http://dx.doi.org/10.5755/j01.eie.22.2.12173

ELEKTRONIKA IR ELEKTROTECHNIKA, ISSN 1392-1215, VOL. 22, NO. 2, 2016

Melanoma-Nevus Discrimination Based on
Image Statistics in Few Spectral Channels
Aivars Lorencs1, Juris Sinica-Sinavskis1, Dainis Jakovels2, Ints Mednieks1
1
Institute of Electronics and Computer Science,
Dzerbenes St. 14, LV-1006 Riga, Latvia
2
Biophotonics Laboratory, Institute of Atomic Physics and Spectroscopy, University of Latvia,
Raina Blvd. 19, LV-1586 Riga, Latvia
mednieks@edi.lv

invasive, fast methods for primary diagnostics of pigmented
skin lesions are highly demanded by clinicians [5]. A simple
ABCD rule is often used in clinical practice for visual
assessment of melanoma [6] where A stands for
asymmetrical shape, B for border irregularity, C for colour
and tonal variation, and D for differential structures. As this
approach is largely subjective, there are attempts to
supplement it with calculation of additional quantitative
features that can be used for development of viable decision
support systems [7].
Diagnostics of skin melanoma based on hyperspectral or
multispectral imaging is an alternative direction which has
lately attracted attention of a number of scientific groups
[8]–[16]. Various data processing algorithms of multispectral image cubes are used, e.g. for extraction of
morphological and reflection related parameters [10], [11],
evaluation of melanoma thickness [12], spectral angle
calculation between normal skin and lesion [13], regression
analysis for assessment of skin chromophores [14], [15],
combination of several spectral channels [16] and
application of artificial neural networks [17]. Spectral
features of skin lesions are recognized as a valuable
additional source of information and are considered helpful
for diagnostics, thus supplementing the commonly used
ABCD rule with more advanced assessment of colour and
tonal variation. Several spectral imaging approaches have
been implemented in commercial devices. Two of the most
popular multispectral dermoscopes are MelaFind [18] and
SIAscope [19]. MelaFind (Electro-Optical Sciences,
Irvington, NY, USA) extracts data on specific features from
10 spectral images in 430 nm–950 nm range for diagnosis of
melanoma and has demonstrated 95 % to 100% sensitivity
and 70 % to 85 % specificity [18]. SIAscope (Astron
Clinica, Cambridge, UK) analyses the distribution of a
lesion’s position and quantity of chromophores from 8
spectral bands in 400 nm–1000 nm range and has shown
83 % sensitivity and 80 % specificity [19]. However,
spectral imagers are still not widely used to analyse skin
lesions in medical practice due to their high cost and also
insufficient clinical trials of their diagnostic methods.
Analysis of skin lesion images and chromophores spectra
has led to development of diagnostic methods which employ
the most informative spectral features that may indicate
presence of melanoma. Results of a clinical trial published

purpose of this paper is to offer a method for
discrimination of cutaneous melanoma from benign nevus,
founded on analysis of skin lesion image. At the core of method
is calculation of mean and standard deviation of pixel optical
density values for a few narrow spectral bands. Calculated
values are compared with discriminating thresholds derived
from a set of images of benign nevi and melanomas with known
diagnosis. Classification is done applying weighted majority
rule to results of thresholding. Verification against the
available multispectral images of 32 melanomas and 94 benign
nevi has shown that the method using three spectral bands
provided zero false negative and four false positive melanoma
detections. The proposed classifier is characterized by high
sensitivity and specificity concerning statistical point estimates
whereas its possible technical implementation is fairly simple.
The proposed method may be instrumental for designing low
cost diagnostic equipment to be used in primary care that is
important for early detection of cutaneous melanoma.
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I. INTRODUCTION
Skin melanoma is the most dangerous type of skin cancer.
It was estimated that 76100 new cases will be diagnosed and
9710 people will die of melanoma in United States in 2014
[1]. Melanoma accounts for less than 2 % of all skin cancer
cases, but it causes vast majority of skin cancer deaths.
Significant increase in melanoma incidence (from 5.1 in
1998 to 7.8 new cases per 100 000 inhabitants in 2008) was
observed in Latvia and similar trend was observed in other
European countries [2] where the estimated incidence of
melanoma (measured per 100 000 inhabitants) varies form
19.1 in Northern Europe (NE) to 6.1 in Central and Easter
Europe (CEE) with average value of 11.2 in whole Europe
[3]. Melanoma mortality rates are much more similar – 2.3
in CEE, 3.0 in NE and 2.3 in whole Europe. The differences
in estimates of melanoma incidence and mortality are likely
to be related to deficient early diagnostics in Central and
Eastern Europe [3], [4].
Melanomas often start as small, mole-like growths that
increase in size and may change colour [1]. Therefore, nonManuscript received 30 April, 2015; accepted 7 March, 2016.
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by Diebele et al. [16] show that melanomas and common
nevi can be discriminated with high sensitivity (94 %) and
specificity (89 %) using optical density values from only 3
(540 nm, 650 nm and 950 nm) narrow spectral bands. Other
study, Quinzán et al. [20] searched for optimal number of
bands in narrow band spectral imaging for melanoma
diagnosis and concluded that the best results (100 %
sensitivity and 72 % specificity) were obtained when 9 to 19
bands out of 55 were used. Dhawan et al. [21] has
demonstrated multispectral transilluminator Nevoscope for
melanoma detection by images in 3 spectral bands at
510 nm, 560 nm and 610 nm. Kapsokalyvas et al. [22] has
reported on the development of a polarization multispectral
dermoscope for in vivo imaging of skin lesions. Three
spectral bands (470 nm, 530 nm and 625 nm) were used for
data extraction on skin chromophore content that can be
used for detection of pathologies.
On the other hand, employment of not only mean value
but also standard deviation of reflectance values was
suggested by Farina et al. [9]. Application of both the
reflectance mean values and standard deviations to enable
employment of small number of spectral bands was
suggested by Lorencs et al. [23] for classification of
multispectral image fragments. Statistics of pixel values
were calculated separately for each spectral band. Limiting
the number of the used spectral bands to only few (e.g. 3)
would allow to replace hyperspectral or multispectral
cameras with much simpler hardware, shorten the data
acquisition procedure, and reduce the amount of data to be
processed.
Lorencs et al. [23] suggested also using this approach for
classification of skin lesions in biomedical image
processing. Current paper is focused on the attempt to apply
such simplified approach to the task of distinguishing
melanomas from benign nevi to pave the way towards
development of low cost diagnostic equipment that could be
used by primary care physicians and help them to decide
whether further investigation of the skin lesion should be
prescribed.

interference of specular reflectance from skin surface [24].
The system operated in the 450 nm–950 nm range,
sequentially acquiring spectral images with a 10 nm step and
spectral resolution (FWHM) ~15 nm. Resulting image cube
consisted of 51 images with spatial resolution ~0.05 × 0.05
mm per pixel.
Pre-processing of the data included calculation of optical
density values, registration of images for motion artefact
removal and segmentation of melanoma and nevus objects.
White reference (I0) was used to convert diffuse reflectance
intensity (I) value to optical density (OD)
OD     log10  I    / I 0     .

(1)

Home-made white paper plate attached to the skin surface
was used for white reference measurements and further
spectrally corrected according to white reference tile WS-2
(Avantes, Netherlands). Removal of motion artefacts was
performed using MultiStackReg and Image Stabilizer
plugins in ImageJ program.
Optical density mean value and standard deviation was
calculated for each pigmented skin lesion manually
segmented in the image. Segmentation was performed by
marking a polygon at the outer boundary of a lesion. Manual
segmentation was used in this study intentionally to exclude
potential segmentation errors from processing and focus on
investigation of the discrimination approach of melanoma
lesions from common nevi lesions. Segmentation of skin
lesions is a separate quite sophisticated task (see [25]) not
discussed in this paper.
III. PROCESSING METHOD
The set of 32 optical density images of melanomas and 94
images of nevi obtained in a way described above was used
for the development of the classifier of melanomas and nevi.
Images were acquired in 51 spectral bands with equal
bandwidths, numbered from 1 to 51 and centred around the
wavelengths λ1 = 450 nm, λ2 = 460 nm, …, λ51 = 950 nm.
To facilitate technical implementation we attempted to
create a classifier, based on information from a small
number of spectral bands and calculation of only relatively
simple characteristics, which however provided high
sensitivity and specificity of discrimination.

II. IMAGE ACQUISITION AND PREPROCESSING
The diffuse reflectance spectral imaging data of
pigmented skin lesions used in this study were acquired
during the years 2010 and 2011 in three Riga clinics under a
protocol approved by the local ethics committee [15]. Data
of 126 cases (32 melanomas from 31 patient and 94 nonmalignant pigmented lesions, each from a different patient)
were pre-processed and made available for the study by the
Institute of Atomic Physics and Spectroscopy of the
University of Latvia. All cases of melanoma were diagnosed
in Latvian Oncology Center and confirmed by experienced
dermatologists. The measurements were taken from patients
in supine position, in order to minimize the motion artefacts.
The spectral image acquisition system used for acquiring
images was built around the multispectral imaging camera
Nuance EX (Cambridge Research & Instrumentation, USA)
comprising a liquid crystal tunable filter and built-in
polariser. Home-made stabilized halogen lamp ring was
used as a light source, with diffuser and polariser in front of
it. Cross polarization set-up of the light source polariser and
built-in polariser of the camera was used to reduce

(a)
(b)
Fig. 1. Typical acquired optical density images: of melanoma (a), and flat
nevus (b) in the spectral band with central wavelength 540 nm. Boundaries
of manually segmented lesions shown in black.

Selection of the spectral bands primarily was based on the
spectral distribution of mean values and standard deviations
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of pixel optical densities within the analysed skin lesion
image. These distribution curves show that value ranges of
these characteristics for melanomas and nevi overlap, and,
for all characteristics, average values for melanomas are
higher than respective values for common nevi. Thus, for
classifier building, attention was focused on the spectral
bands where minimum values of the melanoma
characteristics were closer to maximum values of respective
nevi characteristics, i.e. overlap of classes is smaller.
Following this approach and taking into account that it is
desirable to exploit information from the whole spectral
range where the characteristics of melanoma and nevi have
meaningful values, design of the first classifier was based on
selection of three spectral bands, namely bands 10, 20 and
40 with wavelengths λ10 = 540 nm, λ20 = 640 nm and λ40 =
840 nm.
A threshold type classifier was made on the basis of
lesion optical characteristics obtained in these spectral
bands. Assuming that we have at our disposal m images of
melanomas, numbered from 1 to m, and n images of nevi
numbered from 1 to n, let us denote by μj(p) the mean
optical density of melanoma p image pixels in spectral band
j, and by νj(q) the mean optical density of nevus q image
pixels in spectral band j. Likewise let us denote the standard
deviation of melanoma p pixel optical density in spectral
band j by sj(p), and of nevus q pixel optical density
respectively by σj(q). Then let us define:
 a j1  min  j  p  , a j 2  max j  q  ,
p 1, m
q 1, n


b j1  min s j  p  , b j 2  max  j  q  .
p 1, m
q 1, n


image of the considered skin lesion can be represented by a
vector (α10, α20, α40, β10, β20, β40), where αj, j∊{10, 20, 40} is
the mean optical density of the lesion pixels for band j, but
βj, j∊{10, 20, 40} is the standard deviation of optical density
of the lesion pixels for band j. Consequently we can
formulate six statements about each image: α10 ≥ Δ10, α20 ≥
Δ20, α40 ≥ Δ40, β10 ≥ Δ' 10, β20 ≥ Δ' 20, β40 ≥ Δ' 40. If the
statement is true, it is assigned value 1, otherwise 0. Let us
denote values corresponding to statements αj ≥ Δ j, j∊{10, 20,
40} by I(αj), and values corresponding to statements βj ≥ Δ' j
by I(βj). The classification rule could be formulated on the
basis of so called majority voting principle where values 1
indicate the presence of melanoma. However, situations are
possible where there is no majority. To resolve them,
“votes” can be assigned different weights. Mean values are
less informative than standard deviation values as they are
more influenced by external factors. Therefore statements
I(βj) related to standard deviation parameters were assigned
higher weights in the classification rule. Then the
classification rule of classifier W1 can be formulated: the
image of the skin lesion of interest is classified as
representing melanoma if and only if

4
 3

 I  j  I  j   0.5,
21

j10,20,40  21



 

 

(3)

otherwise it is classified as representing nevus.

(2)

As the value ranges of considered characteristics for
melanoma and nevus classes overlap and average values for
melanomas are higher than respective values for nevi, aj1 <
aj2 and bj1 < bj2 for all j  1,51 . Thresholds for the classifier
to be designed were found on the basis of following
principle: a real number Δ, aj1 < Δ < aj2, is chosen to be a
threshold for mean values of the band j (and will be denoted
by Δj) in such a way that a minimum total volume of outlier
sets Uj1(Δ) and U j2(Δ), i.e. |U j1(Δ)| + |U j2(Δ)|, is provided,
where U j1(Δ) = {μj(p) | μj(p) < Δ}, U j2(Δ) = {νj(q) | νj (q) ≥
Δ}. As the minimum total volume of Uj1(Δ) and Uj2(Δ) can
be obtained for different values of Δ, any of them can be
chosen the initial threshold Δj.
Thresholds for standard deviations can be defined in the
same manner. A real number Δ' will be considered a
threshold for standard deviations in band j (and will be
denoted by Δ'j), if bj1 < Δ' < bj2 and value of |Vj1(Δ')| +
|Vj2(Δ')| is minimal in comparison with other possible cases
of Δ', where Vj1(Δ') = {sj(p) | sj(p) < Δ'}, Vj2(Δ') = {σj(q) |
σj(q) ≥ Δ'}.
Threshold values obtained in accordance with the
described procedure are shown in Fig. 2. It can be noticed
that location of particular threshold Δj between the values aj1
and aj2 (resp., location of Δ'j between bj1 and bj2) does not
follow a noticeable regularity or relationship with particular
spectral regions; and therefore application of the proposed
procedure is justified.
Obviously, for needs of our classifier, each multispectral

(a)

(b)
Fig. 2. Illustration of the procedure for finding threshold values: (a)
thresholds for mean values; (b) thresholds for standard deviation values.

Values of weight coefficients may vary as long as they do
not change the classification rule considerably. Ratio of the
weight coefficients is 1.33 for rule (3). It is easy to check
that this ratio can take any value within the interval from 1.1
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to 2.9 without affecting the classifier. For the images at our
disposal, classifier based on rule (3) with manual
segmentation of lesions in images provided zero false
negative (melanoma classified as nevus) and five false
positive (nevus classified as melanoma) detection results
(four of them were for flat nevi).

the pairs of spectral bands (j, k) within the set of melanoma
lesions as follows

corrM  j , k  

1 m
  j  p    j   k  p   k 
m  1 p 1

IV. SELECTION PRINCIPLES OF SPECTRAL BANDS
If the discrimination between melanoma and nevus would
be based on information from only one spectral band j, 1 ≤ j
≤ 51, a pair of numbers (gj, hj) could serve as the measure of
its informativeness where:
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j2  j ,
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1 m
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1 m
1 m
2
2
   j  p    j  , sk2 
  k  p   k  .
m  1 p 1
m  1 p 1

Analogous measure can be obtained for the set of nevi
using the following formula

(4)

Values of these parameters, obtained for the given set of
images for 32 melanomas and 94 nevi, are shown in Fig. 3.
Lower values in the graphs correspond to higher
informativeness. It can be noticed that values of parameters
hj are in general lower so that the assumption about higher
informativeness of standard deviation parameters is
confirmed.
Two bands from the selected triplet, namely bands 10 and
20, are characterized with good informativeness. It is
interesting to note that these bands almost precisely match
the bands selected as informative in Diebele et al. [16] on
the basis of biomedical arguments. Employing the third
band (40) becomes questionable because its informativeness
is worse as it is seen in Fig. 3. However, it should be taken
into account that the bands to be included in the set should
also provide mutually supplementing information.
Correlation between pixel values in optical density images
obtained from these bands (further shortly referred as
correlation between bands) should be assessed to decide on
degree of information complementarity of the two bands.
Lower correlation between them will indicate that they
contain more complementary information.

corrN  j , k  

1 n
  j  q   j   k  q   k 
n  1 q 1





 j  k

. (6)

From these separate correlation estimates we can obtain
combined correlation measure
corr  j , k  

m  corrM  j , k   n  corrN  j , k 
mn

.

(7)

(a)

Fig. 3. Informativeness parameters of individual spectral bands.

(b)
Fig. 4. Correlation measures between pairs of spectral bands: (a) band 10
with bands from 11 to 30, (b) band 20 with bands from 21 to 40.

Quantitative assessment of band correlation is associated
with certain problems as it is not easy to propose a
correlation measure for standard deviation values in
different bands. In general, as the optical density spectra of
lesions are smooth and slowly changing curves (see [16]),
correlation between two spectral bands is higher when the
bands are closer. We used the correlation measure between

The number of pairs of spectral bands in our case is C512
= 1275, however we focused our main attention on analysis
of correlation bands 10 and 20 and their neighbours with
higher wavelengths. Analysis results are presented in Fig. 4.
If the correlation of two bands is positive and close to 1,
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inclusion of both bands into the same set should be
considered unjustified. It can be noticed from Fig. 4(a) that
bands from 11 to 15 are highly correlated with band 10 but
bands from 17 and above show less correlation with band
10. Similarly, from Fig. 4(b) we see that bands from 21 to
25 are highly correlated with band 20 but bands from 26 and
above are less correlated and can provide complementary
data. Correlation measure for bands 10 and 20 within the set
of melanoma lesions is corrM(10, 20) = 0,86 so that
information from these bands complement each other. The
pair of bands (10, 30) is even less correlated and provides
more substantial complementary information. Low
correlation between bands 20 and 40 as seen in Fig. 4(b)
may serve as a justification for using the triplet of bands (10,
20, 40).
Mutually complementary information is provided also by
the triplet of bands (10, 20, 30) as the band 30 is far enough
from band 20 so that correlation between bands 20 and 30 is
weakened. This choice is also justified by the band
informativeness shown in Fig. 3. To prepare a classifier
based on bands 10, 20 and 30, thresholds Δ30 and Δ'30 were
calculated in a similar way as Δ10, Δ'10, Δ20 and Δ'20 and the
classification rule analogous to (3) was used, where the band
40 was replaced with band 30. Using this classifier, zero
false negative and four false positive melanoma detections
(three of them for flat nevi) were obtained. From the results,
it can be concluded that usage of the triplet of spectral bands
(10, 20, 30) for melanoma detection is favourable in
comparison with triplet (10, 20, 40), apparently due to
higher informativeness of band 30 compared to band 40.

band j+1 is equal to xs(p, j+1), then we will obtain the
following estimates of µ'j(p) and s'j(p):

 j  p  

s j  p  

 s j  p  ,



(12)

and standard deviation



E Y j  q   EY j  q 



2

  j  q  .

(13)

If the classifier based on triplet of bands (10, 20, 40),
using rule (3) and threshold values Δj and Δ'j calculated
above is denoted by W1, a classifier based on expanded
bands (keeping the same rule and threshold values) can be
denoted by W'1. Analogously, corresponding classifiers
based on triplet of bands (10, 20, 30) can be denoted by W2
and W'2.
Application of classifier W'1 for images at our disposal
provided zero false negative results for melanoma and one
false positive result for flat nevus. Classifier W'2 provided
identical results. The same conditions of the experiments
were used, namely manual segmentation of lesions and
threshold values Δj and Δ'j calculated before.
VI. DISCUSSION
Taking into account that the estimate of the correlation
coefficient for the pair of bands (10, 30) within the set of
melanomas is 0.76, it is interesting to consider a classifier
based on these two bands only. Using the same threshold
levels as for classifier based on bands (10, 20, 30),
classification rule is formulated as follows: an image is
classified as representing melanoma if and only if

(8)

and standard deviation
2



 0.25 j 1  q   0.5 j  q   0.25 j 1  q  ,

EY j  p    j  p  





EY j  q    j  p  

mean value



2



its mean value

Considering technical implementation possibilities of the
device exploiting the proposed classifier, the following
question is raised: shall the precision characteristics be
affected by possible widening of the bandwidths of chosen
spectral bands due to limited spectral resolution of used
equipment so that in reality each used spectral band could be
widened and include information from neighbouring bands?
To answer this question at least partly, initial classification
rule was changed. Characteristics μj(p) and sj(p) for a
spectral band j for melanoma p were replaced by
characteristics
of
a
random
variable
Y j  p   0.25 X j 1  p   0.5 X j  p   0.25 X j 1  p  , namely

E Y j  p   EY j  p 




 0.25 xs  p, j  1   j 1  p   

mp 
1
 0.5 x  p, j     p  
 . (11)

s
j

m p  1 s 1 


0.25 xs  p, j  1   j 1  p  



If the image of nevus q is considered, and OD distribution
of its pixels in band j is represented by the random variable
Xj(q), OD in band j-1 represented by Xj-1(q), and OD in band
j+1 represented by Xj+1(q), then νj(q) and σj(q) are replaced
by the characteristics of the random variable
Y j  q   0.25 X j 1  q   0.5 X j  q   0.25 X j 1  q  , namely

V. STABILITY OF THE CLASSIFIER

 0.25 j 1  p   0.5 j  p   0.25 j 1  p  ,

m

1 p  0.25 xs  p, j  1 
, (10)
 
m p s 1  0.5 xs  p, j   0.25 xs  p, j  1 

(9)



j10,30

where Xj-1(p), Xj(p), Xj+1(p), are random variables
representing distribution of image pixels' OD for melanoma
p.
If the number of lesion pixels in the image of melanoma p
is equal to mp and optical density of pixel s in band j is equal
to xs(p, j), OD in band j-1 is equal to xs(p, j-1), and OD in

 0.24I  j   0.26I   j   0.48.

(14)

Let us denote that classifier by W3. If we combine the
central bands with neighbouring ones using the weighting
coefficients 0.25, 0.5, 0.25, then the classifier W'3 is
obtained. Application of these classifiers to available images
of melanomas and nevi provided the following results: using
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the classifier W3, zero false negative and 10 false positive
(from them, 6 for flat nevi) classifications were obtained;
using the classifier W'3, there were zero false negative and 6
false positive (from them, 2 for flat nevi) results.
Note that changing of threshold for rules from 0.5 to 0.48
does not change the properties of classifiers W1, W'1, W2 and
W'2.
Discrimination between melanomas and nevi can be
performed also in various other ways, e.g. based on the
design of a support vector machine (SVM). This option was
used by Quinzán et al. [20]. Although the result they
obtained (classifier based on usage of 9 spectral bands) has
provided considerable quality in terms of sensitivity (=1)
and specificity (=0.72), nevertheless it is not the last word in
that problem area, namely development of melanoma
discriminators based on information from few spectral
bands. In our research, number of spectral bands was
reduced to 3 without sacrificing quality of the classifier.
This difference matters when practical implementation is
considered.
To exploit the experimental application results of
classifiers W1, W'1, W2 and W'2 for statistical estimation of
sensitivity and specificity, we have to accept the following
postulate idealizing the real situation: application of a
particular classifier to analysis of a particular melanoma
(resp., particular nevus) is characterized by one and the
same error probability pM (resp., qN). In this case, statistical
estimate of sensitivity (resp. specificity) for a given
classifier could be calculated using the maximum likelihood
method. From the results of our experiments, sensitivity of
the classifier cannot be estimated on the basis of the
maximum likelihood method because there is no maximum
point of the function pM32 , defined in the interval [0, 1]. At
the same time, note that such classification result (all images
of melanomas classified correctly) can be achieved with
rather high probability also if the true sensitivity value is
0.99. Probability of such event is 0.7249. However, true
sensitivity cannot be less than 0.85 as the probability of such
event is lower than 0.0055.
In general, if there is sufficient amount of data available,
it is desirable to test performance of the classifier with test
data set that is different from the data set used for its design.
However, it should be mentioned that, in order to have a
statistically significant testing result, test dataset should be a
representative sample from the melanoma and nevi universe.
If that condition is not met, value of the testing result will be
questionable regardless of the fact that the test set is
different from the design set. As the images used in the
study were collected over a prolonged period of time from
different patients, and the number of images in sample sets
from each universe is sufficiently high (especially for the set
of nevi), they can be qualified as representative for the local
population. To check robustness of the classifier W2, the
following experimental procedure was used: the data set of
32 melanoma images (resp. 94 nevus images) was split in a
random way into two subsets containing 16 melanoma
images (resp. 47 nevus images), one of them used for
calculation of thresholds Δj and Δ'j whereas the other used as
a test set in the classification experiment based on the rule
(3) and bands (10, 20, 30). This procedure was repeated 20
times; number of false negative and false positive melanoma

detections is illustrated in Fig. 5.

Fig. 5. Experimental testing results of classifier W2.

It is noticed that the number of classification errors
remain low for all experiments. Further investigations could
be useful to validate applicability of the proposed approach
to different types of skin.
Sensitivity and specificity values obtained in a particular
experiment are only statistical point estimates characterizing
a classifier with certain probability. For example, if a
classifier correctly classifies 7 melanomas as in [20], then
the estimate of sensitivity equal to 1 is questionable because
the same experimental result with sufficiently high
probability could be obtained also if the true sensitivity
value would be 0.96. This probability is higher than 0.75.
We can speak about 100 % sensitivity only in the case when
such characteristic is justified theoretically on the basis of
certain physical parameters.
New techniques and multidisciplinary approaches are of
interest for improved detection of melanoma [5]. Diffuse
reflectance and fluorescence imaging could be considered as
complementary methods for skin diagnostics [26]. It should
be mentioned that the proposed approach also facilitates
fusion of image data acquired using different technologies.
As far as statistical characteristics are obtained separately
for each image related with the particular spectral band,
there are no restrictions to how this image is acquired. For
example, a fluorescence image of a skin lesion acquired
exploiting corresponding data acquisition technology could
be used to calculate mean value and standard deviation of a
lesion and related statements can participate in classification
together with statements formulated from lesion reflectance
images. That may facilitate application of the proposed
approach to different diagnostic tasks in biomedicine.
Development of low cost diagnostic devices for primary
screening of skin lesions would improve accessibility of
early diagnosis that is important especially for developing
countries and Central and Eastern Europe [4]. Smartphones
become more advanced and available and find applications
in skin diagnostics; for example, HandyScope from
FotoFinder Systems [27] is a dermoscope compatible with a
smartphone. Proposed simplified approach based on only
few spectral bands could be implemented as a simple device
or a connection kit for a smartphone.
VII. CONCLUSIONS
The proposed method for discrimination of melanoma
from benign nevi is based on quantifiable spectral properties
and characterized by high sensitivity and specificity
statistical point estimates whereas its possible technical
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implementation is fairly simple. That would require
hardware for obtaining images only in three spectral bands
within the region of visible light where the low cost light
sources and digital photo sensors are widely available.
Involved image processing would include image
segmentation and rather simple calculation of statistical
characteristics of pixel values for the lesion considered.
Related software can be prepared for the connected general
purpose device used also for visualization and storage of
acquired images together with melanoma detection results
and corresponding recommendations. With such approach, a
low cost device could be proposed to assist primary care
physicians in making decision about the necessity to visit a
specialized clinic and thus help in early diagnostics of
cutaneous melanoma.
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