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Abstract

Nowadays, computer vision as an interdisciplinary field is growing in differ-
ent areas such as medical, electronics, etc. In the field, detection and particu-
larly image segmentation is an essential task in which is difficult to find the
appropriate one based on the application. In this paper, a new algorithm is
proposed to segment the lesion from background. The algorithm is based on
log edge detector with iterative median filtering. We have tested our algo-
rithm on 20 dermoscopic images and compare the lesion detection results
with those manually segmented by dermatologists. The experiments represent
the effectiveness of proposed algorithm.
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1. Introduction

Skin cancer is determined by the abnormal and uncontrolled spread of cells
which make up the skin. It is classified as benign or malignant. Malignant mela-
noma as a deadliest skin cancer tumor has a probability of metastasis and grows
rapidly to other organs. Thus, the quick detection of melanoma is of extreme
importance [1]. Investigations have demonstrated that the cure rate is approx-
imately 100% if it is recognized and treated early [2]. For this reason, the auto-
matic or semi-automatic interpretation of results became unavoidable [1].
Advances in clinical dermoscopy have considerably contributed to improve
diagnosis and reduce risks. It entrusts 10% - 27% higher sensitivity to diagnosing

melanoma by dermatologists [3] [4]. Hence, development of dermoscopic diag-
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nosis still increasing in subject over the last years. Different methods have been
developed and tested on a wide range of tasks to assist the system designer to
choose the most appropriate approach. Clinical outcome of melanoma can po-
tentially be ameliorated by increasing the accuracy of tumors localization during
the treatment. Hence, the risk of mortality caused by late diagnosis can be re-
duced if the set-up uncertainties are minimized. One of the particular uncertain-
ties in the system is determining the borders between tissues to find the features
for accurate detection. The border detection is an important task because it pro-
vides the basis of extracting the features of lesion such as size and symmetry
axes, and most conversant dermoscopic features, such as radial streaming and
pseudopods. Since the transition between skin and lesion is almost of low con-
trast, and memberships sin lesion boundary are intrinsically fuzzy, the exact de-
termination of borders is a difficult task [1] [5] [6] [7].

In this study, we place the concentrate on determining the lesion borders. Our
approach is particularly appealing and differs from others as it is robust in pres-
ence of hair and noise. Our motivation to perform segmentation of skin cancer
images has been to facilitate the robust algorithm for automatic tracking of me-
lanoma in detection systems which can delineate the lesions at risk.

Experiments and comparison results of more than 30 skin lesion images illu-
strate that the proposed algorithm results are very close to borders traced ma-
nually by a dermatologist, even for the images with high asymmetric lesions,
weak edges and artifacts.

The remainder of the article is organized as follows: a short review on previous
studies of skin cancer segmentation is presented. Then, the proposed algorithm
for segmenting the melanoma from the images is explained in detail. Third, the
experimental results are carried out on RGB images to evaluate the validity of
our algorithm. The results are compared with the traditional algorithm to dem-
onstrate the superiority of proposed algorithm. Finally, the article is concluded

with discussion.

2. Previous Studies

In the past, several approaches have been proposed for segmentation of skin
lesions in automatic diagnosis of malignant and benign. F. Xie, A. Bovik, 2013,
proposed an algorithm to combine genetic algorithm (GA) and a self-generating
neural network (SGNN). They feed SGNN using optimal samples selected by
GA algorithm which optimized and stabilized the clustering outcome. The over-
all model leads to automatic segmentation without any manual interaction.
They compared the model with other segmentation methods and got more ac-
curate results [5]. A.T. Beuren et al, 2012, presented a new approach for extrac-
tion of lesions region based on morphological operators and binarization tech-
nique. They concluded that their proposed algorithms can effectively detect the
lesions [8]. H. Wang, 2011, developed a watershed segmentation algorithm by

utilizing the neural network classifier to reduce to error rates. They could achieve
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the error rate of 11.09% in compare to their previous work [9]. H. Zhou et al,
2011, introduced a new segmentation method based on standard GVF algo-
rithm. They applied mean shift operation within the standard GVF cost function
and presented accurate results [10]. In another study [11], the improved fuzzy
clustering algorithms and its application in brain image segmentation was inves-
tigated and they concluded that their algorithm could accurately segment brain
tissue.

M. Silveira et al. reviewed different methods of skin lesion segmentation and
compared the different methods in three type of thresholding, edge-based, and
region-based [12]. X. Yuan, 2008, presented a segmentation algorithm based on
evolution strategy. In this paper, they considered the segmentation problem as
numerical optimization problem and applied ES as a search algorithm and de-
signed an objective function for its application. The histogram-based consistency
verification rule was used for automatic refinement of results. Experiments showed
the robust application of algorithm which its efficiency doesn’t depend the initial
values [13]. L. Xiao ef al, 2019, proposed a method to improve the performance
of traditional Otsu method. They utilized 2D histogram projection analysis for
threshold segmentation based on set mapping and trapezoid region intercept
histogram. The results demonstrate the better performance and could achieve a
balance between the noise elimination and the detail retention in image seg-
mentation [14]. Ganster et a, 2001, proposed a system for melanoma detection.
One of purposes was to develop the segmentation of lesion in skin cancer im-
ages. They performed fusion of thresholding and color clustering algorithms and

could achieve impressive results [15].

3. Proposed Methodology

As mentioned before, lots of skin cancer segmentation algorithms have been
presented in the literature to help dermatologists in accurate detection of mela-
noma. However, the noise and hairs affect significantly on segmentation preci-
sion and also the main purpose is to achieve the algorithm which segments the
lesions in either malignant or benign lesion images.

Motivated by these issues, in this paper we propose an algorithm for skin le-
sion segmentation which has the good performance even in presence of hair and
noise. First of all, since in this process, the high-level variations between intensi-
ties of the image are important, it is beneficial to convert the image into greys-
cale, in which the minimum intensity value was equal to 0, and the maximum
intensity value was equal to 255. Secondly, the image is filtered through compu-
ting the first order derivative of Gaussian and computing the magnitude and
orientation of gradient vector. Based on the experiment, the threshold value is
determined through considering the top 40% highest gradient pixels and the bi-
nary image is obtained. Lastly, The XOR of each pixel with the next pixel is per-
formed to determine the boundaries of the image. The proposed algorithm of

skin lesions segmentation is shows in Algorithm 1.
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(a)

4. Results and Discussion

In this section, the results are discussed, and the validity of the proposed algo-
rithm is investigated. To quantitatively evaluate the performance of the algorithm,
experiments are carried out on thirty RGB images which have been segmented
manually by a dermatologist. These manual segmentations are treated as ground
truth. These images have been collected from the Cancer Council NSW and oth-
er referenced papers. The obtained images will then be compared with the ones
from Log edge detector algorithm to demonstrate its superiority. Figure 1 shows
a sample of a ground truth image.

We validate our algorithm by comparing its statistical results with the ground
truth as well as the results from the Log edge detector. Figure 2 shows the sam-
ple border detection results. The proposed algorithm demonstrates effective bor-
der lines.

Algorithm 1. The proposed algorithm of skin lesions segmentation.

Input. RGB image
Output: Lesion Segmentation
1) The RGB image is converted to grayscale image

2) The gradient of pixels in an image are calculated using the first order
derivative of Gaussian.

3) Compute magnitude and orientation of gradient vector
4) The top p% highest gradient pixels are considered as threshold value.
5) The image is converted into black and white image, based on threshold

6) XOR of each pixel with the next pixel in an image is created which shows
the edge of image.

Figure 1. Ground truth image.

(b) (c)

Figure 2. (a) Grayscale Image, (b) gaussian filter and XOR of each pixel with the next pixel, (c) Laplacian of gradient (Log) edge detector.
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Figure 3 shows the segmented results using our proposed algorithm on three
more images including benign and malignant lesions.

The images are polluted with the additive noise of level 5% (SNR = 26 dB) to
make higher noisy image and to evaluate the performance of the proposed algo-
rithm. Figure 4 shows the results of segmented image showed earlier in Figure 2.

Additionally, to validate the algorithm, the Border Error (BE) and SNR be-
tween the proposed algorithm and Log edge detector algorithm are computed.

The percentage border error is computed as,

Area(Automatic Border @ Manual Border)
Area (Manual Border)

Border Error = x100% (1)

and the SNRis computed as,
SNR = 10|0g ( Pimage/PNoise ) )

Table 1 shows the computed results for our proposed algorithm and Log edge

detector algorithm in simple and noisy conditions.

() (d)

Figure 3. (a) Original images, (b) Segmented images using the proposed algorithm.

(b) (©)

Figure 4. (a) Noisy image with SNR = 26 dB, (b) grayscale Image with additive noise, (c) Laplacian of gradient (Log) edge detector.
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Table 1. Comparison of BE and SNR between our proposed algorithm and Log edge de-
tector algorithm in Normal noise level, additive noise of 2% and 5%.

Proposed algorithm Log edge detector algorithm

BE-Normal noise level 0.22 0.25
BE-additive noise of level 2% 0.32 0.32
BE-additive noise of level 5% 0.39 0.42

SNR-Normal noise level -16.07 -17.01
SNR-additive noise of level 2% -18.23 -18.95
SNR-additive noise of level 5% -20.11 -22.03

The experimental results demonstrate that proposed algorithm performs bet-

ter than Log edge detector.

5. Conclusion

In this paper, we presented a generic framework for automatic skin lesion seg-
mentation based on Log edge detection algorithm. Experiments were performed
on 30 images with known ground truth obtained by manual detection of borders
by a dermatologist. Our results show that the proposed algorithm is more effi-
cient in detecting the edges than Log edge detection algorithm. The experiments
indicate that the obtained results from our proposed algorithm are very close to

that obtained by human.
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