ISSN: 0975-8585

Research Journal of Pharmaceutical, Biological and Chemical
Sciences
Medical Image Edge Detection using Hybrid Entropy Multi thresholding
Approach
Kumar SN*1, Lenin Fred A2, Ajay Kumar H3, and Sebastin Varghese4
1Research

Scholar, Department of Electronics and Communication Engineering, Sathyabama University, Chennai, Tamil
Nadu, India.
2School of Computer Science and Engineering, Mar Ephraem College of Engineering and Technology, Marthandam, Tamil
Nadu, India.
3School of Electronics and Communication and Engineering, Mar Ephraem College of Engineering and Technology,
Marthandam, Tamil Nadu, India.
4Consultant Radiologist, Metro Scans & Laboratory, Trivandrum, Kerala, India

ABSTRACT
Edges determines the boundary of objects and plays a vital role in image analysis and pattern recognition. The
conventional edge detection algorithms are mainly based on the gradient operation. In this paper, a hybrid entropy multi
thresholding approach is used. The Shannon entropy technique is used to determine the global threshold value and the
local thresholds are determined by Tsallis entropy technique. The proposed edge detector algorithm produces efficient
results for benchmark images and abdomen CT medical images. The comparative analysis was performed by taking into
account of classical edge detectors like Sobel, Prewitt, Canny and LoG algorithms. The experimental results shows that the
hybrid entropy multi thresholding edge detector produces robust result with decreased time complexity .The algorithm
was developed in Matlab2010a and the results for typical benchmark and real time medical CT images are presented as
an essence.
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INTRODUCTION
Edge detection is considerably an important problem in image processing. An Edge is defined as the
sharp discontinuities in the pixel of the image that aids for the segmentation of a region of interest [1]. The
complexity in performing the edge detection includes false edge detection, missing true edges, edge
localization, high computational time and problems due to noise etc [2]. The Robert, Sobel and Prewitt
operators are traditional edge detection techniques that involve the convolution of input image with
predefined kernel [3]. The Laplacain operator and Laplacian of Gaussian (LOG) are second order derivatives
based edge detection techniques3. In the case of edge detection by LOG operator (Marr-Hildreth Operator),
smoothing is done at first to get rid of noise by Gaussian filter followed by the laplacain operator. Marr and
Hildreth [4] applied Gaussian filter of different scales and detected the edges by determining the zero
crossings of second order derivative and it uses LOG operator. Out of the conventional edge detection
techniques, canny produces good results.
The Canny algorithm works well for noisy image, the gradient value is determined from the derivative
of Gaussian filter [5]. The hysteresis thresholding is then used which comprises of two threshold values to
detect the strong and weak edges rather than a single threshold value. The weak edges that are linked to
strong edges are discarded. The conventional edge detection techniques are sensitive to noise; the size of the
kernel and coefficients are fixed and not adaptable to the input image [5]. The LOG operator produces
improved response, however its probability in the detection of false edges are high and accuracy is poor at
curves and corners where there is a wide change in gray level intensity. The canny is an optimal edge detection
technique since it produces sharp edges and low probability in the detection of false edges. The wavelet based
edge detection algorithm employ low pass and high pass filter successively on approximate component of the
image. The main drawback of the wavelet in 2D domain is the limitation in capturing the directional
information [6]. Ranita Biswas et al used canny edge detector based on Type-2 Fuzzy sets and the proposed
algorithm produces superior results for benchmark and hand X-ray images [7]. Indra Kanta Maitra et al applied
tree based edge detector with Maximum Difference Threshold (MDT) on medical images and evaluated in
terms of performance metrics, wherein efficient results were produced for X-ray, CT and MR images [8].
Mohamed A. El-Sayed et al applied entropy edge detector on benchmark images and it outperforms the
conventional edge detectors in terms of computation time [9]. The morphology based edge detector followed
by chain encoding for corners detection in extracted edges and the proposed algorithm works well on binary,
gray scale and color images [10].
Amira S. Ashour et al applied Shannon entropy based multi thresholding edge detector on medical
and benchmark images, time complexity was reduced when compared with the traditional edge detectors
[11]. Samy Sadek et al proposed fuzzy based Tsallis Entropy edge detection and valid results were produced on
medical images when compared with Renyi-entropy algorithm [12]. M. Portes de Albuquerque et al used
Tsallis entropy based detection and the result was influenced by proper selection of entropic index ‘q’,
efficient result was produced for noisy images also [13]. The criteria involved in the selection of an edge
detection operator includes edge orientation, noise environment and edge structure. The geometry of the
operator is optimized for horizontal, vertical, or diagonal edges which fixes the characteristic direction. As the
high frequency component are in the edges, it is difficult to detect the edges in the noisy images. The gradual
changes in the edge intensity which causes refraction has poor performance in edge detection. In this paper
hybrid entropy multi thresholding approach was proposed that produces robust result with less time
complexity.
MATERIALS AND METHODS
Related Work
The conventional edge detection techniques are based on the first order derivative or second order
derivatives of pixels of the input image. The Sobel, Roberts, Prewitt are based on first order derivatives and fails in
many cases where the outermost boundary of the ROI have to be extracted. The Laplacian is the second order
derivative operator and it sometimes creates undesirable results due to the inducement of double edges.
The term entropy is a basic concept in thermodynamics, Ludwig Boltzmann [10] defined entropy as follows
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Where
accessible microstates of the system.

is Boltzmann constant and ‘A’ represents the total number of

The above equation is based on the assumption that all the microstates have equal probability derived
from classical statistical physics. The Boltzmann – Gibbs entropy is defined as follows when the probabilities are not
the same.

The information theory concepts states entropy as amount of information.
The Shannon entropy of discrete source with probabilities

is defined as follows.

Where
The additive property of Shannon entropy is as follows

Where

is the function of entropic index.

The Shannon entropy is much applicable for extensive systems. The Tsallis entropy is defined as follows.

Tsallis entropy has non additive property.

When

, the entropy follows the additive property is sub extensive.

When

, the entropy is super extensive

The thresholding is the classical segmentation technique and it creates a binary image.

Where h(x, y) is the pixel gray value and T is the predefined threshold value.
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In this paper, the global threshold is determined from the histogram analysis of the image based on the
Shannon entropy technique and the local thresholds are determined from the Tsallis entropy technique.
Hybrid Entropy Multi thresholding Based Edge Detection
In general, the edge detection is performed by convolution of input image with a spatial filter mask or
kernel. Consider a spatial filter mask of size m×n. Assume the m=2a+1 and n=2b+1, where a, b are non zero
positive integers. The 3x3 mask with the coordinate arrangement of mask coefficients is shown in figure 1 (a).
The image region under the mask is shown in figure 1(b).

Figure 1. (a) 3x3 mask, (b) Region of image under 3x3 mask
The input image is converted into binary form by using the hybrid entropy approach. The steps in
hybrid multi thresholding edge detector are summarized as follows.
Step 1: The input will be a gray scale image of size
and the histogram of the image is
computed.
Step 2: The Shannon entropy function is called to determine the threshold value
. The image was
segmented into two parts (object and background) using the threshold value
Step 3: The Tsallis entropy function determines the local thresholds ‘ ’ and
from the object and
background
Step 4: With the three threshold values, the following condition is evaluated

Step 5: A mask is created from the previous step and the edge detector function is called that will
compute the edges of the image. The
kernel is applied to the input image with all the window
coefficients equal to ‘1’ except centre. The centre coefficient of the kernel is marked as X shown in figure
2(a).

Figure 2. (a) Mask for edge detection, (b) Entropy of central pixel with respect to the probability
The window is moved on the whole binary image and the probability of each centre pixel of the image
beneath the window is determined.
The entropy of each centre pixel of the image beneath the window is calculated.
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Where

is the probability of central pixel of the binary image under the window.

The figure 2(b) depicts the probability of the computed central pixel of the mask and the
corresponding entropy values. When the pixel values in the window are homogeneous with
, the
entropy of the pixel is zero. For the values of =7/9 and 8/9, the heterogeneity of pixel gray values is low and
hence the central pixel is not an edge pixel. For the remaining values of < 6/9, the heterogeneity for gray
levels of pixels beneath the window is high and edge pixels will be correctly identified.
RESULTS AND DISCUSSION
The proposed hybrid entropy thresholding approach was tested on benchmark [14] and abdomen CT
medical images. The comparative analysis was done by taking into account of conventional edge detection
methods (Sobel, Prewitt, Canny, LOG and Roberts). The simulation was done by Matlab 2010a and the system
with the specifications of Intel core i3 @ 3.30 Ghz with 4 GB RAM. Prior to segmentation, no preprocessing
was done on tested images. The proposed algorithm comprises of two stages – global threshold detection by
Shannon entropy and local threshold detection by Tsallis entropy technique. The proposed algorithm utilizes
the features of Shannon and Tsallis entropy such that the computation time is low when compared with other
methods. The computation time plot of the hybrid entropy multi thresholding and other edge detection
techniques are depicted in figure 3. The texture characteristic of image is preserved, however in some cases it
fails to detect thin edges. The threshold values and the size of the input images corresponding to figure 4 are
depicted in table 1.

Figure 3. Computation time plot of edge detector algorithms for benchmark images
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Figure 4: (a,b,c,g,h,i) Input Benchmark images , (d,e,f,j,k,l) Hybrid Entropy Multi thresholding edge detector
output
The proposed algorithm was also tested on abdomen CT medical images and satisfactory results
were obtained. The hybrid entropy thresholding results for medical images are depicted values are depicted in
figure 5. The global Shannon threshold ‘T1’ segments the input image into two parts, object (P1) and
background (P2). The local thresholds (T2 and T3) determined by the Tsallis entropy approach segments the P1
and P2 into two parts. Now with the threshold values, the edge traced image was determined. The
computation time plot of edge detectors for CT medical images are depicted in figure 6.

Figure 5: (a,b,c,g,h,i) Input CT medical images , (d,e,f,j,k,l) Hybrid Entropy Multi thresholding edge detector
output
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Figure 6: Computation time plot of edge detector algorithms for medical images
Table 1. Shannon Entropy (T1) and Tsallis Entropy (T2, T3) for benchmark images
Dataset ID with dimension

Butterfly (B1)
481x321
116

Eagle
(B2)
481x321
145

Fly bird
(B3)
481x321
141

Cameraman
(B3)
256x256
122

Rice
(B4)
256x256
120

Pill set
(B5)
512x386
36

Shannon Entropy Global
Threshold (T1)
Tsallis entropy Local
Threshold (T2)
Tsallis entropy Local
Threshold (T3)

71

80

90

64

82

26

176

180

162

188

159

68

The table 1 depicts the benchmark images with global and local threshold values for hybrid entropy
multi thresholding approach. The proposed edge detector was found to produce satisfactory results for real
medical CT images, selective slice details from six data sets along with the threshold values are depicted in
table 2.
Table 2. Shannon Entropy (T1) and Tsallis Entropy (T2, T3) for medical CT images
Dataset ID with dimension
Shannon entropy Global threshold
(T1)
Tsallis entropy Local threshold (T2)
Tsallis entropy Local threshold (T3)

P1 331x241
185

P2 331x241
136

P3 512x512
150

P4 316x281
150

P5 629x512
158

P6 371x321
139

118
212

77
194

109
179

84
209

90
207

82
185

The proposed hybrid entropy multi thresholding edge detector works well for benchmark and medical
images, efficient results are produced with low computation time and avoids the crucial parameter selection
by the user when compared with conventional approach.
CONCLUSION
The proposed hybrid entropy multi thresholding edge detector was compared with the classical edge
detection techniques. The hybrid entropy multi thresholding approach yields efficient result for bench mark
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images and real abdomen CT images. The computation time of the proposed approach was significantly
reduced when compared with the conventional approaches. The multi thresholding concept was utilized in the
proposed algorithm and manual intervention is not required for parameter selection. The role of segmentation
is very important in telemedicine applications and the proposed hybrid entropy multi thresholding approach
will be a proficient aid for edge detection of grayscale medical images.
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