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ABSTRACT

Skin cancer is the most incident malignant neoplasm, in Brazil representing approximately 25% of all diagnosed tumors. The
malignant melanoma (MM) is less frequent among all others, corresponding to about 4% of all diagnoses. As most types of
cancer, a better prognosis is associated with early diagnosis, i.e., detection at an early stage (in situ melanoma). The
discovery of lesions in an advanced stage and after its infiltration in the lower layers of the skin is correlated to a high
probability of metastasis and the cure is practically null. The most common diagnosis method of melanoma is based on the
so-called ABCD rule, where physical factors are analyzed: asymmetry, edge detection, color and total diameter, all observed
directly at the lesions. The dermoscopy is a noninvasive technique for recognition of skin surface structures, served both for
magnification (up to 400 times) and evaluation of images of cutaneous tissue. The parameters of the ABCD rule can be
observed through the dermatoscope, requiring a certain degree of the operator experience and knowledge. These visual signs
(images) greatly facilitate the skin tumors. Aiming to help solving this potential problem inherent to dermoscopy, i.e., the
subjectivity parameter imposed by dermatologist and clinical operator, the use of methods for Processing Digital Images
(DIP) combined with digital dermoscopy was developed in this work, with the objective of computationally analyzing
dermoscopic lesion images. An algorithm was implemented using JAVA language, which segments the image and analyzes
the ABCD parameters rule. Therefore, by applying the formula known as TDS (Total Dermatoscopy Score) after the
extraction of tissue characteristics, particular scores (based on their results) for each parameter (ABCD), i.e., the probability
of the lesion being malignant, benign or suspicious is calculated by a weight factor multiplication. As a whole it can be said
that the software reached its goal, being able to segments lesions and classify them using the TDS formula and the ABCD
parameters rule.

1. INTRODUCTION

Skin cancer is the most incident malignant neoplasm, in Brazil represents approximately 25%
of all diagnosed tumor. The malignant melanoma (MM) is less frequent among all others,
corresponding to about 4% of all diagnoses [1]. As most types of cancer, a better prognosis is
associated with early diagnosis, i.e., detection at an early stage (in situ melanoma) [2]. The
discovery of lesions in advanced stage and after its infiltration in the lower layers of the skin,
is correlated to a high probability of metastasis and the cure is practically null [3].

The most common diagnosis method of melanoma is based on the so-called ABCD rule,
where physical factors are analyzed: asymmetry, edge detection, color and total diameter, all
observed directly at the lesions [4], [5], [6], [7], [8], [9], [10]. This methodology was
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proposed in 1994 by Wilhelm Stolz [11], due to the difficulty of early diagnosis of
melanoma, and its common confused with benign nevi and moles (in the initial stages).

The dermoscopy is a noninvasive technique for recognition of skin surface structures, served
both for magnification (up to 400 times) and evaluation of images of cutaneous tissue. Figure
la, 1b and 1c show the three existent types of dermoscopes [12], [13], [14]. The
dermatoscope in Figure la shows the simplest form, consisting of a convex lens with
angulation of 20° and surrounded by various LED of polarized light, used by dermatologists
in order to view the image manually with magnitude of about 400 times. Figure 1b shows a
dermoscopic image which consists of a digital camera with a dermatoscope attached to it,
used to take pictures at high magnitude. Figure 1c shows a digital dermoscopy system which
consists of a dermoscopic image coupled to a computer, which allows one to scan images of
skin lesions and also manipulate them by using image processing software.

(a) (b)

Figure 1. Types of dermatoscopes: a) standard
dermatoscope, b) dermoscopic images, c) digital
dermoscopy system.

The parameters of the ABCD rule can be observed by dermoscope, requiring some degree of
experience and knowledge from the operator. This aspect is a differential factor in the task of
skin tumor classification based on visual signs (pictures). As every presentation of skin
cancer has its own characteristics regarding the shape and color. Each examination has as its
first fundamental step the differentiation of non-melanocytic lesions of melanocytes, and then
classifies them into benign, malignant or suspicious.

The correct use of the dermatoscope depends on the degree of sensitivity and knowledge of
the dermatologist [15], [16], [17]. Thus, methods of digital image processing (DIP) can be
used to minimize errors through software and hardware systems, where computational
algorithms for preprocessing and segmentation are performed.

A Digital Image Processing system, or DIP, consists of several stages, with capacity to
produce a response based on a problem domain and the expected result, where each step is
performed by a series of computer algorithms in order to obtain an optimal result from digital
image. The basic steps of a DIP system are: image acquisition, preprocessing, segmentation,
feature extraction and recognition / interpretation [5], [6], [7].
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In this work it was developed software that performs the pre-image processing, lesion
segmentation, and extracts relevant features of the ABCD rule, which is finally applied to the
Total Dermatoscopy Score (TDS) formula in order to classify the lesion.

2. METHODS

2.1. Descriptions of the stages of software development

The images used in this work were provided by the department of dermatology at the
Medicine College of Botucatu - SP. These dermoscopic images were obtained using a digital
camera in which a dermatoscope has attached to it, allowing a magnification up to 100 times
the size of the lesion.

The software was developed in Java programming language which is an object-oriented,
developed by Sun Microsystems which has a large advantage over others languages because
its multi-platform characteristics. This portability is achieved because the language is
interpreted, in order words; the compiler generates a code independent of the machine, called
byte-code. At the time of running this byte-code is interpreted by a virtual machine
(interpreter) installed on the machine [18].

The program was written through the development environment (IDE) NetBeans IDE 6.9.1,
free and open code, aimed at developers of Java, C / C + +, PHP, among other.

All the steps applied in the software DIP is decribed bellow.

1) Sampling and quantization of images: the scan involves these two processes, where
sampling is to generate an array of M x N samples, corresponding to the x and y direction
samples of the image, with possible values that the function f(x,y) can assign to their
elements (pixels). In quantization, the image of each point is assigned to a positive integer L,
corresponding to their color level. The processes of sampling and quantization are connected
directly to the output display resolution.

Once the image is sampled in RGB was converted to a grayscale, using the method of
luminance, which consists of applying a certain weight to each channel, the channel
Wgr=0.299 to the R channel wg =0.587 to the channel G and wg =0.114 to the channel B [19].
Once the channel of a given pixel is balanced, the sum of them is performed in order to
obtain a grayscale value for this pixel ().

Y = WrXR + WeXG + wgxB Q)

This grayscale is applied to the RGB channel of the pixel in question, thus obtaining a
corresponding grayscale of that pixel.

I(xy) = (R,G,B) = (Y,Y.,Y) )
2) Image pre-processing: The pre-processing technique aims the improvement of certain

characteristics of the images to making them more suitable for subsequent steps. This
enhancement is necessary when the image undergoes a process of degradation or loss of
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quality, a phenomenon characterized as noise, such as: loss of contrast, blurring, artifacts and
brightness. The noise may be inherent in the acquisition technique chosen, such as improper
lighting or other relevant aspects.

The technique used in images preprocessing was the equalization of the histogram in order to
improve the image contrast. This technique seeks to redistribute the values of a grayscale
image, so as to obtain a uniform histogram, where the number of pixels and the number of
gray levels remain practically the same.

In addition to equalization, the background image was homogenized in order to remove
noises such as air bubbles formed during the process of image acquisition. Through this
technique is also possible to identify the edge of the lesion. The algorithm consists of
obtaining an average value of four pixels from the four corners of the image, pixel (0, 0),
pixel (0, width-1), pixel (height-1) and pixels (height-1, width-1). This is followed by
scanning the original image, making sure that the original pixel value, lo(x, y), is within the
range of = 10% of the calculated average pixel, it is assigned the value of 255 (white) to this
pixel; otherwise it keeps the original color. The result of this algorithm is the elimination of
background image represented by white pixels and the injury image keeps their original
grayscale.

3) Image segmentation: Segmenting an image is a process of partitioning a set of image data,
in structures with relevant content to a desired application, aiming the improvement of the
interpretation during the analysis stage. Often this step is based on the detection of lines,
discontinuities (edges) or different regions. Edge detection is a technique that determines
points of an image where the light intensity changes suddenly, that is the edge [19].

There are several types of image segmentation techniques. Among them the more
conventional approaches are usually based on the basic properties of grayscale image, trying
to detect discontinuities (filters) or similarities in the image.

The operation of these filters is based on templates, that is, a mask used to perform operations
of a neighboring pixel. In practice, it is an array whose central element is positioned at the
pixel of interest. The elements of the neighborhood, including the pixel in question, are
multiplied by indicated values in the correspondent positions in the array. The sum of the
results replaces the pixel value of interest in the resulting image [20].

The filters used in this work are high-pass filters very used to highlight features in the
images, like edges, points and line segments. The purpose of this filter is to attenuate low
frequencies, making sharp transitions between different regions (the lesion and background)
[20].

The algorithms developed for edge detection were homogenization, thresholding and, filter
application using templates: Sobel line, Sobel column, point detection and Laplacian. Below
is a brief description of each one.

The thresholding, better known as binarization, is the classification of image pixels according
to the specification of a threshold value. This algorithm uses the threshold value (T) for
conversion of grayscale pixels in white or black, in such a way that separates the image into
two regions, the lesion and the background according to the following rule:
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I(x;y) =255 se lo(x;y) >= T 3)
= 0 se lo(x;y) <T,

where lo(x, y) is the original image and I(x, y) is the processed image. The pixels
corresponding to 0 (black) represent the injury and the pixels corresponding to 255 (white)
represent the background and T is the grayscale value, called threshold.

Sobel line and Sobel column: the masks of these operators are used to detect line segments.
Figures 2a and 2b contain masks for detecting lines horizontally and vertically oriented. The
detectors are based on derivatives that measure the rate of change of a function. These
variations in the images are larger in the edges and smaller in constant regions of the image.
Once the points where the derivatives have a maximum variation were identified, all the
contours are marked [19].

12 -1 -1 0 1
0|00 21012
1211 S O

(a) (b)

Figure 2. Line detection mask: (a) Sobel line mask
and (b) Sobel column mask.

Filter points detection: it is the simplest technique of detection. When all the pixels of the
mask have the same intensity (homogeneous region), the response of the mask will be zero.
Otherwise a point will be detected in the central position of the mask.

Figure 3. Mask for the detection of isolated points.

Laplacian Filter: is a local differential operator, by the application of the Laplacian operation
the positive (internal injury) and negative (external injury) points are defined according to
equation (4) which is a derivative of second order two-dimensional function, applied to the
image through the mask shown in Figure 4.
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Figure 4. Mask to calculate the Laplacian filter.

4) Images feature extraction: This step aims to extract characteristics of the resulting images
segmentation through algorithms that allow extracting the information precisely. These
algorithms must be represented by a data structure suitable for recognition of these features
extraction. It is important to note that in this step the input is still an image, but the output is a
set of data corresponding to the image.

After the segmentation four parameters were extracted which belongs to the ABCD rule, they
are: asymmetry, border, color and lesion diameter. These parameters were calculated in four
dermoscopic images of skin lesions.

Asymmetry: asymmetry of the calculation was based on the method proposed by Stolz [11],
where the image of the lesion is divided into two segments perpendicular to each other
(horizontal and vertical) and, positioned on the lesion to produce the lowest score of
asymmetry, as shows the Figure 5a.

The calculation of asymmetry gives an analysis of the injury at a geometry level. So it was
proposed an area test for analysis of the lesions, where the amount of black pixels (which
corresponds to the region of the lesion) belonging to each axis (on both the positive and the
negative), are counted. Then the difference in the amount of pixels on both sides is
calculated. A variation of + 0.25% is considered in the difference between the correspondent
pixels, since in the segmentation process, there is a possibility to count false pixels in the
border.

If both axes are asymmetrical, its score is 2. If the asymmetry is in only one of the axes its
score is 1, and if there is no asymmetry its score is 0. Most melanomas have a score of 2, as
opposed to benign nevi and melanocytes nevi.

Edge: the lesion is divided into eight equal parts, as shown in Figure 5b. The score is found
by the analysis of eight parts, i.e., the amount of black pixels belonging to each slice is
counted and this amount was compared to amount obtained in other slices. A variation of
+20% was considered. For each slice presenting a difference greater than the established here
1 point is summed to the total score.

Colour: in the ABCD rule the observed colors indicating malignancy are black, white, blue-
gray, light brown, dark brown and red. A range of possible colors for each of these six tones
was used as a matter of evaluation in this test, as presented in Figure 6. The colors observed
were only counted if it occupies an area of 0.1% of the total lesion area, since the variation is
estimated as tolerance factor for each channel R, G and B. This variation was = 10 color
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levels for each channel. The presences of each shade of gray add more value in a score where
the minimum is 1 and the maximum is 6.

b)

Figure 5. Lesion image divided into a) 4 equal
parts to calculate asymmetry b) 8 equal parts to
calculate edges.

Black White Blue-Gray
RGB Code Color RGB Code Color | RGB Code Color

(0,0,0) (255,255,255) (150,125,150)
(10,10,10) (245,245.245) (125,125,150)

20.20.20 235.235.235) (100,100,125)
(30,30,30) (225,225.225) (100,125,150)
(40,40,40) (215,215,215) (50,100,150)

(50,50,50) (205,205,205) (0,100,150)
Red Light Brow Dark Brown
RGB Code RGB Code Color RGB Code Color

(255,0,0) (200,150,100) (150,100,100)

(255,50,50) (200,100,0) 125.75.75)
(200,0,0) (200,100,50) (100,50,50)
(200,50,50) (150,100,50) (100,50,0)
(150,0,0) (150,100,0) (100,0,0)

(150,50,50) (150,50,0) (50,0,0)

Figure 6. Six levels of common colors in MM.

Diameter: values above 5-6 mm are alarms of malignancy, and the score is based on this
length. To obtain this parameter, the amount of pixels in the width and height of the lesion
were determined, therefore obtaining the average amount which is converted in millimeters.
For each 1mm step 1 point is added to the score of the diameter.
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Obtained after the scores of the four parameters belonging the ABCD rule, these were applied
the formula for Total Dermoscopy Score (TDS), which interprets the analyzed lesion based
on its total score, setting a diagnosis prior possible to the observed image. For scores <4.75 is
the lesion is benign, for scores between 4.8 - 5.45 the lesion is suspicious and for > 5.45 a
lesions with high probabilities of develop MM.

TDS=[(Ax13)+(Bx0.1)+(Cx0.5)+(Dx0.5)] 4)

3. RESULTS AND DISCUSSION

Before starting the segmentation, the images were converted from RGB to grayscale, using
the luminance method. Once the grayscale images are obtained, they are equalized in order to
improve contrast and homogenized to obtain a homogeneous background reducing the noise
and bubbles, which are typical characteristics of this type of images.

Segmentation methods were applied on several skin lesions images, whether benign nevi,
melanocytes nevi or malignant melanoma, in order to verify the implementation of each of
these methods in these types of lesions.

The methods were chosen based on an extensive literature review, where the most common
of them are thresholding, homogenization, Sobel line, Sobel column, Laplacian filter and
isolated points filter. Figures 7a, 7b, 7c, 7d, 7e e 7f show, respectively the segmented images
produced by each one of this methods.

The homogenization was used in the image pre-processing that was subsequently segmented
by the use of filters, and also as a segmentation method. It can be noticed that if the image
has many artifacts or noise, the application of the threshold can provide better image
segmentation in the background region. But when an image has few artifacts or noise, the
homogenization method is a better alternative. Segmented images with filters showed a better
edge enhancement over other methods, but not the most suitable for segmentation purposes.

For feature extraction step four binarized images were analyzed: a) melanocyte nevi with
some aspects of malignancy, b) benign nevi and c¢) two malignant melanomas. Figures 8a, 8b,
8c and 8d show the lesions used in the software analysis.

Figure 8a shows an asymmetry score equal to 0 indicating a symmetrical lesion, a score equal
to 2 for irregular edges, 1 for color score and 5 for the diameter score. Applying these values
to TDS formula a score of 3.2 is obtained, which indicates a benign lesion.

In Figure 8b shows an asymmetry and border scores equal to O, coloration equal to 2 and
diameter equal to 5 and a calculated TDS equal to 3.5, also indicating that it is a benign
lesion.

The Figure 8c shows an asymmetry score of 2, showing that the lesion is completely
asymmetrical typically of malignant melanomas appearance. The edge score equal to 1, color
score equal to 2 and diameter score equal to 5, obtaining a total score of 6.2 indicating high
developing malignancy chances.
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Figure 8d shows an asymmetry score of 2, an edge score equal to 3, color score equal to 2
and diameter score equal to 5. The calculated TDS was of 6.4 which show high probability of

developing malignancy.

@ ®)

(e) (H)

Figure 7. Images of the same skin lesion
segmented by  different  techniques: a)
thresholding, b) homogenizing, c¢) isolated points
filter, d) Laplacian filter, e) Sobel line filter and f)
Sobel column filter.

a) b) c) d)

Figure 8. Four analyzed lesions images.

The obtained scores values for the four lesions were validated according to the results of
biopsies, performed at the Department of Dermatology and Radiotherapy, Medicine College
of Botucatu - SP.
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4. CONCLUSIONS

Within of the DIP area, the work goal was covered and achieved namely: the pre-processing,
the segmentation and the feature extraction (asymmetry, border, color and diameter) from
skin lesions dermoscopic images.

The pre-processing was achieved by using the histogram equalization and the
homogenization methods, to prepare the images and then apply to it the segmentation through
template. The segmentation is one of the most important steps in DIP, once errors in
segmented image, compromises the features extraction, especially when factors extracting is
associated with border regions. Among various segmentation methods applied in this work, it
is observed that the efficiency of each of these techniques is directly related to the input
image quality.

Thus, it can be noted that there is no standard method of segmenting image, where one
technique could be more efficient than others for a specific case. The feature extraction of
skin lesions covered in these works which are: asymmetry, border, color and diameter were
within the expected values. But it is very important to note that the quantification of these
parameters needs to be as accurate as possible when one aims to apply it in a software
designed to assist in early diagnosis of skin cancer, once erroneous analysis leads to a
diagnose failure.
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