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Abstract
Edges represent significant boundary information between objects or classes. Various methods, which are based on differential operation,
such as Sobel, Prewitt, Roberts, Canny, and etc. have been proposed and widely used. The methods are based on a linear convolution of mask
with pre-assigned coefficients. In this paper, we propose an edge detection method based on Dempster-Shafer's evidence theory to evaluate
edgeness of the given pixel. The effectiveness of the proposed method is shown through experimental results on several test images and

compared with conventional methods.
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1. Introduction

Edge is a significant element to represent boundary of
objects from given image. Moreover edge could be applied to
segmentation problem, shape analysis, and other image
because edge
characteristic information of objects in image. That is, edge is

processing  problems, contains  various
used as important information to analyze image.

Various edge detection methods based on differential
operation have been proposed and widely used such as Sobel,
Prewitt, Canny, Laplacian, and etc [1]-[4]. These conventional
methods detect edge based on linear convolution mask with
pre-assigned coefficients [5]. Therefore, the performance of
edge detection depends on the type of mask and coefficients.
Furthermore, some conventional methods detect double edges
in the case of one-pixel-width edges, due to the type of mask
used [5]. Thus, to overcome these drawbacks, an edge detection
method is needed that is not dependant on a fixed mask with
coefficients, but rather based on the information obtained data
of the given image.

Based on the needs, edge detection methods have been
proposed using Dempster-Shafer's theory [7], [8]. Dempster-
Shafer's theory is an evidence theory to reduce the uncertainty
by combining the evidences obtained from different sources
[6]-[11]. Therefore the theory is an appropriate method to deal
with uncertainties of image such as edge, noise, and etc.
However these methods [7], [8] have the characteristics of the
conventional edge detection operations, because the methods
are based on Sobel edge operation. Thus, in this paper, we
propose an edge detection method which is based on the
possibility of edgeness based on the Dempster-Shafer's theory.
Using the Dempster-Shafer's theory, the possibility for a pixel
is determined by combining the possibilities of edgeness
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obtained from the different hypotheses.

To show the effectiveness of the proposed method, the edge
detection experimental results on several images and the
comparison with the typical conventional edge detection
methods(Sobel, Prewitt, and Canny) are provided. From the
experimental results, it is shown that the proposed method is
similar or better than the conventional methods.

2. Preliminary

2.1 Conventional edge detection methods

Edge is a boundaries of objects which often lead to change of
intensity in image. Typical edge in image processing could be
classified into 4 types as follows [1].

Gray ] Gray‘
Level _ Level
Pixel Position Pixel Position
(a)Step edge (b)Line edge
Gray GrayA
Level _/_ Level
Pixel Position Pixel Position
(c)Ramp edge (d)Roof edge

Figure 1. Four types of edge

Various conventional methods, which are using the
difference of intensity, have been proposed such as Sobel,
Prewitt, and Canny. Edge detection operations of Sobel and
Prewitt are summarized in Table 1.
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Table 1. Edge detection operations of Sobel and Prewitt

Horizontal Vertical
a2 a 10 |1
Sobel 0o o0]o0 2002
11211 10 |1
1 -1 1 -1 0 1
Prewitt 0 0] 0 1] 0 1
1 1 1 -1 0 1

Edge is detected by convolution between image and
operations shown in Table 1. If the coordinate of the subject

pixel in image is (x.y) , then the edgeness of the pixel is
evaluated from the Equation (1).

£, (x.) =[Gy (x.2)) +(G, (x.3))
Or (1)
E,(x,y)= ‘GH (x,y)‘ + ‘GV (x,y)‘

where G, and G, represent convolution results according to

methods shown in Table 2.

Table 2. G, and G, according to methods

Sobel
GH(x,y)=f(x+1y )+2j(x+1,y)+j(x+l,y+l)
—f(x Ly— ) Zf(x ly) f(x—l,y+1) )
GV(x,y):f(x—l,y+l)+2f(xy+l)+f(x+1,y+1)
—f(x—l,y—) 2f(x,y ) f(x+1,y+1)
Prewitt
GH(x,y):f(x+l,yfl)+f(x+1,y)+f(x+l,y+1)
—f(x-Ly-1)-f(x-Ly)-f(x-Ly+1) 3)
Gy (x,y)=f(x-Ly+1)+ f(x,y+1)+ f(x+1y+1)
—f(x-Ly-1)-f(xy-1)-f(x+Ly+1)

In Canny's method [2], it applies firstly two-dimensional
Gaussian function to reduce noise from image, and then detect
edge using Sobel's operations. The Gaussian function and
example are shown in Equation (4) and Figure 2.

G(x,y) = 6[7%] 4)
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Figure 2. Example of Gaussian function with o =14
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2.2 Dempster-Shafer's Evidence Theory

2.2.1 Fundamental Theory

The purpose Dempster-Shafer's evidence theory is to reduce
the uncertainty by combining the evidences from the different
sources [6], [9]. Let X is the universal set and the power set of
X is 2% . A basic probability assignment(i.e. mass
function m:2* —[0,1] ) satisfies Equation (5) [9], [10]:

m(¢)=0
> m(4)=1 ©

where ¢ is an empty set.

The value of m(4)is the belief that certain elements of
X belongs to the exact set A4, not to the subset of 4. That is,
m(A) corresponds to the weight of evidence in favor of

A exactly and fully [6]-[11]. From the mass function, the
interval of upper and lower bounds are defined, which are
called belief( bel ) and plausibility( p! ), as follows:

bel(¢) =
bel(4)=" m(B) ©)
pl(¢)=0
pl(4)= 3 m(B) @

where 4,Bc X . From Equations (6) and (7), the relationship
of the two measures are defined as follows:

pl(A4)=1-bel(4) (8)

where A4 is the complement set of A and it satisfies that
A=X-4.

2.2.2 Combination Rule

Dempster-Shafer's evidence theory also provides combining
method of evidences from the different sources. If there are two
masses m, and m, obtained from the different sources, then the

combined mass m,,is defined by the orthogonal sum of the
two masses m,and m,, m,=m @m,. That is, the new mass

m which is combined with » number of masses is defined as

follows:
m($)=0
m(A)=(((m ®m,)--)®m,)
- 1 - n m(4) )
I_Aln._m”w | my(A) A0
where 1- Y [[m (4)is the normalization factor that can

AN DA,=4 i)

eliminate the effect of the masses associated with the null set.



3. Proposed Method

Let Z={z,,z,} be a finite universal set representing grey
levels in the 3x3 local region and Z(_)={z(]),---,z(9)} be a
permutation set of the elements of Zsuch that z; <--<z,.

To evaluate edgeness, we use the differences of partitioned
regions based on maximum differences between z,, and z

i+l (i) >
i=1,---,8 and possibilities obtained from two different

evidences defined in this paper.

3.1 Region Partition and Difference
The algorithm to partition 3x3 local region at the subject

pixel (x,y), and to obtain the differences of partitioned

regions is f as follows:

Step 1. From the 3x3 local region at the subject pixel (x,y),
find T = Z, with iﬁrﬁg_}fg{z(m) —z(l.)} of the local region.

Step 2. Partition the 3X3 local region into two regions
(¢, 27,C,<T) with T . The example of region partition is

shown in Figure 3.

(x3) — (xv)

Figure 3. Example of region partition.

Step 3. Calculate the difference by using Equation (10).

dif(an’) = ir:rﬁ'f‘“’;{z(m) - Z(i)} (10)

3.2 Possibility of Edgeness

To apply Dempter-Sherfer's evidence theory, we have
defined two elements noise( N ) and edge( £ ). The power set is
noise( N ), edge( £ ), universe( NUE, NE ), and empty set( ¢ ).
Moreover, to assign the possibility of edgeness for the subject
pixel, we have defined two mass functions as follows:

Definition 1. If we consider two cases, noise and edge, for the
subject pixel, then we can define that the possibility to be a
noise signal of the subject pixel is decreased as the number of

pixels in the class which contains the subject pixel is increased.
Based on Equation (5) and the definition 1, the mass function
m, is defined as follows [9]:

{m, (¢)=0

m(N)+m (E)+m (NE)=1 (1n

Dempster—Shafer's Evidence Theory—based Edge Detection

m(E)ffﬂ?--)fs{Z(“—*”_Z(’)}
(E)=

Z9) T 2

m,(N) :Ot{l—mI (E)}
m,(NE)=(1-a){1-m(E)}

(12)

where I(x,y) is the number of pixels in the class which

contains the subject pixel, and « is a weight constant between
[0.1].

Definition 2. If we consider two cases, noise and edge, for the
subject pixel, then we can define that the possibility to be a
noise signal of the subject pixel is decreased as the connectivity
between the subject pixel and neighbor pixel is increased.
Therefore we have evaluated the connectivity, when the
combined local regions, as shown in Figure 2, are partitioned
with mean value T7'of combined regions, if the subject pixel
(x,y) of local region and the neighbor pixel (x'.y') of the

neighbor region are classified into same class, then the subject
pixel has connectivity with the subject pixel of the neighbor
region. The example is shown in Figure 4 and 5 to evaluate the
connectivity.
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Figure 4. Example when the subject pixel (x,y) have
connectivity with neighbor pixel (x',y')

Neighbor Region
M- gyt~ g

(x137)

T

-q

r
|
|
1
|
1
1
|

(x2) (x¥)

- r-"f1t-""-""
(&
L L]

Interest Region
Figure 5. Example when the subject pixel (x,y) does not have
connectivity with neighbor pixel (x',»')

From Figure 4 case, if the subject pixel (x,y) and neighbor
pixel (x'y") are classified into same class, then the subject
pixel (x,y) has connectivity with neighbor pixel (x'y'). In
that case, the connectivity C(x,y) is increased '+1'.

Oppositely, from Figure 5, if the subject pixel (x,y) and
neighbor pixel (x'y') are classified into other classes, then
the subject pixel (x,y) does not has connectivity with
neighbor pixel (x'y").
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Based on the algorithm, we evaluate connectivity between
the subject pixel of interest region and the neighbor pixels of
the every neighbor regions. Based on the connectivity, mass
function m, is defined as follows:

’n2(¢) =0
m,(N)+m,(E)+m,(NE)=1 (13)
C(x,
,nz(]v) =1- (9 y)
(14)

where C(x,y) is the connectivity of subject pixel (x,»), and

a is a weight constant between [0,1].

3.3 Combination Rule and Edge Magnitude

Possibilities obtained from the definition 1 and 2 are needed
to combine to determine the final possibility of edgeness. The
combination rules are shown in Table 1.

Table 1. Combination rules

ml
m,
N E NE
N N ¢ N
m, E @ E E
NE N E NE

From the combination rules in Table 1, we extract the case of
"E', and the combined possibility of edgeness for the subject
pixel is defined as follows:

Aﬂ;tEml(A)mZ(B)
B ) = S iy (8) 19

ANB=¢

Based on the possibility obtained from Equation (15) and the
difference from Equation (10), we determine the final edge
magnitude by using Equation (16).

My (x.y)=dif (x.) P (x.y) (16)

3.4 Threshold Value Selection

To obtain edge image from the edge magnitude image,
thresholding is necessary. Therefore, in this letter, we select the
threshold value based on the center of gravity. To determine the
threshold value, the edge magnitude values are expanded into
range [0,255] with a linear stretch function, and then we select
threshold value by using Equation (17).

255

T" =" zh(z) (17

where #(z) is normalized histogram.
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Based on the threshold value, the edge is evaluated from
Equation (18).

edge if My (x,y)>T" (18)

Edge(x,y)=
( ) {not an edge otherwise

4. Experimental Results

To demonstrate the effectiveness of the proposed method, we
applied the proposed method to the image shown in Figure 6
and compared with the conventional methods(Sobel, Prewitt,
and Canny). Moreover, in this letter, we have set « as 2/3
which is used in [9].

(a)imagel (b)image2
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Figure 7 shows the results of edge detection of Figure 6
according to methods. From the results, Canny's method
provides thinner edges than the other methods. However, when
considering the absence of a thinning stage, the other methods
are competitive with the Canny's method. Moreover, in some
cases, Canny's method does not detect edges, especially, in
wheel region of bike of Figure 6 (d).

For the proposed method, although it provides thicker edges
than Sobel's and Prewitt's methods, the proposed method does
not provide double edge lines for a single edge lines. Especially,
for the results of Figure 6 (c), Sobel's and Prewitt's methods
provides double edge lines for the background sigle horizontal
edge lines of image while the propsoed method provides sigle
lines.

From the overall results, although the proposed method does
not provide the best results for all cases, it provides similar
edge detection results to other edge detection methods. From
the experimental results, we have shown that the possibility of
edge detection based on the evidence theory.

5. Conclusion

In this paper, we have proposed an edge detection method

[’j based on evidence theory. Moreover, from the edge detection
e ﬂ‘ff} H experiments, we have shown that edge detection method based
on the Dempster-Shafer's evidence theory is effective to detect
edges. As the further studies, researches for evidences to define
edgeness and optimization method for « to improve the

performance of the edge detection are required.
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