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Abstract

In this paper, we propose a new edge detection method
for color images, based on the Bhattacharyya distance with ad-
Jjustable block space. First, the Wiener filter was used to remove
the noise as pre-processing. To calculate the Bhattacharyya dis-
tance, a pair of blocks were extracted for each pixel. To detect
subtle edges, we adjusted the block space. The mean vector and
covariance matrix were computed from each block. Using the
mean vectors and covariance matrices, we computed the Bhat-
tacharyya distance, which was used to detect edges. By adjust-
ing the block space, we were able to detect weak edges, which
other edge detections failed to detect. Experimental results show
promising results compared to some existing edge detection meth-
ods.
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l. Introduction

Edge detection is one of the basic tools for feature extraction
in image processing and computer vision. Various edge detection
methods have been proposed, which include the Sobel filter [1]
and Canny edge detection [2]. These methods show good perfor-
mance in most applications. On the other hand, the methods may
fail when edges are not strong. Recently, edge detection meth-
ods based on Bhattacharyya distance were proposed for color im-
ages [6] and multispectral images [3],[4]. In [7], various contours
within the block were considered to improve performance.

In this paper, we propose a new method for edge detection
based on Bhattacharyya distance. In particular, we adjust the dis-
tance between the two blocks to detect weak edges, which might
be missed by the existing methods.

The rest of this paper is organized as follows: Section II pro-
vides the proposed method. Section III shows experimental re-
sults and Section IV presents conclusions.

Il. Methodology

Figure 1 shows a block diagram of the proposed method.
First, the Wiener filter was used to remove noise. Then, we se-
lected two blocks with adjustable block spaces. The mean vector
and covariance were computed from each block. Using the mean
vectors and covariance matrices, we computed the Bhattacharyya
distance, which was used to detect edges. By adjusting the block
space, we were able to detect weak edges, which the other edge
detections failed to detect.

A. Pixel-wise Wiener Filter

Noise may adversely affect edge detection. Thus, we first ap-
plied a pixel-wise adaptive Wiener filter based on statistical char-
acteristic estimation from the local neighborhood of each pixel
[31,[5]. It uses the local mean, variance and noise variance as
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Figure 1. Block diagram of the proposed method.
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where I(i, j) is an input image and W (i, j) is an output image. v?
is the noise variance.

B. Point-symmetric Block Pair Extraction

In [3],[4], Youn proposed an edge detection method based
on the Bhattacharyya distance, which used four pairs of neigh-
borhood blocks: up-down (UD), left-right (LR), diagonal-left-
down (DLD) and diagonal-right-down (DRD). A problem with
this approach is that the method may fail to detect weak edges in
some cases. In particular, when the intensity level varies slowly
around edges, existing edge detection methods may fail to detect
the weak edges. To detect such slowly-varying edges, we adap-
tively adjusted the block shape and the distance between blocks
(Figure 2-4). To consider various edge directions, we rotated the
two blocks. Also, to detect weak edges, we adjusted the block
size and the block distance.

C. Removing Outlier Using the Mahalanobis Dis-
tance

The block may contain outliers, which can affect the mean
vector and covariance matrix. These outliers may contaminate the
mean and covariance estimations and produce erroneous edges.
To remove such outliers, we used the Mahalanobis distance [4].
The Mahalanobis distance is defined as follows [8]:
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Figure 2. Block rotation.
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Figure 3. Block size.
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Figure 4. Block distance.

where MD is the Mahalanobis distance of observation X =
(xl,xz,x37...,xN)T and X is the covariance matrix. If the Ma-
halanobis distance of a pixel within the block is higher than a
threshold, the pixel was removed.

D. Bhattacharyya Distance

The Bhattacharyya distance is used to measure the similarity
between the two groups. If the statistical characteristics of the two
populations show larger differences, the Bhattacharyya distance
will increase. Assuming normal distributions, it can be computed
by using means, covariance matrices, and determinants:
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where BD represents the Bhattacharyya distance, (| and u, repre-
sent the mean vector and the covariance matrix of class i, respec-
tively. X represents the average of ¥ and X,. We computed the
Bhattacharyya distance for each pair of blocks at various block
spaces. The Bhattacharyya distance of the block pair having the
maximum value was chosen as the edge strength of the pixel:

Edgeimage = Max (BDy,BD;,BDs, ...,BDy; ) (6)

where N; ; represents the number of block pairs.

lll. Experimental Results

In this paper, we used the data set for logo recognition
(MICC-Logos) [9]. This data set consists of 720 images, which
include 13 logo classes. The parameters used in this experi-
ment are as follows. In the Wiener filter, the window size was
set to 3-by-3. The block distance was set to 1, 3 and 5. The
proposed method was compared with the method based on the
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Bhattacharyya distance (four fixed block pairs) [3],[4], the Sobel
filter, and the Canny edge detection. Figures 5-10 show some
edge results. Figures 5-7 show a comparison of the Sobel/Canny
methods and the proposed method Although the Sobel and Canny
edge detection algorithms failed to detect some weak edges, the
proposed algorithm successfully detected such weak edges. Fig-
ures 8-10 show a comparison of Youn’s method and the proposed
method. In Figure 9, most edges were successfully detected by
the proposed method. In Figure 10, the edges around the dark
object were detected by the proposed method. Whereas the con-
ventional methods and the previous edge detection method based
on the Bhattacharyya distance failed to detect some weak edges or
slowly-varying edges, the proposed method successfully detected
such difficult edges.

IV. Conclusions

In this paper, we proposed an edge detection algorithm us-
ing the Bhattacharyya distance with adjustable block space. The
proposed algorithm was able to detect some weak edges missed
by the conventional edge detection methods such as Sobel filter-
ing or Canny edge detection. By adaptively adjusting the distance
between the two blocks, we were able to detect slowly-varying
edges, which most existing edge detection methods failed to de-
tect.
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Figure 5. (a) Original image, (b) Sobel filtering, (c) Canny edge, (d) Gray image, (e) Proposed method (gray scale), (f) Proposed method (binary)

Figure 6. (a) Original image, (b) Sobel filtering, (c) Canny edge, (d) Gray image, (e) Proposed method (gray scale), (f) Proposed method (binary)
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Figure 8. (a) Original image, (b) Youn's method (gray scale), (c) Youn's method (binary), (d) Gray image, (e) Proposed method (gray scale), (f) Proposed
method (binary)
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Figure 9. (a) Original image, (b) Youn's method (gray scale), (c) Youn's method (binary), (d) Gray image, (e) Proposed method (gray scale), (f) Proposed
method (binary)

IS&T International Sxmposium on Electronic Imaging 2020
Image Processing: Algorithms and Sysfems 133-5



Figure 10. (a) Original image, (b) Youn’s method (gray scale), (c) Youn’s method (binary), (d) Gray image, (e) Proposed method (gray scale), (f) Proposed
method (binary)
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