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Adaptive geometrical-feature-preserving elastic quadratic wire model

Jiang Jianguo'”, Hao Shijie', Guo Yanrong', Zhan Shu'’, Li Hong’
1. School of Computer and Information, Hefei University of Technology, Hefei 230009, China;
2. Engineering Research Center of Safety Critical Industrial Measurement and Control Technology, Ministry of Education, Hefei 230009, China;
3. The First Affiliated Hospital of Anhui Medical University, Hefei 230009, China

Abstract: Shape feature extraction from an image usually suffers from effects like imaging noise and segmentation errors. A
robust shape description algorithm is therefore a prerequisite. In this paper, relations between performances on elastic
quadratic wire (EQW) based shape representation model and the model parameters are revealed first. By taking advantage
of these relations, we focus on building a new EQW model that adaptively preserves geometrical features. Then the
proposed EQW model is further embedded into the Live Wire algorithm. In experiments, the improved Live Wire algorithm
is tested on medical and remote sensing image segmentation. Qualitatively, the results show that the proposed model has
better performances on extracting object boundaries while avoiding meaningless morphology caused by noisy or incomplete
data. Quantitatively, the segmentation errors and the temporal cost of the improved Live Wire are both acceptable.

Key words: shape representation, image segmentation; elastic quadratic wire; geometric feature preserving; discrete

curve evolution

Rtk b RO 24 Al sl Bk 9 VR, e AL L |

0 51 T R | G AT R SR ML I 2 55 A 2 4
(RS RN
TENJHIER A 20 W AR T AR AR 55 TGRSR R — R FHE AR KB T5

s B 8B :2011-06-13 ;& E] H #7:2011-11-08

E€WB:HEARFFILTH (61004103 ) ; 2 H4A HARFHE I LT H (11040606044 ) 5 % 804 w1 A AR B 0 58 S B0 H
(KJ2010A193)

FE—EERAN HRE95— ), B, W, WAk S, EEBF T N EF ER A S BF S S E R RS
E-mail; jgjiang@ hfut. edu. en

© [ B BT 2R BT A



555 1

LS SR P S I W RS RN & By v i st Qi 2 7 e 683

AU T TR B A AR AR 7R
DLl 2543 SRy BE A () 4% FhOR R @A o B S
Bookstein"* Fil Kendall ' X IR #E4T R AL, IR g
A 7 A5 25 (landmark point) #2465, Cootes g | S
WALl 132 B G IR AR 7 (SSMs ) . Paramanand
2 N\ O R ARG Rt £k 0 BERL AR, T
UG T BRI SR e i . LR A ot -2
s & AR R LRI HNER, & %
KT SRR (5 B FRR SN
—FIACF- 24110 Hough 3% R/ TR, 4 B [ 25 (]
IR G4 22 Hough 72 a2 ] i, i 47 I AR 1] /Y DL
il Younes 2 A" Klassen %5 A" % M6 & bk 1R
R AERK TS5 eI L — i, 38 3 SR R 1] )
LRI RAE AL, o s & T FR AL B H AR TR
TG ESL T . SRR A RN 4R H 2
HORFRE SRR A T B 5 H AR 4 R 2% , 31X Al fE
X b TR BEE AT R0 RN G SR 7 A AN (R R B Y 5 )
PRI T 22— FhBRRE A 280 2 PR 75 45 T30, B/ i
A B B IUAFRIE AR B BUE

EPE U2 (EQW) R R T A R
FEAAIIEARFINEIE AR T 238 o e/ M i TR IR
— B AN SRR B B R R BR AL, SRATI AR RS R
M. EQW PR kA , A B T RRCR, O
REAL LS AR DR P S5 rh s Ry O LR 52 1K
{ESCHRL 10 AR T T 58— B RIMSEL, HoAR )
X SESH P, (75 EQW BIAUAT F47))s T JL
fargs bR BRI, 7 25 BRI 75 45 T A [R] B
ARBMEASTIR LA i B 2 L BRI 2 .

Tkeuchi 25 A 3@ 17 Bk 2 T LA 2
Y1 3 A Y 28 o T B9 77 4 5 Yang 25 A ST i B
DRA I Ak AT AR AR BLEE 44 5% Total Variation HE ¥
ok (TV AL | 58 3 7K 7 48 8 A6 XTI IR 2 e
Droske % A\ LT DU R 820 7 R4, 42— Fif
RETE AL H AR 2 RBUA S E S AR, Bk T AR
(1) [ A o5 i A 1o R PR 34 68 1 A 7 2 3 E A
JEARIY LU R B, X 45 T A S TAE—E W Ja & o

AR EQW fig & PREGHAT 73T, 3/1% T EQW
BRI AR I U A i AE 5 R M SHAR L Z [ 1Y)
KR P —FhaeNS Gl W PR T L R AR Y i —
KRR R ALY, I 5 Live Wire 5455,
N TEG sz v S S mai LR,
ARSI ) T3 T B 0 B ME A AR M o3 E AN [R)
GRS AR B xR

1 EQW EEES TS BHiE MBS

1.1 ET EQW Wz R
X T BB AREE_LA— i, EQW 20

X x;
mun=&):@)+
A, B\t
e olli) O
S, (3,7 RIGIRAEIE E55 ¢ S PTIA R, (A,
B..C..D,) B U M2k 280, 1, 9 BUAE A i
T, T HP TR A SO SR T I
Fo T ARG -, HR T B g i S =
(%, A, BYRS =[5, C D) Fmi T
N EFR AR, TTILER N S = (ST18°), Hp
S = (L1 8 = (Ff 1) AR L
S X, BAAR L i

p<t)=*”“9=(z&”+3»
Y 2C.t, +D,

” (2)

1.2 EFRK C' TELEEENLEE R EHME

e ERIREBUE L, LU G RN 4 e L
Sy i B DU, A R — 0 A B B PR, R T A
FBAIERE EQW HE 2 pREL

E = iEiz i(E?H\E;) (3)
i=1 i=1
R E RBAIERE C' RNEEhER B, &5 i 5
REfE E) TN E; 43 B Bas i 5 C° LR C!
ANHELEFERE A S e 0 2 [B] (AL K, N B
RFCER S, E) A ED BARFEIF
E!=E,,(0,-7) +E},,(7,0) +

E}_,,(0,-T) +E}_ (7,0) (4)
E, :E;,Hl(O’ -7) +E;,5+1(T,0) +

Ei, (0,-T) +E;_, (7,0) (5)

EY(s,0) =lp,(s) =p;(0) [P (6)

E(s,t) =l (s) =, () [P (7)

2(4) (5) 22U A T00 24 i -5 H P 2l 3
A IR U HIER R B 4 4~ 0 B (1 Bir) ANIESefeE 1
I, B— Il h(6) (7) 75, Hofr i —j1 =1,
B (1) (2 ARAK(4)—(7) o, &4 5 [ 15
ST £ R
E =[G S TGS+ 2GS

© [ B BT 2R BT A



684 FEEIR KL www. ¢jig. en %17 &

FUH L+ L (8)  JRIEEHME, I 2 (10) TFEE BT i R B
Aorh OMTRI A KT, G, RIE RN, M G, . ARBERRE R TR, R (1), 4 — S0 RE B T
G, H, H, TE5ESMTM A Wi, B HAEKEs - w=ta2) M

R TRIEARS N, AT SHCH[10] . £ #ES
5 E B0, RAEX R ) g« el y
Rpn] . E, o] LIRR N
E =E +E (9)

W (3) (9), "] LU AT R 30 5 s A
IR C L, E° + AE! F1 E! + E) 22554010,
Ja B SR R T RIE G E; M E] 7EIR 5
GRBR, AR S 2E0 B A9 RIES T £
1.3 EQW = [ElgaE/ 1

EQW Hfg & pR s £ 1Y) P R TR F8 B
] C' AFESL LAY B AN, Y E /bl
WSS e — BB B 3 ), s P IA R 2% T R AL T2
FER EQW R, AT A I SETR A L E
I BE AR A AT E AR EQW FRE RoR T
TEAR JUATTRFAE (4 5200

Kya, T ERRT fI kA, H G,

fi=-G (G f_ +G,f.) (10)

AE; = (fi. ~f) G (fiL, —fD) (11)

AE, = AE" + AE) (12)

MRHE 0 (10) 2 — 3R AR B AT SR AL

RN —RIEA (epoch) , IEARKELRFR A n, 5 [F]IF

AC12) TR ¢ AR n, WIEA P RER T %

AE,(n,) JRATESR n, YWakAURE @ RBERLER TR
AE(n,) A E(0) -E(n,) =

Z AE(j) (13)
X E, (0) R i SRR AR E, (n) R n ik
epoch J& T FIA g ft
X LA 3 — SR f) LA R T 2 SR RE AR B 1) 7
AL, (1,2), (1,3), (1,4), (2,4), (3,
4), (4.4 (ISR 1 ~T7, 5 17 B R M AR
SEARAR) iR (10)—(13) B E A EAR n, F
(I, TR A ARk B R LA A (L

4.5 4.5 4.5
n=1
4 [} ”e=1 [} o’ . 4 4
® -~
3.5 z . o 35 135
3t 8 n=s, T 3 3
£
2.5 7 Aezlo 2.5 2.5
2 x e 2 2
4
L5 g L5 115
1 . 1 1
0.5 * y 0.5 . . . . . .
i 2 3 3 3 4 05 5 3 7
(©)A=1,7=5
4.5 4.5
4 4 .
3.5 3.5
3 3
2.5 2.5
2 2
1.5 1.5
1 1 .
0.5— : : 0.5 * ' ' - : '
1 2 3 4 3 4 0.5 1 2 3 4
(d)7=1,2=0.1 (e)7=1, =1 (H) t=1, =10
1 T5 X AU SR AR T LA 25 ) 52 i
Fig.1 = Geometric meaning of T and A in EQW model, with their effects on contour points

© [ B BT 2R BT A



555 1

LS SR P S I W RS RN & By v i st Qi 2 7 e 685

FCA AR A R AT BR R R B 17 ) 2Z [ F) SC R R A
Al EIAn T 4548

D) EQW HJLfaT & LR LIS i 5o, Lt ol
SR — BRI ( = T<i<7T) ;B6E n, B93EIN,
RIS a5 1) 14 il A0 L 8 (B e )

2) M A PBREERASEE, THE T @ IR K
FERRIRBE S o MTHKN, BEE n, MRG0, 565 @ 5
(1) EQW VB i 2 It 5 A48 EQW M &, J-7E—
SEFEE L REAAREIA M LMRRAE (B 1 (e) ) s HTH
INEE S ER @S EQW R AR (1 B AR TL AT e L 5 T4
KA AR (E1(a)) .

3) i (3) By, YTRFFAAERE A S E, v C
ALY C" RELEMWA e Z MR E R T 4
A BRI, G RERE S E, RIS E, B n, R
IR R BB (18] 2) , B SR IR
BEH n, MR IR IS, H LT B 2R TIRA I
JUMTARIE (L 1(E) ) 534 A BhiE, C RS hE Ay
WA Z H AE; EAEE TSR, BN 78

—EW) n, TATREARAF—E B JLATHRAE .
’7.
6F
5_
2=10
24
=N A=1

)
I
(=]
—_

K2 AR X E (fi(1,4) dbabH) T REIE RS 3 1520
Fig.2 Energy decreasing at £, with differentA

M 2)3) AT LUE H, TH A X EQW JE R LA
ERMBIVEN, B A 89U 5 ¥y B R 1
o FEJR SN TAE R R AR FF EQW H& N 774
AR, FELL A SRR GKAE BA A& BRI LTS
LRy EQW figte %L
1.4 ETFI/LAHERFR EQW g8 R HAE

FEMEFS TR, A SCHR[ 10 ] FR 2T EQW 1Y
TR B REAE— & B BE L ARSI AR B AR RRAE, {2
TEIARTEACS R TR A #OH R L, AT g
V3)E T Al UL R R B 1. 37y

O SMHT T BT 6 RE A T TR S G T T A
H AL 523 3 W 25 T IR 19 EQW R %7, BT
EQW 3B JLATIE IR 0T U A - ) ], 1, 3
1= (0,1) 1 = (0.1,10)  ZE Y IR ST R .3
FE A TR O 5 3R AR (3) TP A 3 8
X BEIGARARAR £ B 9 53 95 JL O A5 5 35 0ok e
E, FREREBGE A 1R — R ELAT LA 41 S B
EQW JBk %8, 2% SCHE i —Fh Sigmoid i i)
PR (P 3)

Ap(i)) =10 Coa ™! (14)
ol - )N = (0,1) & R AFIE I HE 4 10
sl N W3 B

0.5

lg@)
[}

0.51

Sl

0 0..2 0.‘4 0..6 0..8 1
@)

P3RBT RR A A ] A A O 2R

Fig.3 The mapping between ¢(i)and A

BRI LR AL (DCE ) FEEY X B A0 1
23035 FEAR U s 58 B3 A R B A i A, T LAl
FHY 525 B S e 1 %6 R b A 1) ff AR 0T b 3
&, SASCR B R B B LRSS R AT . PRI,
AR TAERT DCE J5 %t H AR AR EE 55 #5478 4k 43
AT, SRIBCHE BT A A 5 3 M @ (1) (i =
1,2, N ERBIFEAWTZ) o b, DCE Bt
P

DCE iy (k) =DCE g ), (k) (15)
A, {8y () RARA N miE R A A P £ S
(AISESER)  DCE ), (k) B A Ui if DCE $3k
XF Sy (i) ARTE PR b A, BT AR PR,
XA #EA T — IR e 2 1 DCE 3 [y v Ak , g ] LA
3 o () , RARSERA T

WA 1Sy(i)|,i=1,-,N,
for (k=N-1; k>1;k++)

1) {SN(I.) % :DCE(Sk+1(i)} (k)

© [ B BT 2R BT A



686 s G B 24

www. cjig. cn CIRVE

2)p =18, (D) =18, (D) I NS (D) ]

3)1, =query(p) ,p(1,) =1 —=k/N

end

4) B b fea— s 1 - 1/N BB

il (i),

Hor query () BREUE AR p 761 Sy (1) | HIY)F
S HEECN 11,2, N

FTEEm A (14) , X (3) FTEFIERE N

E= > E = > (B +A(e())E) (16)

PR, T HAR U AFE Y 1 25 B2, O 1 e
PR, MEFHR BAT T LT 454 53457 19 EQW BE
IE A BEAE & b Tk E e b — T EQW
REE LU, MR R OB IR AS e 2 B A [R] 4T3 BE 8
PRAT 2 LA AFAE , R — Ff 1 3 07 5P il 4%
(A-EQW) BIEL IR F B

2 A-EQW HE& 5 EIRHI N H

PR 45 43 0 Sk P4 Ak B 1 ML 005 255 491 B 1
BF5E SR 2 — . 20T 5k R A B 7 o 1E 1%
B B S S H P S T A B AR 1 Live
Wire 53k K JLBeE ) 73z I T4 F 3 AR 48 T
SEHOUNEN Ao ORI T AR AR 1%
AL AR AR 45 P SRR 25 ) ok 8 o 45 o [ 2
9T, A5 e MG, 300 55 T i o RO L %
e EEAR AT , AT 2 2 Live Wire 5535 4 1 4%
TERE AR 1 B RO, IR BS T 205 F g,
AR, SOk [ 18-20 ] S5 4 % 3k — ) 4514 1y
T B, P2 0 S AR s LT 3 B 6 o A
HINE Live Wire 433145 5ok — 5 M8 Ak , L4k 75 5
AT B G A B R 2R &
L4 iR £ IIER S Live Wire 254, 42 1
RN EAT 1 3E AR LT A A (9 Live Wire 51 3%
(LAEQW) ,

ST LR, (B2 4 #I%0 4 A E b, 26
AR RS I PO EEPE N AT A (N PR
JARU P RS : (1, ,i = 1,i,i +1,-+,N),
T+ 1) B K ih i L Nk (V1) B2
Kot s, i 4 R

AR AR I ;

WA FEAEIEL L,

1) 53 50%¢ 143 BI#EAT Canny F LG 5F

B4 LEAQW Fipkim il
Fig.4 Illustration on LEAQW method

TR 08 T334, 432 41 3: 3 JINALHY Costmap,
2) 22 BRSNS 1 558 2 A4, R 5 Costmap

TR SRR (1,2) IR
for(i=2; i<N; i+ +)
3)RUPH i+ 1 g MR Costmap TR i A8 A2

(i’i+1) 7#%‘;%Er1i’o
AN 2.4 THRMEEEG - 1,0) BulhZk 4k
RERMG -1,

end.

5) T A N, MR Costmap i 5
(N,1) U N

6) i 2.4 WEWE (N,1) Bk, 348
(N, 1",

S HARSE (N 1) U(1,2))U--U
(N_l,’N,)o

FEU 55 3) 4 BN i 4w (i + 1)
W ES | +1 ST A 5 5 B 4 55
HAIT DCE F7ryk B0 i + 1 33 2 BHE JUAA A% 4,
VR T TR LR 5 T 4 S s 5 ol T
P AT 2 15 UM | 5 B 2 VR 1Y

(i, i+ 1) 3 5 B 3T AT BE A7 2 28 LA 05 6L, S B
G AR X LB R AR, B (0 - 1,0) AN (i i+ 1)
Bt i B (i - 17, 0") AT LS .

3 WESM

NYIEA SCHR H A A& EQW AR S B AR Fy

© [ B BT 2R BT A



LRR Ul

LS SR P S I W RS RN & By v i st Qi 2 7 e 687

HARIEAR 25 LA R AiE J5 T8 A RE 7, 4% H 5 Live
Wire SE3E45 G 0 I 22 RME 53 B 2Z v, X 25 il A5 A6
BRYERA T EHEAE B 12, SR TEL. 86 GHz
CPU 4 GB WA BT AHREE IR EE T, If-7E Matlab
B Rk, AEQW  n, GE—iE H 10,
3.1 TS

BT IO 2 WOk, LAG L R B e R
B TR REIEIFMGO R, o0l AT T 1 B AR H12
Hscs . RS (a)—(d) har DL 2, 5 3C#k [ 16-
17 JHHEE, A SO Live Wire Jr AT
FF HIE N EQW [ JL ) #L 2 #% ( regularization
kernel ) ,LAEQW B % {5 [ I 5 55 121 55 1 I8 75 7 o
HOF RN 1 B s IS I ESE /S IS R 7
SE . AR B AR W& U RAE D7 T, LA TR &
B - F R (K S (e) (f) ), LAEQW H3k
REIR B 5 SBR[ 13 A S B8O, JF 7R SR 28 Ry i e
LESCIRVSEE S R /EUE SIVESEIE RTINS

(a) S T4 M Live Wire4 (b) BT ATTILEE R

(€) 22 AR (@ BT AR

N

(e) SCHR[15]Hh &5 1

[¢

(f) F T AT i85 R

K5 BRI RIZ RN T

Fig.5 The comparison of image segmentation results
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] 54

%1 LEAQW E%7f Inter-user I RAIES HEH=E
Table 1 ~ Reproducibility of LEAQW in Inter-user style
/pixel

userl vs. user2 userl vs. user3 user2 vs. user3

CVB 6.63 £0.92 7.06 +£2.31 7.22+2.12

LVB 13.48 £4.14 13.70 +4.98 12.10 £4.06
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%2 LEAQW #;%7f Intra-user Ff & R ES HEE
Table 2 Reproducibility of LEAQW in Intra-user style

/pixel
timel vs. time2 timel vs. time3 time2 vs. time3

CVB 4.57 +0.66 5.75+0.89 5.29 +0.91
LVB 11.32 +£3.34 12.90 +2.86 11.75 +2.44

%3 LEAQW 5 Live Wire f}ia FF§5%3 tt
Table 3 Temporal cost of LEAQW and Live Wire

/s
LEAQW Live Wire
CVB 34.6 +2.2 33.3+£2.6
LVB 48.5+£5.4 47.4 £6.1

4 & ®
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H— BT 9 52 1A 1 k LAEQW, 7 22 4% A
K B AR o3 # 2 b s R E B 2SR W] T
LAEQW $53k R 0l A M4 Ut HARIEAR,
AR JE SR B R 4 B R AR B ST ST AT R S
SCrP R I F IR EQW MY SR T S
B BB & A S Iz R
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