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Mumford-Shah level set method for multi-objective contour extraction
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(1. School of Computer Science and Technology, Taiyuan University of Science & Technology, Taiyuan 030024, China; 2. School of
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Abstract ; Fast detection of objective contours and extraction of its geometric shape have important roles in graphics
and image processing. Based on the Mumford-Shah model, a novel level set method for multi-objective contour ex-
traction was presented. First, the gradient vector field was combined with normal direction of the curves as bounda-
ry abstracted fields, so as to generate a bi-directional geometric deformable flow field which can drive active con-
tours evolving towards the boundary from inside or outside edges. Furthermore, the distributed information of the
image would be left as area evolution energy. This method can solve problems that arise when area energy informa-
tion is lost because local geometric information isnt considered, or when topological structure should not be changed
because the gradient vector field is orthogonal with normal direction. Then the level set function was modified so
that it could change adaptively in curve convergence. Other reasons for this modification were to make sure that the
level set changes could maintain signal distance function, the search area could be covered sufficiently before re-
initialization, and the iterative number could be decreased. The convergence efficiency was also raised. Finally, a
numerical solving scheme was given. Experimental results illusirate that the method proposed in this paper is feasi-
ble and robust.
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F(u,C) = fn(u—uo)zdxdy+

2
,Lfnwm dedy + 1 C1.
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BulnHR—NHEE ., TR ¢ BRI 02
PR 7 A B354, B4 T B K B o) A 47 16
1k, ¥ B, YT SE B ER u, BEE R ENZ C
SEIR 2 MEREE QM 0,0 ABXEBEEE
Xig, A TFH RN, HER S HNHE N
¢ 38, AETEX R E R XIS, FHARE
MR, B R BEA o B C P ph &
KB Heaviside R4 Dirac EORER,
RERAXRTLERNE M

Eva(er,02,6) = p[ H($)dudy +
'L)L)VH(qb)dxdy +
/\Jn(uo - cl)zH(qb)dxdy +

/\zfn(uo—cz)z(l - H(¢) )dxdy. (1)
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o = 8,(®) v (g L) =0 -
A (uy = ¢ () )2+ A, (g - e () )1
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Cx,y) = (((fi.f2) (%,5) )N(x,y) )N(x,y).
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L (A ) (=,7) HEBRBEAGHBEY B,
N(x,y) AHIEL T, /TGRSR /MELL T R REE
RBIRAG -
Eypns = ff’?(flz +f) +
I Vuy 121 (fi.fo = Vi) | *dady.
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M) TLES, HI VIRT LI, ¥ #’R
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K
sign(d;;0) = bijo/ /' bijo + &
G(¢i;) =
[(/max(a;)?,(a;)? + max(a;)*,(e;)" - 1,
b0 > 0;
| Vmax(a;)?,(a;)* + max(a;)*,(a;)" -1,
b0 <03
0, ¢, =0.
K a0y a5 a4 BETTLUER(6) HTHE.
a; = (¢i,j _¢i—1,j)/h’a2 = (¢i+1,j _¢i,j)/ha
as = (¢i,j _¢’i,j—1)/haa4 = (¢i,j+1 _¢i,j)/ha

a; = max(aq,,0),a; = min(aq,,0).

(6)
HH K Dirac B 6(x) E TG Bl T4,
AR T T B R 50 B 32 S HE AT R I B 32 3] — SR
#ill. b TSR E 5 SR TE Y, Dirac BELRELR
EAS—MEABESEBEBTENEE, FE
STEEEAATIER L, B% C-V k" R T U
THIER4E T, %1 Heaviside PR %N Dirac Mt
FTIE N4k,

H (z) = %[1 + %arctan(%) 1,

8,(x) =L 2

we +x

MEIEMSCARAE T A RNR B BE R 7 BRI i
TR E R A%, B RS RAEX TR X5
RAF IRV, Wit SO0 IR 3 348 Ja B s e e 0 7= A
WHRIER , FECRRERUE R I M N B X IRt % , T
B R BGH T IE TR,

X IR DI 7% 223% /2 Euler-Lagrange 7572, 41
RBE AR b= Ax = Ay, IR At,
BRI () VB (b, jh) B REER SRR BR 2
S5, UL LAS R0 T MR B LA T R

¢7I1 = C[‘f’?; + m(b1¢?+1,j + b2¢?-1,,' + b3¢T,j+1 +
b4¢?,j—1) + Atﬁs(cb?,,-) (- /\1(uo,i,j -¢ (") )2 +
/\2("40,;',,' - Cz(‘f’n) )2 -)) :|
KRB b, by bs by TLURBL TATHE

by = b/ (B, =~ i)+ (bl — d1) /4,

by = b/ /(b7 — i)’ + (lijur — diijut) /4,
by = b/ (B, - b))’ + (Bl - b1)) /4,

by = b/ (B — i)’ + (@1, - b1, /4,
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SR EE ¢ v, TUHK(8) .
C1(¢) =

[ () H, (¢ (,5)) dxdy
[Habeyrdedy

[0 (x.3) (1 = H,(¢(x,5)) ) dady
[ =B, (3(xp)) ) dedy

02(¢) =

(8)

BT B B BUAL 7 ik , 7R SRR T e AR

HEENG, FHIE T ERSECR(22], ik
AR

4 S RAA

AT #— 28k AP 8k %, &
P4 2.99 GHz 97728 512 MB B9 AT EHL LT
T 52k, BT REIT & TRy Matlab 7. 0. & 5554434
LT T BT IR R B L BEAT LA 4R B4R B, S
SIRNE 1 B, WE 1(a) WRIBE A FH A
B, B — RPN 3 AR AL, BSR4 2
ARWE R ZIR , BRI R A J N R
HAT58. Ba R 2B K A =0. 1, BB 2K
h=1,FHRETN R p X LE—-HRES
B, AEBEALIT R PR AR B R (R, TT LA
WBNER YR, p B/, T LA I AE /DB E,
BeALBw =0. 001 5 x 255 x 255, TR H T v Ak
st 98 A0t 2 B B X S TED AU RE R T RR R,
AEBL v =1. A, PSRRI AL i 2T Rl K S P R I £
SRR BT RER R T RN, A, FIRIERIE AL
Bl £ BT ] IX A MR B 18 A A B X BB B H R 5 AR Y
S AR A, = A, =1, TR AR INE 1 frs. B 1
(b) b E AL 2, B 1 (c) A EAERE, A 1
(d) S B R B 11 e R .

B2 B— A LEBEGRIREA SR, Bl
4 NAFEIZIRET BARXT SR, B 2(b) FE 2(d) 43
B C-V ik RIS ik TR B S S R B
MEERE AT UE R, b TE 2 FUBEHEEER
FI A HANEREX AR, HEABinZ WA
B R BB Z AL TT A IEACRY B Ol B,
BIER C-V 5k R BRR It Hh e e , A 5 vk
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Fig.1 Wearing particulate boundaries extraction
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Fig. 2 Artificial synthetic image edges detection
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Fig.3 Thorax CT image contours extraction
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ERRRBCED W SUR EE R KRR, BB
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Z AR MERECE & A FRE N EmH, 5B
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Table 1 Performance comparison of various methods

SREE  wAFE BRKE CPUMRYs BNRED,, BKRED,, HHFREBE. WHER
C-v 380 83.62 0.102 6 0.174 6 2.2909 TR
A 1 Li 7 580 82.30 0.000 7 0.3321 1.450 9 TR
AR B 310 79.53 0.105 8 0.1857 2.1435 TR
C-v 450 65.34 0.185 4 0.189 7 2.153 6 AU
& 2 Li H 740 176.13 0. 000 2 0.202 9 0.9755 e
ARSCH B 290 44.45 0.174 7 0.191 4 2.1779 ST
C-v 520 115.47 0.135°8 0.168 8 2.1022 ERUH
] 3 Li FiE 480 59.25 0.007 0 0.607 5 2.202 1 HRAMIUH
AR B 360 82.48 0.117 1 0.175 1 2.0110 ST

5 HXRiE X 3Hk:

ZF Mumford-Shah F7K S48 77 Ik 78 48 B 10 4%
BB ET Z RN , A SCHE H RS R B,
AMUAA T RESGEBNRBHGEESHELR, B
BRGNS EEGY SRS A MERE T MER
SRR ALB LM AT, AR T 4 T R A X
B fE BB % E E BREEE. R, i FaIA
AKFERBBIE, FEREREN EASER R
BER , B R AR A 72 P B AR BT 0 KOF £t
¥, WD T XK 5 R B da LBk B, AT 18
T ISR, St AR BRI, AR T A REE
BT 22 B AREE BR 21 4 1 LT T R AT 4R B, {5 e
FEMNRREGR M ERESHEITY 8, FEAER
—E W Bt BRI R K E R B EB RS, Bkt
HEERFBRZHIN A, X725 BT ERm
—A™alRE.
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