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Abstract 
The effective and non-invasive diagnosis of skin cancer is 

a hot topic in biophotonics since the current gold standard, a 
biopsy, is slow and costly. Non-invasive optical techniques such 
as polarization and multispectral imaging have arisen as 
powerful tools to overcome these constraints. The combination 
of these techniques provides a comprehensive characterization 
of skin chromophores including polarization, color and 
spectral features. Hence, in this work we propose a polarized 
multispectral imaging device that works from 414 nm to 995 
nm and at 0º, 45º and 90º polarization configurations. 
Preliminary results performed over 20 nevi and 20 melanoma 
found statistically significant descriptors (p<0.05) that 
discriminated between these two lesion etiologies. A further 
analysis of more lesions is expected to contribute in reducing 
the false positives during the diagnosis process and, as a 
consequence, the number of necessary biopsies. 

Introduction  
The incidence of skin cancer increases every year so that 

its diagnosis and treatment is crucial. The World Health 
Organization estimates that 60.000 people die every year from 
skin cancer: 48.000 from melanoma, which is the most 
aggressive form, and 12.000 from other non-melanocytic skin 
cancers [1]. Visual inspection followed by dermoscopy is the 
classical approach to diagnose this disease. However, there is a 
relevant percentage of false positives and the only gold 
standard for the final diagnosis is to excise the lesion (biopsy) 
to undergo histological examination under a microscope. 
Dysplastic nevi, more commonly known as atypical moles, are 
benign lesions that often resemble melanoma. In the visual 
inspection process, they may feature different colors, appear 
asymmetrical or have odd borders. In addition, people with 
dysplastic nevi are at higher risk of developing melanoma, so 
most nevi are excised for prevention causing most of the false 
positive cases that imply high costs for the health insurance 
system and the patients’ discomfort. This is why specialist are 
highly interested in distinguishing nevi and melanoma in a non-
invasive way. For these reasons, several efforts have been put 
in detecting skin cancer quantitatively and non-invasively 
through optical and photonic tools such as multispectral 
imaging, which provides images through several spectral bands 
with high spatial resolution. Thus, it is possible to obtain pixel-
wise spectral features of the skin lesion, which can then be used 
as a spectral signature since substances and structures inside 
might change – and thus, their absorbance and scattering 
features – when it becomes malignant. Besides, the texture of 
the lesion can also change, and thus the polarization state of the 
reflected light. However, most of the multispectral images are 

acquired using an analyzer (two polarizers completely crossed, 
90º) in order to diminish specular reflection from the skin 
surface. Usually, multispectral systems for skin analysis 
include spectral bands from 400 nm to 950 nm even though the 
infrared range up to 1613 nm have also been explored [2]. They 
use indirect illumination by means of Liquid Crystal Tunable 
Filters [3,4], filter wheels [5], fiber bundles [6] or direct 
illumination [7] by means of multiplexed light sources. The 
number of spectral bands used usually ranges from four to ten 
but in some studies, authors have implemented hyperspectral 
imaging with more than 100 channels [8] 

Despite the fact that sensitivity and specificity obtained 
with the former multispectral imaging systems have reached 
values similar to those obtained by experienced dermatologists 
through dermoscopy, they have not yet superseded histological 
examination. In fact, it is still the clinical gold standard, 
providing diagnostic confirmation after surgical excision of the 
tumor. Commercial devices based on this approach, such as 
SIAscope® and MelaFind®, often present high values of 
sensitivity to distinguish melanoma from other benign lesions, 
but they retrieve low values of specificity. 

On the other hand, it is known that polarization can carry 
additional information since it is a more general physical 
feature of light than intensity and orthogonal to wavelength 
[9.]. The combination of multispectral imaging with the 
polarization states of light at different angles will represent a 
step forward the analysis of skin lesions [10, 11]. Therefore, in 
this work we propose the non-invasive assessment of skin 
lesions through a polarized multispectral (PMS) imaging 
system that includes an analyzer with 0º, 45º and 90º 
polarization configurations. 

Polarized Multispectral Imaging System 
The developed PMS imaging system (Fig. 1a) is able of 

capturing reflectance and color features in the visible (VIS) and 
near infrared (NIR) ranges at three polarization configurations 
[7]. It consists of a DMK 23U445 CCD camera with 12-bit 
depth and 1280 x 960 pixels (The Imaging Source Europe 
GmbH). The lens coupled was a Cinegon 1.8/16 from 
Schneider-Kreuznack with spectral sensitivity from 400 nm to 
1000 nm, which allowed a working distance of 40 mm and a 
field of view of 15 mm x 20 mm. Sequential multiplexed 
illumination is used by means of a ring of 32 LEDs (four per 
wavelength) with the following peak wavelengths: 414 nm, 447 
nm, 477 nm, 524 nm, 671 nm, 735 nm, 890 nm, and 995 nm 
(Fig. 1b). 

 In addition, two polarizers working from 400 nm to 700 
nm and with a 38% of transmission for unpolarized light were 
included; one is located in front of the LEDs (Fig. 1c) and the 
other in front of the lens. The later can be rotated with respect 
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to the former to acquire the spectral images at three different 
angles of polarization (Fig. 1d): 90º (polarizers are crossed), 
45º and 0º (polarizers are parallel). When the polarizers are 
crossed, the specular reflection of the skin is removed as only 
light that is backscattered from deeper layers with changed 
polarization is allowed to pass. On the contrary, when they are 
parallel, the information obtained comes mostly from the first 
surface of the skin where the specular reflection takes place. It 
must be noted that specular reflection does not change the 
polarization of light. This effect is more obvious at shorter 
wavelengths as they are usually strongly reflected superficially 
by the skin. Since the polarizers work up to 700 nm, the three 
last spectral bands of the device (735 nm, 890 nm, and 995 nm) 
were not considered when computing polarization parameters. 

A user friendly software based on C++ was developed, for 
controlling the synchronous firing of the LEDs and acquisition 
of the camera sensor. The different configurations of the 
polarizers are manually controlled, obtaining a spectral cube of 
five images per polarization configuration.  

 

 
Figure 1. (a) Components of the developed PMS imaging system: 1. 

camera, 2. objective lens, 3. LED ring, 4. polarizers. Polarizer attached to 

the conus (b) Spectral emission of LEDs. and (c) top view of the system’s 

head with (d) the lever that allows the variation of the angle of 

polarization: 1. 90º, 2. 45º, and 3. 0º.  

 

Clinical Study 
The clinical measurements were carried out at the Hospital 

Clínic i Provincial de Barcelona (Spain) and the Università 
degli Studi di Modena e Reggio Emilia (Italy), within the 
framework of the European project DIAGNOPTICS 
("Diagnosis of skin cancer using optics"). For this purpose, two 
identical multiphotonic platforms including the described 
multispectral system were installed at each location. 

 A total of 654 suspicious skin lesions from Caucasian 
individuals attending both hospitals were finally included in the 
study. Each lesion was considered suspicious unless it 
presented obvious clinical-dermoscopic features of benignity. 
The measurement area over the skin was cleaned and hair was 
carefully cut instead of shaved to avoid irritation. In this 
preliminary study, only 20 nevi and 20 melanomas were 
evaluated. 

A metallic ring was glued to the patient’s skin for the tip 
of the device to remain steady and parallel to the surface of the 
skin. All patients provided written informed consent before any 
examination and ethical committee approval was obtained. The 
study complied with the tenets of the 1975 Declaration of 
Helsinki (Tokyo revision, 2004). The lesions were diagnosed 
by dermatologists using a commercial dermoscope and the 
confocal laser scanning microscope VivaScope® 1500 from 
MAVIG GmbH. When malignancy was suspected, the lesion 
was excised and a histological analysis was carried out. From 
the total set of lesions, 94.8% (620) could be measured with the 
PMS imaging prototype; in the remaining 5.2% (34) the use of 
the metallic ring was impractical for the body area involved.  

Image Processing  
The spectral images at five spectral bands from 414 nm to 

671 nm and for 0º, 45º and 90º polarization configurations were 
obtained for each of the 620 available lesions. Figs. 2a and 2b 
show examples of the images obtained at polarizations of 0º, 
45º and 90º for 414 nm, 524 nm and 671 nm for a nevus and a 
melanoma, respectively. From these raw images, it can be 
observed that specular reflections were removed at 90º but they 
affected remarkably the image of 0º. Depending on the type of 
skin and lesion, the intensity of the polarized reflected light 
may vary at the different wavelengths.  

Fig. 2c shows the reflectance spectra of these two lesions 
at all wavelengths from 414 nm to 671 nm and for the three 
polarization configurations. The configuration where both 
lesions presented similar values was at 0º, in which specular 
reflections are more notorious. In spite of this, the largest 
differences between nevi and melanomas appeared for longer 
wavelengths for the three polarization states. 

The state of polarization measured with the developed 
system is only partially linear since the total state of 
polarization could only be assessed by means of Stokes 
imaging [12]. According to the literature, partial linearly 
polarized light is described by three parameters: the orientation 
of linear polarization, known as the phase or simply angle of 
polarization θ (Eq. 1), varying within the range [0º, 180°]; the 
intensity of the image (Eq. 2) [9], which is calculated as the 
sum of the polarization images at 0º and 90º; the relative 
proportion of linear polarization, known as the degree of 
polarization, varying between 0 and 1, from unpolarized to 
completely linearly polarized light; nevertheless, it is often 
replaced by the orthogonal state contrast, OSC, which is more 
straightforward (Eq. 3) [13]. The angle of polarization, 
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intensity, and the orthogonal state contrast determine the state 
of partial linear polarization. 
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where I0, I45 and I90 correspond to the digital level of the 

images at 0º, 45º and 90º polarization configurations.  
 

 

 
Figure 2. PMS images of a nevus (a) and a melanoma (b) at 90º, 45º, 0º 

for 414 nm, 524 nm and 671 nm. (c) Average spectral reflectance curves 

of a nevus and a melanoma at the three polarization configurations. 

These three polarization parameters were computed for all 
images considered including melanomas and nevi. Afterwards, 
each lesion was manually segmented from the surrounding 
healthy skin in order to isolate the polarization information. 
This was done within a graphic user interface in which the 
lesion image could be opened and manually segmented. A 
binary mask was obtained from the segmentation and this was 
multiplied by the whole stack of polarization images, in order 
to remain with just the gray values from the lesion. From the 
segmented images, first order statistical descriptors were 
calculated such as the mean, standard deviation, maximum, 
minimum, and parameters coming from the image histogram as 
the energy, entropy and skewness [14]. These first order 
statistics were compared between the two etiologies to evaluate 
statistically significant differences using SPSS® statistics V23.0 
(IBM Corp.). Comparisons were considered to be statistically 

significant for p-values below 0.05. The Kolmogorov-Smirnov 
(KS) test was used to evaluate the normal distribution of all 
parameters and the t-Student (TS) test was used to compare 
normally distributed parameters amongst groups. For non-
parametric variables, the Mann-Whitney U (MWU) test was 
used instead. 

 
Results 

Lesions presented in Fig. 2 are also shown in the 
subsequent images after the corresponding processing. Fig. 3 
contains the images in terms of the angle of polarization vs. 
wavelength. While the nevus can be distinguished at all 
wavelengths, especially at 414 nm and 671 nm, the melanoma 
is hardly visible. Only at 671 nm, the melanoma is more 
contrasted.  

 

 
Figure 3. Angle of polarization images from 414 nm to 671 nm for a nevus 

(a) and a melanoma (b). 

The intensity images vs. wavelength are shown in Fig. 4. 
For longer wavelengths, the specular component decreases, as 
light penetrates deeper into the tissue and is more scattered 
while the intensity increases particularly at 671 nm in the case 
of the melanoma. 

 
Figure 4. Intensity images from 414 nm to 671 nm for a nevus (a) and a 

melanoma (b). 

The images in terms of orthogonal state contrast at each 
wavelength for a nevi and a melanoma are shown in Fig. 5. It 
retrieved higher values at shorter spectral bands, which means 
that the partial polarization of reflected light is greater at these 
wavelengths. 

The KS test found statistical descriptors with normal and 
non-normal distribution and thus, the MWU and TS tests were 
applied accordingly to report statistically significant differences 
between nevi and melanoma. The angle of polarization at 414 
nm showed differences with p<0.001; the rest of parameters 
included in Table 1 exhibited also significant differences but 
with p<0.05.  
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Figure 5. Orthogonal state contrast images from 414 nm to 671 nm for a 

nevus (a) and a melanoma (b). 

Table 1. Statistical Descriptors with Statistically Significant 
differences among groups (p<0.05, KW and TS test): mean, 
standard deviation (SD), skewness (µ3), minimum (Min.) and 
maximum (Max.) for the angle of polarization (θ), the 
intensity (I) and the orthogonal state contrast (OSC). For 
each descriptor, the following values are given: mean (± 
standard deviation) and the minimum and maximum values 
(in parenthesis). 

Statistical 
descriptors 

Nevus Melanoma 

θ  Mean 
414 nm 
(p< 0.001 ) 

152.56±15.65 
(123.51, 179.61) 

167.59 ± 9.57 
(154.94, 187.88) 

θ SD 
414 nm 
(p = 0.001) 

50.56 ± 18.02 
(19.63, 70.30) 

30.24 ± 16.44 
(5.36, 61.09) 

θ SD  
447 nm 
(p = 0.002) 

15.88 ± 4.44 
(7.58, 25.59) 

11.66 ± 3.66 
(4.91, 17.22) 

θ SD 
671 nm 
(p = 0.004) 

27.98 ± 5.62 
(12.46, 34.80) 

23.58 ± 2.99 
(18.60, 28.36) 

I SD 
524 nm 
(p = 0.012) 

0.011 ± 0.002 
(0.007, 0.013) 

0.013 ± 0.002 
(0.008, 0.017) 

θ SD  
477 nm 
(p = 0.014) 

16.66 ± 4.61 
(8.32, 25.96) 

13.10 ± 4.16 
(5.24, 20.77) 

I Min.  
671 nm 
(p = 0.024) 

0.024 ± 0.011 
(0.006, 0.040) 

0.017 ± 0.009 
(0.006, 0.039) 

θ µ3 x 104 
414 nm 
(p = 0.028) 

-20.55 ± 10.25 
(-33.41, -51.42) 

-12.89± 12.56 
(-36.58, -3.77) 

OSC Max. 
671 nm 
(p = 0.033) 

0.53 ± 0.17 
(0.19, 0.86) 

0.66 ± 0.20 
(0.18, 0.93) 

 
As an example, Fig. 6 contains scatter plots of the mean of 

the angle of polarization at 414 nm and the standard deviation 
of the angle of polarization at 671 nm. At 414 nm, melanomas 
showed higher mean values of the angle of polarization, while 
values from nevi remained below. The scatter plot for the 
standard deviation at 671 nm revealed the opposite behavior 
with melanomas, which present lower values. 

 

 
Figure 6. Statistical descriptors where green points are nevi and orange 

points are melanomas. Mean of the angle of polarization at 414 nm with 

p<0.001 (a), and standard deviation of the angle of polarization at 671 nm 

with p<0.05 (b). 

Conclusions 
In this work, a polarized multispectral imaging system is 

used for the improvement of the diagnosis of skin cancer, 
especially to discriminate between melanomas and nevi. PMS 
images showed qualitative differences among these types of 
lesions that were quantified through the angle of polarization, 
intensity and orthogonal state contrast. The use of first order 
statistical descriptors and the posterior statistical analysis 
revealed statistically significant differences between 
melanomas and nevi especially at short wavelength, 414 nm 
and 447 nm, and for the mean and standard deviation of the 
angle of polarization. 

Ongoing work is focused on processing the whole set of 
skin lesions to include them in the statistical analysis. 
Additionally, we are also considering the use of supervised 
machine learning algorithms as alternative method to classify 
skin lesions, since a larger dataset will provide greater 
robustness to this analysis than the preliminary reduced subset. 
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