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Abstract. In this paper, computer-aided diagnosing and classification
of melanoid skin lesions is briefly described. The main goal of our re-
search was to elaborate and to present new version of the developed
melanoma diagnosis support system, available on the Internet. It is a
subsystem of our complementary melanoma diagnosis and classification
web center system. Here, we present functionality, structure and oper-
ation of this subsystem. In its current version, five learning models are
implemented to provide five independent results of diagnosis. Then, a
specific voting algorithm is applied to select the correct class (concept)
of the diagnosed skin lesion. Developed tool enables users to make early,
non-invasive diagnosing of melanocytic lesions. It is possible using built-
in set of instructions that animate diagnosis of four basic lesions types:
benign nevus, blue nevus, suspicious nevus and melanoma malignant.

Keywords: diagnosis support system, machine learning, learning
model, computer aided diagnosis system, teledermatology, Total
Dermatoscopy Score, ABCD formula.

1 Introduction

Melanoma is the most deadly form of skin cancer. The World Health Organi-
zation estimates that more than 65000 people a year worldwide die from too
much sun, mostly from malignant skin cancer [I]. It is an increasingly common
tumour, it is the cutaneous tumour with the worst prognosis and its incidence
is growing, because most melanomas arise on areas of skin that can be easily
examined. Early detection and successful treatment often is possible, most der-
matologists can accurately diagnose melanoma in about 80% of cases according
to ABCD process [2]. Meanwhile the incorporation of dermatoscopic techniques,
reflectance confocal microscopy and multiespectral digital dermatoscopy have
greatly enhanced the diagnosis of this cutaneous melanoma. While these devices
and techniques cannot diagnose skin cancer, they give dermatologists a closer
look at suspicious skin lesions. This, in turn, can help dermatologists find suspi-
cious lesions earlier than before and better determine whether a biopsy is needed.
None of these devices can confirm that a suspicious lesion is melanoma. It is,
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however, not yet possible to tell if a patient has melanoma or any type of skin
cancer without a biopsy. It is important to combine the classically ABCDs and
biopsy to prevention and diagnosis of melanoma.

The five-year survival rate for people whose melanoma is detected and treated
before it spreads to the lymph nodes is 99 percent. Five-year survival rates
for regional and distant stage melanomas are 65% and 15%, respectively [3].
Thus the curability of this type of skin cancer depends essentially on its early
diagnosis and excision. For that reason the ABCD (asymmetry, border, color
and diversity of structure) clinical rule is commonly used by dermatologists in
visual examination and detection of early melanoma [4]. The visual recognition
by clinical inspection of the lesions by dermatologists is 75%. Experienced ones
with specific training can reach a recognition rate of 80% (5], [6]).

Recently, some decrease of the illness was observed especially Australia, Scot-
land and Ireland [7]. Some reasons of this phenomenon can be guessed: (i) dis-
semination of methods for early, non-invasive diagnosing of health risk degree,
what creates possibility of self-diagnosing for society of Western Europe and
United States; (#i) fast access to vast hummer of information sources about
symptoms of melanoma malignant, access to the methods of calculating of pa-
rameters characterizing health risk degree (based on atypical pigment lesions on
the skin, frequency of contacts with solar or ultraviolet radiation, colour of eyes
or hair, etc.), or/and (i) access to various methods of calculating chances to
survive years by given number of a the patient with diagnosed melanoma [g].

Results of European research in the field discussed have been usually focused
on methodology of classification of tumour types, description of selected symp-
toms and description of pigment lesions, in a phase preceding incurable condition
of illness or demanding surgical intervention ([5], [9]).

Our current research in the classification of medical images of skin lesions
presents developed internet-based system for diagnosing of four categories of
melanoma: benign nevus, blue nevus, suspicious nevus, and melanoma malignant
[10]. Our system supports five different methods (learning models) of diagnosing:
(i) classic ABCD rule (based on TDS parameter) ([I1], [I2]), (i) optimized
ABCD rule, (based on our own New TDS parameter [13]), (4i2) decision tree
(based on ID3 algorithm) [I4], (iv) genetic dichotomization, based on a linear
learning machine with genetic searching for the most important attributes [I5],
and (v) application of a new classifier from the family of belief networks. Based
on these five partial results, system suggests the final result, using the specific
evaluation and voting algorithm.

2 Structure and Operation of the System

Our diagnosing support system provides user interface in the form of a website
to get the access to its three main working modules (Fig.[l). The first module is
dedicated to persons without medical background, and serves to self-diagnosing.
This module allows to determine - in a very simple and clear way - all symptoms
required for correct classification of a given skin lesion (Fig. 2)). Thus, using
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Fig. 1. The main structure of the system

this module, user can easily acquainted with the knowledge, required for correct
recognition of symptoms, related to a given lesion. Next, this module can be
treated as an advanced calculator for non-invasive diagnosing of melanocytic
lesions. Input values for this module create a vector containing values of 13
descriptive attributes: asymmetry, border, six colors (white, blue, black, red, dark
brown, light brown) and five different structures (pigment globules, pigment dots,
structureless areas, branched streaks, pigment network). These values, provided
by the user, are used to calculate the 14-th attribute known in medicine as TDS
parameter [7] (Total Dermatoscopy Score) and additionally also a NewTDS [§]
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(Fig.B). Then, five different algorithms previously mentioned, are responsible for
development of five learning models (five partial classifiers). The classification
process based on these models is described in Section 3.
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Fig. 3. Structure of the diagnosis support subsystem

The second module (Fig.[I]), is based on automatic analysis and recognition of
medical images. This approach consists of a system solution designed to analyze
photographs of the patient’s injury by means of image processing techniques
where the dermatologists will capture the image of a melanoma using a digital
dermatoscope, and a set of algorithms will process the image and provide an
output diagnosis in an automated manner. The first results gathered along this
line were presented in other articles [16].

In turn, the third module enables to generate the exhaustive number of sim-
ulated images, which considerably broaden the informational source database,
and can be successfully used in the process of training less experienced medical
doctors. It contains algorithms of semantic conversion of textual description of
melanocytic lesion into respective image of the lesion. Detailed description of this
approach could be found in earlier publications [I7]. This module is currently
developed as a component inside research project of polish Ministry of Science
and Higher Education.

3 Recognition Algorithms and Classification Process

During our previous studies, a wide range of different learning algorithms were
evaluated and tested. Thus, five different learning models were developed. Next,
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these models were implemented in form of a web services and embedded in our
system, inside first module. The details of each models are presented bellow.

3.1 Learning Model Based on a Classic and Optimized ABCD Rule

Logical values of symptoms, provided by user in the first module, are processed
using two different algorithms: (4) Calculation of TDS, and (ii) Calculation of
NewTDS. It is worth to say, that both algorithms are based on a constructive
induction mechanism [I§], a very important methodology in machine learning.
Then, the enlarged solution space (1341 dimensions) is defined using the classic
ABCD formula for calculation TDS parameter (see Equation [I]),

TDS = (1.3 x Asymmetry) + (0.1 « Border) + (0.5 x YColors)+ (1)
+(0.5 * XDiversity)

where A is a description of lesion’s asymmetry, B is a description of lesion’s
border, C is a description of colors that occur in investigated lesion, and D is a
specification of lesion’s diversity of structure. The variable Asymmetry has three
different values: symmetric spot (counted as 0), one-azial asymmetry (counted
as 1), two-azxial asymmetry (counted as 2). Border is a numerical attribute, with
values from 0 to 8. A lesion is partitioned into eight segments. The border of
each segment is evaluated: the sharp border contributes 1 to Border, the gradual
border contributes 0. The total amount of border values should be between 0
and 8. Color has six possible values: black, blue, dark brown, light brown, red
and white. Similarly, Diversity has five values: pigment dots, pigment globules,
pigment network, structure-less areas and branched streaks. In our data set Color
and Diversity were replaced by binary single-valued variables: present (value is
equal to 1) or absent (value is equal to 0), for example, the pigment dots struc-
ture is absent, the black color is present, etc. In this way, our dataset contains
objects described by 13 descriptive attributes. Simultaneously optimized formula
was used to calculate the NewTDS (see Equation [2])

NewTDS = (0.8 x Asymmetry) + (0.11 * Border)+

+(0.5 * ColorW hite) 4+ (0.8 * Coolor Blue) + (0.5 ¥ Color Dark Brown)+
+(0.6 * ColorLight Brown) + (0.5 x ColorBlack) + (0.5 x Color Red)+ @)
+(0.5 * PigmentNetwork) + (0.5 *x PigmentDots)+

+(0.6 x PigmentGlobules) 4+ (0.6 ¥+ BranchedStreaks)+

+(0.6 * StructurelessAreas)

Learning model, developed using standard TDS parameter, classified unseen
objects with average error rate equal 11%, however learning model, developed
using optimized NewTDS parameter, and classified the same set of unseen
objects with average error rate about 5%.

3.2 Learning Model in Form of Decision Tree

The third way to diagnose lesions is by using a decision tree (Fig. H). This
model was developed using the source data set presented earlier. In the process
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of developing the decision tree the ID3/C4.5 algorithm was used. It was stated
that developed decision tree classified new, unseen melanoma cases with error
rate equal exactly 1.4%. The developed tree is shown below:

Decision free (alg. ID3/C4.5)
i umber of question

DS

Fig. 4. Learning model in form of decision tree

3.3 Learning Model Based on the Genetic Dichotomization

This learning model contains n(n-1)/2 number of vectors of diagnosed
melanocytic lesions (where generally n is the number of identified concepts,
in our case n=4), capable to classify correctly four classes of melanoid lesions.
These vectors were developed in learning process, outside of described system.
These vector are able to correct classifications of lesions that always belongs to
two classes. Next, vectors are crossed to increase their classification quality. In
our research for four classes learning model contains six described dichotomous
vectors. Recognition process of unseen cases is executed automatically (see Table
[): system assigns to unseen case a category, pointed out by the maximal num-
ber of vectors. Classification process of unseen cases, is related to assigning to
category which was indicated by the biggest number of vectors. Implemented ge-
netic dichotomization learning model has optimal control parameters [19], which
make possible to obtain average error rate equal to 6%.

Table 1. Illustration of an example recognition process, realized by the genetic di-
chotomization model

Vector Capable to recognize Class assigned Final

no. unseen case: (Melanoma malignant) to example decision

1 Benign nevus or Blue nevus Benign nevus or Blue nevus

2 Benign nevus or Malignant Malignant

3 Benign nevus or Suspicious Benign nevus or Suspicious Melanoma
4 Blue nevus or Malignant Malignant Malignant
5 Blue nevus or Suspicious Blue nevus or Suspicious

6 Malignant or Suspicious Malignant
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3.4 Learning Model in Form of Belief Network

Bayesian classification machine describe interaction between nodes, that allow to
develop learning model in form of belief network presented on[fl This network has
average error rate equal to 4%. The most important attributes that directly im-
pact on decision were: pigment network (D PIGM NETW), classic TDS (TDS),
asymmetry (ASYMMETRY) and color blue (C BLUE). Classification process is
based on determining of all attributes, network nodes and achieving of probabil-
ity of decision categories. Unseen case is assigned to a category, which displays
the highest value of marginal likelihood.

ASYMMETRY

)

. _..f“

3
syl
G

Fig. 5. Learning model in form of belief network

3.5 Algorithm for Optimal Diagnosis Selection

Presented system suggests five independent diagnosis gathered from five learn-
ing models: classic ABCD rule, optimized ABCD rule, decision tree, genetic di-
chotomization and belief network. Achieved results are input data into optimized
diagnosis selection block (see Figure [B)). Each result has own weight parameter
dependent on error rate assigned to given learning model (see Table [2]). These
weight parameters are defined in Equation [3]

W = (100% — ErrorRateO fTheModel)/100% (3)
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Table 2. Weight parameters for each learning model

Learning model Weight parameter
Classic ABCD formula W1=(100%-11%)/100%=0.89

Optimized ABCD formula W2=(100%-5%)/100%=0.95
Decision tree W3=(100%-1.4%)/100%=0.986
Genetic dichotomy process W4=(100%-6%),/100%=0.94

Belief network W5=(100%-4%)/100%=0.96

The final result is prepared depending on total amount of weight parameters
for suggested diagnosis. It should be stressed that learning models with lower
error rate have greater influence on final result.

On the following case (see Table [3]), two from five learning models generate
Benign nevus result, two others generate Blue nevus result, and the last learning
model generates Suspicious nevus. Added weight parameters show that the most
credible result is Blue nevus which has the greatest total weight parameter equal
to 1.946. Thus, system suggests the Blue nevus as final diagnosis.

Table 3. Calculation of the weight parameters

Diagnosis Benign Blue Suspicious Melanoma

nevus nevus nevus malignant
Classic ABCD formula 089 0 0 0
Optimized ABCD formula 0.95 0 0 0
Decision tree 0 0.986 0 0
Genetic dichotomy process 0 0 0.94 0
Belief network 0 0.96 0 0
0

Total weight parameters 1.84  1.946 0.94

4 Conclusions and Future Remarks

Correct classification of pigment skin lesions is possible using histopatological
research of lesion. The newest trend of diagnosing devoted to using non-invasive
methods, has become cause of disseminating of information technology tools
supporting this process.

In this paper, practical development of a new internet information system
for classification of melanocytic lesions, are briefly described. This system has
also some teaching functions, improves analyzing of datasets based on calculat-
ing of values of Total Dermatoscopy Score parameter. Inside this system, a five
different methods were applied to determine correct diagnosis of skin lesions.
As it was stated, each method is characterized by different error rate. It was
indispensable to take its influence on final diagnose into consideration. Devel-
oped internet-based tool enables users to make early, non-invasive diagnosis of
melanocytic lesions. The latest version of our system is available in the Internet:
www.melanoma.pl.
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Future research focuses on overall implementation of all three functional sub-
systems described in Section 2. It should be also stressed that in the future
development of mobile version of our system is planned.
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