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Abstract 

In order to solve the problem regarding steel wire defect detection, a gradient vector 

flow calculation method based on extended neighborhood is proposed in this article and 

applied to the steel wire defect detection. The new method is used to analyze the gradient 

vector flow model from the angle of mask film, wherein the original four- neighborhood 

mask film is replaced by the mask film with a larger neighborhood, thus to obtain the 

gradient vector flow calculation method based on the extended neighborhood. Actually, 

the new calculation method only needs less iterations to obtain better effect. 

Experimentally, the algorithm proposed in this article is feasible and has high algorithm 

execution efficiency and high complexity. 

 

Keywords: Gradient vector flow (GVF); Extended neighborhood; Mask film; Initiative 

profile model; Steel wire detection 

 

1. Introduction 

Essentially, the initiative profile model aims at defining an initial profile in an image, 

wherein the initial profile moves towards the target profile direction under the effect of its 

own internal force and the external force determined by the image in order to 

automatically converge to the target profile. Specifically, the gradient external force of the 

edge graph of the image is adopted in the initiative profile model proposed by Kass, et al. 

at the earliest time; the gradient of the edge graph of the image is not equal to zero only at 

the position with gray level change, namely: the external force is effective only at the 

image edge, so the external force cannot have any attraction to the curve when the initial 

profile is located at the position with zero gradient. Therein, GVF obtains its external 

force field through minimizing an energy functional, and the variational method shall be 

used during the calculation process to obtain the corresponding Euler equation of the 

energy functional, and such equation shall be placed in the time evolution framework for 

iterative solution. During the calculation process, we can find that GVF has strong 

diffusion effect due to the diffusion effect of Laplace operator and can accordingly form a 

smooth vector field, wherein we usually adopt four-neighborhood mask film operation to 

calculate Laplace operator, in other words, only a small part of the image information is 

adopted during the calculation process. On this basis, a new method is proposed in this 

article in order to more effectively make use of the image information, and the gradient 

vector flow based on the extended neighborhood will be extended to a larger 

neighborhood from the original four-neighborhood Laplace operator, thus to more 

effectively make use of the image information. Meanwhile, the final experimental result 

also shows that the new method only needs less iterations to obtain better external force 

field. 
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2. Initiative Profile Model and Gradient Vector Flow 

The initiative profile model is originally proposed by Kass [1] and essentially aims at 

defining an initial profile, wherein the initial profile moves towards the target profile 

under the effect of its own internal force and the external force determined by the image. 

Additionally, the profile of Snake model is defined by the curve       ,s x s y sc  

(  0,1s ) and is namely expressed by the curve with the normalization arc length as the 

parameter. In Snake model proposed by Kass, the following energy functional is 

minimized to extract the target profile: 

       
1 2 2

0

1

2
snake extE c s c s E c ds 

 
    

 
    (1) 

Therein,  c s  and  c s  respectively refer to the first-order derivative and the 

second-order derivative of curve  c s with arc length s  as the parameter. In Formula (1), 

the former two items are the internal energy of the curve. According to relevant curve 

theory, we can know that the modulus of the first-order derivative denotes the elasticity 

energy of the curve and can describe the continuity of the curve while the modulus of the 

second-order derivative denotes the rigidity energy of the curve and can describe the 

smoothness of the curve. 

The smaller the modulus of the first-order derivative, the better the continuity of the 

curve; the smaller the modulus of the second-order derivative, the better the smoothness 

of the curve.   and   are the weight parameters, and when   and   are not equal to 

zero, the curve is a continuous and smooth curve. 

 extE c  refers to the external energy of the curve and is usually constructed according 

to the feature information of the image, such as gray value and gradient, wherein the 

external energy is used to attract the initial profile curve to move towards the 

characteristic direction of the image. 

For an image I with a given gray level, the typical external energy is determined by the 

gradient of the image: 

 
2

extE I   or
2

extE G I     (2) 

Therein, G is a two-dimensional Gaussian function, with the standard deviation as  . 

The variational method is used to solve the minimum value of the energy functional 

snakeE , and Euler equation corresponding to Formula (1) is as follows: 

 ( ) ( ) 0extc s c s E       (3) 

In order to solve the problem existing in original Snake model, Xu and Prince[3] have 

proposed a new external force field, namely gradient vector flow (GVF) which is used to 

replace the gradient external force field of the traditional image. Additionally, Xu regards 

Equation (3) as an internal-external force equilibrium equation: 

 0int extF F   (4) 

In the above formula,    intF c s c s     and ext extF E  . Therefore, Xu has 

proposed a new external force field      , , , ,x y u x y v x y   v  and meanwhile 

minimized the following energy functional to obtain: 

  
2 22 2 2 2

GVF x y x yE u u v v f f dxdy       v  (5) 

In the above formula: f refers to the edge graph of the image and can be approximated 

from some edge detection operators or image gradient;  is the regularization parameter 

used to adjust the weights of the first item and the second item, wherein the first item is a 

diffusion item and can be used to diffuse the gradient information of the image to a larger 

area while the second item is a fidelity term and can protect the edge graph of the image 

Onli
ne

 V
ers

ion
 O

nly
. 

Boo
k m

ad
e b

y t
his

 fil
e i

s I
LLEGAL.



International Journal of Multimedia and Ubiquitous Engineering 

Vol.11, No.3 (2016) 

 

 

Copyright ⓒ 2016 SERSC      117 

during the diffusion process. When f  is small, the diffusion item plays a leading role 

in Formula (5) and accordingly generates a slowly changed field; when f  is large, the 

second item plays a leading role therein in order to ensure that the edge is not eliminated 

during the diffusion process. When 0  , GVF field is degraded into a typical image 

gradient force field; when   is gradually increased, the smoothness is also gradually 

increased, thus to enlarge the action range of GVF field and meanwhile eliminate the 

noise influence more or less. 

Based on the variational method, GVF external force field can be obtained through 

solving the following Euler equation: 

 
  

  

2 2 2

2 2 2

0

0

x x y

y x y

u u f f f

v v f f f





    

    
 (6) 

In the above formula, 2  is Laplace operator. 

GVF Snake model can well solve such defects of original Snake model as small 

capture range and initialization sensitivity, and aims at diffusing the gradient vector of the 

image edge to the surrounding in order to generate a new smooth vector field in the 

gradient vector field and accordingly enlarge the capture range. 

 

3. Dynamic Gradient Vector Flow Calculation Method Based on 

Extended Neighborhood 

The components of the traditional dynamic GVF along the four directions are 

understood as the initial iteration solution of GVF external force field 

( , ) [ ( , ), ( , ), ( , ), ( , )]V x y u x y u x y v x y v x y    , and 
2 2( )tV V df df      can be 

regarded as time function, and the steady-state solution can be obtained through partial 

differential equation [ , , , ]x x y ydf df df df df    . 

In the above formula, 

 

x x

x x

y y

y y

df f
x

df f
x

df f
y

df f
y

 

 

 

 


 


 

 
 
 


 
 



 (7) 

 

2 2

0

2 2

0

2 2

0

2 2

0

( )( ) ,

( )( ) ,

( )( ) ,

( )( ) ,

x x x

x x x

y y y

y y y

df df df

df df df

df df df

df df df

    

    

    

    

      

      

      

      

     


    


    


    

 (8) 

2
f is replaced by 

2df  in order to decouple , , ,      
. Therefore, GVF model is 

2( ) ( )( )tV g f V h f V f      , wherein ( ) exp( )
f

g f
K


    is a monotone 

decreasing function used to enable the image division edge to have small smoothness but 

have large diffusion at the position with small edge gradient; ( ) 1 ( )h f g f     is a 
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monotone increasing function, and K is used to balance the smoothness and the diffusion. 

The dynamic GVF vector field is calculated as follows: 

 
2 22( ) [ ( ) ( )]( ) ]vV g df V h df J P V df dxdy       (9) 

 
2( ) ( )( )t vV g df V h df J P V df      (10) 

In the above formula, 
2 2 2 2

,

T

y y

x y x y

g g
P

g g g g

 
 
  
 

is defined as the edge pixel position 

discovery direction and the edge protection energy is accordingly introduced therein; 
2
,v vJ P J P  refer to Jacobian determinant and are used to smooth along the edge, without 

crossing the edge. As a result, the improved GVF fields along various directions can be 

calculated through iteration according to the above formula. 

Through solving Formulae (6) and (9) and placing them in the time framework, the 

following formula can be obtained: 

 

  

  

2 2 2

2 2 2

x x y

y x y

u
u u f f f

t

v
v v f f f

t






    




    



 (11) 

The above formula can be further expressed as follows: 

 

2

1

2

2

t

t

u u bu c

v v bv c





   

   
 (12) 

In the above formula, 
2 2

x yb f f  , 1 xc b f  , 2 yc b f  . 

f as the edge graph of the image is a constant, so the coefficients 1 2, ,b c c  can be 

calculated in advance and kept unchanged during the whole iteration process. Firstly, 
2 2, , ,t tu v u v   in Equation (2-12) is discretized to obtain: 

 
, ,

11
i j i j

n n

tu u u
t

 


 ,  
, ,

11
i j i j

n n

tv v v
t

 


, 

 2

1, 1, , 1 , 1 ,

1
4i j i j i j i j i ju u u u u u

x y
        

 
, 

 2

1, 1, , 1 , 1 ,

1
4i j i j i j i j i jv v v v v v

x y
        

 
, 

These discretized formulae are put in Equation (12) to obtain: 

 
   

   
1, 1, , 1 , 1 ,

1, 1, , 1 , 1 ,

1

, , , 1, ,

1

, , , 2, ,

1 4

1 4

i j i j i j i j i j

i j i j i j i j i j

n n n n n n n

i j i j i j i j

n n n n n n n

i j i j i j i j

u b t u u u u u u c t

v b t v v v v v v c t





   

   





         

         
 (13) 

In the above formula, 
t

x y






 

. 

In order to ensure the iteration stability of Equation (13), CFL condition must be met, 

namely: if 
1

4
   is true, then the condition

4

x y
t



 
   is met. 

The dynamic GVF calculation method based on extended neighborhood is as follows: 

 
2 22( ) [ ( ) ( )]( ) ]vV g df V h df J P V df dxdy       (14) 

 
2( ) ( )( )t vV g df V h df J P V df      (15) 
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In the above formula, 
2 2 2 2

,

T

y y

x y x y

g g
P

g g g g

 
 
  
 

refers to the normal direction of the 

edge pixel position and the edge protection energy 
2

vJ P is accordingly introduced 

therein, and the dynamic GVF filed based on the extended neighborhood can be 

calculated through iteration according to Formulae (10) and (11). 

According to Formulae (14) and (15), we can find that GVF diffusion is mainly 

realized through Laplace operator, and the calculation of Laplace operator in the image 

can be realized by virtue of mask film, wherein the mask film corresponding to Laplace 

operator is as follows: 

 

 

Figure 1. Mask Film Corresponding to Laplace Operator 

Mask film operation is frequently used in traditional edge detection. For the traditional 

edge detection, the detection of brightness discontinuity is usually used to find edges, and 

the mask film operation for the whole image is most frequently used to find such 

discontinuity. Meanwhile, the advantage of the application of mask film for calculation 

lies in the convolution based realization, in other words, convolution operation can be 

carried out for the image and the corresponding mask film in order to operate all pixels in 

the image. 

According to Figure1, Laplace operator involves in the four-neighborhood mask film 

operation in the gradient vector flow calculation, so we extend the original four-

neighborhood Laplace operator on the basis of the mask film in order to more effectively 

make use of the image information, as shown in Figure2: 

 

  

Figure 2. Extension of Laplace Operator to a Larger Neighborhood 

Through the extension of Laplace operator to a larger neighborhood, more image 

information can be used, so we have accordingly proposed the gradient vector flow based 

on the extended neighborhood. In other words, we adopt the mask film with a larger 

neighborhood to replace the original four-neighborhood mask film in the calculation of 

Laplace operator of the gradient vector flow. 

We respectively adopt the following mask film operators to calculate the gradient 

vector flow: 
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(a) 12-Neighborhood    (b) 24-Neighborhood 

Figure 3. Extended Neighborhood of Laplace Operator 

   

(a) Room Figure (from left to right) 4-Neighborhood GVF, 12-Neighborhood GVF and 24-
Neighborhood GVF 

   

(b) U-Shaped Figure (from left to right) 4-Neighborhood GVF, 12-Neighborhood GVF and 
24-Neighborhood GVF 

Figure 4. Performance of External Force Field of Gradient Vector Flow 
Based on Extended Neighborhood (20 Iterations) 

 

4. Experimental Result and Analysis 

The vector fields of Room Figure and U-shaped Figure obtained according to Laplace 

operator based on the extended neighborhood are as shown in Figure4. When calculating 

the vector field, we execute 20 iterations and find in the experiment: relative to the 

original gradient vector flow, the dynamic gradient vector flow of Laplace operator based 

on the extended neighborhood only needs less iterations to obtain large capture range. 

Meanwhile, such method is applied to actual cardiac images, and the experimental result 

of the steel wire figure is as shown in Figure5, wherein the iteration time is 20 and 

Gaussian smoothing parameter is 2.5  . Experimentally, we can know that compared 

with original gradient vector flow, the gradient vector flow of Laplace operator based on 

the extended neighborhood needs less iterations. 
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(a) Steel Wire Figure and Edge Graph 

 

 

Figure 5. Waveform of Partially Damaged Steel Wire 

 

5. Conclusion 

In this article, Laplace operator used in GVF calculation process is analyzed from the 

angle of image processing mask film and meanwhile the gradient vector flow calculation 

method based on the extended neighborhood is proposed in order to more effectively 

make use of the image information. Experimentally, less iterations are needed in the 

calculation of the gradient vector flow based on the extended neighborhood to obtain 

relatively smooth vector field. Of course, the gradient vector flow calculation method 

based on the extended neighborhood also has some defects. For example, the coefficients 

of the extended neighborhood in the calculation are constants, and the calculation thereof 

is only simply extended to a larger neighborhood, without the consideration of image 

structure, so the image structure and the self-adaptive extended neighborhood [11-12] 

shall be adopted to obtain better effect. 
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