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Abstract: Early diagnosis is the most reliable solution for an effective treatment of melanoma. There is an
ongoing research effort to develop computer aided imaging tools and functional content-based image retrieval
systems as diagnostic support to dermatologists. Following this spirit, a Topic Map based management and
retrieval system for melanoma images has been developed. Currently, this research work focuses on developing
‘ABCD’ calculation program for Automated Melanoma Detection and employing it in the TM-based system.
This paper introduces the design and methodology towards this direction.
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1 Introduction

The increasing incidence of melanoma cases
worldwide resulted to an indispensable need to
support dermatologists with effective diagnostic
tools and methods, towards early diagnosis of
melanoma [8, 15]. Dermoscopy (dermatoscopy,
epiluminescence microscopy) has been established
as a non invasive method for improving the early
diagnosis of melanoma [2,4,7,13,16]. The
dermoscopic diagnosis of melanoma is based on
various analytic approaches and algorithms that
have been set forth in the last few years [7].

The ABCD rule of dermatoscopy is a well
established standard used in dermatoscopy analysis
for classification of dermatological images to
benign, suspicious or melanoma [9, 14, 33]. ABCD
stands for the following features: A (asymmetry), B
(border), C (colour), D (Diameter or Differential
structures) [33].

Additionally, there has been a great deal on
scientific research aimed to provide improved and
reliable diagnostic support to dermatologists by
means of computer-based digital image analysis
systems [5,6,18,27,29,31]. Computerised methods
could increase  diagnostic  accuracy  for
dermatologists and enable storing of images with
diagnostic information for further investigations or
creation of new methods of diagnosis
[11,12,17,21,32].

Furthermore, the increasing amount of digital
dermoscopic images that are produced in medical
institutions results to a proportional research
interest to develop new approaches for building
advanced image repositories for more efficient
information storage and management, that could be
used for diagnostic and teaching support [20,
28,34]. Recently several research efforts focus on
employing Web and Semantic Web technologies in
medical image databases, in to achieve reusability
and shareability of information as well as enhanced
mechanisms for storage, access and retrieval of
digital medical images [1,3,25].

In this background, a topic map-based information
management and retrieval system for possible
melanoma images, had been developed during the
research work that is conducted in our Laboratory
[22,23,24]. This research work is currently focusing
on developing an ‘ABCD’ calculation program for
Automated Melanoma Detection and employing it
into the TM-based system. A detailed design
technique and methodology towards this direction
is presented in the following sections.

2 Employing ‘ABCD’ application in
the TM-based system

In the framework of this research, a topic map
based information retrieval system for handling
TM-encoded dermatoscopic melanoma images and
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related medical data has already been formulated
(Fig. 1). The main goal of this research was to
explore potential benefits of encoding information
using topic map technology, in order to create an
effective diagnostic support tool for dermatologists
in the sensitive field of malignant melanoma cases
[22].
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Fig. 1: Representation of TM-based system

The core of the proposed system is the Enterprise
Topic Map Server (ETMS) that administrates TM
and coordinates communication issues with client
applications and MySQL database. Communication
issues and exchange of TM are established via
customized Web Services (Yellow WS) [22].

On the client, software tool (Yellow-TM) is
enabling authoring and visualization of TM, as well
as definition of TM Schema and expression of rules
and queries [24]. Yellow-TM has been used in
order to construct a functional repository based on
the topic map model that contains melanoma
dermatoscopic images and related clinical data
[23].

Ontomel application is provided for end-users that
simply want to navigate in TM information and
they don’t have an implicit knowledge of the topic
map model [22]. More specifically, simple
windowing and form-based graphical user
interfaces (GUIs) have been implemented to
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facilitate the needs of end-users (Fig 1). Registered
users log into the system and subsequently interact
with it. Dermatological image, related data like
ABCD parameters, patients’ and clinical data can
be uploaded in a simple and perceivable way.
ETMS will encode all input data according to TM
structure and save them in the TM-based database.
Moreover, enhanced navigational and retrieval
functionalities are provided via GUIs that minimise
users’ input requirements and offer an efficient
working environment. User may locate a patient
from a predefined list, and correlate all related
images and clinical information. Additionally, the
predefined rules and queries that have been
established in the system can be used for more
sophisticated access and retrieve of information
[22].
At present, the proposed system is technically and
functionally evaluated. Initial results present
satisfactory overall effectiveness of the system.
Nevertheless, a main demand that seem to be
indispensable in effectively diagnosing is the
automatic detection of ABCD parameters.
Currently, this research focuses on creating an
‘ABCD’ program for automated calculation of
ABCD values and incorporating it into the TM-
based system. ABCD application will be part of
ETMS Server. When a user uploads an image to the
system, ABCD parameters could be automatically
estimated and attached to the specific
dermatological image.
‘ABCD’ program, according to similar programs
[21, 29, 31], should perform the following steps:
= segmentation of image in order to separate the
tumor area from the surrounding normal skin,
= feature extraction for calculation of ABCD
values
= return of the estimated diagnostic values to
the user.
Subsequently, ETMS will encode these values and
input data related to this image, as TM structures
and will save them in the systems’ database. In the
following subsections image segmentation and
feature = extraction  issues  towards  the
implementation of ‘ABCD’ calculation program
are outlined.

3 Introducing ‘ABCD’ application

3.1 Image Segmentation Issues
According to the design analysis, the first step
towards implementation of ‘ABCD program is the

453



definition of tumor area covered by melanoma and
its extraction from the normal skin [10, 29,30,35].
The KMCC algorithm is used to segment the initial
image so as to distinguish the area of the melanoma
from the rest of the skin [19].
In the KMCC algorithm a spatial distance is
inserted in the distance between the vectorial
spaces that are considered for clustering [19].
Assuming, the vectorial spaces V (n-dimension)
and S (m-dimension). Every point to be registered
to one of the clusters as well as every center Ki, has
as characteristic a n-dimensional vector and an m-
dimensional vector, that represent the projection of
the point into the vectorial spaces V and S
respectively. The distance of a point with vectors
vl and sl from a center K with characteristic
vectors v and s is defined from the following
equation:

D =[v, —v{ +wls, - M
The parameter w is called connectivity factor and
defines the degree in which each vectorial space S
contributes to the final value of function (1).
For the case of an image the vectorial space V is
the three dimensional color space, while the S
space is the two dimensional image space. In that
sense the generalized distance of an image point,
with color coordinates (rl,gl,bl) and spatial
coordinates (x1l,yl), from a center K with
coordinates (r,g,b) and (x,y) results from the
following equation:

D:\/(rl —r)" +(g,-9)" +(b, -b) +

A 2 2
+K\/(X‘ —x)+(y,-y) 2)

In equation (2) the connectivity factor A is divided
with the constant A which stands for the number of
points that have been already registered in the
corresponding cluster Qj (centered at K), where j is
the index of the cluster.

The update of the centers of the KMCC is updated
in a sense similar to the standard K-means with the
only difference that in each team-cluster
correspond two centers that are separately
calculated using the following formulae:

1
Vj—new =N_ ZV 3)

j veQ;
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1
Sj—new :N_ ZS (4)

j s€Q;

where v are the color coordinates, s the spatial, Nj
the number of points that have already been
registered to the cluster j, €j the set of all points

that belong to the team j and S jerew the
new color and spatial centers respectively. The
KMCC algorithm outperforms the regular k-means
approach for the processed images since it tends to
generate connected regions as well as to support a
tunable connectivity factor A that can be tuned
according to the context of the processed image
[19]. Exams of the estimated area of the possible
melanoma are illustrated in Fig 2.

j—new
b

\

Fig. 2: Extraction of melanoma area

3.2 Feature extraction

Assuming now that the area of the possible
melanoma is estimated, let us work on the set W of
the points of this area. The ‘ABCD’ calculation
program will be based on the ABCD dermoscopic
classification rule. The features that has been
decided to be extracted from the images, are A, B,
C and D values that correspond to the ABCD rule
[33].

The ABCD rule has a point based system, where
the physician assigns a score to each of the four
features. The four features are: A (asymmetry), B
(border), C (colour), D (Differential structures).
The Total Dermatoscopy Score (TDS) is defined by
TDS = A*1.3 + B*0.1 + C*0.5 + D*0.5, with a
maximum score of 8.9. A high ABCD score means
that the lesion is more likely to be a malignant
melanoma (TDS > 5.45) [33,13,17]. The following
paragraphs present a brief description of the ABCD
rule, as well as the proposed approaches for
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automatic estimation of ABCD values. For testing
and evaluating the proposed automatic estimation
procedures, dermatological images from a Tutorial
CD have been used [26]. These images have
defined ‘ABCD values’ as well as TDS scores.
Thus, the estimated values of the proposed system
can be compared with the default values.

Rule A: Using principal components analysis
(PCA) the two principal directions are estimated as
illustrated in Figure 3 [10, 30]. Then any other
state-of-the-art algorithm can be applied to estimate
the asymmetry of the region. In the proposed
approach the Stoltz method is adopted where the
image is tested for asymmetry in terms of the two
principal axis of the region [33]. A score of 0 is
given when the two axes don’t have asymmetry
properties, otherwise 1 or 2 points is given when
asymmetry is present in one or two axes,
respectively [13, 33].

Fig. 3: Estimation of asymmetry

For example for the image of Fig. 3, the ‘A score’
that stands for Asymmetry and is automatic
estimated, is 0. Default ‘A value’ from the CD is 0
too.

Rule B: Irregularities of lesions may indicate
melanoma. Thus, regarding Rule B, the image is
divided into 8 equi-angular areas using as center
the center of mass O of the region [13, 33]. Then
the contour points of region are identified and if the
distribution of the radii of the polar coordinates of
the contour points exhibit large variation for one of
the eight areas the B value is increased by one. This
happens for all eighths until the final value of B is
estimated that should be between 0 and 8.For
example for the Image of Fig 3, ‘B value’ is
estimated 0, which is the same as the “B value” in
the CD.

Rule C: The presence of up to six colours (white,
red, light brown, dark brown, blue gray, black), are
considered. Determination of presence of 6 basic
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colours inside the lesion gives 1 point to each for
the calculation of the C score (0-6 points) [14,17,
33]. The implementation of this rule is the next step
towards the development of the ABCD calculation
program.

Rule D: The patterns and structure of the lesion are
considered. These characteristics include network,
structureless areas, dots, globules, and streaks (0-5
points) [13,33]. In some literature diameter of the
lesion is estimated for D. If the diameter is more
than 6 mm it can be stated as suspicious
[9,14,17,33]. For reasons of simplicity, in the
present approach Rule D estimates diameter. The
diameter of the region is estimated in pixel
coordinates simply by calculating the largest
distance between the contour points of the region,
which stands for the diameter.

To summarize, Asymmetry, Border and Diameter
values are automatic estimated, while the
realization of automatic definition of Color and
Differential structure parameters is the current
proceed of this work.

3.3 Implementation issues

A preliminary attempt to create a functional
‘ABCD’ application using C language and to
incorporate it in the TM-based system, is under
progression (Fig. 4).
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Fig. 4: Representing expected functionalities
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A simple GUI will allow user to upload a
dermatoscopic image from his computer to the
ETM Server. Then the ‘ABDC’ application will
automatically define ABCD values. After the
segmentation process and the ABCD calculation of
the program, the user will receive the lesion
diagnosis. The system must return the results to the
user, by representing them in a simple numerical
output. In the background, ETMS will encode the
estimated ABCD values; the uploaded image and
all related input data as TM structures, and save
them in the MySQL database.

4 Conclusion

This paper presented the design and methodology
towards the creation of the ‘ABCD’ calculation
program for automatic melanoma detection. This
work is part of an ongoing research focused on
creating a semantic web-based melanoma image
management and retrieval system, for diagnostic
support in the sensitive field of melanoma cases,
using topic map model. In the proposed approach,
the KMCC algorithm [19], is used for image
segmentation and extraction of melanoma area
from the normal skin. The ‘ABCD’ calculation
program is based on the ABCD rule for
classification of dermatological images to benign,
suspicious and melanoma. In conclusion, it should
pointed out that the implementation of the ABCD
rule may result to different degrees of diagnostic
accuracy, depending on the complexity of the
algorithm used. Consequently, it is expected that
the algorithm will have a great deal of influence
towards future development.

Future proceeds of this work include realisation of
Rule C and D for differential structure, as they have
been described during the design procedure,
completion of GUI of ‘ABCD’ program and
incorporation in the TM-based retrieval system for
melanoma images. Moreover, it is anticipated to
evaluate the program using a large number of
images and compare the estimated ABCD values
with accurate result from expert dermatologists is
essential. Successful comparison would warranty, a
reliable and effective support tool for early
diagnosis of melanoma.
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