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Abstract. Mole pattern changes are important elements in detecting cancerous
skin lesions, the early stage detection is a key factor to completely cure the pa-
thology. In this paper, an automatic system for mole-tracking is indicated. The
method presented is been realized as a mobile app and can be used to perform
periodically a careful self-examination of their pigmented skin lesions. The im-
plemented method receives in input two segmented images of the same pig-
mented skin lesion corresponding to the actual image and to the image before
the last period under test. The method performs image matching and changes
evaluation adopting a three stage artificial neural network and provides as out-
put a risk indicator related to the morphology changes of the skin lesion.
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1 Introduction

Smart and healthy cities share common characteristics as they move from focusing
their investment on traditional, physical infrastructures to more emphasis on digital
infrastructures, including information and communication technologies. Milestones
are the creation of networked and data driven cities able to keep citizens more in-
formed, engaged and empowered. Digital infrastructures enable citizens to actively
contribute to sustainable development, as well as, to self-manage their own health [1].

The objectives of smart and healthy cities are to seek improvements in safe, effec-
tive, efficient and patient-centered health and wellness services through innovations in
computers, information science and engineering. Therefore, the adoption of informa-
tion technologies and management systems for health care improvement is very im-
portant. For this reason, efforts mainly focus on computerization of hospitals and
medical institutions [2].

Researchers look for innovative solutions and new technologies both for making
the quality of patient care better and for reducing the cost of care through an
early disease detection and diagnosis. Computer aided health systems allow acquisi-
tion, transmission, processing, storage, retrieval and analysis of various health and
biomedical information.
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Health service quality depends on information quality in hospital complex or in di-
agnostic center. Efficient hospital information system should be able to manage all
patient specific data and to automated detect disease specific information for helping
physicians in decision-making process within therapeutic algorithms. Moreover, in
smart city achieving, databases of public hospitals and diagnostic centers should be
connected together in such a way as to guarantee an effective and efficient service
toward citizens. Therefore, interoperability of devices and systems is necessary. The
adoption of a common standard for data facilitates interoperability of medical imaging
equipment by specifying a set of media storage services, a file format and a medical
directory structure.

The convergence of various information and communication technologies (i.e.
smart systems, cloud computing, advanced sensing and data analysis techniques)
provides potentialities for delivering automated, intelligent, and sustainable healthcare
services [3].

In medical imaging, the accurate diagnosis and/or assessment of a disease depends
on both image acquisition and image interpretation. Therefore, medical image
interpretation process can benefit from computer technology [4, 5]. In particular,
Computer Aided Detection (CADe), Computer Aided Diagnosis (CADx) and Com-
puter Aided Evaluation (CAE) systems are becoming important tools in supporting
physicians for neoplastic pathology detection and prevention [6, 7]. In particular it has
been demonstrated that information content of slides of pigmented skin lesions is not
modified by the digitalization process [8].

Since changes in pigmented skin lesions are important for early disease detection,
dermatologists makes nevo photography to study the evolution. Lesion manual in-
spection and matching is subjective and tedious. For this reason, an automatic match-
ing between lesions is useful for physicians.

In this paper, a Computer Aided system for tracking pigmented skin lesions is indi-
cated. For the method implementation, mole macroscopic images acquired with stan-
dard cameras are used. In fact, the adoption of commercially available photographic
cameras is quite common in skin lesion inspection systems, particularly for telemedi-
cine purposes. Moreover, the implemented method can run on smartphones of the last
generation which provide high resolution cameras and innovative operating systems.

In this paper, after a brief review of the most recent methods indicated in literature
for the tracking of skin moles, the implemented tool is presented and its performance
is evaluated. Moreover, some conclusions are drawn out.

2 Prior Researches and Adopted Approaches

As a consequence of the increase of skin tumor incidence, the interest for computer-
aided skin lesion inspection and characterization has grown during the last years. In
fact, the World Health Organization has evaluated a grow of about 30% over the last
10 years; worldwide each year, 132,000 subjects develop melanoma, the most com-
mon skin cancer [9].

For skin cancer early detection, mole tracking and mapping is useful.
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The system indicated in [10] adopts, as input, a pair of skin back images of the
same subject captured at different times. A set of anatomical landmarks are detected
using a pictorial structure algorithm. Lesions that are located within the polygon
defined by landmarks are identified and their anatomical spatial contexts are en-
coded by landmarks. Then, these lesions are matched by labelling an association
graph using a tensor based algorithm. A structured support vector machine is em-
ployed for the matching.

Voronoi cells are used in [11] to measure the similarity between melanomas in
successive dermatoscopy images. The melanoma registration is reduced to a bipartite
graph matching problem. A minimum weight maximum cardinality matching is em-
ployed for finding the global correspondences between images.

A method for finding corresponding moles in patient skin back images at different
scanning times is indicated in [12]. To calculate mole normalized spatial coordinates,
a template is defined for human back and thenmolematching across images is mod-
eled as a graph matching problem. Algebraic relations between nodes and edges in the
graphs are induced in the matching cost function.

In [13], pigmented skin lesion matching problem is formulated as a relaxed labe-
ling of an association graph. In this graph labeling problem, each node represents a
mapping between a pigmented skin lesion from one image to a pigmented skin lesion
in the second image. Optimal labels are obtained optimizing a high order Markov
Random Field energy (MRF). A novel entropy energy term encouraging solutions
with low uncertainty is proposed in the method. By interpreting the relaxed labeling
as a measure of confidence, authors leverage the high confidence matching to sequen-
tially constrain the learnt objective function defined on the association graph.

Matching probabilities of the edges of two graphs representing the spatial distribu-
tion of two pigmented skin lesion sets is evaluated in [14]. Pointwise probabilities is
extracted using marginalization matrix of computed pairwise matching.

In [15] effectiveness in matching and identifying lesions in pairs of skin images of
point pattern correlation, 2-point geometrical transformation, and 3-point geometrical
transformation are investigated. These techniques view spots in each image as a point
pattern to be matched from image to image. Experiments indicate that the 3-point
transformation algorithm performs the best overall.

3 Adopted Method

In the proposed system an Artificial Neural Network (ANN) is employed for the
tracking of pigmented skin lesions. In fact, ANN is robustness since it provides less
operation load and has more advantageous for reducing the noise effect [16]. Moreo-
ver, ANN is more useful, because multiple inputs and outputs can be used during the
stage of training [17]

ANNs are computational models based roughly on the human neural structure.
They can be defined by a stimulus response transfer characteristics, called activation
function, that maps input space into a specified output space [18, 19, 20].
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The most commonly used network architecture consists of a number of connected
nodes (neurons) which are arranged in a hierarchical sequence of different layers
(input, hidden and output). Each node in a layer receives an input from all the nodes
in the preceding layer, and transmits output to the nodes of the succeeding layer. The
connections between nodes are weighted, putting different strengths on the informa-
tion exchange between two nodes.

The nonlinear characteristic exhibited by neurons is represented by a activation
function. Neuron output is computed as the weighted sum of the input signals, trans-
formed by the activation function. Therefore, neuron output signal is given by the
following relationship:

0 =fQi=1w;p)) (D

where (p1, p2, ---, Pn) is the neuron input vector, (w;, W», ... , W,) the weight vector and
f(..) the activation function.

Having defined both a network architecture and a training set of input patterns, the
set of weights determines the network output for each input patterns. Error between
the obtained network output and the expected target output defines a potential multi-
modal response surface over a multidimensional hyperspace having the dimensions
coincident with the number of weights.

The most used method for finding weight set is the Back Propagation (BP) proce-
dure that is essentially a gradient method. The BP learning process operates in small
iterative steps: an example case is applied to the network, and the network produces
an output based on the current state of its weights. This output is compared to the
target output and a mean-squared error signal is calculated. The error value is then
propagated backwards through the network and small changes are made to weights in
each layer. The weight changes are calculated for error signal reduction. The whole
process is repeated for each of the example cases and the cycle is repeated until the
overall error value drops below some pre-determined threshold. At this point the net-
work has learned the problem "well enough": the network will never learn exactly the
ideal function, but rather it will asymptotically approach an approximation of it.

The application of ANNs to nonlinear signal processing is a challenge that requires
considerable engineering judgment. ANN design involves raw data pre-processing,
feature extraction from the pre-processed data, selection of network model and type,
network testing and evaluation. The design process is typically a complex iterative
and interactive problem-specific task. The choice of both network model and type is
based on precise requirements of the problem. Different ANN models and types hav-
ing different features may offer special advantages for particular applications.

4 The Proposed CAE System

Images of skin lesion acquired with standard cameras represent the input of the im-
plemented system. Macroscopic images can be segmented adopting one of the method
indicated in literature, than are processed to calculate images feature. The paper aim is
the accuracy in evaluating the lesion border changes with the passing of time.
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In order to perform the tracking of pigmented skin lesions, an ANN has been se-
lected as classifier for its characteristic to enhance desired responses and reduce irre-
levant and unwanted responses if noisy and imprecise nonlinear data are given.

A suitable ANN classifier is designed for the mapping of skin lesions. As it is well
known that any function with a finite number of discontinuities can be well approx-
imated by a three-layer neural network with sufficient neurons in the hidden
layer[21], the implemented classifier is a feed-forward ANN composed of three lay-
ers. The classifier contains 6 neurons in the input layer and 1 neuron in the output
layer. In order to achieve the best performance, various ANN architectures are used
which differed on the neuron number inside the hidden layer(fig.1).

Fig. 1. The ANN architecture

Three features for image are selected for the classification process, that are: the ra-
tio of the lesion maximum diameter to the lesion minimum diameter, the lesion com-
pactness and eccentricity.

The maximum diameter is defined as the maximum distance between two pixels of
the segmentation and the minimum diameter is the maximum distance that exists
between two pixels within a segmented lesion projected on the perpendicular to the
maximum diameter

Lesion compactness is defined as the ratio of the squared lesion perimeter to the le-
sion area and it represents the roughness of an object boundary relative to its area.

Lesion eccentricity is related to the ellipsoid hull and it is defined as:
(L12 - L22)“2/L1 where L; and L, are the major and the minor semiaxis, respectively.

Since the ANN has to map two images of the same lesion captured at different
times, the vector formed by the twelve feature values (six for each image) represents
an input pattern while the class to which the lesion changes belong represent the
output.

A back propagation procedure is adopted for the training phase. The error is meas-
ured with the mean square error function.

During the training stage, features computed for all the images are fed into the
network. Once weights and biases of neurons associated with network are initialized,
the network is trained to produce expected outputs, that is 1 for appreciable changes
and 0O for no appreciable changes.
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In the training process, weights between neurons were adjusted iteratively so that
differences between output values and target values are minimized. The training
phase is terminated when 50 iterations have been performed.

5 Simulation Results

For the method implementation and validation, 200 macroscopic lesion images (100
pairs) provided from databases of various dermatology local centers are utilized. For a
correct performance evaluation, the training data are not used during the testing stage.
In particular 80 images (40 pairs) are adopted for the network training while 120 im-
ages (60 pairs) represent the method test bench.

-
® L

Fig. 2. One of the image pairs used as test bench

In fig.2 one of the image pair used as ANN input are shown.

The method achieves an average accuracy value in detecting lesions for which
morphologic changes warrant particular attention equal about to 82%. For the accura-
cy evaluation, opinions of three different dermatologists are considered as a ground
truth.

The best performance is obtained adopting an ANN classifier with 7 neurons in the
hidden layer (fig.3).

Accuracy
D
S

Number of neurons in the hidden layer

Fig. 3. Method accuracy vs number of neurons in the hidden layer
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6 Conclusion

The last century has produced a proliferation of innovations in health care industry
aimed at enhancing life expectancy, quality of life, diagnostic and treatment options,
as well as efficiency and cost effectiveness of healthcare system. Therefore, discovery
of some critical pathologies in their early stage represents a healthcare benefit in fact
it is useful to reduce mortality and morbidity rates, to shorten illness duration, to
improve the quality of care and to limit the decay of a person functions which corres-
ponds to increase in life expectance. In particular, the interest of biomedical scientific
community for computer aided skin lesion inspection and characterization has been
increased during the last years.

There is an important clinical need to follow changes in the number of moles and
their appearance (size, color, texture, shape) in images from two different times.

In this paper, a computer tracking system for mapping of pigmented skin lesions
adopting macroscopic images captured with standard cameras, is indicated. The
method can be adopted independently from the procedure used for image lesion seg-
mentation or image border detection. For this reason the presented tool could be im-
plemented as the last stage of a mole tracking system which receives as inputs mole
images segmented adopting any method indicated in literature.

The method simplicity and the adoption of standard camera images as inputs make
the system particularly appropriate to be used in telemedicine and to run on smart-
phones. Therefore, the implemented system can be used as assistive devices by pa-
tients for self-manage their own health (personal health) and by primary care physi-
cians during routine office visits.
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