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Optimization of the thermographic inspection procedure for accurate detection of skin
melanoma suspicion
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A B S T R A C T

This paper discusses a new strategy for dealing accurately with a diagnosis of skin melanoma. The technique used
is the thermographic one that in recent years has been the subject of much attention by researchers, being non-
invasive and capable of highlighting the metabolic activity of the skin lesion. The aim is to verify the accuracy
and reliability of the diagnosis through the analysis for comparison of the thermal behavior of two skin areas, one
affected by the lesion and the other healthy and placed in the vicinity of the first with similar epidermal char-
acteristics. Here, we want to discuss the correctness of the thermographic technique used to date for this purpose
and propose a more accurate procedure to establish the presence of an epidermal melanoma employing the same
non-invasive technique. The authors define some rules to be observed in the analysis, by describing a mea-
surement procedure that reduces the uncertainties. The technique proposed here is based on the accurate
evaluation of the time constants of the responses to a thermal stress step of the inspected epidermal areas, the ill
and the healthy ones. The experimental setup developed, and the first thermographic results detected are here
presented.

1. Introduction

The incidence of skin melanoma and basal cell disease in the world’s
population is increasing (mainly due to changing environmental con-
ditions) and the risk of life caused by nonpremature diagnosis is
reaching an alarming level, [1,2].

Accurate, sensitive, reliable, and non-invasive diagnostic tools could
reduce the number of biopsies needed today to ascertain the malignancy
of a suspected skin occurrence, combat mortality, and reduce public
health care costs.

The standard procedure for early diagnosis of melanoma is a naked
eye examination of morphological characteristics using various sub-
surface feature extraction devices, [3,4]. To diagnose the type of skin
lesions excisional, the biopsy is the most important medical protocol, [5,
6].

Recent years have witnessed the increasing role of qualitative ther-
mographic analysis in the detection of cutaneous melanoma or basa-
lioma, [7–9]. This non-destructive and non-invasive imaging technique
is based on two significant and distinctive signs of the phenomenon
under analysis that are visible thanks to the use of the infrared camera,
or thermograms, which are the surface temperature change due to
increased metabolic reaction, in the ill area, capillary blood perfusion,
and the effect of heat transfer on the surface temperature due to blood
flow.

The rapid rate of cell division in cancer cells necessitates a higher
energy conversion to sustain cellular functions [10,11]. This
energy-producing process is known as metabolism. The heightened
metabolic activity of cancer cells results in an elevated energy demand,
which in turn triggers an increase in angiogenesis. Angiogenesis is the
physiological mechanism whereby new blood vessels develop from

pre-existing ones, enabling the provision of the additional energy
required by the cancer cells.

Healthy and damaged skin responds differently to a temperature
stress step, precisely because of the increased metabolic activity and
blood supply of the melanoma lesion.

In the scientific literature, the adopted analysis procedure is quite
simple: the area of interest is thermally stressed for a time not less than
60 s and, the response to this stress is analysed over time. Experimental
research has always shown difficulty, in terms of repeatability, in
evaluating the difference in temperature between healthy tissue and
diseased tissue, as they are sometimes close to each other, due to the
need for implying just one measurement equipment. The difficulty
encountered is because of the rapidity with which the responses to the
thermal step of the tissues evolve, and also for possible thermal inter-
action between them. One possibility to verify the latter is to operate on
areas sufficiently distant from each other, but sufficiently similar in their
epidermal characteristics, perhaps using twin detection systems. If the
interaction is avoided, you can also work with a single inspection system
on neighbouring skin areas. To obtain repeatable measurements, the
authors propose the measurement and then the comparison of the time
constants of both tissues through their responses to the thermal stress to
which they are subjected. Indeed, the laws of heat transfer with the
surrounding environment should be different, if the two zones inspected
are not both healthy, because of their transmittances. This analysis
procedure requires a stable and controllable thermal reference. The
authors, in this article, analyse a new experimental setup whose main
device is the temperature-controlled cold generator described in section
3.
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2. Optimization of the thermographic inspection

The use of IR thermography is very advantageous in the medical field
since it provides accurate readings, in particular, being a non-invasive
measurement technique, it does not introduce load-bearing effects,
that is, it does not influence the measurement result. In addition, this
advantage is very important in this field, because this means that it is a
painless procedure.

Due to this huge advantage, thermography is an effective measuring
instrument in many different applications [12]. However, in order to
make the most of the valuable features of this measuring instrument, it is
important to follow the right procedure to set the object parameters,
which are:

• related to the atmosphere
o atmospheric temperature
o relative humidity
o transmittance

• related to the object
o emissivity
o distance
o reflected temperature

when you use an IR thermal camera you must always keep in mind
that IRT must be used in controlled environments. It becomes therefore
important to measure the environmental parameters by ensuring that
they do not change throughout the measurement process.

The equation that permits to calculation of the temperature of the
object is derived from the consideration that the total radiation received
by the IR camera is affected by three components [13],: the emission of
the object, the emission of the environment reflected on the object, and
the emission of the atmosphere,

Tobj =
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where:

Wtot is total radiation received by the camera;
ϵobj is the emissivity of the object under measure;
tatm is the transmittance of the atmosphere;
Trefl is the reflected temperature;
Tatm is the temperature of the atmosphere;
σ is Boltzman’s constant.

The temperature and the humidity of the atmosphere are obtained
using a common weather station. The transmittance of the atmosphere is
evaluated using the relative humidity and the distance from the object to
the camera. The estimated value of the atmospheric transmittance is
very close to one and, in general, this parameter has little influence on
the temperature measurement, this means that the emission of infrared
radiation from the atmosphere is close to zero.

Only the ϵobj and the Trefl have a very high influence on the tem-
perature measurement of the object and must be measured very accu-
rately.

When the reflectivity of the object under test is high, the reflected
temperature becomes important. There are two methods to measure
accurately Trefl, the reflector method, and the direct method [14], and
the first is certainly easier to use and therefore is the most used. The
reflector method uses a reflective material, such as gold metal coating
(with a constant reflectivity of 95% from 2 to 20 μm), or simply a
crumpled piece of aluminium foil, placed in the field of view of the
infrared camera. The temperature of the reflector piece is measured

(emissivity equal to one and distance equal to zero) which is then set as
temperature refracted. The value of the new measured temperature is
the final reflected temperature sought.

However, the most important parameter is the emissivity of the ob-
ject. Is known that the emissivity of the object indicates how much ra-
diation is emitted by the object under test compared to that of a black
body that is at the same temperature. So, the emissivity of the object is
the most important parameter for its temperature measurement and, in
particular, the mean value of its temperature depends on the value of the
emissivity. Also, to measure the correct emissivity of the object, there
are two procedures, both described in Ref. [14], the most used is called
material reference emissivity method. A piece of electrical tape, of known
emissivity, is attached to the target object. Once the electrical tape is in
thermal equilibrium with the target object, its temperature can be
measured. Then, the temperature of the object is also known. The
emissivity configuration is then modified until the actual temperature is
measured. The final emissivity configured is the emissivity of the target
object.

The correct setting of these parameters allows accurate temperature
measurement.

So, if it is easy to guess the difficulty in detecting a temperature
difference for an in situ melanoma significant lesion, as proposed by
numerous works in scientific literature [15,16], then, smaller lesions,
that cause smaller temperature differences, require a more accurate,
detection method, [17]. Here, the authors, propose to measure, always
by thermography, the difference between the time constants of the two
heat transfer laws of the ill skin and the healthy one, as that procedure
results to be a more precise method of analysis and evaluation of the
risk.

3. Experimental procedure and preliminary text

In this preliminary work, the task is to show that by analysing the
thermal behaviour of a damaged skin area and an area with comparable
epidermal characteristics, but healthy, even if you might not appreciate
a change in the trend of the local temperature over time when the
different areas are subjected to the same step of temperature, you can
instead observe a possibly significant change in the time constant (τ) of
the two thermal responses, from whose appreciable diversity can be
assumed the presence of melanoma in the sick area. This depends on
whether, in this case, the time constant of the damaged skin results
minor than the one of the healthy skin, due to metabolic processes
related to melanoma presence.

Before the measurements, subjects must follow some instructions:

• no use of lotions or creams;
• refrain from consuming alcohol or caffeine at least 4 hours before the

start of the measurement procedure.
Throughout the investigation procedure, it is necessary that the
patient remain motionless, they must rest during this time in a
comfortable position.

The steps of the measurement procedure are as follows:

1. performing the measurements is important to control the environ-
ment temperature to stabilize it in the range of 18 to 23 ◦C;

2. check that the subject is on standby to reduce the body thermoreg-
ulation processes (20 minutes approximately is the acclimation time
in the room to achieve thermal equilibrium);

3. uniform cooling of the areas under test for sufficient time to reach the
desired step in temperature, ΔT, and in this case, to achieve the
thermal equilibrium of the area under test;

4. acquire the thermal response of the test areas using an IR camera, for
at least 2 minutes;

5. evaluate the time constants of their thermal response.

L. Fabbiano et al.
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After performing steps 2, 3, and 4 for the lesioned area and the
healthy area, the respective τ′s obtained from the time responses of both
areas, τnevus, and τskin are compared; it is important to mention that the
thermographic images are taken at the same distance and angle.

The rule that places the suspicion of skin melanoma is:

• if τnevus ± uτnevus < τskin ± uτskin , then the nevus is malign
• on the contrary, is not

In order to achieve the purpose of the work, it is necessary to eval-
uate both time constants with high accuracy, as the thermal responses of
the skin areas inspected are quite close but different in any case.

The uncertainty about τ is affected by the resolution, the sensitivity,
and the time response (dynamic characteristics) of the camera, but also
by the accurate knowledge of the step stress temperature (ΔT). The
repeatability of the measurement, therefore, plays an important role: the
uncertainties of the two τ′s should not overlap to guarantee the accurate
evaluation of their deviation. Further, to avoid having a biased tem-
perature value, and thus accurately measure the temperature of a body,
it is important to correct the surface emissivity (Influence of Viewing
Angle on Emissivity).

3.1. Accurate measurement of the τ

The time constant is, by definition, the parameter that estimates the
dynamic response of a 1st order system to step stress; it represents the
speed with which the system responds to stress and is defined as the time
necessary for the system to reach 63.2 % of the stress step value where
the generic function q(t) has to be intended dimensionless.

Remembering the typical response of a 1st order system to the step
stress, q(t), it is known that its first derivative with respect to time at t =
0 is the inverse of the time constant:

dq(t)
dt

=
1
τ . (1)

The error fraction of the time response to the step is:

Γ(t)= e

(
−
t
τ

)

(2)
that is

ln Γ(t)=
t
τ (3)

Since τ is the inverse of the angular coefficient of the straight line
ln Γ(t), its estimation results with more precision, obviously, and so also
the evaluation of the difference between the time constants of two
different answers will be more precise. To obtain a correct value of the τ
measurement, it is important to set the object parameters of the IR
camera.

4. Experimental setup

The experimental setup consists of a temperature-controlled cold
generator capable of cooling the affected areas for a sufficient time to
achieve a significant thermal change (ΔT ≥ 5◦ C).

For the generation of cold air, the external air, sucked by two fans,
passes through a grid placed inside a block of aluminum cooled by two
Peltier cells. The heat generated by the cells is then disposed of through a
cooling circuit fed by a pump, equipped with a tank for the coolant, two
heat exchangers, and a radiator (Figs. 1 and 2).

Therefore, the coolant (water with glycol), contained in the tank, is
pushed to the two aluminum exchangers (connected in series) sub-
tracting the heat generated by the Peltier cells. Next, passing through the
radiator, it cools again. The heat transferred to the radiator is dissipated
in the environment by an extraction fan. Finally, an RTD thermoresist-
ance measures the temperature of the cold air output, displayed then on
the display.

The IR thermal camera used here is the FLIR T1020 HD Thermal
Camera, which has the advantage of having an excellent resolution
while being a bolometric thermal camera:

• 1024 768 pixels;
• Ultramax: 3,1 MP;
• IR lens, FOV 28.36 mm.

5. Preliminary results and discussion

The first results of our analysis are here reported.
In Fig. 3 it is possible to observe the thermal rebalancing curves

following the step stress of the mole and the healthy zone, after having
set the correct emissivity of the two different zones.

As you can see, the two curves have the same trend and only a small
deviation due to the difference (even if small) in the values of the

Fig. 1. Scheme of the temperature-controlled cold generator.

Fig. 2. Picture of the temperature-controlled cold generator.
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relative transmittances of the inspected areas, but about the same slope
of the tangent lines to the curves at the time zero (equation (1)). This
result was expected, given the benign nature of the mole analysed.

6. Conclusions

After an examination of the thermographic technique used to date to
aid the diagnosis of a possible epidermal melanoma present in a patient
with the presence of a suspicious mole, the authors propose a new
procedure for analysis and assessment of the risk of disease, based on the
more accurate evaluation of the thermal behaviour of the epidermis, in
the presence of mole, compared to the healthy epidermis. The proced-
ure, still thermographic in order not to renounce the non-invasiveness of
the technique, is based on the evaluation of the time constants of the
laws of heat transfer of the two different areas under a given tempera-
ture step, whose difference reduces the uncertainty of the diagnostic
conclusions obtained until now with the same thermographic technique.
The experimental apparatus used and the first results obtained, in the

case of a benign mole only, have been illustrated, postponing the ex-
amination of a malignant mole to the next scientific work.
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Fig. 3. In this picture shown: in (a) is the neo under test; in (b) is the ther-
mogram obtained during the measurement procedure, and, the graph of the
time response curves of the two areas investigated is shown in (c).
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