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Image Edge Detection Applying the Toll Set and Entropy Concepts

Dong Uk Cho'

ABSTRACT

An image edge detection method based on the (ol set concept is proposed. Initially the edge structure is estab-
lished for an image following human perception model. Then toll set membership values are computed and the
toll set intersection and union operators are applied to them. The final toll set membership values are normalized
to get the vagueness degrees and the thresholding operation based on entropy concept is performed on them to

determine the edge of an image.
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1. Introduction

Identifying and locating the object boundaries in a
scene from its 2-D projection (the image data) is a
crucial step toward the ultimate goal of computer
viston. These object boundaries, as well as sharp
variations in surface structure (e.g., texture) and illu-
mination (e.g., shadow), manifest themselves as sharp
changes in image intensities.

The goal of edge detection is to obtain a complete
and meaningful description from an image by chara-
cterizing these intensity changes in terms of their phy-
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sical origins. Since the performance of the higher level
processes such as object recognition using this de-
scription relies heavily on the accuracy of the detected
edges, the edge-detection problem has become a cen-
tral area of research in computer vision. Despite con-
siderable work and progress made on this subject,
edge detection is still a challenging research problem
due to the lack of robust and efficient general-pur-
pose algorithms. In the past few years, a large num-
ber of papers on this subject focus on edge detection
based on the mathematical models(l1~4]. Each of
these method is very good in the special intended cir-
cumstances. However, as they are not universal, each
method has its own peculiarities and limitations, such
as widely applied optimal step edge detector is very
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inefficient in ramp edge detection. Furthermore, all
mathematical models have a common drawback, i.e.
they all require some prior information about input
image for proper parameter value selection.

To overcome the limitations of mathematical mo-
dels, different approaches based on human knowledge
type are proposed and the application of the toll set
concept presented here is one of them. Toll sets are a
new set concept introduced by Dubois and Prade[5] at
IFSA’91. In a toll set each element shares the cost for
its membership participation. In this article the pixels
in an image pay the appropriate amount of the toll
set membership cost to be adopted into an edge. To
perform various toll set operations with pixels, the
possible edge structures are established into 16 types
on a 3X3 window frame. Then, the proposed mem-
bership function is used to compute the membership
cost for the chosen pixels for the window frame to the
toll set in their degree of edge structure participation.
The computed toll membership values undergo the
toll intersection and union operations with each of 16
edge structure types, the results of which reveal the
most appropriate types for the chosen pixels of
windows. In the final stage of thresholding operation,
the entropy concept is utilized, which has resulted the
edge detection very robust and general.

2. Brief Introduction of Toll Sets[5]

Toll sets are in a sense a modified version of fuzzy
sets. The former differs from the latter in that mem-
bership of a toll set is characterized by the cost, while
membership of a fuzzy set is the grade of relevance.
While the grade of a fuzzy set takes a value in the
unit interval, the membership of a toll set take any
nonnegative real value. Moreover, it may take the
value of infinity.

In the universal set U, a toll set T is defined as y.
(x), where the membership value of an element, x, in
a toll set y(x)=0, and it is defined as a free member-
ship. When y(x)= + 0, i.e., x is said to be forbidden

from joining with T. Primary operation on toll sets
are as follows:

[inclusion]
Fortoll sets Sand T, S< T iff

¥i(x) = Yrrlx)

[complement]

— . [+=> if yr{x)=0
¥ilo) = 0 if g0 >0

[Union and intersection]
The union operator are the following

Ysur(x) =min [ ,(x), Yr(x))

While, intersection can not be defined uniquely, but
must satisfy

max [ys(x), ¥r(x)] < Ysnrlx) < ys(x) +yr(x)

Note that the intersection means the cost to pay
obtaining two memberships represented by S and T.
The above relation implies that the cost for S and T
should be between the two extreme cases of max|ys
(x), y1(x)] and ys(x) +y¥1(x). The former means the
maximum discount that higher fee of ys and yr is
sufficient for obtaining the both memberships, where-
as the latter means no discount: we should pay ys +yr
for the both memberships.

3. Application of Toll Set Theory in
Edge Detection

In this section, it is described how the toll theory,
which was briefly introduced in Section 2, has been
applied to edge detection.

The existing edge detection methods have mainly
performed assuming in a certain specified environ-
ment [9, 10] as an image which usually has a case de-



pendent image structures is hardly collectively dealt
with by any of those methods: Character edge detec-
tion from tires [9], and an attempt to find an optimal
thresholding value [10] are some of those main trends.

In this paper, a method to efficiently extract mean-
ingful edges from a case dependent image is proposed
by applying the toll theory.

Edges in an image occur where intensity or range
changes its value abruptly. So if we construct all the
possible edge structure into a 3x3 window, their
cases are as shown in Figure 1, where S represents
“small” gray level or range values compared to the
center pixel (C) and L represents “large” values.
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(Fig. 1) Edge Structures

We define the toll membership value for “small”
and “large” as shown below. Also the figure 2 (a) &
(b) show the “small” toll membership value and
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“large” toll membership value respectively.

ysmall(x)= —lgf —(1/255) x (x —255)] m
where x=|C -S|
ylarge(x) = —1g((1/255) X x) Q)

where x=|C—L]|

The lg function f(x)= —Ig x is used to calculate
the toll membership values. The reasons are follow-
ing. When x=0, the corresponding f(x) value has
+00;when x=1, f(x) value has 0. Therefore, the Ig
function f(x)= —Ig x with values ranging from x=0
to x=1 can be defined as an toll membership values.
For example, expression(1) shows that, if x=|c—s| =
255, its value becomes —lg0= 4+, ie., if the gray
level difference is 255, it is forbidden to participate in
the “small” toll set. Likewise, expression(2) is for the
“large” toll set.

To determine the edgeness for the image window,
toll intersection & union operations are performed be-
tween the image window and each of windows given
in Figure 1. For example, if we apply toll intersection
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(a) “small” toll membership value
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(b) “large” toll membership value

(Fig. 2) “small” & “large™ toll membership value

operation to the window of Figure 3, it becomes

max { Da, Db, D¢, Dd, Df, Dg, Dh, Di} 3

where Da is the gray level or range value difference
between a and e applied to ysmall(x) operation.

alb|c
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(Fig. 3) 3x3 window

Now, toll union operation is performed for entire

image window, i.e,

min{ W1, W2, ..., W16} (4)

The reason for performing the toll set intersection
and union operations in sequence is to decide the

most appropriate type out of 16 edge structure types
to which given pixels in a window must belong. After
these operations we get a transformed pixel value ar-
ray which contains edgeness information. Final thres-
holding process determines the existence of an edge.

4. Calculation of the Threshold Values

Finally the edgeness values obtained by the above
process undergo the thresholding operation. For this,
each toll membership value is normalized as

N(Tp) =1 —exp(—Tj) (5)

where N(T;) value denotes the grade of some ed-
geness property possessed by the (i, j)th pixel. Since
the edge operation is performed within 3 X3 window,
an image X with size 256 %256 is reduced to 254 X254
edge image. Therefore the vagueness of the edge value
is computed as,

254 254
Z:. Z. [N(T) g N(Ty) +(1 —N(T;)) 1g(1 - N(T))]
- — =)=
AN 254 X254

6

Expression (6) measures the degree of entropy 6]~
[8] for the edgeness of a pixel in an image of 256X
256 resolution.

The mean of the edgeness values for a given 256 X
256 resolution image is obtained by

254 254

Y ¥ N(TY

__i=lj=t
Na(T) = EEYyIerTyan Q)]

In the thresholding operation, when the above A
{N) value is below 0.3, the pixels of N(T) value below
0.3 are regarded as an edge and when A(N)> 0.3 the
pixels of edge value less than Na(T) are selected to
form an edge.



5. Experimental Result

An image of 256256 resolution and 256 gray
levels are used in the experiments. Figure 4 & 5 are
the original images. Figure 6 and 7 are the edge de-
tected images by the Sobel operation (threshold value
=7). Also the edge detected images processed by the
proposed method are shown in Figure 8 and 9.
Comparing the edge detection results in Fig. 6(Sobel
operation), for the objects in Fig. 4, with the ones in
Fig. 8 (the proposed method), the edge information
within the face image in Fig. 6 is hardly recognizable
(lowering the threshold value to solve this problem
results in no edge information) whereas the one in
Fig. 8 appears to be clearly extracted. In the Whole
images, the extracted edges in Fig. 8 are found to be
significantly more meaningful than the ones in Fig. 6.

Also comparing the processed results in Fig. 7
(sobel operation) and the ones in Fig. 9(the proposed
method), the edges for the eye, nose and mouse in the
face have been accurately extracted in Fig. 9 while
few edges have appeared to be extracted in Fig. 7. As
the experimental results have shown, the proposed
method is a method which is robust against moise
and efficiently extracts meaningful edges.

It is also to be noted that the reason to select a face
image with the background as the object image for
the experiment was because a face image equally
encompasses both the area of small gray-level-differ-
ence and the area of large difference, and hence is
suitable for the experimental image object for the
edge detection algorithms.

At this stage, we carry on a research work for edge
extraction, in which noise removal is performed if in
the noise region, and edge extraction while removing
noise is performed for edges. We also work a method
to understand the edge structure without thresholding

for edge extraction, which is to find the meaningful
edge efficiently. This work will be presented as the
supplemental paper for this paper in the near future.
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(Fig. 4) original image
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(Fig. 5) original image
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(Fig. 6) Edge detection of Figure 4 by Sobel operation (Fig. 8) Edge detection of Figure 4 by the
proposed method

(Fig. 7) Edge detection of Figure 5 by Sobel operation (Fig. 9) Edge detection of Figure 5 by the
proposed method



6. Conclusion

A new edge detection approach is tried in an effort
to bring the higher degree of human perception into
the image processing. We found the application of the
toll set concept is very useful and robust in edge de-
tection. We expect more experiments using various
kinds of images so that the characteristics of the pro-
posed method becomes clear and further research es-
pecially in relation with other human perception based
methods. We also expected the toll set concept may
find other areas of application. Finally I am thankful
for Teag-Gu Lim for his fine data processing job.
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