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Abstract

The main disadvantage of traditional global thresholding techniques is that they do
not have an ability to exploit information of the characteristics of target images that
they threshold. In this paper, we propose a new approach based on combination of
modified p-tile and edge detection algorithms to have more accurate object
segmentation. Using our proposed method, it is shown that almost all of our
experiments resulted to better object segmentation than using traditional methods.
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1. Introduction

In many applications of image processing, pixel values belonging to the object are substantially
different from those in its background. Thresholding is one of the simplest and most commonly used
techniques to separate the foreground from its background [1][2][3]. Thresholding techniques can be
categorized into two classes: global thresholding and local (adaptive) thresholding. In the global
thresholding, a single threshold value is used in the whole image. In the local thresholding, a threshold
value is assigned to each pixel to determine whether it belongs to the foreground or the background pixel
using local information around the pixel. Because of the advantage of simple and easy implementation,
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the global thresholding has been a popular technique in many years. Techniques based on entropy
measures [1][5][6][7] and fuzzy approaches [2][8] have also been proposed. The main disadvantage of
traditional thresholding techniques is that they do not have an ability to exploit information of the
characteristics of the images that they threshold. They treat all images in the same way, regardless of the
specific nature of the images. For some situations, this "one-fits-all" approach is sufficient. However,
when greater accuracy and more consistent performance are required, more information should be used
to assist the thresholding process.

This paper proposes a method of utilizing shape information to assist thresholding process. We
combine the bidirectional P-tile global thresholding method with some edge detection methods to
retrieve shape information for assistance, and demonstrate its usefulness in various situations. This is a
promising approach because it generates more accurate threshold images than conventional methods
especially for applications that need to extract the object shape.

2. P-tile Thresholding Method

P-tile tile is a shorter form of the word "percentile”. The threshold is chosen to be the intensity value
where the ratio of the number of pixels whose value is higher than the threshold to the total number of
pixels in the image is closest to the given percentile. The P-tile method is one of the earliest thresholding
methods based on the gray level histogram [4]. It assumes the objects in an image are brighter than the
background, and occupy a fixed percentage of the picture area. This fixed percentage of picture area is
also known as P%. The threshold is defined as the gray level that mostly corresponds to mapping at least
P% of the gray level into the object. Let n be the maximum gray level value, H (i) be the histogram of
image (i=0 ... n), and P be the object area ratio. The algorithm of the P-tile method is as follows:

S« sum (H (i)) # total image area #
F « S # initialize all area as object area #
Fork«<1ton
F« F-H (k-1)#remove k-1 from object area #
If (F/t) <P thenstop
T < k # final threshold value #

This method is simple and suitable for all sizes of objects. It yields good anti-noise capabilities,
however, it is obviously not applicable if the object area ratio is unknown or varies from picture to
picture. Unfortunately, we do not usually have such definite information about the object area ratio. This
information can sometimes be substituted by knowledge of another property, for example the average
width of lines in drawings, shape, etc.

3. Edge detection methods

Edge detection is a fundamental tool used in most image processing applications to obtain
information from images as a precursor step to feature extraction and object segmentation. This process
detects boundaries between objects and the background in the image at which the image brightness
changes sharply or more formally has discontinuities. The image containing these boundaries is known as
edge map.

The purpose of detecting sharp changes in image brightness is to capture important events and
changes in properties of the world there are many ways to perform edge detection , However most of
them grouped into two categories, gradient and Laplacian.
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The gradient method detects the edges by looking for the local maximum and minimum in the first
derivative of the image. The Laplacian method searches for zero crossings in the second derivative of the
image. Some of the early gradient operators include Roberts [9], Prewitt [10], Sobel [11], Canny [12] edge
operators. They involve small kernels to convolve with an image to estimate the first-order directional
derivatives of the image brightness distribution. The edge value is calculated by forming a matrix
centered on each pixel. If the value is larger than a given threshold, then the pixel is classified as an edge.

All the gradient-based algorithms have kernel operators that calculate the edge strength in directions
which are orthogonal to each other, commonly vertically and horizontally. The contributions of the both
components are combined to give the total value of the edge strength.

The Canny edge detection operator was developed by John F. Canny in 1986 and uses a multi-stage
algorithm to detect a wide range of edges in images. It arises from the earlier work of Marr and Hildreth
[13], who were concerned with modelling the early stages of human visual perception. His work is a
gradient-based edge-finding algorithm that has become one of the most widely used edge detectors. This
algorithm is known the optimal edge detector. In this situation, an "optimal" edge detector means
following three criteria:

e  Good detection: The algorithm should mark as many real edges in the image as possible.

e  Good localization: Marked edges should be as close as possible to the edge in the real scene.

e Minimal response: A given edge in the image should only be marked once, and where possible, image
noises should not create false edges. Based on these criteria, the canny edge detection process
included the following stages:

e Noise removal: The canny edge detector smoothes the image to eliminate noise.

o Differentiation: It finds the image gradient in order to highlight regions with high spatial derivatives.

e  Non-maximum suppression: The algorithm tracks along these already highlight regions and suppress
any pixel that is not at the maximum.

Edge threshold, canny edge detector use a method called "hysteresis". The hysteresis method tracks
along the remaining pixels that have not been suppressed. It uses two thresholds and if the gradient of the
pixel is below the lower threshold, it is set to zero (regarded as a non-edge). If the gradient is above the
higher threshold, it is set as an edge. If the gradient is between these thresholds, then it is set to zero
unless there is a path from this pixel to a pixel with a gradient above the higher threshold. A widely used
method for noise removal is the Gaussian filter, in which signals, in one and two dimensions, are
smoothed out by the convolution of the image with a Gaussian kernel. The Gaussian operator is isotropic
and therefore smoothes the image in all directions blurring sharp boundaries. All these approaches deal
with the first derivatives of the image, thus slightly, but not totally, eliminate noises.

4. New method

The goal of new approach, Image Thresholding method utilize image characteristics to assist the
thresholding process by combining modified P-tile algorithms as a global thresholding method with an
edge detector to retrieve shape information. By using an edge detector, information of object area ratio
acquired is determined by the shape of objects. This information is useful especially for applications that
need to preserve the shape of objects in the original image.

Edge detectors are used to calculate the object area ratio by comparing the difference between edge
map of the original image and edge map of the threshold image. By trying all of the possible object area
ratio value to threshold an image and comparing each of their respective edge maps to the edge map of
the original image, the best estimate of the object area ratio value is determined as the value where the
produced edge map that has the smallest difference to that of original image. We employ the MSE (Mean
Squared Error) to calculate the difference between edge map of the thresholded image and edge map of
the original image.
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The figure 1 represents the diagram of different stages of our method. The algorithm is applied to
several types of medical images; we present in figures 2 result segmentation with new method and
compare with P-tile algorithm and Otsu's method on images.

This method is simple and suitable for all kind of edge detectors, since it only iterate in constant time
(determine by Step value). It does not add anymore complexity to modified P-tile algorithms and the edge
detector composing this new approach.

5. Edge detector selection

In the new method, we need to find the best edge detector to be combined with modified P-tile
algorithms. We tried to combine the P-tile method with five kinds of edge detectors, Canny, Prewitt,
Roberts, Sobel and Laplacian of Gaussian (LoG). The first four edge detectors are gradient based and the
last one is Laplacian based.

We use the extraction of object from images. In more of images, shape information is needed to
threshold images accurately. We employ 40 images, Some examples of the results are shown in Figures 2.
According to the subjective evaluation of the results, we found that combining modified P-tile algorithms
with canny edge detectors produce the most stable result. This combination consistently produces images
that have quality better than or equal to the others.

Original Image

6. Performance of Thresholding

To measure the performance of the new
method by the combination of modified P-tile
Gaussian Smoothing algorithms with Canny edge detector, we used 40
gray scale images in experiments. We manually
converted these images into binary images and use
these binary images as "ground truths". The gray
level images were threshold using this combination
and calculate the difference with the ground truth
images using MSE to measure the fidelity of the
images produced by the new method.
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Figure 2a. Results “a” of test images

Figure 1. Segmentation Diagram new method

We also applied the same procedure using Otsu’s method, P-tile method, which is well-known and
used as one of the standards, for comparison. The result of this experiment is shown in Table 1.The result
of this experiment shows that the new method is better than the Otsu method and P-tile methd in 38 out
of 40 images.

6. Conclusion

We have proposed a new method of image thresholding by combining modified P-tile global
thresholding algorithm and Canny edge detector. The Experimental results show that in average the
performance of this method is significantly better than Otsu and P-tile methods.

Original image new method Original image new method
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Figure 2b. Results “b” of test images Figure 2c. Results “c” of test images
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Figure 2d. Results “d” of test images Figure 2e. Results “e” of test images

Figure 2. Results of test images
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