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CoNToURS EM BELLISHM ENT USING 

ADAPTIVE CUBIC B—SPLINE 

IN IM AGE SEGM ENTATIoN 

LI Bin HU Hai—B0 ZHUANG Tian—Ge 

(Department of Biornediea[Engineering，Shanghai Jiaotong University．Shanghai 200030，China) 

Abstract A novel method to get smooth contour in image segmentation process was presented．First，dynamic 

programming algorithm ％vas adopted to process the least cumulative cost matrix of object image·and the optimum 

contoor was extracted atong the direction that the cun]ulative costs descend fastest． Then the contour was 

smoothened and fitted by using adapt Lve cubic B spline，which adjusts the distribution of control points adaptively 

according to the contour curvature．Experiment resu]ts of many images showed that this method could effectively 

suppress tiny zigzags on contours and could produce smoother contour curve than other previous methods without 

losing the fine structures of the contours at the sart)e time． 

Key words contour extraction·image segmentation，B sp[ine，adaptive 

图像分割中采用自适应 3次B样条修饰轮廓线 

李 斌 胡海波 庄天戈 

(上海交通大学生物医学工程系，上海，200030) 

摘要 提出了一种在图像分 中获取连续光滑轴廓线的方击．谖方法先胜动态规划方法处理图像的全局最小累积 

代价阵．井从累积代许梯庹阵低最快的方匀提取全局最优的靶廓鳗．然后用一种 自适应 3坡B样条对获得的靶廓 

巍进行修饰和平滑处理．谊样条可根据轴廓线不同赴的 率变化情况，自适应地调整控制点的分布 在各粪图像上 

的试验表明，．离方击能有艘地消除轴廓线上的小锯齿，获得较其它方'甚更平滑的曲线，同时又保 留了轴廓线的特征 

细节． 

关键词 轮廓提取 ，图像舟割 ，B样条 ，自适应． 

Intr0duction 

The contour s a fundamenta1 feature of an im 

age．It is termed as a set of the pixels，which COn— 

trast with the near pixels apparently in gray val 

ues．The contours consist of the regions that exist 

between different objects，different areas，or dif— 

ferent basic units． They are the rnost important 

features which image segmentation depends on， 

and they are also the important information source 

of texture feature and the basis of shape feature 

analysis． 

Most previous algorithms of contour detection 
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obtain objects according to the pixel gray value or 

gray related parameters． In many cases，the de— 

tected object contours are far front smoothness and 

with many tiny abnormal zigzags due to the noise， 

quantization error or the gradient distribution of 

gray scale in images．It does not accord with the 

real situations of the object，and it will result in a 

lot of inconveniences in subsequent processings． 

To get over these problems，it is essential to adopt 

some smoothing olr embellishing method o12．the ob— 

tained contours to make the curves approaching re— 

alities． If the smoother contours can be obtained 

by importing small—correcting data．the obtained 
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CONTOURS EMBELLISHMENT USING 
ADAPTIVE CUBIC B-SPLINE 
IN IMAGE SEGMENTATION 

LI Bin He Hai-Bo ZHUANG Tian-Ge 
I Department of Bie.medic<ll Engmeermg.Shanghai Jlallrong llniVt'r"lty. Shanghai 2001).~n. Chma) 

Abstract A novel methud to ger smllnrh ":0ntour in image ~egmenra[}Cln pruC"es~ was presented. Fir"t. dynamLc 

programmmg algunrhm was adopted tu pr(lces~ rhe lea ... r cumuhm'e cost matrix oI object image. and tbe optLmum 

cuntour wa~ extracted alung tbe directivD tbdt the curnulatLve cosr,~ descend faste:<;t. Then the cuntour was 

smou[hened and fitted by usmg adapti ..... e cubic B-~pljn.,.. whicb adjusts tbe dL~tribution of ..:ontrol p,lmrs adaptn:ely 

ar:cording to the contour curvature. Experiment resulrs uf many Lmage:<; ... howed that [hLS method C"ould effe..:tivdy 

suppre1lS tm), zigzags on contours and could produce c:.m00ther contour curve than nther pn: .... 'IOus methuds without 

losing the fine ... tructures of the contours at the l'ame time. 

Key words contour extra..:tion. Image segmentation. B-~plint'. adaptive. 
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Introduction 

The contour is a fundamental feature of an im

age. It is termed as a set of the pixels. which con

trast with the near pixels apparently in gray val

ues. The contours consist of the regions that exist 

between different objects. different areas. or dif

ferent basic unit~. They are the most important 

features which image segmentation depends un. 

and they are also the important information s.ource 

of texture feature and the basis of shape feature 

analysis. 

Most previous algorithms uf cuntour detectiun 
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obtain objects according to the pixel gray value or 

gray-related parameters. In many ca:-:.es. the de

tected object contours are far from smoothness and 

with many tiny abnurmal zigzags due to the noise. 

quantizatiun error or the gradient distributLon of 

gray scale in images. It does not accurd wah the 

real situations uf the object. and it will result III a 

lot of incunveniences in subsetjuent processings. 

To get over these problems. it is essential to adopt 

some smoothing or embelltshtng method on the ob

tained contours to make the curves approaching re

alities. If the ~muother contours can be obtained 

by importing small-correcting data. the obtained 
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results are acceptable in many cases． And these 

will bring advantages to the subsequent process 

ings，such as the image recognition，computer vi— 

sion—remote sensing and 3 D reconstruction，etc．． 

Aiming at the previous discussion，we present 

a subdivision algorithm for contour embellishment 

by using adaptive cubic B spline．First，we adopt a 

dynamic programming (DP)algorithm to process 

the object image in order to get an optimum con— 

tour，then smooth and embellish the contour with 

adaptive B—spline，which can adjust the distribu— 

tion of control points according to the contour cur 

vature by importing small—correcting data．Experi 

ments of many images demonstrate that the 

method can represent the image contours accurate一 

1y． 

1 Cubic B-spline in image segmentation 

Here，we adopt C。continual cubic B—spline in 

contour fitting，which changes smoothly and can 

describe the image contour feature well in curve 

analysis．For a group of control points (C(1'C1， 

． ． ． C ．】)，the closed B spline can be described 

as
[1·2： 

一2 

P(s)一∑c⋯B (5)， 
H— o 

C一 一C C 一C。， ∈ [O，Ⅳ] 

(1) 

where B¨ (5) is the basic function of cubic B— 

spline． is a real number between O and N ．B— 

spline is local，that is， for a cubic B spline， 4 

knots can determine a line section (Fig．1)．The 

terminal points are the control point will only af— 

fect a line section controlled by this point．The re 

lationship between the knots and the control points 

_S 

G 

Fig．1 The cubic B spline curve 

图 1 3次B样条曲线 

P(．t 一 C 一 2cf 3+ C ̈ 『6 t2 

P ( )一 (C C．一 )．／Z， 

(3) 

when the control points are known—every 4 control 

points can determine a line section． The cubic B— 

spline matrix expression is 

一  ： 11 

3 1 

3 0 

3 0 

1 0 

0≤ 5≤ 1 (4) 

when the closed curve knots are known．a matrix 

can be constructed as follows． 

4 1 0 

1 4 1 

1) 

Ⅳ  J 

] 

(j) 

By solving the above linear equations， the 

control points and the corresponding curve can be 

obtained． It needs enough control points to de— 

scribe the real contour．Because of the continuity 

and the slickness． B spline cannot describe the 

curve near corners wel1 with limited uniform con— 

trol points．At some places where the curvature of 

curve is big，such as the sections near corner or an 

gle，two or three colncidenee control points are 

adopted to approximate these line sections．On the 

contrary，at the gentle sections，we can USe only a 

few control points to fit them。For these non—uni— 

form distributed control points，a criterian which 

can adjust the distribution of these points adaptive 

Iy is necessary． 

2 Adaptive adjustment of the control knots 

of B—spline 

W hen B—spline is adopted to fit contours，the 

。  
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result:-:. are acceptable m many ca:-..e:-:.. And these 

will bring advantages to the subsequent process

ings, such as the lmage recognition. computer V1-

sion.remote .... en:-:.ing and 3-D recon .... truction. etc .. 

Aiming at the previous d1Scuss1on. we present 

a subdivision algorithm for contour embellishment 

by using adaptive cubic B-spline. First. we adopt a 

dynamic programming (DP) algorithm to process 

the object image in order to get an optimum con

tour. then smooth and embellish the contour with 

adaptive B-spline. which can adjust the distribu

tion of control points according to the contour cur

vature by importing :-:.mall-correcting data. Experi

ments of many images demonstrate that the 

method can represent the image contours accurate-

ly. 

1 Cubic B-spline in image segmentation 

Here. we adopt C~ continual cubic B-spline in 

contour fitting. which changes :-:.moothly and can 

describe the image contour feature well in curve 

analysis. For a group of control points! CLI , C j , 

.. ' C, .. -.j), the closed B-spline can be described 

as[l·2: 

P(s) 

(1) 

where B", t ( s) is the basic function of cu bie B

spline. s is a real number between 0 and lV. B

spline is local, that is, for a cubic B-spline, 4 

knots ran determine a line section (Fig. 1 L The 

terminal points are the control point will only af

fect a line section controlled by this point. The re

lationship between the knots and the control points 

IS 

Co 
Fig. The cubic B-spline curve 

20 !ffi 

12) 

p'(j) = (C,_I -C._
j
)/2, 

(3 ) 
P" Ii) ~ (C,+I - C,) + (C,-I - C,). 

when the control points are known. every 4 control 

points can determine a line sectlOn. The cubic B

spline matrix expression is 

p(s - i) 1 - < = - 5 
6 - ." s 1J 

r~ 
1 3 3 :] [~ 1 3 6 3 

3 n 3 (I C,-l 

1 4 1 o c,-, 
O~s~l (4) 

when the closed curve knots are known. a matrix 

can be constructed as follows. 

r-: 
1 

4 

o 

o 
1 

-1 

, -1]1C" l 

: ILI~ 

By solving the above linear equations, the 

control points and the corresponding curve can be 

obtained. It needs enough control points to de

scribe the real contour. Because of the continuity 

and the slickness. B-spline cannot describe the 

curve near corners well with limited uniform con

trol points. At some places where the curvature of 

curvE' is big. such as the sections near corner or an

gle, two or three comcidence control points are 

adopted to approximate these line sections. On the 

contrary. at the gentle sections. we can use only a 

few control points to fit them4 For these non-uni

form distributed control points, a criterian which 

can adjust the distribution of these points adaptive

Iy is necessary. 

2 Adaptive adjustment of the control knots 

of B-spline 

When B-spline is adopted to fit contours. the 
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discrete points that take part in the iterative ealcu— 

lation correspond to the knots in B spline，and the 

control points can be obtained through the equation 

(5)． To improve the algorithm’s efficiency， we 

take the equal—interval sampling discrete points as 

the initial control points C。．which determine the 

knots of B—spline as the initial discrete vectors V。． 

From the time￡一0．the iteration process is as fol— 

lows： 

Step 1：The control points C are sampled in equal 

】nterval on the obtained contour curve． 

Step 2：B—spllne knots are determined by these 

control points，which are taken as a group of dis— 

crete vectors V ． 

Step 3：For the uniform distributed control points， 

a uniform B—spline P( )is obtained．There are M 

points q( )，i= 0⋯ M 一 1，on the discrete curve． 

W e assume that the distribution function and the 

total cumulative function of every point at the uni 

form curve are ( )=1／M and F ( )=∑ ( )． 

The redistribution of curve control points is adjust— 

ed depending on the curve curvature．The points 

are distributed more at the places with big curva 

ture，and less at the places with small curvature． 

The distribution function of controI points js出一 

rectly proportional to the curvature．The function 

js defined as 

1 

f0 r0)一 ( )／∑ ( )， (6) 
0 

where q ( )is the redistributed point，and the cur 

vature k( )is defined as 

( )一 (zSO(i)) * ( )， (7) 

)=C0S-1 = 

(oT，一 一1)( 卜1 z．)+( 一y一1)( +广 yi) 

、／ (暑一：Ej 1) +( 1) ][( +i- ．) 4-(yl+1一 ) ] 

(8) 

where G ( )is Guassian function，which makes the 

variation of curvature gentle．And the cumulative 

distribution function will not change suddenly at 

the places where the curvature is big．The reason 

why the curvature formula doesn’t be expressed as 

a traditional differential form is that higher deriva— 

tire for discrete points calculation may import er— 

rors．which make the curvature change acutely at 

some places with big curvature．gut the above e— 

quation changes the curvature gently．The cumula 

tire distribution function F ．(2)can be constructed 

by using equation (6)．Then the sampling trans— 

form function of non—uniform control points for the 

curvature adjustment is 

T(i)一 F。 ( )， iE[O， 一1] (9) 

Supposing sampling interval is r when the interval 

is equal，the control pointC 一q“*i)，iE[0，Ⅳ一 

1]，can be obtained．According to the obtained 

non—uniform sampling transform function，a group 

of non uniform control points can be gained： 

C 。一q(丁0* ))． iE[0，Ⅳ一1] (10) 

Step 4：Adopting the changed control points C 

to obtain a new contour．Repeat this process until 

the contour curve is stable． 

Through the redistribution，there are enough 

control points to fit the real contour at the places 

where the curvature is big．But at the places with 

small curvature，the control points become sparse． 

So，the distribution of B—spline control points is 

adaptively adjusted by the distribution of curva— 

f1】re． 

3 Contour detection by DP method 

There are many kinds of methods for detecting 

the object image contour．To minimize the output 

uncertainty of a medical image analysis system ， 

taking the optimum criterions into account is nec— 

essary．Dynamical programming (DP)is a power 

ful tool in multistage decision．Barrett and Udupa 

et a1．in Refs．[3]～[6]firstly used DP method in 

contour detection．Their results confirmed that the 

optimum method is valid in contour detection and 

tracking．This paper adopts the DP method，which 

can obtain the global optimum contour． This 

method is robust for noisy images and can get con— 

tinual and closed contour． 

The DP algorithm in contour detection uses 

the cumulative COSt “州 ( ， ，) between the 

starting point P ( o，Y。，) and the end point P， 

(xu， ，)as the objective function，and the nodes 
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discrete points that take part in the iterative calcu

lation correspond to the knots in B-spline. and the 

control points can be obtained through the equattOn 

t5). To improve the algorlthm's efficlency. we 

take the equal-interval sampling discrete points as 

the initial control points C, ... which determine the 

knots of B-spline as the initial discrete vectors V~·. 

From the time t = o. the iteration process is as fol

lows, 

Step 1: The control points C' are sampled in equal 

interval on the obtained contour curve. 

Step 2: B-spline knots are determined by these 

control points. which are taken as a group of dis

crete vectors VI, 

Step 3: For the uniform distributed control points. 

a uniform B-spline p (s) is obtained. There are l'vf 

points q (i), i = 0··· M - 1. on the discrete curve. 

We assume that the distribution function and the 

local cumulative function of every point at the uni-

form curve are /q (i) = 11M and Fq ti) = "5:./y (i). 
,=0 

The redistribu tion of curve control points is adjust

ed depending on the curve curvature. The points 

are distributed more at the places with big curva

ture, and less at the places with small curvature. 

The distribution function of control points is di

rectly proportional to the curvature. The function 

is defined as 

M-t 

f,,(;)= Hil! '5:,k(;), (6) 
,=0 

where q' (i) is the redistributed point. and the cur

Yature k (i) is defined as 

Hi)= (tJ&(z'))' ¥ G,(i), (7\ 

~a . -1 1l,-a-,_1 
",('I=c05 I 'I I 11, 17",_1 

-1 Cr, - I,-1 )(X,-1- I,)+(y, - Y,-1 )(Y'+J- y,) 
C~ • 

J ,(x, -X,_I l"+(y, - .',-1 1'][lx,+.-x, 1'+ Iy,+ 1- y, I'] 

tive for discrete points calculation may import er

rors. which make the curvature change acutely at 

sume places with big curvature. Bu t the above e

quation changes the curvature gently. The cumula

tlve distribution functIon F g • (/ } can be constructed 

by using equation t I). Then the sampling trans

form function of non-uniform control points for the 

curva ture adjustment is 

T(i) = F .. -Ilz'). iE[O,M-1] (9) 

Supposmg samplmg mterval is t when the interval 

is equal. the control point C, =q U -)I;- i) • i E [f) . .lV

I J. can be obtained. According to the obtamed 

non-uniform sampling transform function. a group 

of non-uniform control points can be gained: 

C',=qITlt*z')l. iE[a, N-IJ (0) 

Step 4: Adopting the changed control points C t
+ I 

to obtain a new contour. Repeat this process until 

the contour curve is stable. 

Through the redistribution, there are enough 

control points to fit the real Contour at the places 

where the curvature is big. But at the places with 

small curvature. the control points become sparse. 

So. the distribution of B-spline control points is 

adaptively adjusted by the distribution of curva-

ture. 

3 Contour detection by DP method 

There are many kinds of methods for detecting 

the object image contour. To minimize the output 

uncertainty of a medical tmage analysis system. 

taking the optimum criterions into account is nec

essary. Dynamical programming (DP) is a power

ful tool in multistage decision. Barrett and Udupa 

et al. in Refs. [3J-[6J firstly used DP method in 

contour detection. Their results confirmed that the 

optimum method is valid in contour detection and 

tracking. This paper adopts the DP method. which 

(8) can obtain the global opttmum contour. This 

where G~(i) is Guassian function, which makes the 

variation of curvature gentle. And the cumulative 

distribution function will not change suddenly at 

the places where the curvature is big. The reason 

why the curvature formula doesn't be expressed as 

a traditional differential form is that higher deriva-

method is robust for noisy images and can get con

tinual and closed contour. 

The DP algorithm in contour detection uses 

the cumulative cost cum erN' )iN'} between the 

starting pOtnt p. (.y(). Yo.} and the end point p~ 

eXN' YN' ) as the a b]ective function. and the nodes 
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of the initial Cost matrix C[ ．N]as the vari 

ables．The optimum value of these variables makes 

the cumulative cost of end point minimum． The 

model is a kind of indeterminacy multistage deci— 

sion procession． 

DP algorithm utilizes the information of]ocal 

gradient and global contour cumulating cost to de 

tect the object contour．This is the reason why the 

algorithm can obtain the global optimum solu— 

tions ’s3
． The algorithm includes the following 

three steps： 

Step 1： Calculating the initial cost matrix． 

From the original image gray value matrix，which 

is operated by the fuzzy threshold filter and the 

gradient operator，the initial cost matrix CVM，Ⅳ] 

can be obtained． 

Step 2：Calculating the minimal cumulative 

cost matrix． According to the DP model，user 

specified the starting point P near the edge．Every 

node in the matrix is initialized to a big value ex— 

cept P ．which is initialized to 0． denotes the it 

eration times．Every point is checked in each time 

of iteration calculation．If there is any updated val— 

ue in the eight neighbors of a po1．nt．use the least 

one to calculate the cost value of the center point 

by the equation 

f“ +̂1( +l，yk+1)一 min LC( +l， 
L ‘-“ e ⋯  I J 

yk—1)+cue ( ， )]， (11) 

where cue ( ，Y )is the cumulated cost of the 

center point，N fxk—J，5'k+1)is the neighbor set of 

the point( 1， J)．C (∞ y +1)is a point in 

the C EM，Ⅳ：，and k+1 indicates the iteration 

nutuber．This process is repeated for every itera— 

t Jon until the system converges．At the end of the 

step，we obtain the minimum cumulative matrix． 

The starting point has the global minimal energy， 

and there is a path in which the cost gradient de— 

scends fastest among all possible paths between 

the point P and P ．It is the optimum path and de— 

sired connected contour between P and P ． 

Step 3：Trace back along the minimum cost 

value gradient．From a specified end point P ．the 

starting point P is reached，along the path that the 

minimum cumulative cost descends fastest． The 

desired global optimum contour between P and P 

is obtained． 

The path of cumulative cost minimization ob— 

tained by DP method is illustrated in Fig．2． 

4 Resulis and discussion 

Figure 3 shows the experiment results ob— 

tained by the presented method．It illustrates that 

adopting B-spline to embellish obtained image con 

tours can smoothen the curve and keep its feature 

to the largest extension．This is very important in 

computer vision and images comprehending．Espe— 

cially for those images with noises and dim edges， 

the contours obtained by using many other meth 

ods are far from smoothness．The situation can be 

improved obviously by the present B-spline 

4 8 21 鸵 

7 0 21 凹 

13 2 8 26 

23 9 5 15 

(a) (b 一  (c) —————面 
Fig．2 The minimum cumulative cost matrix obtained by DP method and trac[ng backward path 

(a)original image gray value matrix (b)the original cost matrix obtained by pre processing． 3”is the starting 

point and“2”is the end point (c)cumulative cost matrix after two times iteration (d)minimum cumulati 0st 

matrix after the iteration and tracing backward the least cumulative path to get the contour 

图 2 DP算法获得最小累积代价阵及反向路径跟踪 

(a)图像原始灰度矩阵 (b)经过预处理后得到的韧始代价阵；“3”为起始点． 2”为终止点 

(c)经 2次选代后的累积代价阵 (d)造代完成后获得的最小累积代价阵及反向跟踪最小累积路径得到的边缘线 
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of the initlal cost matrix C [1\1. 1V ] a~ the vari

ables. The optimum value of these variable:-:- makes 

the r:umulative cost of end point minimum. The 

model is a kind of indeterminacy multistage deci-

"ion procession. 

DP algorithm utilizes the information of local 

gradient and global contour cumulating co:-:-t to de

teLt the object contour. This is the reason why the 

algorithm Lan obtain the global optimum solu

tlOns~~' ~J. The algorithm includes the following 

three steps: 

Step 1: Calculating the initial cost matrix. 

From the original image gray value matrix. which 

is operated by the fuzzy threshold filter and the 

gradient operatOr. the initial cost matrix C~JH • .. lV] 

can be obtained. 

Step 2: Calculating the minimal cumulattve 

cost matrix. According to the DP model. user 

specified the starting point P, near the edge. Every 

node in the matrix is initialized to a big value ex

cept P S 9 which ts initialized to O. k denotes the it

eration times. Every point is checked in each time 

of iteration calculation. If there is any updated val

ue in the eight neighbors. of a point, use the lea~t 

one to calculate the cost value of the center point 

by the equation 

cumk+l CrH1' YHl ) = mtn CCCrk+ 1 • 
'.:I., .J-.'E-NI':<._L" Y)-J' 

(11 , 

where cum ~.7-;' ')-',,) is the cumulated cost of the 

center point. lV<'rk_J' )-'''+1) is the neighbor set of 

162 94 \() ~ 101 111 101 III III 4 821212121211121 
;m 107 ~ 811 96 101 99 111 liS 1 (]21212121211621 
2lB 100 98 84 91 94 104 122 121 13 2 8212121211621 
241 211 142 ~ 111 13 94 113 103 21 1 3 1021 15 14 IS 11 
140 2lB 110 III 84 Tl 84 95 95 2111 621221161S17 
244 231 226 1811 \() 81 81 94 80 21 21 1l 4 421 21 21 21 
241 234 23Ii 134 183 103 Tl T1 til 2121211214162121 
!)4 231 23Ii 239 211 115 11l 111 1) 2121212110151321 
240 228 231 23Ii 2lB 222 198 142 98 212121211611 4(] 8 
l3JJ 221 ZlO 216 231 231 D4 211 198 2121212121211162 

(a) (b) 

20 If 

the point LIH 1 ,~v •. J ). C ~.r~-J' ~V"+l) tS a potnt in 

the C[ll,ll,l\'=. and k + 1 indicates the iteration 

number. Thi~ process is repeated for every itera

tion until the system converges. At the end of the 

step. we obtalll the minimum cumulative matrix. 

The starting pomt has the global minimal energy. 

and there j~ a path in which the CORt gradient de

scends fastest among all possible paths between 

the point 1', and P, .. It is the optimum path and de

sired c-onnected contour between P~ and Pc. 

Step 3: Trace back along the minimum cost 

value gradient. From a specified end point Pc. the 

starting point P. is reached. along the path that the 

minimum cumulative cost descends fastest. The 

desired global optimum contour between P s and Pc 

is obtained. 

The path of cumulative cost minimization ob

tained by Dr method is illustrated in Fig. 2. 

4 ReslJlts and disclJssion 

Figure 3 shows the experiment results ob

tained by the presented method. It illustrates that 

adopting B-spline to embellish obtained image con

tours can smoothen the curve and keep its feature 

to the largest extension. This is very important in 

computer vision and images comprehending. Espe

cially for those images with noises and dim edges. 

the contours obtained by using many other meth

ods are far from smoothness. The situation can be 

improved obviously by the present B-spline 

482142 • • • • • 4 8214250!II1II~92 
102129 • • • • • 1 [E21 19 41 11 ~ 11 83 
132 826 • • • • • 13 8:26 lII49 IS 62 til 
239 5 IS • • • • • 23 9 [II II III l4 46 61 !II • • • • • • • • • ]I II 11 liB 19 32 4& SI !II • • • • • • • • • 413222 11 321111262 • • • • • • • • • 53 4J 31 23 ill 15 11 41 53 • • • • • • • • • 6453441122~42 • • • • • • • • • 14 6S 54 41 31 :26 29 
• $: $: * • • • • • 86 15 64 12 47 «I 31 2S 23 

(d) 
Fig, 2 The minimum cumulative cos.t matrix obtained by DP method and tracing backward path 

laJ original image gray value matrix ~b} the origlnal cost matrix obtained by pre-process mg. "3" is the startmg 

point and "2" is the end POlnt <c) cumulative cost matrix after two times iteration ~dJ mmimum cumulative cost 

matrix after the lteratio(] and tracing backward the least cumulative path to get the contour 

002 ~ •••• ~~~mft&~&&~.&m. 
'a) 00 ~/ij\MI:;';'iJ!'le~ (b)!~ifJjl[l!HII!€jlljjJfI'lmtl1ft &~ ,·'3··1J®tI1J!:(. "Z"1Jff RJ!:( 

',m ~ tti! it€ fI'l ~m ft&~ ,d 'i! ft5l: tlIt€lJUlIfI'l~/J'~j\l, ft &~ && ~ BI!.~ 'J'~fR.'HlIjJ fI'l:ill!o:Jc\\ 
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method． This method combined with image seg 

mentation algorithms can enhance the robustness 

and the noise—resistibmty of the latter．Our experi 

ment indicates that the fitting effect of non—uni— 

form distribution is better than the uniform if the 

number of control points is not changed．And the 

contro1 points number of non—uniform distribut 0n 

is less than that of the uniform distribution，if the 

fitting condition is the same．So the iteration time 

is saved． 
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Fig. 3 The contour of lma.geS extracted by dynamic programming 

algorithm and the results embellished by adaptive B-spIine 

(a) the local results of the fingerprint obtained by dynamic programming (DP) algorithm {b) the fmgerpnnt 

embellished by adaptive B-spline algorithm (cJ an ultrasound image boundary of gastric carcinoma. The contour is 

detected by DP algorithm and embelhshed by adaptive B-sphne method (d) local magmfication of the left image 

(e) an MR image of the anklebone of 10M the contours of the talus and calcaneus extracted bv DP algorithm (f) 

the results of the contours. embellished by adaptive cubic B-spline 
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method. This method combined with image seg

mentation algorithms can enhance the robustness 

and the noise-resistibility of the latter. Our experi

ment indicates that the fitting effect of non-uni

form distribution is better than the uniform ~ if the 

number of control points is not changed. And the 

control points number of non-uniform distribution 

is less than that of the uniform d-Istribution. If the 

fitting condition is the same. So the iteration time 

is saved. 
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