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Abstract: Jacquard image segmentation is the linchpin of jacquard pattern design. Curve evolution model is a
popular method for image segmentation. However, it cannot detect image features in the presence of noise. The
Mumford-Shah model is more robust than curve evolution model to detect discontinuities under noisy environment,
so it is more suitable for segmentation of noisy jacquard images. In this paper, an algorithm is presented to
implement the numerical solving of the Mumford-Shah model, which combines the merits of finite element method
and quasi-Newton method. First, a discrete version of the model is defined on finite element spaces over adaptive
triangulation. Then an adjustment scheme for the triangulation is enforced to improve the iteration efficiency before
current iteration begins. Finally, a minimization method based on quasi-Newton algorithm is applied to find the
absolute minimum of the discrete model in the sense of Gamma-convergence. The proposed algorithm works well
when it is applied to segment noisy jacquard images.
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1 Mumford-Shah ;% iF & 5!

MS 72 bR IR 300 sk e /I A 5 [R) T 208 DX 33 R 6 G000 5 11 e e R 4 A i TG 2 s [ R 1) 3 X,
A5 - <8) B B () AN 3 482 i AR T H B G 130 2k, T SEE B G 1 A R4y 1

MS iZ BRI ET DL T TH A 7 FE R R

MS(u,K):jjmKwu ? dxdy+ajjm|u —g|* dedy + BH' (K) (1)
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MS ¥Z R IR RRAR ) UK 1 5685 6 MS 32 B8 IFIE T V2 R T 41 TG IR ff 58 A SCIE B R IE T2 1R 7 41 G 2 ST
R G  EE). % 2 e (0,1)x(0,1) & R BT ST, ¢ & = AEH RGN BERNKE, (7} & >0
(K) =035 0 P9, V,(€2) JE 53 i 368 bR AR 7(€2) LI AT IR G 23 1a) A SCRH W, (42) x 7,(€2) 8 $ s T L )i Ji
12 R 3 e, /A

F,w,T) =§ [],f(e1Vuy Prdedy +[[ ur —g|* dedy 3)

1110, 400) > [0,-400) AN E 3 6 K, L nm@ — 1A Tim /()= /. = < o0 JEIEHLS () :ﬁarctan(zﬂj_
+00 (04

Negril "HEH BRICAS ] 45 H T MS 2 0 F3E T2 06 551000, HEIE B T 1% 32 R F 816 R 1K T- sk I B
TR B I 1 MS 2R

EIE 1. WA e >0 W =AFT T {7} AFAETRETN RS ¢ R —[0,+00) 15 = #3707 B o
]V, (2)x 7_(£2) LHEELEZ B P50

Fg(u,T)=; [[ (el Vu; Prdxdy+ B[ |ur —g|* dedy )
KT L WIBAK T- kB L2 ()N SBY? () ¥& e 18] i) MS 72 i
Fu)=[[,IVul* dvdy+ 1, [[ p(v,)dH" + B[] |ug*dxdy ®)

Jerp, F(u) 72 MS Z B (1) Fft 5 1) SR T W g (v, ) 2 AL 1) SRR BT IR BR 2, v, O A i 1)
3 ZERFIS R EIESE

N TR IE I Z B P 5 0 A 10 S R R 7 23 A P A PR G 10 At e 28 38 v A 2R 0] R 4 S0 5 1) S A
i P8 SR FE AT 45 1) S Jos 10 10 L AT R I e DR D AR AR R 2 /I TG R 00 AT B G 1 A%
BEAT A NV e 30 I AT R G RS (10 I T LA A KA (I P R I 153 8 A I = A7 1 20 5 A, AT 4
iy 35 AR ERD 200 R o [l 8 R UL A it ML VR G, MIS 32 bR BEAT B I SRR, T LA AR R AR H bR iz e B A
JIT Bk iy DRl 3o P i AL 4 SR AL SO 3 e B N R IS AR /N AT B e IS 32 R 3 SRR I £ A 1

© HHEREBAAIGUT http:/ www. jos. org. cn



62 Journal of Software #RAFFIR  2005,16(1)
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Delaunay JUAT = #1345 I A7 50 Fd 1535 87 19 46 f 50 28 36 09 o] 23 B SCRR[15].
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BT B EZ B F (u, T) S 3B ™ TR, 25 5 B N S 30 B /AR AT 0P A A £ 0 /I A B30 70 I 175 000 st R 0T 30
AR S I 240 TR e R A ¥ v e A R — R R B AN B B e S B i HL Lk AR A U R R K
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WSO e (1 T2 BRF, (u, T) R 8 T AR UGEARIR B 3G NS5 A8 = A 5 40 8500 T )5, F(u, T) ¥ 5 eR i u #1561
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A, F,(u) W5 L 551 P 2 T AR X P AN G T LAIE B F, () 2000 B /MBI A AR

EE 2. WU L F,w) THAERIETEN F (u) /£ U T — /N0 ) ME.

W8] S F,(u)(u e U) T 5 u, & MRNMEFE 51,0 lim F, (u,)=lu, €U .4 T u,eU HU HAR
FE 5 u, G 54 T F(u) & B R, H0T LR B — AT 85w, fER M 0 — +oo B H w, > u .

T U RS, ueU ST Fo(u) 255 FFELLI0, 1 F, @) < nnnli};ng(un,),Hﬂkh F.u)<I A2 T
[REF W FueU ERTFHATREBT Fo) =1 ZXMEN T 14 W, H F @) 2 Fu) €U & f4x08%

/IME. O
BEAh, T2 8 F(u) BT R Gateaux FJ 54 U0 DRI A 480 A= 405 /N6 5725 0 S92t 4% 1 02 861 F (u, T)) 19

WL FE gl 2 2R S B FARAE A B R B8 {uy . — HLA BTG 5w o AR MU VG R — AN
575, X A% AT RN weni=wttidp, o £ 2 8w RS d AR 005 M R I AR 2D K e 2 [0,1] NI
Frte dee R &N B 5 ).
3.3 BEERiE

593 MS 72 B 104 BR 7G4 Hvk MSFESM &1 W T

Step 1. A HEIEE,E j =0, BEWE =MLk e, . WATEE u, » BIESH o, p MBEHEZH

VoM.
Step 2. AJHMRANTCRRHE u, R BL2D SN AT 3G R 480 K d HH A R AR B = A7 I 9 45
T, .

Step 3. MU A UCEACH) = M WK H 53 G500 T, AV, (62) o8 502 T o AR P UL 2 W00 /s A B30 i 32
F, (u,T,) NG u, B k=0
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Step 3.1. VFE B VF(u,) FIIEAL Hessian 5B V2F (u,) ;
Step 3.2. 4 V°F, (u,) L UHE Step 3.3;4 V°F, (u) A IEE, WX V2F, (u,) AT 1E, 13 245 1E 5 B
VF, (u,) JF B V'F, (w)=VF, (1,);
Step 3.3. 47 VF, (1) #0 g % Step 3.4:47 VF, (u,) =0 13 BIAVUCEACK) I M u, Fe 52 Step 45
Step 3.4. FIJIIAR5E4x Cholesky M, %F V2F, (u,) HEAT FIUAL B if £S5 A BA: 12 A i e ol
Step 3.5. 1 V*F, (w,)d, =-VF, (u,) W5 NI d,
Step 3.6. WiE W d, 77 4R R AL LA W w, 50,0 d) BEAT — 4 R LI AL Wolfe Z6 11 ISR
SRR 0 GRS F, (u +1,d,) = min(F, (u, +1,d);
Step 3.7. 47 |y, —u, |[<y JUKF u, AEAADIENRM NI IF 2 Step 5547 [y, —u [>y JUE k =k +1,)F 4%
% Step 3.1;
Step 4. BN — KIS =Socib K e,
Step 5. 47| &, — ¢, [> u JUIEARE AL Byt A3 IR u, 47 | &, — &, IS w0 WU = j+1 )78 17 Step 2.
X T IRV, W AR T DL R LA
1) V2F(u,) HIM5 1E7E VAF () %12 B INNRIPR K3 — AN SR IE 8 HERE VAF(u, ) = V2 F(u) + 6,1
o 1 B SR R s b S e, REREE U VAF (uy ) WO RR IE SE AR @, 2 VAF (uy) R AE AR,
T4 o+ B IE VAF () B AE AR, T AR TE T V2F (u,) B IE S8 Pk 0E— 25 i, 2 T 60 48 A 10 38 2 1, I 4
g >n L n 2 MESHL
2) VRF(u,) 3 LA TR 4 M TR I B 7E 28 3 1 R A8 1 SR, V2F (u, ) S BEREAT AR 5242 Cholesky 22,
453 V2F (u,) = LD, LT $rh L& = MAHHE, D, £xt f HiRe, FLE 0] 76 B KT 0.
3) HUEHEL 2 wJ AL A ARG 8 W w, J5 0 DA F AR AR UGEAR P 1 B ML IR A H T 1, S e — 4
TR BN B A RFGRAR H bR eR B — R AT T 1 6 DR E s 451 AT DADRAIE $03 HAT 42 RS k.

4 TRERRSN

O T R E MSFESM S 216 ) BG4 B A 2800k % 3 IR B AN FTETE (B SR AS R0 T 98)
1% €32 AL 2D R AT H21 4 BRI AR SCBT HEAT B4R 18 BG40 30 0 A2 4t 55 2 B3 2 PRI T o5 1) PR e o e T 2 R 6
PRAE UG FE Ak A 0 G PG T 0 FEE 40 1 A1 R PR 4 0 s 5t 5 i L A8, A P 00k /N 3 s 3 5 e sl e S5t Y F o it
JEE /I ) V] 550 B 0 v 2 s B S B S S I TR D i PR K T R 45 L e e R £ G 3 i €
SRR JTE T LUK RGB R (B 5 4 I BE R IR B BB vk 5 A Xk gray=0.30%red+0.59*green+0.11*
blue. A SCIEB A B2l 256, HiAth 5236 280 % B oA a0 =400, B =0.05, B 25 y =0.5, 1 =0.01. i1 T-HHE K
A — BRI 7, DR 2 2B S 6 P 4 SR A S B T BRVE S R TS R SRR B 1R 3 IR AR R R
{1 25 N B2 AE B % (W 75 7 25 o =40), 18 2 £ 4 JLAT i 3 48 3 (geometric active contour, fij 7k GAC) 4 vk 10
MSFESM S350 EI I3 G B 2 AT LLE B GAC SIJ e 75 B UK, 5 50 e R 1 2 0 3 A 1k v 2 e s 1
P, B2 R8I AN AR 15 43 I MSFESM 53 X6k 25 Mt P 492 11 43 0 DU LA 4 24 1 B Ak o, AN SUASE I HH 1 46
T B 2300 5 T G R () N T2 42 i 8, 1T LA e — e R T T B 77 Bl e 75 T 7 A 110 A ) i 8, AT 3 4 1) e 52 M
P30 B O 4 0 45 R 0047 R0t thF MSFESM. S04 6 BURIEAT 43 1 Bk 7 ) BB V0 6 B A B 40 3 3
T AEZ R ST B G I A PR G 19 A T 28 e N i e A B, R L R v A 2 R T SO I RS L TR 3
S 1 INRETE I X IR E 1) Delaunay JUART = 3 53 0715 25 LB 4 2 BL2D SR A: ) = A % .
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B SERED 7
; / = ‘J)‘ ’.-""' r.
1A W % f A
\ 7 = . a ..-ﬂ" * Lo
Wy Q\ w
(a) Type I (b) Type 11 (c) Ty.pe.III. .
(a) KA1 (b) KA 11 (o) M 11
Fig.1

Three types of noisy jacquard images

1 3RS R AE B R

Fig.2 Results of noisy jacquard image segmentation with two algorithms: (a),(b),(c) and (d),(e),(f)
are results of segmentation with GAC algorithm and MSFESM algorithm, respectively
K 2 Pﬁﬂﬂﬁ?ﬂ@%f@%iﬂiﬁﬁm iR (a),(b),(c)M(d),(e).(D)
3K GAC 59 F1 MSFESM 343 31 1 43 1 45 21

Fig.3 Nodes of Delaunay triangulation
Kl 3 Delaunay — 4 75 &1

Flg 4 Trlangular meshes generated by BL2D algorlthm
Kl 4 BL2D HVAA = A W A%
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1R T GAC S MSFESM SVE7E A [R] W 75 BRBE 1) 40 VLR, 28 1 A7 /2 1 1t BUGOR o s 1L 15 1 A
RREHE 24T V3 34T 0K GAC 5vE A MSFESM S35 B 1 75 1k 23 ) 145 5 5 4y 23 0 P& 45 T R AH O B
MNP B W] DU TR A () e P BRI TR VY A B R AT AH OC B AT 4 & (H 2 MSFESM Sk AT (W AH OC 55

Table 1 Correlation degree comparison between two algorithms under different noise environments

R AN IRIGR PR SIE A G L LR AR

o =40 o =60 o =80
Type 1 Type 11 Type 111 Type 1 Type 11 Type 111 Type I Type 11 Type 111
Noisy image 0.87 0.71 0.80 0.68 0.59 0.62 0.48 0.39 0.43
GAC 0.90 0.82 0.85 0.72 0.64 0.73 0.55 0.46 0.52
MSFESM 0.95 0.88 0.92 0.84 0.72 0.80 0.67 0.53 0.61

Kl 5 & o =40 %0 B 1(a) T IR INAE AL I X 55 4 GAC S92 81 MSFESM L3515 51 2 e 73 1| 451 3 Efp =
B B R A LU H MSFESM. 849 70 BUAS A0 iR 46 43 361 PG O w8 A 5% B B4 [ IR IE e b GAC B3 T8 U b
B P 2 0 A R 3 TR IR.

(©) GAC (d) MSFESM () GAC (f) MSFESM
Fig.5 Segmentation comparison for different jacquard images between two algorithms (c=40)

5 PRRSEXT A R AE 1B 23 1 LA (0=40)

(a) GAC (b) MSFESM

ATCEE XS S ALY B B 13,20 0T T I A AR 3 BB R AN L Bt T — AP T 951230 MS i2 bR it
RLRAT BT 70 F 595 MSFESML LAY il 122847 (1) SR TE MS JZ R, S ik 17 #3510 T AR BT A1 0] 72
FELU) BB BEAT Jm) B 7 350 5 0 00 ] S A 20 BB BN A AN A2 (2) SR 45 i Sk P s of 55 T 5K MIS 32 B EAT A7
B T T, 4 vy 1 I 0 S 2% R 5 ot 2 i 5 7 1) 3 8 SR G 0T o A PR 1 S T A, S TR RE A 45 1
SR RE AL, TR It 48 i T SR RORE T .(3) SR P R A s /N A S04 1 22 A Jm) B /D T ) 7 2 A
I AL 4 S AT S S 5 SRR W, SR AR S5 15 AT LAAT R e S A6 S VR S 1K) Jg 748 23 ) 5 A0 A ] 5
PRI IR HUR) B8 ), B TR 75 PRI N R S A6 B 58, AR SCOT iR AT RE B N YA . P SE L EAT 23314 J5 (K AR
BIEITE AT (1) P RBES B o, B MBESH |, p 00 BIFERCR IS W(2) AL IR IEAE 1]
207 FURE FEBVAT S N WE ST AT 388 s 20 B S A as AT
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