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Methods: Lorem ipsum dolor sit amet, 

consectetur adipiscing elit, sed do eiusmod tempor
incididunt ut labore et dolore magna aliqua. Ut enim ad 
minim veniam, quis nostrud exercitation ullamco laboris
nisi ut aliquip ex ea commodo consequat. Duis aute irure
dolor in reprehenderit in voluptate velit esse cillum dolore 
eu fugiat nulla pariatur. Excepteur sint occaecat cupidatat
non proident, sunt in culpa qui officia deserunt mollit anim
id est laborum. 

Lorem ipsum dolor sit amet, consectetur adipiscing elit, 
sed do eiusmod tempor incididunt ut labore et dolore 
magna aliqua. Ut enim ad minim veniam, quis nostrud
exercitation ullamco laboris nisi ut aliquip ex ea commodo
consequat. Duis aute irure dolor in reprehenderit in 
voluptate velit esse cillum dolore eu fugiat nulla pariatur. 
Excepteur sint occaecat cupidatat non proident, sunt in 
culpa qui officia deserunt mollit anim id est laborum.

Introduction: Lorem ipsum dolor sit amet, 

consectetur adipiscing elit, sed do eiusmod tempor
incididunt ut labore et dolore magna aliqua. Ut enim ad 
minim veniam, quis nostrud exercitation ullamco laboris
nisi ut aliquip ex ea commodo consequat. Duis aute irure
dolor in reprehenderit in voluptate velit esse cillum dolore 
eu fugiat nulla pariatur. Excepteur sint occaecat cupidatat
non proident, sunt in culpa qui officia deserunt mollit anim
id est laborum. 

Lorem ipsum dolor sit amet, consectetur adipiscing elit, 
sed do eiusmod tempor incididunt ut labore et dolore 
magna aliqua. Ut enim ad minim veniam, quis nostrud
exercitation ullamco laboris nisi ut aliquip ex ea commodo
consequat. Duis aute irure dolor in reprehenderit in 
voluptate velit esse cillum dolore eu fugiat nulla pariatur. 
Excepteur sint occaecat cupidatat non proident, sunt in 
culpa qui officia deserunt mollit anim id est laborum.

Future Work: Lorem ipsum dolor sit amet, 

consectetur adipiscing elit, sed do eiusmod tempor
incididunt ut labore et dolore magna aliqua. Ut enim ad 
minim veniam, quis nostrud exercitation ullamco laboris
nisi ut aliquip ex ea commodo consequat. Duis aute irure
dolor in reprehenderit in voluptate velit esse cillum dolore 
eu fugiat nulla pariatur. Excepteur sint occaecat cupidatat
non proident, sunt in culpa qui officia deserunt mollit anim
id est laborum. 

Lorem ipsum dolor sit amet, consectetur adipiscing elit, 
sed do eiusmod tempor incididunt ut labore et dolore 
magna aliqua. Ut enim ad minim veniam, quis nostrud
exercitation ullamco laboris nisi ut aliquip ex ea commodo
consequat. Duis aute irure dolor in reprehenderit in 
voluptate velit esse cillum dolore eu fugiat nulla pariatur. 
Excepteur sint occaecat cupidatat non proident, sunt in 
culpa qui officia deserunt mollit anim id est laborum.

Results: Lorem ipsum dolor sit amet, consectetur

adipiscing elit, sed do eiusmod tempor incididunt ut labore
et dolore magna aliqua. Ut enim ad minim veniam, quis
nostrud exercitation ullamco laboris nisi ut aliquip ex ea
commodo consequat. Duis aute irure dolor in 
reprehenderit in voluptate velit esse cillum dolore eu
fugiat nulla pariatur. Excepteur sint occaecat cupidatat
non proident, sunt in culpa qui officia deserunt mollit anim
id est laborum. 

Lorem ipsum dolor sit amet, consectetur adipiscing elit, 
sed do eiusmod tempor incididunt ut labore et dolore 
magna aliqua. Ut enim ad minim veniam, quis nostrud
exercitation ullamco laboris nisi ut aliquip ex ea commodo
consequat. Duis aute irure dolor in reprehenderit in 
voluptate velit esse cillum dolore eu fugiat nulla pariatur. 
Excepteur sint occaecat cupidatat non proident, sunt in 
culpa qui officia deserunt mollit anim id est laborum.
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Bi-dimensional colored fuzzy entropy applied to melanoma dermoscopic 

images
Andreia S. Gaudênci𝐨𝟏, Mirvana Hila𝐥𝟐, Pedro G. Va𝐳𝟏, João M. Cardos𝐨𝟏, and Anne 
Humeau-Heurtie𝐫𝟐

Methods:
• FuzEn2D concept: Consider an image 𝑈(𝑖, 𝑗, 𝑘) of 𝑊 × 𝐿 (W-

width, L-length) pixels with 1 ≤ 𝑖 ≤ 𝑊, 1 ≤ 𝑗 ≤ 𝐿, and k
channels. In this case, k=R, G, and B (Red, Green, and Blue).
A squared template of embedding dimension and k channel
is defined as:

𝐗𝐢𝐣𝐤
𝐦 =

𝑈𝑖,𝑗,𝑘 ⋯ 𝑈𝑖,𝑗+𝑚−1,𝑘

⋮ ⋱ ⋮
𝑈𝑖+𝑚−1,𝑗,𝑘 ⋯ 𝑈𝑖+𝑚−1,𝑗+𝑚−1,𝑘

From this point forward 𝐗𝐢𝐣𝐤
𝐦 is represented as 𝑡𝛼,𝑘

𝑚 , where 𝛼 =

𝑖, 𝑗. The number of possible comparisons is 𝑁𝑚 = (𝑊 −𝑚)(𝐿 −

𝑚). The distance between two templates is 𝑑𝛼,𝛽
𝑘 = maxห

ห

𝑡𝛼,𝑘
𝑚 −

𝑡𝛽,𝑘
𝑚 . The similarity degree is defined as 𝐷𝛼,𝛽,𝑘 = exp(−

𝑑𝛼,𝛽
𝑘

r

n

).

The similarity average is Φ𝑚 =
1

𝑁𝑚
2 = σ𝛼

𝑁𝑚σ
𝛽
𝑁𝑚𝐷𝛼,𝛽,𝑘 . These

steps are repeated for m+1 squared templates for the k
channels, to obtain the entropy value of each of channel as

𝐹𝑢𝑧𝐸𝑛𝐶2𝐷 = ln
Φ𝑚

Φ𝑚+1 .

• Sensitivity to tolerance (r): use of an image taken from
Brodatz texture of 256 × 256 pixels (Fig. 1c).

• Sensitivity to embedding dimension (m) and consistency:
use of squared WGN based colored images with an edge
size of 32, 64, 128, 256, and 512 pixels, and 𝑛 = 2, 𝑚 =

1,2,3, and 𝑟 = 0,2 × 𝑆𝐷𝑑𝑎𝑡𝑎
𝑘 (see Fig.2).

• Sensitivity to rotation and shuffling tests: use of 10 sub-
images of 256 × 256 pixels of Brodatz textures (examples
on Fig.1) obtained randomly (𝑛 = 2, 𝑚 = 2, and 𝑟 = 0,2 ×

𝑆𝐷𝑑𝑎𝑡𝑎
𝑘 ).

• Evaluation of colored dermoscopic images: Analysis of
Common nevi, atypical nevi, and melanoma Ph2 dataset
images using 𝐹𝑢𝑧𝐸𝑛𝐶2𝐷 values with 𝑛 = 2, 𝑚 = 2, and 𝑟 =

0,2 × 𝑆𝐷𝑑𝑎𝑡𝑎
𝑘 . To verify the existence of significant statistical

differences (𝑝 < 0,05), the Kruskal-Wallis test was used.

Introduction: We propose the use of a recent bi-

dimensional fuzzy entropy to process colored images
( 𝐹𝑢𝑧𝐸𝑛𝐶2𝐷 ). This algorithm processes color channels
independently , with both global and local characteristics
consideration. FuzEn2D was tested regarding sensitivity to
parameters (tolerance and embedding dimension), rotation,
irregularity discrimination, and its consistency. For these
validation tests, white noise (WGN) and colored Brodatz
textures were used. In addition, 𝐹𝑢𝑧𝐸𝑛𝐶2𝐷 was tested on the
PH2 dataset [1] using common nevi, atypical nevi, and
melanoma lesions dermoscopic images.

Results: The FuzEn𝐶2𝐷 shows low-sensitivity to

tolerance values (see Fig.3). Besides, it also shows to be a
consistent metric regarding the different tested sizes (Fig.4).
Moreover, as expected, the entropy increases when the
images are shuffled, increasing, therefore, their entropy (Table
1). In Table 2, it can be verified that the FuzEn𝐶2𝐷 does not
change significantly upon image rotation. In Table 3, we can
verify that for at least one color channel is possible to
differentiate two different lesions.
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Fig.1: Examples of the Brodatz textures of 
256 × 256 pixels.

Fig.2: WGN 
based 
colored
images 
with an 
edge size 
of 64 
pixels.

Fig.4:FuzEn𝐺2𝐷
values for different 
sized-images 
composed by 
WGN.

Fig.3: Tolerance
sensitivity of
FuzEn𝑅2𝐷.

Conclusion: For a future analysis, it would be

interesting to use these 𝐹𝑢𝑧𝐸𝑛𝐶2𝐷 values as texture-based
feature to an early diagnosis and identification of melanoma.
Moreover, this algorithm shows a relatively low sensitivity to
parameters. Even when images are rotated, the algorithm is
relatively insensitive. In addition, this colored metric is able to
discriminate irregularity, as expected.

Table 1: FuzEn2𝐺𝐷 values for original Brodatz textures and their shuffled versions.

Table 2: FuzEn2𝐺𝐷
values for original 
Brodatz textures 
and their rotated 
versions.

Table 3:P-values for FuzEn2𝐺𝐷 values of 
melanoma group (MG), common nevi 
group (CNG), and atypical nevi group 
(ANG). The * represents statistical 
significance for 𝑝 < 0,05.
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