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R-Snake: A Snake Model Using Both Boundary and Region Information

SUN Yang-guang', CAI Chao',ZHOU Cheng-ping' , DING Ming-yue''?
(1. Instituse for Pattern Recognition and Artificial Intelligence , State Key Laboratory for Multi-spectral Information Processing Technologies ,
Huazhong University of Science and Technology , Wuhan , Hubei 430074, China ;
2. College of Life Science and Technology ,* Image Processing and Intelligence Control” Key Laboratory of Education Ministry of China ,
Huazhong University of Science and Technology , Wuhan , Hubei 430074 , China))

Abstract: Traditional Snake model is sensitive to the initialization of contour, easily relapsed into a local optimal in a high
noise image, and invalid for the image contour with deeply narow concavities. By designing the image transform operator to derive
the region force from the region information inciuded in the interested object, and using Green formula with the conversation ability
between region integral and curve integral,a novel snake model R-Snake(Region Snake)was proposed in this paper to extract the
contour of interested object, which more directly introduces region information to active contour model in terms of the force balance
equation. Because of evolving the contour curve by using both region information and gradient information, our proposed method
could not only extend the initialization of contour and alleviate the sensitivity to image noise, but also improve the capacity to con-
verge into complex boundary. Compared with the traditional Snake model, experimental results demonstrated its feasibility and ro-
bustness, especially for the images with high noise and deeply narrow concavities.

Key words: R-Snake model; region information; Green formula; contour extraction

1 38

BH& K5 B R BUR THE VLI o B A SRR i [a]
B HAERRLEESIBEUAEERNRBENA.
Kass 2 AT 1987 £ H T Snake BRI, XK E SR
HERY (Active Contour Models) . Snake AR 1345 & BE
HEGE, IATHREEGELSFEENALTAH, £
fit T =2 R BRI AL B B O U T R
TLREBEEE AR PR EME, £ -GS SUSERG T

Wi H 4 : 2008-09-06; & [B] H 3 : 2000-01-16

RRBIE I (EAESE Snake 1877 75 5 X 10 B RO T 1A 1L
B, TR RS AR5 AR /AME, LR BA®
TR B 111 X358 A PR 45 G R B AR AR T 70 0 5 ) L

R AN1E R Snake BERIHEIT T KB #2-4
H T B AN B 1) B A &Y (GVF-Snake) % 7 ¥, (B3R
FFELTRIE: ()M TRESER, LS THRA
R AR /ME RS XS B T S BRI AL R TS
B, {290 s G 35 8047 A PR o 4 5 50 EL SR R 3T
QXM FEERE MBI ER, HRIFIELEKG LS

HEEeWH - BERXRARBEHESE (No. 60672057, No. 60471012) ; B K 863 HHE RW K & B (No. 2007AA127166) ; Bt & B RBHEE S (No.
2005ABA253) ; PEBI BB A NI ERE A LR Z A HIREES KD



% 8

FAHE : R-Snake: —FHEE T %5 KA B KB E SRR RBURE 1811

BEMEE. RN TRARKNEEMEER, RE
GVF-Snake 7 —E 2B b MUk 75X /> [) 3, {245t L B
RIFE D SCHR (6145 i, B & (Stationary Point) 1
B 25 (Saddle Point) 2 FR1E a1 ) B0 7= 4 bk (] LAY
BERA. B THRKMGBHR SO AEFFEESS,
YRR T MR AL SHFTZW NG MM 6t
BRHEREAREL ARGt — S EL. B,
HEELEGAE R B GP A& X ST
B AR BT A S RE 2 B TR W . H i, Xt
FAUKRS: T B 1585 5 15 B B9 Snake BERY, FRAE 5 49 4 BE
{5753 26 Snake J7 ¥ XT B AR 19 R R 75 L SE K I AEURR
X BA B MG KR A5 B8R B, B BB SRt E &
| FRERRANAERGS.

Ivins 2 AV T T EB S HHE B 4T Snake
Fik, ERHZERXBHGEIHEE S R B A
HER, S FRBAFAK LB B E . Zh S A
BETETRIMEEN KBRS ER S8 THIR
R 5 XIRE K AR, 58 T % — R A Bayes/MDL
RERZ R T BB 8 )G , Paragios £ A X4 BR
WRBAUHEE TSR Tk, S ESE S
ERINF MR BGE R, FIH &0 7% 5 R &
RERRERLHR LWBEN G, B ERESD
B TREAMEFBEARTHSEER S .
Chakraborty % AUOME T — R 2 F X 8R4 S F1ih 5 4R
BARSS G M7k T BB UM BT REZE R T 3%
BEAXBERNBERGE HERERE RN
ERIMEH BN R . ER B s )7 B R ) M R 4
IHHIEERT M RRALRESRMeE—&R, X
ERIE B R, TR & TR .

AXBET-METHZESXBELNENRE
%! R-Snake(Region Snake) . 5 FiRF H X 15 809 +
S ERAR R R A, 2% SCBE AL f 30 % B S
B, FEAXKBBS 5 MLB T HEHELH Green 20
X, BFHTESEREGXEERNXE S . REHS
TR ZXEE S AR EES AR E R
BRI SRR R BRI . K5 BT AR
AXHHEAY KT BT E, BT X A
{0 B R, T R i TR B & B R
HIRES LRGSR B, 3007 B B 9% A9 38 Rt #0
B, AR ERE FGMAARKEEMBEK
ERHAE T TAE 40 Snake BRI EE R |

2 Snake HERX[FE

Snake ALY (9 2 A< B AR R B 4 58 R 82 B LA
ARG P TR L —E R THAML LR ER
Z R/ R SEAERE R T RT R v (s) =

(x(s)yy(s))yse [0,1] ,ﬁg X ﬂ]y E%ﬁm%%bﬁy
s AHIZ EIF— A, MBS EALK) Snake Y i 2%
BREERIANATRR R

Eose= | Eu(r(s)+ EL(y()]as (D)

Hep B, M0 E 2 50 R A H) AR R 1SN EE R,
ELTEX N
2 2
NERER E,RrREMANEREE, RIRT R
AR, X Q)P E T R E, 5
"R BER , w, F w, AHINXT XA BER AR
HIORARY. E, AR BANIIMNIER, B FREH
LA, (HEIR B AR B R EORFE. GA% BIMBLAR
BER, — M E R AR E TERARE RN EZERE,
T B ERE R BUE LR -
Ew=w3Eimg=—w3‘V(Ga*1),2 (3)
Hp 1 2R BRIKE B3, w, AR A BE BB HIRR
8, G, R EE R o MEHTEREL, » MV 4 HIRRE
RETHBERET.
HAE A R B, 3 i BE B V2 R A /ML T 15 50 B Hh 2R
TR T IR
2 0
L2 dis(dld(‘:_)) + wy dd_sz_(d;_s(zs)) + w3V Eipy =0 (4)
KA DAL T S BI0T7F B
Fpu+F,=0 (5)

sk Fom g () 4y S rem

MAA G BT MBER NI, Fo = wsV E, ARF
FREMEE B RENS . REHRERET AR
/MUGH) AR R R SR B i R FE S 1 AL A Oy i SRR A
TRHTEAL, AR S FEREHTRE.

3 R-Snake BRI

3.1 ETHS&REEENREER

FEAEGLHY Snake BERI , R BT EFI7ER BE M 28
ERAAFMBETEGRERGENI N, FEEZEX
HTEGXBFEEMEmR. XFRITEEAGXERFER
YERFT I RER I A B Snake R I SR IL[F] 5] 58 B il
LT FEER I(x,y) P, REHR +(s) BERKX

HEXA R Ip(x,y)E LR
I(x,y), (x,y)ER
IR(x,}’)={ 0, (,7) ¢ R (6)
EX HAERTEERR (x,y) EWETF, BHER
XIEER E,p., THE TR R B XA

Brgin = || HU(x,5))dxdy (1)
R

2
+ W




1812 H o F

¥ #® 2000 4

AR EERAX, XENTER £,
BoE SOv b SRR R A S i AE B LA K (2), T SH R
RERRR TERGEEE £, 50 BANEIAT BRI SER
Egion -2 wy ARG X SHE B AR A HAU R B, Bk
ZHAL Snake AR 2L B RER FIAXTRA N

1
E e = J‘ [Em + w3 By Jds + wyE, g

1
J [E + w3Eimg Jds + w,,ﬂ H(Ix(x,y))dxdy

(8)
3.2 ETF Green 2XHREHE5EZRE
— i, KR SR Z EFAEE Green 24
RATFERRA TR, HP P EX N FEXSE D
FHRE ZARELTPERXE D LN _ER LSS
ﬁiilﬁﬂﬂéﬁL LB@%&?”%ZIE]B‘J@Q?

H Fp dxdy = SE Pdx + Qdy (9)

A, B E*/szjﬁm ERSA[#L Green AR
Bz X R ER RS, X R ERE A
MXEER T EEBHGIADEREHE AP,
ME & X SEER (7)FT 8 Green ARFALN

H H(Ig(x,y))dxdy = ‘;—fﬁf\’lg(x,y)dx + MR(x,y)dy
R
(10)

Bt fly(x,) = | HOR(z,p)ds (11)

Bi(z,y) = - | HOR(x,2))de (12)

H(10) A %5E R R WY EE T RN
hteE s e R R, Np (x, y) Bl Mg (x, y) 5
BB A A1 « WMy B0 L2 7. H itk BAR XA B
BIERFHENBIANERRE I TERRR:

Fegion = wy(Ne(x,y), Mp(x,y)) (13)
XERATE IR v(s) WIEF BN HREH R
B, K R BEERNEN. EX Ax F Ay 53514
FEREMA LT A (x, y) SHA—MABVY SEEE «
My m ERBHE. S ZHEBERNA Ex L, BH
sign( )RS RE BT HEXBEGE M THE
BEBET:

- sign(Ax) (1 -x,y); sign(Ay) <0
- sign(Ay) Ig(x, k- y); sign(Ax) =0
Hla(z,7)) = sign(Ax) Ig(x,y); sign(Ay) =0
sign(Dy) Ig(x,¥); sign(Ax) <0
1; U>0
K sign(U) = U=0; (14)
-1; U<O

ERAESRE T HREBOFIE R B s b

BRI RN T 1. T 48 B B R BUE R
FER 2 e D SN S B3 RE R AL, A K
Bl AR R, BT LU MR E T 48 R il 4 oS
BRI, FTLAE H, ERK (14) € KB REHRE T
H RS 8975 1 R 48 48 i) B A X0, A T B 75 42
B2 RA TR U R B S, B A S R RE
M AL B B AR X S 5

AL A B 1 P R (5) FH S RER K (8),
XESNS F, R A —ER 0 R ERH SR
BRI Fipgs 75— TR BRI AE R 52 A R XU

T1 F region - MR TR R 2R 19 1 P 75 23X (5) BEAB RLFE AL R

A

Fou# Fig + Frgin =0 (15)
Her Fo M0 F 5331 530(5) = 9 5k 1 i e SO,
Frogion AT (13) R SR 38T

MBI EEHRROS)THE—SFRRA

w0, (5) + wyv, (5) + w3V Epg + wy(Ng(s), Mg(s)) =0

(16)
He o, ()M v, (s) AL XTIMK s MBI
MI\?P&, Wi\Wy\ W3 ﬂ] Wy ﬁ%‘]ﬁiﬁ**[ﬂﬁ&ﬁ*ﬁﬁiﬁ‘]
BEHINRL.

AIRLEW, KI5 A SR LR
FrRREE S g AX B ESZHNEN X TE
THRGREERSSER, KESH5] AR T I
HEERER AR /DBEO, AL T B %X 8%
PSR 3 FRA P K BB MR i X8, 5 T 2
BEK5ERBBESF MAHYERAHE m BiRXKEA
RS, AT B T Rt S e siRe 77
3.3 REERWEH

Xf B3 (16) 50 BR 2 BT il B 9 /1 Rl AR AR
BARESNHFEREHMAZ TR REHZL ()5
BIERRR v = (x, %) = (x(ih), y(ik))H v(0) =
v(n), K O0<isn,n WA LM SNME LR
FHAR T S A [RIBE, AR I Y BE B BRI RR N
E,(i)=

(wy | vi= vy |2/7B2 4wy vy =20y + Vi|2/h4)/2
(17)

X KIRT] Frogion 2 (13) BB B, AT 4L R X H B
MBI E EMa AR QDR (12) BB EL. £ X
Ax; T Ay, HRVATERBHZR L1558 (x, 7)) SHAT—
BT AETE « fy FE EHELE. SEBRDHR
kx|, HEBRTHRE T HAX(O)F L(x,y)HEX,
%A% >0 H Ay, >0 8, BNF A LR Ne(x,y:)
I Mg (x;, y,) TN BB RR R

MR(xi,y,») = Jo H(Ig(z,9,))dz = jo Ig(z,y,)dz



£ 8 M

FAFHIE : R-Snake: — i T 15 5 XU B EIB 3 3R BRI R 1813

= DI(r,,y) (18)
Ne(xiny) = - J:iH(IR(xi,Z))dZ = J:IR(xi,k - z)dz

= —_[:_ Ig(x;, w)dw = - ZIR(xi,ry‘_) (19)

Hebr, = {x1(x, ) ERVir, = Lyl (5,y) ERI.XE
MeCxi, y) B Ng(x, 9) 3 BIBRRZE (x;, 9,) AL VS x B
My firs EREBLTEXEANEEKEEMN. 7]
B, KB ERBMEI TN A LW ST HRLRAE .

TRIBML v, = (x,, ) EREBRNIBHEERN £,
(1) =dEye/9x;; _fy(”) = 3Em/9yi-iﬂﬁl‘ﬁﬁﬁﬂ€§%’ﬁﬁ
AL BT, AR R B0 P8 5 AR (16) P B AL Yy -

wi (v = Vi) —wi(vi = v) +wo[ v, =20+ v;]

= 2wl vy = 2v + v )+ wal v - 20+ v,
+ w}(f;:(i)’fy(i)) + w4(1VR(x,-.yi),MR(x;,yi))
=0 (20)

ERBHIFET Q)T HRARN FTREEEL:
Ax + wyf,(x,y) + wNg(x,y) =0 (21)
Ay + wsf,(x,y) + wyMp(x,y) =0 (22)
KPERE A ANATRBHEE. 3 T#H KRB LR
BB E T R EREE (2D M(22) , RITEREE
ARRHER v(s) B BUNE] ¢ I RRE v (s, 1) XEEXTRERTE
B M Fish 2B &, BB A%E R LU 4
Ry KRBT RO
Ax, + waf. (%, 1,300 + welNg(x, 1.y, )

= —)’(x,—x,_l) (23)
Ay, + w3fy(xt-19yt—1) + w4MR(xz—l’yt—l)
== y(yz_yt—l) (24)

Hep oy BB ZE. W ER R (23)f(4) Al #—4
Ak B T RS AR
x,=(A+7D) " (rx, . - wafu (%1, ¥00)

‘w4va<xz—19yt-l)) (25)
Y. = (A + )’I)—l(}'y,_l - wlf;'(xz—l’yt—l)
—W4MR(-‘;-1’.Y:—1)) (26)

X F LR, S BB/ kx LA SCHE L
BR[1)HAYFELE Snake TTEERELH EHEETHH
FRZ 0T ERBEELm LD TR, REH LU MR EXR
Xt AR A Ty B AT IR AR 4S5 Snake J7 AT H
HEER 0(n’), 9 n HERERHLA BRI BB A
NEBEIANKBRAOERELR L, RIAEMT —
MRORAT, EFRFHNMETFERDNTFET o x
max(k, ). RAEXMEBERNITER FRFHM, EA
XEBRAETEERE LS L5 ESH Snake J7 EE B
FAHY.

4 XBERSHH

HTEIEALBEERNERE, LB PRI A 2%
BOER KER SRS ER LR ESEEEGRHET
R 50 B SR bW A U 555 Snake T HI
GVF-Snake J7 ¥ AH L3R, #E— 2 BAIE T A L HF BB
HHgEE. TERIMES ERARMEKRHTER.
FEEBRHEE E, KB, U B BE AT AR E A
| WS REE . A TR RPN R BB BRER
BRFELBEBRNTREH R w, #E0.05; 5%
Snake AL w, A ws 43 7B 0 F1 4; GVF-Snake
FALRE wy, T wy M HIE O TN 0.5; B X EEFRERK
wy 1wy SHANE 0.5 Fu 4 PHB R » #RBL L.

(o) REER 5 H (b)f%iSnakeZ: B

(c) GVF-Snake%5 (AIHEER
Bl —HERNRRNGR
B, RAOTEEE 1 fl 2 A ZEHESRMKE
R AT PR A5 B4 50 0 2 B . X R 8 IR ) R/ B R
64 x 64 F1 100 x 100, P E 1 FEBENEELE AU

(@ BB R S HIH R

(¢) GVF-Snake#: h (dﬁiﬁﬁsﬁﬁy a
B2 XEESRNBEENSGR



1814 B F

2% 2009 ¢

B BB, W28 BB K 1 2 P A — Bk
KB MR DX, A OB B XIRBE B R w, 235
BRo3AO0.1.E 1 FE289(b) - (d) R RRAES
Snake GVF-Snake LA AL H LB RIMER. WE 1
A LAE S, E G R Snake FH AR REME B R B AL
it 22 e S B M A AL , GVF-Snake 7 35 R4S 7T {4715 55 B it
KUAHBI AN BRI EEE S, BARERAR LD
ek B MTBAER4Y , T AE P 2 X BT Snake 7 1 AR I BB
{5 50 S it 2R A SR Y X4 A T B 3 43 s (AL 1 () R
2(d) VLA ), 49 30 5 AT 3 47 0 e DR e 1 8 1M s
).

HK, BATEREE 3 B K/NA 100 x 100 # 1
FRGHTEGMREER. X BRITRASTES,
HAE3(a) RGN EG (BEAF H 2N 60)F
PR B 3(0) FIE 3(c) NTEE 3(a) FHIRHE BE
T RAES Snake 1 GVF-Snake 75 1 Fr 8 Bl 45 2. M
BEERTTLUE W, X F R 7 25 R B 3(d) -
(ARMAT HERF, % 0% 4134 100,200 F1 400
MEHREER, A X T EMBANGER, LB w, B
0.04. AEER AT LLE s, 76 58 0 1 7] 26 40 JBE F B 38 B9
MEFET AN RERENGER. HF -
HTAXHFEREAERKMREIHAEELRERY

J0 0

(a) REHERSHMHBIE  (b) 5% Snake4i . (c) GVF-Snake%;

(e) AT
(62=200)

B3 BEEREKREENGSR
F1 EZXHESEG Snake 1 GVF-Snake Z B HEIRELRY

(f) ARSI L R
(07=400)

(@ R ELE R
(62=100)

RSB (%)
AR ZE (% )| 54 Snake | GVF-Snake R-Snake
B2 34.2 32.8 1.26
. B 3(d) | B 3e) | B3N
A3 201.5 67.1
3.75 | 4.51 | 4.97

R1BBTAEAXBESESR Snake. GVF-Snake Z
E] 55 BR 4R B B Ak 44T LA, X B 3R] 3 K P (TR
2)Fi e R (B 3)PE MR B R A SCRBU B AL

740 R A B 6 SR B S5 H
ST S OHURHE 2 DI SR8 B35 B P
AT B Diff = S = Sobee| 000 g

SObject
TRERH—BRAT , AXEEALEBIERH LTI
NGB, & BARE KT

G, RITEEE 4 i K/NH 170 x 293 fH 5
A EFERHFITERAREER. X R EER K
KR EmanE 4(a) Fin, A XEE P XIBEREN
FE w, B 0.015. B 4(b) - (d) 53 51K FES Snake.
GVF-Snake A RRA X H LB R R BRI R NE
4 Al AEH , BREA O B R 7S SR (75
45 Snake 77 B 1 GVF-Snake 7 EE#F B IS R REF A9 B
PRI, A SO RS TR B R X R4S .

(5) 64 Snake4 R

(¢) GVF-Snake%; # ) AXHEER
B4 ERFEFEZRRNFRNGR

ACRE T —ME S XK EE S LA EGRRERER
SR R R R [ B A A R X A R A
HEFESRARGI FREMANEL REEENE
ESIA L ERATEA KT REMHKEE,
I o 15 MR 75 A AR, T EL SR 38 A T 0 ot
BB ALA RS LRGREW, A XTTHRE
RIRA B G EY HNZEATUE N, A7
TE R BB A R AL B G ER BUR AT AE it — B I Y
TAMEA X T ERRB ZESHERET —4FE
BEATH TAHE.

BE 3k

[1] Kass M, Witkin A, Terzopoulos D. Snakes: active contour mod-
els[ J]. International Journal of Computer Vision, 1987,1(4):
321 - 331.

[2] Xu C Y, Prince I L. Snakes, shapes and gradient vector flow
[J].IEEE Transactions on Image Processing, 1998,7(3):359

-369.



% 8 M

PR : R-Snake: — i T30 %5 X 15015 8 1 R 30 AR SR BURRY 1815

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

[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-
actions on Pattern Analysis and Machine Intelligence, 1993, 15
(11):1131 -~ 1147.

[5] Jalba A, Wilkinson M, Roerdink J. CPM: A deformable model
for shape recovery and segmentation based on charged particles
[J].TEEE Transactions on Pattern Analysis and Machine Intel-
ligence, 2004,26(10) : 1320 - 1335.

[6] Xie X,Mirmehdi M. MAC: magnetostatic active contour model
[J].IEEE Transactions on Patten Analysis and Machine Intel-
ligence, 2008,30(4) :632 - 647.

(7] Ivins J, Pomill J. Active region models for segmenting textures

EEE:
b MBAN 55,1978 SFAE TR M, EPHEKR
FERPHSATEEFATELTRE. FR
FHEAERSE EELE, BRiRH%.

E-mail: ygsunster @ yahoo. com. cn

#* B 3,197 £4TFILEK, 2005 F3R%E
PR RERR S SERRAE 20, IR
pR R AXFERIAN S5 ATE IR ITRH
#.TEMRFaNERTSHER, BiRRHN
58K HEHH, 50N, BERRLES.

and colours( J] . Image and Vision Computing, 1995,13(5) :431
—438.

[8] Zhu S C, Yuille A.Region competition: unifying snakes, region
growing, and bayes/MDL for multiband image segmentation
[J].IEEE Transactions on Pattern Analysis and Machine Intel-
ligence, 1996, 18(9) : 884 — 900.

[9] Paragios N, Deriche R. Geodesic active regions for supervised
texture segmentation[ A ] . In: [EEE International Conference on
Computer Vision[ C] . Kerkira: IEEE Press, 1999,2:926 - 932.

[ 10] Chakraborty A, Staib H, Duncan J. Deformable boundary find-

ing in medical images by integrating gradient and region infor-
mation[ J]. IEEE Transactions on Medical Imaging, 1996, 15
(6):859 - 870.

BRE B,1957 4 FHde, £PREK
ZRSLRAFSGATIEETRBIHE. TETR
FENERLE HENRE EE5R0E. *

THER&EICEREE) 3,191 F£4£TH
N, EFREREEMMESEARER, B&IR
SN ERARFEE, BLERW RS
B REQALE, HEYLRE, B R, EF5 A
U EEERLEESHE.

E-mail: myding @ mail.. hust. edu. cn



