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TDS: The software for the early diagnosis of melanoma

ANA GONZALEZ, MIGUEL A. FERRER, JESUS B. ALONSO, CARLOS M. TRAVIESO
Departamento de Sefiales y Comunicaciones
Universidad de Las Palmas de Gran Canaria
Campus de Tafira, Edificio de Electrdnica y Telecomunicacion, E-35017, Las Palmas de Gran Canaria
SPAIN
http://www.gpds.ulpgc.es

Abstract: - The aim of this study was to develop a new system to help clinicians reduce mortality due to
melanoma. We design an image processing system for classify a pigmented skin lesion. The clinical diagnostics
are based on the ABCD rule of dermatoscopic. The efficacy of this tool was tested on a data set of 74
dermatoscopic, compose by 14 melanomas, 54 nevi (benign melanocytic lesions) and 6 suspicious lesions. We
are obtaining above 97% of success rate on the malignant and benign tumours.
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1 Introduction

Melanoma is increasing in frequency world-wide and
this tumour remains practically incurable. Early
diagnosis is therefore of utmost importance to reduce
the mortality rate. However, recognising melanomas
is not always easy. Although there are high
expectations for a technique known as dermoscopy or
epiluminescence microscopy (ELM), the evaluation
of pigmented skin lesions with this method is often
extremely complex and subjective. In order to
overcome the problem of qualitative interpretation,
methods based on the mathematical analysis of
pigmented skin lesions, such as digital dermoscopy
analysis, have recently been developed.

In this paper, we present an overview of the
scientific research performed by the digital
dermoscopy analyzer, Total Dermatoscopic Score
(TDS), and related scientific works. Subjective
algorithms will be replaced by computerized
objective evaluations supervised by dermatologists.

ELM has proven to be an important tool in the
early recognition of malignant melanoma [1]. In
ELM, halogen light is projected onto the object, thus
rendering the surface translucent and making
subsurface structures visible.

The traditional  diagnosis,  dermatoscopy,
evaluates and interprets shapes, dimensions, colours,
textures and patterns. Terms used in diagnosis, such
as "Asymmetry"(A), or "Borders" (B), or "Colours"
(C), can be ambiguous because they are derived from
different primitives of language and are difficult for
standardizing. For these reasons they do not work. On
the other hand, objective evaluations based on

mathematical  definitions  offer  stable and
reproducible measurements.

An expert examination consists of deep analysis
based on colours, shapes and patterns. The great
limitation of subjective algorithms is the length of
time required for each examination. It has been
widely demonstrated that subjective algorithms are
inefficient and lack concordance as compared to
expert's common sense and experience.

The main goal of the aided diagnosis is to develop
software that will help clinicians in their daily
practice. For this reason, the system must be easy to
use, fast and not based on subjective evaluation.

Telemedicine is a growing field for the
application of the new technologies and deals mainly
with the process of remote diagnosis, performed
through proper media. In our context, diagnostic
support comes from the patients' information, the
series of images of their lesions, plus global-view
pictures taken in order to document the general
situation. The diagnostic process is based on many
factors involving questions to the patient, touching of
some lesion, looking at detailed views of a particular
site as well as of the image of the lesion. Much of this
important information is not available on the remote
consultation site. In the last few years the continuous
progress in computer technology has lead to the
introduction of a revolutionary diagnostic tool,
known as telemedicine, which is improving
communication between physicians and medical
specialists and will help decrease costs for the citizen
and the health care system.



2 The dermoscopic diagnosis

The use of dermoscopy has uncovered a new and
fascinating morphological dimension of pigmented
skin lesions, thus increasing the effectiveness of
clinical diagnostic tools to differentiate melanoma
from other pigmented skin lesions. Dermoscopy
(epiluminescence microscopy, ELM) is a non-
invasive diagnostic technique for the in vivo
observation of pigmented skin lesions, allowing a
better visualization of surface and subsurface
structures. This diagnostic tool permits the
recognition of morphologic structures not visible by
the naked eye, thus opening a new dimension of the
clinical morphologic features of pigmented skin
lesions.

The dermoscopic diagnosis of pigmented skin
lesions is based on various analytic approaches or
algorithms that have been developed in the last few
years, namely, pattern analysis, ABCD rule and
seven-point checklist to quote but a few. The
common denominator of all these diagnostic methods
are particular dermoscopic features or, better,
dermoscopic criteria that represent the backbone for
the morphologic diagnosis of pigmented skin lesions.

2.1 The ABCD rule

The ABCD rule is a diagnostic algorithm that has
been introduced in the last few years with the aim to
increase sensitivity in detecting cutaneous melanoma.
For these methods, first a given pigmented lesion
must be classified as melanocytic or non-
melanocytic. Only when the diagnosis of a non-
melanocytic lesion is ruled out and a melanocytic
lesion is diagnosed, can these methods be applied.

This rule of dermatoscopy, based on a semi-
guantitative analysis of the asymmetry, border,
colour, and different dermatoscopic structures of a
given melanocytic lesion [2]. The ABCD rule is
thought to be helpful also for clinicians not fully
experienced in dermoscopic observation, being
simpler than pattern analysis [2].

For calculating the ABCD score the ‘asymmetry,
border, colour, and differential structure’ criteria have
to be assessed semi-quantitatively. Then, each of the
criteria have to be multiplied by a given weight factor
yielding a total dermatoscopy score (TDS). TDS
values less than 4.8 indicate a benign melanocytic
lesion; values between 4.8 and 5.5 indicate a
suspicious lesion and values greater than 5.5 are
highly suspicious for melanoma [2].

The description of these four criterions is:

o Asymetry: In 0, 1, or 2 axes; assess not only

contour, but also colors and structures (score 0-2).
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e Border: Abrupt ending of pigment pattern at the
periphery in 0-8 segments (score 0-8).

e Color: Presence of up to six colors 1-6 (white,
red, light-brown, dark-brown, blue-gray, black)
(score 1-6).

e Differential structures: Presence of network,
structureless or homogeneous areas, dots,
globules and streaks (score 1-5).

The formula for calculating TDS is:

[(A x1.3)+ (B x0.1) +(Cx0.5)+ (D x0.5] (1)

The goal of this research was to develop a new
system to help clinicians reduce mortality due to
melanoma. The tool had to be able to calculate
automated the total dermatoscopy score (TDS) and
with this score to indicate if a lesion pigmented is a
melanoma or not.

3 Image Processing

Digital image processing concerns the transformation
and processing of a two-dimensional image picture. It
is related to the description and recognition of the
digital image content. We apply techniques of
morphological image processing. It is based on
geometrically altering image structure. In the binary
setting, an image is probed by one or more
structuring elements to either extract information or
to filter the image. Many typical image processing
tasks can be accomplished morphologically,
including feature generation for pattern recognition,
edge detection, thinning, noise  reduction,
segmentation, and enhancement. Application areas
include computer vision, target recognition, medical
imaging, inspection, and texture analysis [2].

3.1 Asymmetry

A given melanocytic lesion is bisected by two 90°
axes that were positioned to produce the lowest
possible asymmetry score. If both axes show
dermocopically asymmetric contours with regard to
colours and differential structures, the asymmetry
score is 2. If there is asymmetry on one axis the score
is 1. If asymmetry is absent with regard to both axes
the score is 0.

We look for the rectangle, which surrounds the
lesion and evaluates the asymmetric in three groups of
axes. We calculate the histogram in both sides of the
axes and decide if it is asymmetric. Image histogram
provides useful information of the intensities of the
image content [3]. It represents the relative frequency
of occurrence of various grey levels in the image.



With this information we can evaluate the first
parameter of the ABCD rule [4].

Fig.1 Lesion with its surrounded rectangle

3.2 Border

For semi-quantitative evaluation, the lesions are
divided into eighths and a sharp, abrupt cut-off of
pigment pattern at the periphery within one eighth
has a score 1. In contrast, a gradual, indistinct cut-off
within one eighth has a score of 0. So, the maximum
border score is 8, and the minimum score is 0. In this
study we transform the dermatoscopic colour image
in a black and white image, but with two different
thresholds. If we subtract these two images we are
able to evaluate the abrupt cut-off.

Fig. 2 Images with two thresholds

Fig. 3 Image divided into eights sharp. In white is
gradual cut-off

3.3 Color
A total number of six different colours, namely,
white, red, light-brown, dark-brown, blue-grey, and
black, are counted for determining the colour score.
The original RGB (red, green, blue) colour space was
created by the digitizing of colour slides using red,
green, and blue filters and a monochrome video
camera. This process generates a 3-D vector for each
pixel, where each component has a value ranging
from 0 to 255. This RGB colour space was modelled
mathematically by an orthogonal geometry. In this
way, a pixel can be represented by the vector
consisting of its RGB component values.

To detect the presence of the six group of colour,
we describe six regions in the RGB space and
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evaluate the distance of each pixel to each group. The
pixel is assigned to the nearest group [1].

3.4 Differential structures

The five structural features have been selected for
evaluation of differential structures: pigment
network, structureless or homogeneous areas, dots,
globules and streaks. To evaluate these structures we
based on morphological techniques, where the
morphological attributes of objects within the image
are of great importance [5]. We are able to label the
objects as well as to separate them from each other.

In order to eliminate the objects that are not
interested, we have to filter our image. This filter
depends on the differential structures which want to
be evaluated. This processing image can be seen in
the following sections.

3.4.1 Network
The pigment network appears as a grid of thin brown
lines over a diffuse light brown background.

Fig.4 Lesion with pigmented network

3.4.2  Structurless

The homogeneous pattern appears as a diffuse,
brown, grey-blue to grey-black or reddish-black
pigmentation in the absence of pigment network or
other distinctive local features.

Fig. 5 Lesion with homogeneous pattern

3.4.3 Dots

Dots are sharply circumscribed, usually round or
oval, variously sized black, brown or grey structures
(see figure 6).

3.4.4 Globules

The globular pattern is characterized by the presence
of numerous, variously sized, round to oval structures
with various shades of brown and grey-black
coloration (see figure 7).



Fig.6 Lesion with dots

Fig. 7 Lesion with globular pattern

3.4.5 Streaks

Streaks are basically nothing but brownish-black
linear structures of variable thickness, not clearly
combined with pigment network lines.

Fig. 8 Lesion with streaks

4 Results

The skin lesion data used in this work has been
provided by the Department of Dermatology at the
Insular Hospital from Las Palmas de Gran Canaria
(Spain). This department gave us an Atlas of
dermatoscopy, where the imaging was performed by
a hand-held CCD camera (one chip colour sensor)
that is combined with an epiluminescence microscope
in order to produce digitized ELM images of skin
lesions. The images have a spatial resolution of 632
x387 pixels with 1pixel to 22 um?. They are available
as true colour images in the RGB colour system with
a radiometric depth of 8 bits per colour channel [6].

In order to evaluate the efficacy of our designed
tool, it was tested on a data set of 74 dermatoscopic,
composed by 14 melanomas, 54 nevi (benign
melanocytic lesions) and 6 suspicious lesions. We
obtain above 97% correct classification of the
malignant and benign tumours. The correlation
between the dermatologic diagnosis and the
automated diagnosis is represented in the table 1.

Proceedings of the 4th WSEAS Int. Conf. on Information Security, Communications and Computers, Tenerife, Spain, December 16-18, 2005 (pp365-368)

PARAMETER CORRELATION
asymmetry 80%
border 81%
color 58%
network 91%
structurless 87%
dots 88%
globules 85%
streaks 7%

Table. 1 Results

5 Conclusions

We have developed an image processing system for
calculate automated de Total Dermatoscopic Score
(TDS) for classify a pigmented skin lesion. Our
system will provide a useful tool for the early
diagnosis of melanoma, it will decrease costs for the
citizen and the health care system. This system can
help clinicians in their daily practice. It is easy to use,
fast and not based on subjective evaluation.
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