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A Novel Analytical-form-based Parametric Deformable Template
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D(NLPR. Institute of Automation, Chinese Academy of Sciences, Beijing 100080)
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Abstract Deformable template matching is a kind of useful method for contour extraction and image segmentation
in the fields of computer vision and image analysis. In this paper. by utilizing the gradient trajectories of a two
dimensional function, a novel analytical-form-based two dimensional parametric deformable template with three
kinds of biological tissue-bone, muscle and skin-is built, which has more reasonable template structure used to
control the template deformation. In order to improve the operational efficiency of the new matching method, a
heterogeneous discretization scheme is adopted. Then the new definitions of similarity internal energy function,
smoothness internal energy function and external energy function are presented to reduce the sensitivity to initial
placement of the template. Gaussian function is used to widen the capturing scope of the external force in the
external energy function definition. Finally. greedy optimization fast algorithm is used to obtain globally optimal
solution with more acceptable complexity of computation than dynamic programming. The experimental results on
real images show that our new matching method is efficient and robust to accurate contour extraction.

Keywords contour extraction, parametric deformable template, energy function, scope-widen function, greedy

optimization algorithm

(D)
’
’ b
b o b ° b
’ b
[1~5] [6~8]
b
3
b .
(601350203 ” (413210902)

:2003-07-115 :2003-12-04



776 9
(2) (x(0),y(@))( ) s
. (Gaussian s o
s 1
(3) ’ ’ b
Williams Shah [7.s] .
(Greedy Optimization) Lo ,
? Cbnnc C
2 G,
P(x,y)
{g{/(;r,y)—lOO,(Ivy) Chone 1)
C:.0F——(x(0), d(x,y)=200,(x,y) C
’ o (Io’ Yo )
, ) VvV o(x,y)
ey =TT | e = (Pq) ) )
i ’ Ry, H V ¢(x.y) H .}\vfb,-i: P-q
’ (x (), y(0)) ,
o ’ ’ g(x,y) = (@) 50 ()
3 ( )
( 1 Do {du(t)/dtz/; £2)
dv(z)/dt=q
SRS LR E 3 F “ u(t)‘J (I(@)'
v (1) =0 y(ﬁ)/ ’
) ] d(xsy) C
b C b
iR
1 H, X H,
’ ( >(;hone (1) S/J(Tay) ’
( ) Crnusele C N s
, , , _ 710.11)9
; ( (3) G d(x,y)
) Cain s , C @2»
) ¢(x,y) N o
( 1 ) C
S/Jf.”_;'v]):S/Jf,”;)+%(¢ffﬂ')‘\‘sbf.”;t})+5/1,($)|,,‘|‘¢1(,’7)+|*4801(.’7))
’ C‘musclc(ﬁ) 1<1<H1_191<]<H3_191<w<2 (3)
N . s W ’ m—> + oo 9()[/,(}1]{)_)(/11‘.]



777

(1<Z<H171?1<]<H271)0 s

) C  Cuin ,
d(x,y)
2M—+1 , B ;(G=1,-,N;
j=—M,, M) N
] , s
(
)
s B; ;
B.,=R B, ,+T, 'R
T o )
N PV, Vy, V), i
Vi€(B, ;s j=—M, M}G=1,,N)
] o s
3 . C.
. [7.8]
D ) )
Kitchen-Rosenfeld
[12] :
e Y e
mx,y)= St (_fif_?_];;y,]%jgﬂffy €]
v o
(2)
; @
;@
Ny,
N,(N,<N( 2 Do
, N, N,

6 L L 6 . PR B

HE K iR

A 1)ty L

2

, (
N )9 Nl N2
20’\’4:0 10’\’207 N] NZ

2 3 ,

E(P(Vla"'9VN)) :Alll(P(Vla'" 9VN)) +
AQIZ(P(V19"' »VN)) +
ASW(P(VU'“’VN)) (5)

a/hy/bals 911
)’Iz ,W ’
Q)

N
L(P(V V) = D) |V, — B
i=1

b

b

N
L(PV, V) = D) ||V, — H|—d| (6)
i=1

9H: (Y,?) ’

N
~ ~ e — 1 ~
Bio,=(x;sy)@=1,",N), X:N;xm



778

9
s _ lxa~ 5 1sys o
Y:NZM;CZ:N;”B,,O—HH ’ °
s . N
, WPV, Vi) = D78V (9
. i=1
_ 1 O~
[Vi—H|-d|= | [V.i—H|- > |B..—H]|
i=1
= 4
|Vi—=B..|
Williams ~ Shah*
’ ’ (greedy optimization)
(2) ’
(5
N R R ’
LW, V) = D) |Vi=Bio |~ |Viei— B o | | . : .
i=1

’ H V,‘*EI’.O” ||V1+|*§:+|,oll
] i+1
’ | llVf*Ei.o“ * ||Vi+1*§1+1.o” ‘
V/’Vi+l
(3)
( Sobel
Gaussian
|4
0(V)=1— max {exp[—(
(. ESy,
s Sy o= {Cz, y) |

)

D

(x=2)"+(y—3)7/0)*]} (&)

(r—2)'+(y—y)* <30

|4

\4

[

O

3~

(1‘9

30

y)

€ S,

N N

E(P(V Vi) = DIEWV) = DA | |Vi—H|—d |+
i=1 i=1

AV =Bio|— Vi — B [+ 400v0] (10)

b

[)(Vl 9V29"' 9VN)?
P (V1 7V29"° avl\')§
2 s

’

P(V] 9V29"' 7V}\') s
H=(X.Y), Ars Ay Ay
do{

Eoa=0;E=A;
for(i=0; j<Nj;i=i+1)//N

Enin=2A;
for(j=—M;j<M-+1;j=;+1/2M+1



779

{

EVO = | | VO —H | =d|+a] | V=B | —

[ V2 =Bl | +2607);
VALH \Z

H(EW)<Euwm)
{
Ewin=EW);;" =]
}

V. Ve
Eiora = Erotal T Emin’3 //

(a)

(a)

3
s 3D 3(e)

9

if Ed<<E E=FE.u;
ywhile (E=Eu). //

o

O (NMHM,

O(NM)™,
5
Matlab6. 1 s
3’\’ 5 s
=5,4=1.0,A,=
C e
( ) ( )

( o=5) ( c=10)

(b) ()

9N1:309N2:109

M:20, ’

(7s) o
4 MRI s



780

4 (¢)

0=25,

4(d)

c=10,

¢ 4@,

’

b

N=20,M=15,

1

1) ;(2)

;(3) 1)

s (Gaussian

AvsAss Ay ,

Kass M, Witkin A, Terzopoulos D. Snakes: active contour
models [ J]. International Journal of Computer Vision, 1988,
1(4).:321~331.

10

11

12

13

Cohen L D, Cohen I. Finite element methods for active contour
for 2-D and 3-D images[]J]. IEEE
Transactions on Pattern Analysis and Machine Intelligence,
1993, 15(11): 1131~1147.

Cootes T F, Taylor C J, Cooper D H, et al. Active shape
models-Their training and application[]]. Computer Vision and
Image Understanding, 1995,61(1):38~59.

Dinggang Shen, Davatzikos C. An Adaptive-Focus Deformable
Model Using Statistical and Geometric Information [ ] ]. IEEE

models and balloons

Transactions on Pattern Analysis and Machine Intelligence,
2000,22(8): 906~913.

Staib L. H, Duncan ] S. Boundary finding with parametrically
deformable models [ J]. IEEE Transactions on Pattern Analysis
and Machine Intelligence, 1992, 14 (11): 1061~1075.
Kriegman D J, Ponce J. On recognizing and positioning curved
3-D objects from image contours [ J]. IEEE Transactions on
Pattern Analysis and Machine Intelligence, 1990, 12 (12):
1127~1137.

H. D. Deformable 2-D
orthogonal curves[]J]. IEEE Transactions on Medical Imaging.
1997, 16(1): 859~870.

Tagare template matching using

[JJ. 22000,28(4) :1~4.
Williams D, Shah M. A fast algorithm for active contours and
curvature estimation[]J]. Computer Vision Graphics Image
Processing, 1992.55(1) :14~26.
Pozrikidis C. Numerical Computation in Science and Engineering
[M].New York: Oxford University Press,1998.

, s [M].

,2003.

Kitchen L, Rosenfeld A. Gray level corner detection[]J]. Pattern
Recognition Letters, 1982,1:95~102.

Amini A, Weymouth T, Jain R. Using dynamic programming

for solving variational problems in vision[]]. IEEE Transactions
on Pattern Analysis and Machine Intelligence, 1990, 12 (9).
855~867.

1972 s
30 , 1 .
E-mail :zytang@nlpr. ia. ac. cn
1961 s ’
50 o

1956 s >

30 s 2



