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Abstract E :

In order to solve the problem regarding steel wire Lﬁfa&agetectio ient vector
i

flow calculation method based on extended neighborhgo ropose is article and
applied to the steel wire defect detection. The new-mgthodt Is use lyze the gradient
vector flow model from the angle of mask film, gin the our- neighborhood
mask film is replaced by the mask film With larger neigh od, thus to obtain the
gradient vector flow calculation method b the extende neighborhood. Actually,
the new calculation method only n Iess |tera* to obtain better effect.
Experimentally, the algorithm prop pose |s a t|c®s feasible and has high algorithm
execution efficiency and high comp

Keywords: Gradient vectoﬂ&/ (GVF) xte ed neighborhood; Mask film; Initiative

profile model; Steel wire detgction \Q
1. Introduction\ g
Essentially o?;l tive p@xodel aims at defining an initial profile in an image,
‘ vesto

wherein the file wards the target profile direction under the effect of its
own internal™ferce a%" external force determined by the image in order to
automatically conver e target profile. Specifically, the gradient external force of the
edge graph of the i s adopted in the initiative profile model proposed by Kass, et al.
at the earliest ti@ gradient of the edge graph of the image is not equal to zero only at
the positio ray level change, namely: the external force is effective only at the
image ed e external force cannot have any attraction to the curve when the initial
profil %ated at the position with zero gradient. Therein, GVF obtains its external

f@ through minimizing an energy functional, and the variational method shall be
u%rmg 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 VVector 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 c(s)=(x(s),y(s))

(s€[0,1]) 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:

11 ’ " 2
Eoe = [ 3ol O Al (5 )+ Eurfo) s @
Therein, ¢'(s) and c"(s) respectively refer to the first-order derivati the

second-order derivative of curve c(s)with arc length S as the parameterg j ula (1),

the former two items are the internal energy of the curve. vant curve
theory, we can know that the modulus of the first-order‘derivative d the elasticity
energy of the curve and can describe the continui urve While the modulus of the
second-order derivative denotes the rigidity en the d can describe the

smoothness of the curve. X

The smaller the modulus of the first-or ivatiye, better the continuity of the
curve; the smaller the modulus of the se (@ rder derﬁ e, the better the smoothness
of the curve. @ and B are the welg ete en a and B are not equal to
zero, the curve is a continuous and cur

E.,. (C) refers to the exter aI y of the and is usually constructed according

to the feature information of the image, % as gray value and gradient, wherein the
external energy is used (to) attract itial profile curve to move towards the

characteristic directien image.
For an image | iven grawlevel, the typical external energy is determined by the
gradient of the n@ \O
Q _VIforE,, ~—|vG, ®If @
Therein, G_ is a two S|0nal Gaussian functlon, with the standard deviation as o .

The variational 6@9 is used to solve the minimum value of the energy functional
E, e , and Euleg@(ion corresponding to Formula (1) is as follows:

—ac”(s)+ pc""'(s)+ VE,, =0 (3)
In o@&ve the problem existing in original Snake model, Xu and Prince[3] have

propos ew external force field, namely gradient vector flow (GVF) which is used to
r gradient external force field of the traditional image. Additionally, Xu regards
Eq n (3) as an internal-external force equilibrium equation:
F.+F.=0 4)

int

In the above formula, F, =ac”(s)—Ac""(s) and F,, =—VE,, . Therefore, Xu has
proposed a new external force field v X, y [u x y x, y):| and meanwhile
minimized the following energy functional to obtaln.

Eovr ='|.J./4(uf +US +Vy +v§)+|Vf|z|v—Vf|2dxdy (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; 4 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
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during the diffusion process. When [Vf| is small, the diffusion item plays a leading role

in Formula (5) and accordingly generates a slowly changed field; when |Vf| 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 4 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:
pViu—(u—f)(f2+17)=0
WA= (v—£,)(17+ £2)=0 x)
In the above formula, v? is Laplace operator.

GVF Snake model can well solve such defects of original Sna I as small
capture range and initialization sensitivity, and aims at g the tvector of the
image edge to the surrounding in order to generate tor field in the

gradient vector field and accordingly enlarge the gaptl ang

3. Dynamic Gradient Vector Flow C@llatlon%}rod Based on
Extended Neighborhood

The components of the tradltl yna (QF along the four directions are
understood as the |n|t|al SOI% of GVF external force field
V(% y)=[u* (x,y),u (X, y), )v (x.y) =uV?o—(V —df)df? can be
regarded as time function, and the stead solutlon can be obtained through partial
differential equation df Jdf, q&)\%

In the above for
0

Q dff == £
O -
b df =2 f-
OX

Y ;
I\Q df,’ = ¥ £
Q\L' df,; = 9%

y

Q)Q (= I — ()R, g =
o= Vi — (e —df ) (d))?, g =df
v = Vo' —(v* —df ") (df Y up = df,’
v =uVioT — (v —df)(df,)?, 0y =df;

|Vf |2is replaced by df ? in order to decouple x*,xz ,v*,v" . Therefore, GVF model is

V, =g(VI)VV —h(Vf)(V - Vf) , wherein g(vf]) :exp(—@) 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; h(Vf[)=1-g(Vf|) 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:

&(V) = [[Tg(df )V —h(df )J(x|J,P[) +V —df [ Joxdy ©)
V, = g(df )V —h(df )(x|J,P|+V —df) (10)

-9y g,

Joi+9l (Jol+ol
discovery direction and the edge protection energy is accordingly introduced therein;
|JVP|2 |3,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 direcﬂo@ﬁe
calculated through iteration according to the above formula.

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

following formula can be obtained:
%J = uVu - u - f ﬁ @
.y @ (11)
re = uViv—(v—f

(12)

N
In the above formula, P _! } is defined as the edge pixel position

v& V- Qg
In the above formula, b= @ =b f; =

f as the edge graph of t e image iS stant, so the coefficients b,c,,c, can be
calculated in advance pt unw during the whole iteration process. Firstly,
u,v,,V°u,viv |n 2 12 S etized to obtain:

O téi a) At(v )

2
V%AXAy(UHLj FUy U U _4ui,j ) )
b 1
2y, _
@V V= AxAy (Vi+1,j +Vi—1,j +Vi,j+l +Vi,j—l _4Vi,j ) )

These d@&&«z d formulae are put in Equation (12) to obtain:
urt =(1—b.y.At)u.“y. +T(U:rlj +u” +ul U -4 )+cl, (At

@ v =(1—bi'jAt)vi’fj +r(v”ﬂ\ +V" " +v|”vj+1 +V:H —4vfj )+c2MAt
At
In th ve formul —
the above formula, “ Ay
In order to ensure the iteration stability of Equation (13), CFL condition must be met,

AXAy

(13)

. 1. . .
namely: if 7 <= is true, then the condition At < is met.

The dynamic GVF calculation method based on extended neighborhood is as follows:
&(V) = [[Ta(df [)V*V —h(df )J(«|J,P[) +V - df [ Tdxdy (14)
V, = g(|df )V —h(df [)(|d,P| +V —df) (15)

118 Copyright © 2016 SERSC



International Journal of Multimedia and Ubiquitous Engineering
Vol.11, No.3 (2016)

T

In the above formula, P = —29y =, 29y - refers to the normal direction of the
JOi+9; \Jol+0;
edge pixel position and the edge protection energy |;lVP|2 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:
)

Pl <&
SRS

Q)
Figure 1. Mask Film Corresp ing to L p§¢e Operator

edge detection, the detection of brig isco is usually used to find edges, and
the mask film operation for e ma@most frequently used to find such
discontinuity. Meanwhile, th%/ age of th pllcatlon of mask film for calculation
lies in the convolution based realization,, i ther words, convolution operation can be

carried out for the i |mage a@jhe corra@ g mask film in order to operate all pixels in
the image.

Mask film operation is frequently us?I adition }ge detection. For the traditional

According to F apla perator involves in the four-neighborhood mask film
operation in the ent ow calculation, so we extend the original four-
neighborhoo e operat the basis of the mask film in order to more effectively

make use of age 6 tlon as shown in Figure2:

Q\Ly 1| 4|1 A

Q 1 I I i I I
: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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0 1 1 1 [¢] 1 1 1 1 1
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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- Neighborho ighborhood GVF and 24-
Nelghborhood

(b) U-Shaped Figure (fron@t to r|g & hborhood GVF, 12- Ne|ghborhood GVF and
orhood GVF

Figure 4. Per nce of€Xxternal Force Field of Gradient Vector Flow
don I’:S@ d Neighborhood (20 Iterations)

4. Experimental t and Analysis

The vector fig@f 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&% we execute 20 iterations and find in the experiment: relative to the
original nt vector flow, the dynamic gradient vector flow of Laplace operator based
onthelextended neighborhood only needs less iterations to obtain large capture range.
V@hlle, such method is applied to actual cardiac images, and the experimental result
of tie 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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'.%umuﬁahahaéumhrixhxhélsi}ﬁéuéu
Figure Q&@fomﬁ&rtially Damaged Steel Wire

NS

5 Conclueq;D
In this article, Lapla rator used in GVF calculation process is analyzed from the
angle of image processiftg’mask film and meanwhile the gradient vector flow calculation
method based o xtended neighborhood is proposed in order to more effectively
make use of thg&]e information. Experimentally, less iterations are needed in the
calculatiorﬁ%‘@e gradient vector flow based on the extended neighborhood to obtain
th vector field. Of course, the gradient vector flow calculation method
extended neighborhood also has some defects. For example, the coefficients
nded neighborhood in the calculation are constants, and the calculation thereof
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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