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Abstract—The wide spreading of the new generation of 
smartphones, with significant improvements in terms of 
image acquisition and processing power, is opening up the 
possibility of new approaches for skin lesion monitoring. 
Mobile Teledermatology appears nowadays as a promising 
tool with the potential to empower patients to adopt an ac-
tive role in managing their own skin health status, while 
facilitates the early diagnosis of skin cancers. The main ob-
jective of this work is to create a mobile-based prototype for 
skin lesions analysis with patient-oriented features and func-
tionalities. The presented self-monitoring system collects, 
processes and storages information of skin lesions through 
the automatic extraction and classification of specific visual 
features. The algorithms used to extract and classify these 
features are briefly described, as well as the overall system 
architecture and functionalities. 

Index Terms—Melanoma Detection, Mobile Teledermatolo-
gy, Mobile Monitoring, Supervised Classification. 

I. INTRODUCTION 
Skin cancers constitute nowadays one of the most 

common malignancies in the Caucasian population, with 
incidences that are reaching epidemic proportions [1]. The 
importance of early diagnosis in malignant melanoma 
cannot be overstated, since the success rates of curing this 
type of cancer are very high if detected during the early 
stages of its development. Another relevant motivational 
factor for this work is the inadequate distribution of der-
matologists in Portugal. A recent study [2] showed that 
this issue comes from two main factors: (1) clear uneven 
regional distribution of dermatologists, with over alloca-
tion of specialists near the big urban centers; (2) the num-
ber of dermatologists currently working on the healthcare 
system represents only 60% of the required resources es-
timated. During the last decades several diagnostic algo-
rithms have been proposed, being the ABCD rule one of 
the most widely accepted method. This rule was proposed 
in 1994 [3] and is based on the analysis of 4 different cri-
teria: asymmetry (A), border (B), color (C) and differen-
tial structures (D). Thus, Mobile Teledermatology (MT) 
appears as a promising tool for personal dermatology data 
acquisition [4], [5], with the potential of becoming an easy 
applicable tool that empowers patients to adopt an active 
role in managing their own health status, facilitating the 
early diagnosis of skin cancers, and offering the oppor-
tunity to bring dermatological expertise into underserved 
areas. 

II. SYSTEM DESIGN APPROACHES 
In this chapter two different design  approaches 

for skin lesion analysis systems are described: the doctor-
oriented and the patient-oriented design approaches. 

A. Doctor-Oriented Design 
In recent years, skin lesion analysis has been a hot topic 

in the computer vision research field. The great majority 
of the proposed methodologies on the literature are based 
on dermoscopic image analysis, usually aiming for derma-
tology specialist’s usage as decision support systems. De-
spite high accuracies for melanoma detection being stated 
in recent publications [6], there’s a technology maturation 
still needed for the deployment of this type of technolo-
gies in the clinical practice. Taking also into account the 
significant skepticism of dermatology specialists in rely-
ing on automatic image analysis for risk assessment pur-
poses, doctors that will potentially use these approaches in 
the near future will certainly not discard conducting their 
own visual examination. This limitation confers to these 
approaches only a slim added value for the doctor, being 
one of the biggest challenges nowadays for their deploy-
ment in the clinical practice. 

B. Patient-Oriented Design 
From a patient perspective, one can identify different 

needs and implementation strategies. Patients with clinical 
or family history of skin cancer should consult regularly 
their dermatologists for physical skin examinations, for 
instance once a year. Between these appointments the 
patients are usually advised by their doctors to check for 
relevant changes in their skin moles, and anticipate the 
consultation in case of detecting something suspicious. 
But unfortunately these patients typically don’t have 
enough dermatological expertise to do this kind of risk 
assessment. The patient-oriented approaches are new par-
adigms for skin lesion analysis that are trying not only to 
motivate and educate the patients, but also to empower 
them in terms of dermatological expertise, which can lead 
to a significant impact in the early diagnosis of skin moles 
malignancies. The goal of this work is to explore the de-
sign of a mobile-based system for skin lesions analysis 
with patient-oriented features and its functionalities. 

III. SYSTEM ARCHITECTURE 
The architecture of the proposed patient-oriented sys-

tem is formed by 3 main blocks: 
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1. Front-end Device (The user’s smartphone): used to 
acquire or load an image of a skin lesion and send it 
to the server for analysis. The application that allows 
the communication between the smartphone and the 
server was developed in Android 4.0, using the 
HTTP communication protocol. 

2. Server: The server side consists on a RESTFul web-
service implemented in Java using the Jersey library 
[7] and deployed on an Apache Tomcat 7.0 web 
server running on Ubuntu 10.04. The Image Pro-
cessing Module (IPM) was implemented in C++ us-
ing the OpenCv library [8], which is executed as an 
external program when an image is received in the 
server. The IPM receives as input the original skin 
lesion image and returns a quantitative analysis of the 
image in addition to a visual output of the segmenta-
tion and features extraction steps. 

3. Back-end Device: The device that will receive the 
output images generated by the IPM analysis. In the 
current version of the prototype the results are only 
returned to the user’s smartphone; although consider-
ing that the IPM analysis information can also be 
provided to dermatology specialists, a web interface 
is currently being developed. 

IV. IMAGE PROCESSING METHODOLOGY 
The IPM comprises 5 steps: pre-processing, segmenta-

tion, feature extraction, feature selection and supervised 
classification. 

A.  Pre-processing 
Two pre-processing steps were implemented in order to 

ensure a good segmentation of the images: (a) Circular 
Averaging Filtering using a disk-shaped structuring ele-
ment of radius 5; and (b) Automatic Color Equalization: a 
technique proposed by Schaefer et al. [9] was used for 
contrast enhancement. 

B. Segmentation 
The algorithm used for lesion segmentation was based 

on the Otsu’s Method [10], a well-known histogram 
shape-based image thresholding routine which assumes 
that the input image has two classes of pixels, and calcu-
lates the threshold that minimizes the intra-class variance. 

C. Feature Extraction 
Four algorithms were implemented in order to extract 

the features described in the ABCD rule (see Table I). The 
asymmetry analysis was made by computing the principal 
and secondary axes of inertia, as described in the work of 
Celebi et al. [11]. The axes of the image are aligned with 
the axes of inertia, which allows a better assessment of the 
lesion symmetry in terms of geometry, internal structures 
and color distribution. The border analysis aims to find 
abrupt ending of pigment pattern at the periphery of the 
lesion, so we defined two peripheral regions, one inside 
and other outside the lesion using the Euclidian Distance 
Transform, as suggested in [11]. In order to find the six 
colors proposed by the ABCD rule, the implemented color 
detection algorithm consists in two stages: color clustering 
using a mean-shift algorithm [12] and color supervised 
classification based on a dataset of reference RGB codes. 
Finally, the system performs the detection of 5 types of 
differential structures relevant for the detection of mela-

noma: homogeneous areas, streaks, dots, globules and 
pigment network.  The implemented methodology is 
based on texture, structural and connected component 
analysis [13]. 

TABLE 1.  
METRICS FOR THE ABCD FEATURES. 

ABCD 
Feature 

Number of 
metrics 

Color 
spaces Description 

Asymmetry 102 

RGB, 
HSV, 

CIELAB 

34 metrics for each 
color space (17 for 

each axis). 

Border 144 

RGB, 
HSV, 

CIELAB 

48 metrics for each 
color space (8 for each 

segment). 

Color 12 
RGB 2 metrics for each 

color. 

Differential 
Structures 28 RGB 6 metrics for each 

differential structure. 

D. Feature Selection  
Before training the classifiers, a feature selection step 

takes place using the Principal Component Analysis 
(PCA) method [14]. The PCA is a statistical method that 
uses an orthogonal transformation to convert a set of ob-
servations of possibly correlated variables into a set of 
values of linearly uncorrelated variables called principal 
components. So, PCA was used to find the relevant met-
rics that better describes each specific criterion before 
training the classifiers.   

E.  Supervised Classification 
The supervised classification of each ABCD criteria is 

made separately. To train the classifiers we use a dataset 
of 504 images (214 suspicious lesions and 290 benign 
lesions) manually classified according to the ABCD rule 
by a specialist from the Portuguese Institute of Oncology 
of Porto (IPO-Porto). The classification of each ABCD 
criteria is made separately using random trees classifiers, 
which are trained with the correspondent extracted met-
rics. As a result, we will obtain the score for each criteri-
on, as stated in the ABCD rule. 

V. MOBILE APPLICATION 

A.   Information Architecture 
In the proposed patient-oriented solution, the infor-

mation flows along three main groups: users, skin lesions 
and check-ups (Figure 1). The application may have sev-
eral users; one user may have several skin lesions; one 
skin lesion has one or more check-ups. Each user has the 
following information: 1) name; 2) gender; and 3) age. 
Each skin lesion has the following information: 1) loca-
tion on the body; and 2) list of check-ups. Each check-up 
has the following information: 1) skin lesion image; 2) 
check-up date; 3) four ABCD features scores (generated 
by the IPM); and 4) skin lesion size (in mm).  
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Figure 1.  Schematization of the information architecture and system 

functionalities. 

B. Application Features 
Some of the main features of the developed application 

are: 1) Capture images with the smartphone built-in cam-
era or load images from the mobile gallery; 2) Send the 
images to the server for analysis; 3) Receive real time 
visual feedback of the extracted ABCD features (Figure 
2.d); 4) Receive an analysis report (Figure 2.b); 5) Save 
the analysis on the local database; 6) View list of skin 
lesions and check-ups (Figure 2.c); 

 

   
(b) (b) (c) 

 
(d) 

Figure 2.  Mobile application screenshots: (a) Main menu; (b) Analysis 
report of a specific check-up; (c) Check-ups list of a specific skin lesion; 

(d) Real time visual feedback of the extracted ABCD features. 

VI. CONCLUSIONS AND FUTURE WORK 
This paper presents a prototype of a mobile-based sys-

tem for skin lesion analysis with patient-oriented features 
and functionalities, using supervised classification. As 
future work, from the image processing perspective one 
aims to develop a version of the application that allows 
the IPO-Porto doctors to test it in real patients and input if 
they agree with the automatic analysis. This way we will 
be able to quantify the correlation between the automatic 
and dermatologist classification. We are also looking for-
ward to conduct usability tests to the developed applica-
tion, as well as explore the capability of capturing images 
with dermoscopic quality using the smartphone camera, 
for instance using adaptable dermoscopes for 
smartphones. 
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