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Abstract
Early detection of melanoma has critical importance for the success of the treatment. However, a successful early diagnosis is
only possible with the existence of discriminative features. In this study, a new descriptor based on the number of colors was
developed in order to successfully diagnose lesions of melanoma. The number of colors is the main feature in the identification of
melanoma-type skin lesions. The user must select a threshold value when calculating the number of colors of the lesion. The
incorrect threshold value selection of non-expert users disrupts the aforementioned feature and also leads to significant diagnostic
errors. In this study, it was revealed that color counting threshold values have a significant effect on the distinctiveness of the
number of colors. In the three dermoscopic databases, color counting threshold values that provide the maximum distinctiveness
on melanoma and benign lesions were determined as 0 and 0.123 respectively. By using these color counting threshold values,
the number of colors for each sample in the data sets was calculated separately. Following that, a novel attribute called the number
of color difference was defined as a function of color counting threshold values. Experiments using only the proposed new
descriptor yielded 52.7% higher f-measure and 84.5% higher true-positive performance than the number of colors used in the
literature. The results obtained in this study revealed the importance of accurately determining the number of colors the lesions
had and states that the applied color counting threshold significantly influences the classification results. Thereby, a new method
is proposed for determining the critical color counting threshold. We claim that the classical ABCD rule should be improved by
our new descriptor.
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1 Introduction

Studies that have been conducted in the USA on skin
cancer have stated that it is the most common type of
cancer [1, 2]. Although skin cancer is extremely com-
mon, because of the early diagnosis, this disease has
high survival rates. For example, in the UK and the
USA, survival rates for the last 5 years are respectively
86% and 90% [3]. Melanoma is distinctive with high
mortality rates in skin cancer types [2]. Therefore, the

correct diagnosis of melanoma lesions is of essential im-
portance. The high diagnostic accuracy is primarily pos-
sible by the correct segmentation of the lesion images
and accurate classification. Segmentation is the first
stage in the analysis of skin lesions [3]. For this purpose,
a large number of methods have been described in the
literature, based on histograms, using color clustering
methods, based on statistical or image space and using
adaptive or iterative threshold methods [3, 4]. It is pos-
sible to divide these methods into two main groups as
supervised and unsupervised [5, 6]. One of the most
popular among the unsupervised methods is the active
contour (AC) method. AC models can indicate different
characteristics in practice in accordance with the purpose
of use and the mathematical methods used within.
Sirakov et al. developed a new AC model using a partial
differential approach and named it shrinking active con-
tour exact solution (S-ACES) model [7, 8]. Then, they
have used this method for the segmentation of skin

* Hasan Akan
hasanakan@duzce.edu.tr

Mustafa Zahid Yıldız
mustafayildiz@subu.edu.tr

1 Duzce Vocational School, Duzce University, Düzce, Turkey
2 Sakarya University of Applied Science, Geyve/Sakarya, Turkey

https://doi.org/10.1007/s11517-020-02248-z

/ Published online: 31 August 2020

Medical & Biological Engineering & Computing (2020) 58:2711–2723

http://crossmark.crossref.org/dialog/?doi=10.1007/s11517-020-02248-z&domain=pdf
http://orcid.org/0000-0003-1870-288X
mailto:hasanakan@duzce.edu.tr


lesions [9, 10]. In the present study, this S-ACES model
was used for segmentation.

The purpose of segmenting images is to calculate the fea-
tures to be used for the identification of the lesions. In the
studies performed with skin lesions, many descriptive features
were calculated after the segmentation process. In the method
proposed by Menzies S. et al., 11 features were grouped as
negative and positive. Negative attributes were as follows: the
symmetry of the color patterns in the lesion and the presence
of one color. If at least one of themwas present, the lesion was
not melanoma. Positive attributes were as follows: blue-white
envelope, multiple brown dots, pseudopods, radiant scatter-
ing, wound-like color loss, peripheral black spheres, multiple
(5–6) colors, multiple blue-gray spots, and expanding network
topology. There was a high risk of melanoma if at least one of
the positive attributes was present [11]. Bakheet S. has used
histogram of oriented gradients (HOG) to reflect the texture
characteristics of the image in his study [12]. In this aforemen-
tioned study, filters and other image enhancement techniques
were used extensively. However, although they emphasized
that the feature which offered was insensitive to lighting prob-
lems, they adjusted the brightness in order to eliminate light-
ing problems in the images. In addition, they also stated that
the feature they have used was affected by the rotation of the
image.

Alquran H. et al. also calculated the total dermoscopy score
(TDS) value based on asymmetry, edge irregularity, color, and
diameter component of the studies. In addition, they calculat-
ed the properties of contrast, skewness, kurtosis, energy,
mean, standard deviation, circulation, energy, correlation,
and homogeneity [13]. Then, they used the principal compo-
nent analysis (PCA) to select five of the above in order to use
it in the classification. The selected parameters were as fol-
lows: TDS, mean, standard deviation, energy, and contrast.
When these attributes were examined, it was observed that
most lesions had color characteristics. Mete M. et al. [9, 10]
used the number of colors (NC), abrupt color transitions,
asymmetry of lesions, and color regions in accordance with
the ABCD rule. They used advanced SVM methods for clas-
sification. Nachbar F. et al. designed a method called the
ABCD rule [14]. In this method, they used descriptors such
as asymmetry of the lesion region, NC, abrupt color transi-
tions, and the presence of different structural elements. Dalila
F. et al. used a total of 112 descriptors in three different groups
in their study and then selected 12 of them with the “Relief”
attribute selection algorithm [15]. Ten of the selected features
were related to color features. Faziloglu Y. et al. evaluated the
color properties of the lesion and developed the Percentage
Melanoma Color (PMC) identifiers, and revealed that the
PMC feature was powerful in distinguishing melanoma sam-
ples in their studies [16].Whenwe examine the attributes used
in the studies, it is understood that color information is the
most important indicator of the lesion structure. The main

factor determining the color content of skin lesions is melanin
[17, 18]. In the studies, the colors considered to detect mela-
nomas (black, light brown, dark brown, blue-gray) appear
depending on the location of melanin in the skin tissue [17,
18]. In addition, the sources of the color of the pink-red color
range were the red blood cells [17]. Abbadi N.K.E. et al. used
the ABCD rule in their studies and calculated the asymmetry,
edge irregularity, number of colors, and diameter attributes
accordingly. Unlike other studies, they performed color
counting in RGB space [19].

As can be seen from the open literature studies men-
tioned above, analysis of the color of the skin lesion is
significantly essential for the diagnosis of melanoma. In
this respect, the NC detected in the lesion has been the
strongest and most common indicator of melanoma [9, 17,
20]. However, for the acceptance of the presence of any
color in the lesion and the calculation of the total NC in
the lesion, users need to determine a color counting
threshold (CCT). Color is considered to be present when
there is a greater amount of CCT; otherwise, it is consid-
ered non-existent. For this purpose, a certain ratio or fixed
number of pixels has been used in the literature depending
on the lesion area [9, 16, 19]. In the techniques using a
fixed number of pixels [9], the size and resolution of the
image constitute a serious problem. In some cases, differ-
ent CCT values should be selected for each different sam-
ple. In the techniques related to the lesion area [16, 19], it
is important to choose the correct color ratio as the CCT.
Choosing this CCT value incorrectly causes both the NC
to be calculated incorrectly and the misdiagnosis rate to
increase. Although it has been determined in the studies
that the NC in the melanoma lesions are particularly high
[9, 17, 20], the wrong choice of the CCT value leads to
the directly opposite results. In such cases, it is essential
to use more powerful and complex classifying methods
for both high performance and to avoid incorrect classifi-
cation. Although it was major importance, no specific
method for the determination of CCT has been proposed
in the literature.

The aim of this presented study is to define a new descrip-
tor based on the NC for the diagnosis of melanoma. In order to
achieve this goal, the effect of the proportional CCT on the
selectivity of the NC parameter was examined and CCTs with
the highest discrimination were determined by a new method.
Thereafter, a novel number of colors difference (NCD) attri-
bute was defined based on the NC. Finally, univariate classi-
fication tests were carried out with this attribute and other NC
attributes calculated by different CCT values exist in the liter-
ature. The results obtained indicate that the classification suc-
cess with this new feature in terms of f-measure is at least
20.2% and a maximum of 52.7% higher than the literature
and is at least 43.8% and a maximum of 84.5% higher than
the literature in terms of true positive.
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2 Method

The method used in this study is consisting of the process
steps as provided in Fig. 1. Initially, space transformation
was applied to images in the data set and converted from
RGB space to grayscale space. In transformations, 0.3, 0.59,
and 0.11 coefficients were used for each frame in RGB space,
respectively [9]. Then, the spatial filter process, expressed as
Eq. (1), was applied to the image [21]. Following the filtering
process, without further application of any pre-processing, the
segmentation process had executed.

h x; yð Þ ¼ ∑
a

s¼−a
∑
g

t¼−g
φ s; tð Þ f xþ s; yþ tð Þ ð1Þ

In Eq. (1), f(x, y)indicates the input image, φ(s, t) indicates
the spatial filter mask, h(x, y) indicates the filtered image, s
and t indicate the coordinates of the mask elements. x and y are
the coordinates of the image pixel on which the filter focusing
on, g and a indicate the size of the filter.

2.1 S-ACES model

In this study, the shrinking active contour model which was
developed by Sirakov N.M. et al. by applying the geometric
differential equations and expressed in vector form was used
[7–10]. The model was defined by the following four equa-
tions:

Q w; zð Þ¼ebw−4b
2z Acos ubwð Þ;A sin ubwð Þð Þ ð2Þ

Initial values for Eq. (2):

4 4b
2z ¼ 0:001; u ¼ 1000; A ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
st2 þ sa2;

p
∇ ¼ 160;

z0 : 0:00001; dz : 0:000001; ε : 120;m ¼ n ¼ 15

ð3Þ

Q w; zð Þ ¼ Q w; zþdzð Þ If R w; zð Þ>∇;
Q w; zð Þ ≠ Q w; zþdzð Þ If R w; zð Þ≤∇;

ð4Þ

In Eq. (4):

R w; zð Þ ¼ ∑
m−1

j¼0
∑
n−1

i¼0
Y ji f Q w; zð Þð Þð Þ; Y ji f Q w; zð Þð Þð Þ

¼ 1 if f Q w; zþ dzð Þð Þ∈ ε1; ε2½ �
0 else

�

If
δf Q w; zð Þð Þ

δz
> ε 9≥z≥0:00001ð Þ; Q w; zð Þ ¼ Q w; zþ dzð Þ

Else Q w; zð Þ ≠ Q w; zþ dzð Þ
ð5Þ

In this model, Eqs. (2) and (5) were used to create the
contour of the lesion. Q(w, z) represents the lesion contour.
In Eq. (3), the initial values of the variables in the S-ACES
model are given. Equation (4) is used to determine the color
pixels in the lesion.

The parameter u, in S-ACES model, is a real constant.
Provided that, w ∈ [0, 2π/ub], the test points on the active
contour are b = |dw|/2. |dw| is the size of the curve that is
defined on thew value. z is the parameter that allows the active
contour to narrow to the center. The initial value of this pa-
rameter (z0) must be determined by the user in accordance
with the image dimensions. dz is the measure of the progress
of the active contour towards the lesion center, in other words,
the amount of change of z. In order for the lesion contour to be
calculated correctly, the dz value must be properly identified
by the user. st and sa state the column and row values of the
image respectively. f represents the image. A indicates the
diagonal length of the image. Y represents the filter matrix
of size mxn. R indicates total number of pixels in the color
value ranged within [ε1, ε2] in the area of mxn around the
point (w,z) that the active contour is testing. If R > ∇ this
means an edge point and the test proceeds to the next AC
point. m and n indicate the number of rows and columns of

Fig. 1 Process steps applied in
this study
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this filter, respectively. This function allows filtering of noises
and other unwanted colors in the image.

ε1 and ε2 are the parameters calculated for the color of the
upper and lower limit gray values of each color that are taken
into account in the skin lesions and calculated in accordance
with the Table 1 by using Eq. (6) [9]. ε is the threshold value
that allows the lesion to distinguish the skin surrounding the
lesion. Detailed studies on the success of the mentioned model
have been carried out in [7, 8]. In this study, the same method
was run on all data sets. The operation of the model is stated in
Fig. 5.

After the segmentation process, the original lesion image
was multiplied by the lesion mask, which was the output of
the AC algorithm. Thus, the lesion was segmented by preserv-
ing its original colors and the negative effects of the filters
were prevented. Therefore, conversion from RGB space to
grayscale space had applied to the segmented lesion. All sub-
sequent calculations are made in grayscale space. In this way,
computational load and complexity were reduced.

ε1¼0:3Rminþ0:59Gminþ0:11Bmin

ε2¼0:3Rmaxþ0:59Gmaxþ0:11Bmax;
ð6Þ

2.2 CCT selection method

Derivation of highly distinctive attributes from lesion images
has essential importance for lesion classification operations
[3]. Thus, in this section, a method to increase the ability of
the NC attributes that are commonly used in the literature is
presented.

As a result of dermatological examinations, it has been
seen that melanoma type of lesions was found to contain
more color than benign type of lesions [9, 17, 20].
Therefore, the determination of NC in the lesions is ex-
tremely important for the diagnosis of melanomas. There
are 6 essential colors that are taken into consideration in
the skin lesions. These are white, red, light-brown, dark-
brown, blue-gray, and black colors [9, 14, 17, 19, 20, 22].
The lowest and highest limit values of these colors in
RGB space are provided in Table 1 [9].

In order to accept the presence of any particular color in
any skin lesion, a CCT value comparison should be executed.
No matter how this CCT value is determined with any meth-
od, if there are more color pixels available above the CCT, that
color is considered available in the lesion. Two types of CCT
have been used in the literature. The first is based on a certain
ratio, and the other is based on the number of fixed pixels [9,
10, 16, 19]. In this study, the proportional threshold approach
was used.

In this approach, the ratio (γ) of the number of
pixels with the investigated color to the total number
of pixels constituting the lesion was calculated as stated
in Eq. (7). The calculated γ value is compared with the
selected γ′ value as CCT.

If γ > γ′, the color was assumed to be present in the
lesion and the NC value was increased by 1. Otherwise, it
has been accepted that the color did not exist in the lesion.
The NC is determined by this process and its highest
value is 6. The calculation of NC was performed in
0.0001 steps for CCT value γ′ ∈[0, 1] in order to be com-
patible with the literature.

In Eq. (7), Ra represents the total number of pixels of the
color investigated in the lesion, and their colors are within the
range [ε1, ε2] in the grayscale space. ε1 and ε2 are calculated
with Eq. (6) according to the limits in Table 1. La is the total
number of pixels of the area occupied by the lesion, and γ
represents the ratio of these two.

γ¼ Ra
La

ð7Þ

However, no method has been proposed in the litera-
ture to determine the CCT value. On the other hand, the
value of the selected CCT depends on the image acquisi-
tion conditions and image properties. However, a highly
distinctive NC attribute should be able to distinguish mel-
anoma and benign lesion types very well, as shown in
Fig. 2. For this, the NC attribute must be calculated cor-
rectly. This is only possible by using the most accurate
CCT values. For this purpose, the method given with Eq.
(8), which provides the determination of the most accurate
CCT values, has been developed.

Θ γ
0

� �
¼μMγ0−μBγ0 ; μMγ0 ¼ ∑k

i¼1 Mið Þ
k

;μBγ0 ¼ ∑d
j¼1 Bið Þ
d

; γ0∈ 0; 1½ �
 !

ð8Þ

In Eq. (8), Θ represents the average NC difference
between melanoma and benign lesion groups. μMγ′ and
μBγ′ are the average NC value of melanoma and benign
groups, respectively. Mi, NC of melanoma sample of i,
Bj, the NC of benign sample of j, for γ′ selected as the

Table 1 The smallest and largest values of colors in RGB space

Colors Rmin Gmin Bmin Rmax Gmax Bmax

White 222 208 195 255 255 255

Red 225 11 0 243 25 7

Light-brown 149 81 16 186 108 42

Dark-brown 69 11 10 101 30 8

Blue-gray 69 79 68 92 110 120

Black 0 0 0 29 26 11
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CCT value. The k and d are the sample numbers of
each group. The developed method provided that, Θ is
examined as a function dependent on γ′.

If the value ofΘ is high, this situation indicates that the NC
of the two groups were very different and if the value is low,
this situation indicates that NC were close to one another.
According to Eq. (8), if Θ > 0, then the Melanoma samples
shall have more NC, and If Θ < 0, then Benign samples shall
have more NC.

Therefore, the purpose of the method is to determine

the values of γ
0
1 and γ

0
2 which make the Θ(γ′) function

± maximum in both directions. In this way, the best
CCT values were determined for both lesion types.
The CCT values used in the literature are 0.001,
0.00125, and 150pixels, respectively [9, 16, 19].
Therefore, in order to conform to the literature, in the
presented study, the processing steps for γ′ were select-
ed as 0.0001.

Equation (8) was applied separately for each data set.

In this way, γ
0
1 and γ

0
2 are determined separately for

datasets created under different image acquisition
conditions.

Then, a t test was applied to examine the effect of

determined γ
0
1 and γ

0
2 and other CCT values used in the

literature on the selectivity of the NC calculated with
them. The t test was a strong indicator with regard to
distinctiveness. In this method, the arithmetic means,
standard deviation, and sample numbers of each class
were taken as input and t value is calculated by Eq.
(9). In this equation, tC(γ

′) indicates the t test result of
the NC obtained with the selected γ′ value. If this t test
value is high, this result indicates that the distinctive-
ness also has a high value [23]. These operations were

applied to each data set separately and the results ob-
tained were compared in terms of p value.

tC γ
0

� �
¼ jμM−μBjffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

k σMð Þ2 þ d σBð Þ2
� �

k þ dð Þ

vuut
ð9Þ

2.2.1 Proposal of a new metric: NCD

As explained in the previous sections, the color charac-
teristics of the lesions provide important information.
These features need to be made measurable with appro-
priate methods. The fact that a lesion contains many
colors causes its surface area to be divided into many
small color regions. This is especially the case for mel-
anomas. Since benign lesions contain less color than
melanomas, their surface area will be divided into fewer
but larger color areas as symbolically shown in Fig. 3 for
two lesion types. Therefore, when the CCT value chang-
es, the NC value of melanoma lesions will be more af-
fected than the NC values of benign lesions. The method
proposed in this section is based on this case. Depending
on the selected CCTs, if the calculated NC values vary
greatly, the risk of melanoma is also high. This variation

was calculated according to Eq. (10) using γ
0
1 and γ

0
2

CCT values determined by the method described in
Section 2.2.

NCD¼ NC1−NC2ð Þ NC1

NC2

� �� 	
ð10Þ

Fig. 2 Ideally expected NC attribute. The graphic shows the relationship between NC and Θ. The dashed lines show the average NC values for each
lesion type

Fig. 3 Symbolic representation of
the amount of colors detected in
skin lesions. C1…6; Symbolic
representation of the colors
specified in Table 1
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In Eq. (10), NC1 and NC2 are the NC attributes calculated

on the same example for γ
0
1 and γ

0
2 CCT values, respectively.

The value range of the NC attributes calculated in the liter-
ature [9, 11, 16, 17, 19, 22] and in this study ranges from 1 to
6. However, the proposed NCD attribute ranged from 0 to 30.
Extending the value range of the attribute in this way will
make it easier to detect small differences between groups.
Increasing the value range of the attribute will enlarge the
small differences between the lesion groups and the discrim-
ination ability of the attribute will increase. The proposed
CCT determination method and the associated NCD calcula-
tion method can be easily applied to data sets created under
different conditions. In addition, although there are different
image acquisition conditions, the proposed CCT determina-
tion method and NCD attribute can easily be adapted.

2.2.2 Lesion classification

In this study, the classification of the lesions and the interpre-
tation of the results were conducted in accordance with
Table 2. Accordingly, true positive (Tp) states the melanoma
samples which were classified as melanoma. False positive
(Fp) states samples that were classified as melanoma although
they were benign. False negative (Fn) states samples that were
classified as benign although they were melanoma. True neg-
ative (Tn) states the benign samples which were classified as
benign.

Following the determination of the two most distinctive
CCT values for the images in the entire data sets as described
in Section 2.2, the NCD attribute was calculated as described
in Section 2.2.1. In addition, in order to compare the results of
this study, the alternative NC attributes were calculated by
0.001 [19], 0.00125 [16], and 150 pixels [9] CCT values used
in the literature.

The univariate lesion classification was performed using
Tj ∈ [0, 30] (for j = 1,2) classification threshold (CT) values.
Tj, CTs were determined automatically by the methods in
Table 3 during the training stage. In these methods, the step
size was 0.01.

Values above the selected CT value were classified as mel-
anoma (positive) and the ones below or equal the selected CT
were classified as benign (negative).

The common point of these methods was that they were
based on having a high value of the total correct classification
ratio. For each NC attribute, the CT values which are

determined by the training sets in accordance with the
methods provided in Table 3 were applied to the test sets
and the lesion classification procedures were completed. The
results from the test sets and the success rate were evaluated.

3 Results and discussion

3.1 Data set

In the present study, three data sets were used. The first data-
base consisting of 28 melanoma and 69 benign cases (DS1)
was used to test the developed S-ACES model [9, 22]. Some
of the images in the database have black frame problems.
Cropping was applied to eliminate such problems.
Preprocessing was similar procedures that were used by
Mete M. et al. in their studies [9].

The second data set consists of 209 melanomas and 279
benign samples (DS2) [24]. The third data set is composed of
a combination of the two (DS3). The aim is to test the perfor-
mance of the proposed attribute and method on a complex
data set containing images obtained under different condi-
tions. The training and test stages were applied to each data
set separately. The details of the data sets are given in Table 4.
Ground truth is available for diagnosis and segmentation ver-
ification of all samples in the datasets.

Accordingly, in the first step, color space transformation
was applied to images. Thus, the images were transferred from
the RGB space to the single-channel grayscale space, which
was easy to work with. The spatial filter was applied to the
images as expressed in Eq. (1). A 3 × 3 spatial filter mask
(φ(s, t)) as stated in Fig. 4 was applied to the images. The
coefficients that were used in the filter mask can be arranged
in different ways to improve the different attributes of the
image. Such as, if the sum of the coefficients in the mask

Table 3 Classification threshold selection methods

Method Classification threshold

M1 [Max. [(Tp + Tn)/|Tp − Tn|]] T1 ∈ [0, 30]
M2 [Max.[(Tp + Tn)]] T2 ∈ [0, 30]

Table 2 Evaluation
matrix and interpretation
of results

Melanom Benign

Melanom Tp Fn

Benign Fp Tn

Table 4 Detail of the data sets used in the presented study

Data set Melanoma Benign Total

1 28 69 97 Interactive atlas of
dermoscopy [9, 22].

2 209 279 488 ISIC Archive [24].

3 237 348 585 Combination of data sets.
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was zero, the background image will appear darker and the
edges of the objects will appear in the form of thin white lines.
Similarly, if the sum of the coefficients is increased, the con-
trast of the image also increases [25]. As previously men-
tioned, coefficients were arranged to improve the image and
to obtain the best results in segmentation. The coefficients that
provide the best results in experimental studies are given in
Fig. 4.

In addition, against the noises such as scars and hair in the
image, a method was used as stated in Eq. (4) which has been
embedded to the S-ACES algorithm.

3.2 Segmentation

The S-ACES model as defined by Eqs. (2–5) was used. For
this model, images were segmented by using the initial values
as specified in Eq. (3) [7, 9, 26]. An example of the operation
of the model and the results of the segmentation is given in
Fig. 5.

3.3 The effect of CCT selection on the NC

All of the samples from melanoma and benign lesions
were subject to segmentation by the active contour
model as mentioned in the previous sections. The NC
for each sample was then calculated on the segmented
samples.

Then, the Θ value was calculated as described in
Section 2.2. As a result of these processes, Θ value changes
were obtained for all DSs according to γ′ values as shown in
Fig. 6.

As shown in Fig. 6a, positive and negative peaks showing
the critical CCT values for the DS1 were determined as

Θ γ
0
1 ¼ 0


 �
= + 0.6734 and Θ γ

0
2 ¼ 0:1231


 �
= − 0.6444.

The γ′ values providing these peaks were recorded as γ
0
1 and

γ
0
2 respectively.
In addition, as mentioned in the previous sections,

the negative peak, which indicates that benign lesions
have higher color count depending on the CCT value, is
clearly seen here.

This process has been applied to all DSs separately. The
Θ values for DS2 and DS3 are given in Fig. 6b and c
respectively. For all data sets, positive and negative peak

values of Θ(γ′) and the critical γ
0
1 and γ

0
2 CCT values are

given in Table 5.
Although melanoma lesions have been reported to

have a higher NC in the literature [9, 17, 20], experi-
mental results indicated that this was depended on the
CCT value selected. Thus, the CCT was also found to
be of critical importance.

Next, the NC value was calculated for all the sam-
ples in all data sets using the CCTs described in
Table 5 and the CCTs values used in the literature
(0.001, 0.00125, and 150 pixels) [9, 16, 19]. Thus, by
using six different CCT values, five different NC

Fig. 4 Spatial filter mask used in Eq. (1). (φ(s, t))

(a) (b)

Fig. 5 Example of segmentation.
a S-ACES model process. b
Segmented lesion

2717Med Biol Eng Comput (2020) 58:2711–2723



attributes were calculated for each DS. In addition,
using NC values calculated with CCTs given in
Table 5, NCD attributes were calculated for each data
set as a function of CCTs according to Eq. (10). NC
and NCD parameters which were calculated on the DS1
are provided in Fig. 7.

All of the NC parameters were statistically evaluated for
their distinctiveness capabilities. For this purpose, the t test
was applied. The results are provided in Table 6.

The γ′ values used in the literature for DS1, DS2, and DS3
did not significantly increase the value of Θ between the be-
nign and melanoma lesion groups, as shown in the 6th column
in Table 6. However, the 0 and 0.123x CCT values proposed
in this study produced the highestΘ value for all data sets. In
addition, although the literature suggests that melanoma le-
sions contain a greater number of colors than benign lesions,
when γ′= 0.123x, it was calculated that benign lesions had a
higher color count (Θ < 0).

In addition, when CCT values in the literature were used
especially for DS2, no statistically significant difference was
observed between the lesion groups in terms of NC (p > 0.05).
However, the NC calculated with the 0 and 0.123x CCT
values suggested in this study revealed significant differences
in all data sets.

In order to avoid these contradictory situations and to ben-
efit from the CCT values that make Θ the highest value, the
NCD parameter as a function of CCT values is calculated as
given in Eq. (10). In the tests performed on all data sets with
the proposed NCD attribute, the Θ value reached the highest
level among the lesion groups and the power of distinctive-
ness was significantly higher.

3.4 Classification of lesions with NCD

As mentioned in Section 1, three data sets were used in
the experiments. Four attributes were calculated on each
data set. These were as follows: three NC calculated with
CCTs used in the literature and NCD attribute proposed in
this study. Each feature vector was divided into 70%
training and 30% test groups. In this way, 20 different
training/test sets were randomly created for each attribute.
Thus, experiments for each attribute were repeated with a
total of 60 different training/test sets.

The classification experiments were executed using
one attribute for each period. The CT values (T1 and
T2) used in the classification tests were determined on
each training set using the CT selection methods (M1

and M2) given in Table 3. These methods allowed de-
termining the value of T1 and T2, which provide the
highest M score (M1 and M2) on each training set.
The working principles of these methods were given
as an example of one case in Fig. 8. In this figure,
the execution of the M1 method was shown on the
14th training set created for the NCD attribute calculat-
ed on DS1. Figure 8a shows the change of Tp and Tn
values during the training phase, while Fig. 8b shows
the change of the M1 score value during the training. In
this training example, the T1 value related to the NCD
feature was determined as 3.34 as shown in Fig. 8b. In
the test stage, samples above this CT value were clas-
sified as melanoma and in other cases as benign. All of
these processes were repeated on 60 randomly generated
training/test sets for each attribute.

Fig. 6 The change of the Θ in accordance with the CCT γ′ for different DS’s. a DS1. b DS2. c DS3

Table 5 Critical CCT values were determined in the data sets. γ
0
1: CCT providing the highestΘ value for the melanoma group. γ

0
2: CCT providing the

highestΘ value for the benign group

γ
0
1 γ

0
2 Θ γ

0
1


 �
Θ γ

0
2


 �
DS1 0 0.1231 + 0.6734 − 0.6444
DS2 0 0.1235 + 0.2938 − 0.3066
DS3 0 0.1235 + 0.3581 − 0.3404
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In order to set an example for the operations exe-
cuted during the training and testing stages, the details
of the results with NCD attributes are provided in
Table 7 for DS1. The first column in this table states
the sequence number of the randomly generated
training/test sets. The second and third columns are
the correct classification rates of melanoma and benign

lesions in the training stage. These values were obtain-
ed by the M1 method. The fourth and fifth columns
show the highest scores achieved by the M1 method
for each training set and the T1 values that provide
them.

Finally, the sixth and seventh columns state the correct
classification rates for melanoma and benign lesions in the

(a)

(b)

(c)

(d)

(e)

(f)

Fig. 7 The NC calculated in
accordance with the different
CCTs. (For DS1). a γ′ = 0CCT. b
γ′ = 0.1231 CCT. c γ′ = 0.001
CCT. d γ′ = 0.00125 CCT. e γ′ =
150 pixel CCT. f The NCD
calculated according to Eq. (10)
using NC obtained for γ′ = 0 and
γ′ = 0.1231. Asterisk symbols
indicate the melanoma samples;
Circles indicate the benign
samples

Table 6 t test results of NC
obtained by different threshold
and NCD parameters

NC for different CCT
values

tC(γ
′) p (two-tailed) Mean difference

(Θ)

DS1 Abbadi N.K.E. et al.
[19]

NC (γ′ = 0.001) 3.237 0.0016660000 0.573

Faziloglu Y. et al. [16] NC (γ′ = 0.00125) 3.460 0.0008100000 0.575

Mete M. et al. [9] NC (γ′ = 150 pixel) 3.148 0.0021980000 0.538

Proposed NC (γ′ = 0) 3.817 0.0002410000 0.673

Proposed NC (γ′ = 0.1231) − 3.700 0.0003610000 − 0.644
Proposed NCD 4.267 0.0000470000 6.860

DS2 Abbadi N.K.E. et al. [19] NC ( γ′ = 0.001) 0.944 0.3454873000 0.067

Faziloglu Y. et al. [16] NC (γ′ = 0.00125) 0.962 0.3363165000 0.067

Mete M. et al. [9] NC (γ′ = 150 pixel) 2.006 0.0453774000 0.139

Proposed NC (γ′ = 0) 3.865 0.0001300000 0.294

Proposed NC (γ′ = 0.1235) − 4.857 0.0000016000 − 0.307
Proposed NCD 4.741 0.0000028000 2.209

DS3 Abbadi N.K.E. et al. [19] NC ( γ′ = 0.001) 2.239 0.0255589000 0.148

Faziloglu Y. et al. [16] NC (γ′ = 0.00125) 2.368 0.0182101000 0.153

Mete M. et al. [9] NC (γ′ = 150 pixel) 3.160 0.0016611000 0.202

Proposed NC (γ′ = 0) 5.146 0.0000003650 0.358

Proposed NC (γ′ = 0.1235) − 5.699 0.0000000190 − 0.340
Proposed NCD 5.886 0.0000000067 2.757

2719Med Biol Eng Comput (2020) 58:2711–2723



tests stage. The average values of each column were provided
at the bottom of Table 7.

The comparison was executed by average Tp, Tn, and f-
measure values for all attributes and all DSs. These mean

values were calculated using univariate classification results
using CTs determined by M1 and M2 methods.

The correct diagnosis of melanoma is vital for treatment.
Misdiagnosis of the actual patient may lead to delayed

(a)

(b)
T1 = 3.34

Fig. 8 Determining the CT value
for the NCD attribute in the
training stage for DS1. The M1

method was used to determine the
CT for the 14th train set. a
Variation of correct classification
rates of melanoma and benign
groups in accordance with the
selected threshold value. b
Change of score calculated
according to M1 method. In this
sample, it has been found CCT
that T1 = 3.34. Asterisk symbols
indicate Tp(Melanoma); Circles
indicate Tn(Benign)

Table 7 Details of the results of
training and testing operations
with 20 training/test sets conju-
gated to the NCD attribute forM1

method, for DS1

Train/test data set number (for NCD feature) Train result Test result

Tp (%) Tn (%) M1 score T1 Tp (%) Tn (%)

1 65.00 64.58 311.00 4.00 62.50 95.24

2 65.00 68.75 35.67 3.34 100.00 61.90

3 75.00 70.83 35.00 3.34 75.00 57.14

4 70.00 66.67 41.00 3.34 87.50 66.67

5 75.00 66.67 17.00 3.34 75.00 66.67

6 75.00 66.67 17.00 3.34 75.00 66.67

7 65.00 62.50 51.00 4.00 62.50 100.00

8 70.00 60.42 13.61 3.34 87.50 80.95

9 70.00 64.58 24.85 3.34 87.50 71.43

10 70.00 62.50 17.67 3.34 87.50 76.19

11 65.00 68.75 35.67 4.00 62.50 85.71

12 70.00 68.75 111.00 3.34 87.50 61.90

13 70.00 64.58 24.85 3.34 87.50 71.43

14 70.00 64.58 24.85 3.34 87.50 71.43

15 70.00 60.42 13.61 3.34 87.50 80.95

16 70.00 66.67 41.00 3.34 87.50 66.67

17 70.00 64.58 24.85 3.34 87.50 71.43

18 70.00 68.75 111.00 4.00 50.00 85.71

19 70.00 64.58 24.85 3.34 87.50 71.43

20 70.00 62.50 17.67 3.34 87.50 76.19

Mean 69.75 65.42 49.66 3.47 80.63 74.29
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treatment and death. Therefore, it is vital to have high a Tp
ratio in the diagnostic support systems used. The Tn value is
also expected to be high for diagnostic success. However,
even if this value is low, it is not vital. It only leads to in-
creased diagnostic costs and psychological effects on patients.

The f-measure value is used to assess the accuracy of the
tests and has also vital importance for correct interpretation of
results. These values for experiments were calculated for the
melanoma and benign groups and tabulated in Table 8.

Classification tests were performed on the three databases
by NC used in the literature and the proposed NCD. In
Table 8, the first three rows show test results used the attri-
butes (NC) and the last rows indicate a new feature called
“NCD” for all DSs.

The first column in Table 8 shows the data set used in the
tests. The second and third columns show the attributes used in
the tests. The four, five, six, seven, eight, and ninth columns
show the average Tp, Tn, and f-measure results from 20 sets of
tests for each attribute. Since the training/test procedures are
performed with two different methods (M1, M2), the results are
given in separate columns for each method. The ten, eleven, and
twelfth columns are the averages of the test results obtained
according to theM1 andM2 methods. The thirteenth, fourteenth,
and fifteenth columns show the improvement in the proposed
NCD attribute relative to the average Tp, Tn, and f-measure
values obtained with the NC attributes used in the literature.

When we compare the first three rows for DS1, Faziloglu
et al. [16] had a higher average Tp and f-measure value

(55.6%, 62.8% respectively). However, the new proposed at-
tribute (NCD) of this study had the highest average Tp and f-
measure (80.0%, 75.5% respectively).

When we make the same comparison for DS2, Mete et al. [9]
had higher average Tp and f-measure values (39.4%, 47.9%
respectively) than the others in the literature, but the new NCD
attribute was again the highest average Tp and f-measure values
(64.7%, 66.0% respectively). When a similar comparison is
made for DS3 [9], it has a higher average Tp and f-measure
values (40.1%, 49.0% respectively) than others in the literature.
However, as in the previous two data sets, the proposed new
NCD attribute has the highest average Tp and f-measure values
(68.2%, 67.4% respectively) in this data set.When the test results
were examined in terms of Tn, although the proposed NCD
attribute showed relatively poor performance, low Tn values as
described above are not vital for diagnosis. However, the exper-
imental results revealed that the NCD attribute improved the f-
measure value up to 52.7% and Tp value up to 84.5% compared
with literature using NC attributes with different CCTs.

In the open literature, Faziloglu Y. et al. achieved classifica-
tion success with a single attribute for melanoma as Tp = 84.6%
and benign lesions as Tn = 83.0% [16] with the attribute called
PMC based on histogram. However, the mentioned attribute
was based on the histogram vector and required more work-
load. On the other hand, the calculation of the proposed attri-
bute (NCD) was easier as a scalar number rather than a vector.

In addition, the best classifying performance belongs to the
NCD attribute among the other NC generated depending on

Table 8 Average results for each DS obtained from 20 training/test sets that are randomly generated and used in lesion classification experiments

Attributes M1 M2 Avr. Improvement

Tp
(%)

Tn
(%)

f-meas.
(%)

Tp
(%)

Tn
(%)

f-meas.
(%)

Tp
(%)

Tn
(%)

f-meas.
(%)

Tp
(%)

Tn
(%)

f-meas.
(%)

DS1 Abbadi N.K.E.
[19]

NC (γ′ = 0.001) 55.0 79.1 62.5 55.6 76.2 62.0 55.3 77.6 62.3 44.6 − 12.6 21.3

Faziloglu Y.
[16]

NC (γ′ = 0.00125)60.0 73.3 64.3 51.3 84.1 61.3 55.6 78.7 62.8 43.8 − 13.8 20.2

Mete M. [9] NC (γ′ = 150
pixel)

50.6 76.0 58.0 58.1 61.7 59.2 54.4 68.8 58.6 47.1 − 1.4 28.9

Proposed NCD 80.6 74.3 78.2 79.4 61.4 72.8 80.0 67.9 75.5

DS2 Abbadi N.K.E.
[19]

NC (γ′ = 0.001) 38.0 70.8 45.5 32.2 75.0 40.9 35.1 72.9 43.2 84.5 − 6.1 52.7

Faziloglu Y.
[16]

NC (γ′ = 0.00125)38.0 72.0 45.8 38.0 72.0 45.8 38.0 72.0 45.8 70.4 − 5.0 44.1

Mete M. [9] NC (γ′ = 150
pixel)

39.4 75.1 47.9 39.4 75.1 47.9 39.4 75.1 47.9 64.5 − 8.9 37.6

Proposed NCD 65.4 68.2 66.3 64.0 68.8 65.6 64.7 68.5 66.0

DS3 Abbadi N.K.E.
[19]

NC (γ′ = 0.001) 38.9 73.0 46.9 38.9 73.0 46.9 38.9 73.0 46.9 75.4 − 9.6 43.9

Faziloglu Y.
[16]

NC (γ′ = 0.00125)38.6 75.4 47.3 38.6 75.4 47.3 38.6 75.4 47.3 76.6 − 12.5 42.6

Mete M. [9] NC (γ′ = 150
pixel)

40.1 76.4 49.0 40.1 76.4 49.0 40.1 76.4 49.0 70.1 − 13.6 37.7

Proposed NCD 69.0 65.7 67.9 67.3 66.4 67.0 68.2 66.0 67.4
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the CCT. This result also indicates that NCD was more effec-
tive than the attributes of NC that were commonly used in the
classification of the lesions.

4 Conclusion

It is known that NC and color properties are important for
melanoma detection. However, in determining these charac-
teristics, it is seen that there is no detailed study on the effects
of CCT values in the literature. In the experiments, it was
found that the selected CCT values significantly affected
NC. For example, in the literature, NC of melanomas are
higher than benign type lesions. However, this study revealed
that this situation may give the opposite results depending on
the selected CCT value. In addition, it was found statistically
that CCT values used in the literature were not suitable for use
with different data sets (Table 6). In addition, it was shown
that the most appropriate CCT values for the examination of
melanoma and benign lesions were 0 and 0.123, respectively.

CCT values are highly dependent on the lighting and hard-
ware conditions and resolution values from which the images
are acquired. Therefore, for samples obtained under different
conditions, this CCT may need to be determined again. In this
study, a new CCT determination method was proposed for
this purpose. Experimental and statistical results showed that
the proposed threshold determination method was highly ef-
fective. Since there is no method to determine CCT values in
the literature, the proposed method is an important contribu-
tion of this study to the literature.

When the CCT values determined by the proposed method
were examined, it was seen that 0 CCT value was prominent
in all data sets for melanomas. This situation has shown that
even the smallest color changes in the lesion should be taken
into account for the diagnosis of melanoma.

In this case, the accuracy of the methods used for segmen-
tation can become even more critical. Because segmentation
errors may cause the color properties of the skin surrounding
the lesion to affect the attribute calculation processes more.
However, even if there is an error in the segmentation process,
the proposed CCT determination method will determine a
new CCT value accordingly. In this regard, the effect of seg-
mentation methods on NCD attribute calculation is a separate
research subject.

Still, threshold value selection alone is insufficient to in-
crease classification performance. A new attribute called NCD
is defined to improve this situation. The dynamic range of
NCD was extended to 0 and 30 while it was between 1 and
6 for NC. This improvement allowed even the smallest differ-
ence between the lesions to be evaluated. The proposed CCT
determination method and the associated NCD calculation
method can be easily applied to lesion images created under
different conditions. NCD is not a simple color number

attribute but a measure of the variation in the number of colors
of the lesion for different CCTs. In this respect, it differs from
the classic NC attribute. Univariate classification experiments
using this feature revealed that this is a strong indicator for the
diagnosis of melanoma.

In the experiments, the average Tp for melanomas reached
up to 80%, the average Tn up to 68.5%, and the average f-
measure reached up to 75.5%. These values have shown to
improve the f-measure value up to 52.7% and Tp value up to
84.5% compared with the results obtained by the NC depend-
ing on different CCTs used in the literature. Providing such a
high improvement by a single scalar descriptor might be one
of the important contributions of this study to the literature.
Due to this improvement and adaptability feature, in the
ABCD system, which is commonly used by dermatologists,
using NCD instead of color number (C) will provide more
successful results.

In the following studies, the interaction of NCD attribute
with other important features in literature will be investigated.
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