJ. IEEE Trans. Patt. Anal. Mach. Intell., 1996,18(9).884
~900.

10 MclInerney T, Terzopoulos D. Topologically adaptable snakes

[AJ. In: 5th Int. Conf. Computer Vision[C], Cambridge,

MA, USA,1995:840~845.

Samadani R. Changes in connectivity in active contour models

[A]. In: Proc. of the workshop on Visual Motion[CJ, Irvine,

CA, USA,1989:337~343.

1

—

s WE % 1975 FA A APREE T
o FlRRSESLHELVHMLEHAL BR

ﬁ‘ 771600 R 4

SRR 1941 VKRR BT RETHRE
TARF R AESLE BERLHEBSMB L.
EEBEHEFEHEAR.




