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Abstract—Early and accurate differentiation of benign, dys-
plastic, and malignant skin lesions is critical for effective
melanoma screening. This paper evaluates the effectiveness of
the MelanoDet system in distinguishing three clinically significant
skin lesion types: benign nevus, dysplastic nevus, and melanoma.
Using three detailed case studies, we analyze the unique mor-
phological and thermal characteristics of each lesion through
multispectral imaging, combining visible (VIS), near-infrared
(NIR), and thermal (TH) modalities. Static imaging captures
structural and subsurface features, while dynamic thermography
assesses physiological response following a cooling stimulus. The
results demonstrate MelanoDet’s potential as a non-invasive
diagnostic tool for early detection and accurate analysis of
melanoma, contributing to improved patient outcomes.
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I. INTRODUCTION

Melanoma is an aggressive form of skin cancer arising from
melanocytes and accounts for the highest mortality among skin
cancers, despite being highly curable when diagnosed early
[1], [2]. Dermoscopy, a widely used non-invasive diagnostic
tool, achieves approximately 90% accuracy [3]; however, up
to 10% of cases may still be misdiagnosed, necessitating
histopathological confirmation. As a precaution, dermatolo-
gists often excise lesions with even minor atypical features,
which, while reducing the risk of missing melanoma, may
lead to unnecessary surgical procedures.

To address these diagnostic limitations, there is growing
interest in non-invasive imaging technologies that can improve
lesion characterization. Among them, multispectral imaging
(MSI) and thermal imaging (THI) have shown great promise.
MSI captures structural and subsurface features across various
spectral ranges (visible (VIS) and near-infrared (NIR)), while
THI uses long-wave infrared (LWIR) to assess temperature-
related physiological responses [4], [5].

Recent studies have made significant progress in developing
MSI and THI systems specifically for skin cancer assessment.
Various MSI systems have been designed using different types
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of cameras, wavelength ranges, and illumination methods to
improve skin lesion analysis. Early MSI devices featured
monochromatic CCD cameras combined with LED rings that
emit light at wavelengths from 350 to 995 nm [6], [7]. More
advanced setups have integrated NIR cameras with multiple
LED arrays to capture a wider spectral range of 414 to 1613
nm, allowing deeper tissue visualization [8]. For example, the
Barco® Demetra multispectral dermoscope acquires images
between 400 and 800 nm to improve visualization of the skin
structures beneath the surface [9].

To further improve image contrast, some MSI systems
include polarization techniques, using dual polarizers and
multispectral illumination in the VIS and NIR ranges [10].
Another approach involves mosaic cameras equipped with
Fabry—Perot interference filters on CMOS sensors, which
produce images at specific wavelengths for detailed lesion
characterization [11], [12].

Alongside MSI, THI has been employed to study the
thermal properties of melanoma. Systems combining LWIR
and RGB cameras allow dynamic temperature monitoring and
early detection through thermal recovery analysis [13], [14].
One notable prototype, HypIRskin, incorporates a long-wave
infrared camera alongside an RGB camera with polarizing fil-
ters and other components, enhancing thermographic diagnosis
of skin lesions [15].

While MSI and THI have shown diagnostic potential in-
dividually, no current system has integrated both. To fill this
gap, we developed MelanoDet [16], a hybrid system com-
bining static MSI for morphological analysis with dynamic
THI to assess thermal response. Thus, this study evaluates
MelanoDet’s ability to differentiate benign nevus, dysplastic
nevus, and melanoma. Through three representative case stud-
ies, we analyze distinct morphological and thermal features,
demonstrating the system’s potential as a non-invasive tool for
early and accurate lesion classification.






