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Abstract
The significance of pattern recognition techniques is widely enhanced in image processing and medical applications. Thus, lesion
segmentation method is an essential technique of pattern recognition algorithms to detect the melanoma skin cancer in patients at
earliest stage, otherwise, in further stages it becomes one of the deadliest disease and its mortality rate is very high. Therefore, a
precise melanoma segmentation technique is introduced based on the Gradient and Feature Adaptive Contour (GFAC) model to
detect melanoma skin cancer in earliest stage and diagnosis of dermoscopic images. In the proposed image segmentation
technique pre-processing and noise elimination techniques are introduced to decrease noise and make execution faster. This
technique helps in separating the required entity from the background and gather the information from the adjacent pixels of
similar classes. Multiple Gaussian distributed patterns are adopted to extract efficient features and to get precise segmentation.
The proposed GFACmodel is noise free and consist of smoother border. The segmentation model efficiency is tested on PH2
dataset. The superiority of the proposed modified gradient and feature adaptive contour model can be verified against various
state-of-art-techniques in terms of segmented image, error reduction and efficient feature extraction.
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Introduction

In recent years, the number of melanoma affected patients dras-
tically enhanced due to high global warming. Melanoma is the
most hazardous and lethalskin disease which often starts from the
malignant tumors in skin pigment cells (melanocytes). According
to a study, more than 70% deaths of skin cancer patients is due to
malignant tumors of melanoma [1, 2]. Melanomais one of the
widely spreading skin diseasewith high mortality rate [3]. In mel-
anoma, the survival rate becomes significantly large if it is noticed
at very early stages. Skin cancer melanoma if not diagnosed at
initial periods, then it can affect the liver, bones, lungs and

cerebrum and becomes very complex to diagnose. The melano-
ma is often assessed with the help of clinical photography for the
clinical assessment at initial stage.Dermoscopytechnique is often
utilized for the assessment of melanoma lesions which is a non-
invasive type image analysis technique [4]. In melanoma skin
lesion cancer, dermoscopy is utilized to diagnose the patterns of
Melanoma lesions. This technique can also diagnose the vascular
components of skin lesions [5]. The device utilized to diagnose
the vascular components is termed as Dermoscope which is a
general microscope with significant lens quality and magnifica-
tion quality of more than 10 times. So, the objective of the re-
search work is to propose an efficient melanoma skin lesion
recognition technique for early detection of skin cancer.

Thus, precise and clinical melanoma skin cancer detection
for adermoscopic images is of significant advantage. In mel-
anoma skin cancer, lesion segmentation is one of the most
essential technique and precision of lesion segmentation de-
termines the performance of diagnosis and classification.
However, lesion segmentation is a complex process due to
varied lesion area, lesion structures, fuzzy borders, several
skin colors and complex background areas etc. [6].
Moreover, the identification and separation of lesion from
surrounding is very complex process using skin lesion
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segmentation technique for dermoscopic images. The extra
artifacts like hairand reflections make segmentation even
more complex.

Moreover, the efficient diagnosis of dermoscopic images
requires four stages namely lesion segmentation, artifacts ex-
clusion, efficient feature extraction and classification. Image
segmentation is utilized to segregate an image into its princi-
pal regions. Image segmentation described as the method of
segmenting the desired object area. The main segmentation
objective is the area separation of an image with high correla-
tion and Region of Interest (ROI). In skin lesion dermoscopic
images, the ROI extraction is one of the most essential stage
after pre-processing [7, 8]. The efficient classification of skin
segmentation depends on the effective feature extraction and
ROI extraction.

The conventional state-of-art skin lesion segmentation
techniquesrely upon the methods like region enhancing,
thresholding and clustering have demonstrated minimum suc-
cess in resolving these complex issues considering larger
datasets [9–11].Melanoma skin cancer tumor often starts from
the moles and can be detected by its perimeter, symmetry,
color and mole design and boundaries. Thus, the preciseness
of the segmentation is very essential as it largely affects the
skin lesion detection.

Various researchers have shown their interest in efficient
segmentation of melanoma and immense amount of work has
been provided for the diagnosis of melanoma in early stages.
In [12], a lesion segmentation technique is introduced based
on region growing method for dermoscopic images. Here, an
efficient segmentation technique is introduced for the effective
diagnosis of moles and lesions from the dermoscopic images.
This technique provides a large contrast between skin lesion
pixels and background. However, time complexity is more
which depends on the tumor size. In [13], an automated skin
lesion segmentation technique is adopted based on computer
vison method for dermscopic images. This technique helps to
enhance the contrast between skin lesion and false positive
pixels of an image. This contrast and background pixels en-
hances the accuracy of the model. In [14], a skin lesion seg-
mentation technique is introduced based on the convolution
and de-convolutional networks for dermoscopic images. The
skin lesion image segmentation can be enhanced based on the
various color space data. This technique focuses on low-com-
plexity. In [15], a pattern recognition technique is adopted to
extract region of interest from the dermoscopic images to de-
tect melanoma. The classification accuracy is significantly
high using the proposed pattern recognition technique.
Efficient texture and color gradients are extracted. In [16], a
skin lesion segmentation technique is presented based on sa-
liency in dermoscopic images. This technique helps in the
identification of skin lesion melanoma in patients. However,
computational complexity is higher using this technique.
Therefore, several existing methods namely k-mean

algorithm, automated computer aided method, saliency, con-
volution and deconvolution networks and fuzzy algorithms
are presented by various researchers. However, efficient diag-
nosis and detection of melanoma in early stages is still an
unsolved issue. Existing systems in place for dermoscopicskin
lesion segmentation are predominantly computationally ex-
pensive and lack accuracy. Work presented here aims to im-
prove segmentation accuracy for dermoscopicskin
lesionsimages.

The contribution of work can be described as follows.
Therefore, to efficiently detect melanoma in early stages

and to diagnose the melanoma skin cancer, a precise melano-
ma segmentation technique is introduced based on the
Gradient and Feature Adaptive Contour(GFAC) model.
Moreover, Gaussian analytical patterns are used to describethe
heterogeneous objects/sections of dermoscopic images whose
mean and variance can be varied. These Gaussian distributed
patterns helps to express the gradient specialties of anlesion
image. Gradient analysis of an image is a way of analyzing
and exploring the huge amount of data and patterns corre-
sponding to objects within. Here, the intensity of dermoscopic
images can be varied based on gradient nature of an image.
This technique helps to reduce errors present in naturally
acquireddermoscopic images. The gradient features are uti-
lized in adapting the segmentation contours. The proposed
image segmentation technique is tested on PH2 dataset. The
experimental result verifies the superiority and robustness of
the proposed GFAC model which can be utilized for automat-
ed segmentation applications. Segmentation accuracy/
correctness is expressed using Disc Similarity Coefficient
(DSC), Accuracy (ACC) and Specificity (SPEC) metrics in
this paper. The GFAC model is compared with state of art
existing mechanisms in place and results presented prove its
superior performance.

This paper is organized in following sections which are as
follows. In section 2, we described our proposed methodolo-
gy. In section 3, experimental results and evaluation shown
and section 4 concludes our paper.

Literature survey

The need of detection of Melanoma at early stages and their
better diagnosis is very much essential. The rate of mortality
increasing day-by-day due to melanoma or skin diseases.
Various researchers have shown their interest for the better
diagnosis of these skin diseases which are very dangerous.
In [25], a novel architecture is presented for the diagnosis of
melanoma based on the deep learning framework and local
encoding methods. These techniques providediscriminative
features which can help in the detection of melanoma at early
stages. In [26], a modern technique is proposed which gener-
ates texture and colorful components and this components are
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very essential in skin cancer evaluation. In [27], an automatic
melanoma detection system is proposed for dermoscopic im-
ages. Here, SVM classifier is used to classify images in asso-
ciation with Gaussian radial basis kernel. In [28], an efficient
machine learning technique is introduced for the detection of
melanoma at early stages. However, these techniques cannot
ensure high quality segmented images and ensure better
classification.

In [10], six different types of algorithms are accessed these
algorithm were mainly based on the active contours, regional
information, level sets, regional information and adaptive
thresholding and achieved best outcomes utilizing the algo-
rithm of adaptive snake, whereas In [19], Delaunay
Triangulatio is utilized to separate the image into many re-
gions and segmented the lesion based on that.

In [20], the histogram based threshold algorithm is pro-
posed to segment the lesion from background. In [21], the
lesion segmentation via saliency detection methods is pro-
posed to reconstruct the errors which is derived from the mod-
el of sparse representation coupled with background detection
that can be more accurate and it can differentiate the lesion
from the surrounding regions.

In [22], an unsupervised method is introduced to create two
saliency scores, one is from the image color data and another
is based on the image brightness data and then construct the
last saliency map by joining these two saliency scores. In [23],
the author has presented the classification of melanoma pa-
tients that can be performed by utilizing the features, they are
extracted with the help of DLM (deep learning models), the
performance of diagnostic is elevated significantly by separat-
ing the lesions. In [24], a supervised saliency detection tech-
nique is specially changed for the dermoscopic images based
on the DRFI (discriminative regional feature integration). The
proposed DRFI technique integrates the regional contrast,
property, background descriptors, random forest regressor
and multi- level of segmentation to produce the saliency
scores for every single region in the image.

Therefore, to efficiently detect melanoma in early stages
and to diagnose the melanoma skin cancer, a precise melano-
ma segmentation technique is introduced based on the
Gradient and Feature Adaptive Contour (GFAC) model.

Proposedmelanoma segmentation technique

This section describes about the method which is utilized to
detect the melanoma and provides a detailed modelling of pro-
posed gradient and feature adaptive contour model. In recent
time, the number of melanoma patients has been drastically en-
hanced across all over the globe due to extensive global
warming. The melanoma skin cancer especially found in
United States and Australia and a major part of these countries
are affectedwithmelanoma skin cancer. According to a survey of
World health Organization (WHO), around 13 million people
become affected each and every year by deadly melanoma skin
cancer [17]. Therefore, due to extensive mortality rate across the
globe and higher medical diagnosis cost, the detection of mela-
noma skin cancer at earliest stages is becomes a mandatory re-
quirement. Therefore, to efficiently detect melanoma in early
stages and to diagnose the melanoma skin cancer, a precise mel-
anoma segmentation technique is introduced based on the gradi-
ent and feature adaptive contour model. An efficient modelling
of the proposed GFAC model is presented in next section.

Modelling of proposed gradient and feature adaptive
contour model for image segmentation

In this section, an effective mathematical modelling is present-
ed to detect the melanoma skin cancer in patients at earliest
stage and for the diagnosis of melanoma dermoscopy images
using segmentation technique. A following model is intro-
duced to detect the gradient characteristics of an image of
varied intensity. Here, fig. 1 demonstrates the flow map of
the segmentation technique.

Here, assume that, an image domain can be expressed asφ,
the input image can be represented as J(a) : φ→ T, the re-
stored original signal can be expressed as K(a) :φ→ T and
unknown bias area can be denoted as Y(a) :φ→ Tand amount
of noise present in the images can be expressed as i(a) :φ→
T then the varied intensity of dermoscopic images based on
gradient specialties can be expressed as,

J að Þ ¼ Y að Þ:K að Þ þ i að Þ ð1Þ

Fig. 1 Block diagram of
proposed image segmentation
model
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Assume that, the image domain φ consists of number of
objects/regions as I and can be expressed asφm ofmth domain.
Let the original restored signalK(a) is a piecewise constant for
every image domain i.e. K(a) = dm for each a ϵ φm where dm
represents a constant. In the image domain φ, the bias area Y
always remains smooth. The Gaussian distributed pattern er-
ror can be expressed as i which consists of variance λi

2 and
mean as μ = 0. Then, Gaussian distributed pattern with vari-
ance λi

2 and mean asσi = 0 can be utilized to approximate the
intensity of an image. Therefore, These Gaussian distributed
patterns helps to express the gradient specialties of an image.
However, single Gaussian distributed pattern cannot be effi-
cient to get segmentation. Thus, several Gaussian distributed
patterns are utilized to get the gradient specialties of an image
of varied intensity for each image domain. The Gaussian dis-
tributed pattern to the respective image domainφm,

q J bð Þ ϕmjð Þ

¼ 2πð Þ1=2
� �

:λm

� �−1
exp − J bð Þ−σm að Þð Þ2: 2λ2

m

� �−1� �
ð2Þ

Where, the Standard Deviation (SD) can be expressed as
λm whereas statically varied mean can be denoted as σm(a).
The bias area changes very slowly and it can be treated as
constant for small windows. Therefore, we can say
tha t σm (a ) ≅ Y (a ) . dm and ϕmcan be exp re s s ed
asϕm = {dm, λm, Y}.

The adjacent central area can be denoted as Gafor every
location a in the image i.e. Ga = {b|‖b − a‖ ≤ q}. Where, the
radius of the adjacent central areaGacan be denoted as q. In an
image domain φmof m

th objects, the non-overlapping objects
can be represented as I, and then the image domain itself can
be expressed as,

φ ¼ ⋃m¼1;…:;Iφm ð3Þ

Where,

φm∩φk ¼ θ;∀m≠k ð4Þ

The true image intensity domain C(F) can be changed into
some other domain T(F) as,

J a ϕmjð Þ ¼ nm að Þð Þ−1 ∑
bϵ φm∩Ga

J b ϕjð Þ ð5Þ

Assume that, distribution of pixel intensity a is independent
and nm(a) =φm∩Ga. Then, the respective probability func-
tion is of Gaussian type which can be expressed as,

J a ϕmjð Þ∼I σm;λ
2
m: nm að Þð Þ−1

� �
ð6Þ

Then, the smooth intensity function of Gaussian type can
be expressed as,

∏
bϵ φm∩Ga

q J b ϕj m

� �� �

¼ q J a ϕj m

� �� �nm að Þ∝I σm;λ
2
m: nm að Þð Þ−1

� �
ð7Þ

Then,

q J a ϕj m

� �� � ¼ ∏
bϵ φm∩Ga

q J b ϕj m

� �� � ð8Þ

Assume that, C ¼ J a ϕj m

� �
; a ϵ φ; m ¼ 1; 2; 3…::; I

� �
and then probability function of the mth object can be
expressed as,

q C ϕmjð Þ ¼ ∏
m∈φ

q J a ϕj m

� �� � ð9Þ

Then, the combined probability function can be expressed
as,

q C Φjð Þ ¼ ∏
I

m¼1
q C ϕmjð Þ ¼ ∏

I

m¼1
∏
m∈φ

q J a ϕj m

� �� �

¼ ∏
m∈φ

h J a Φjð Þð Þ ð10Þ

Where, Φ = {ϕm,m = 1, 2, .., I}.

h J a Φjð Þð Þ ¼ ∏
I

m¼1
q J a ϕj m

� �� �
≈ ∏

I

m¼1
∏

bϵ φm∩Ga

q J b ϕj m

� �� �

ð11Þ

Form eq. (7) and eq. (11), we can express the uni- variabil-
ity of Gaussian distributed patterns,

h J a Φjð Þð Þ ¼ ∏
I

m¼1
q J a ϕj m

� �� �
∝I σ;βð Þ ð12Þ

Where,

σ ¼ β ∑
I

m¼1
nm að Þ:σm: λ

2
m

� �−1 ð13Þ

β−1 ¼ ∑
I

m¼1
nm að Þ: λ2

m

� �−1 ð14Þ

Here, in eq. (10) the combined probability function repre-
sents the gradient intensities of several classes which are
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composed with every pixel of an image. The eq. (5) represents
the adjacent pixels of similar class intensity which shows the
proposed GFAC modelis noise free consist of smoother bor-
der. Using Gaussian distributed patterns eq. (11) segmentation
contours similar to [10] are adapted to obtain accurate lesion
segmentation.

Figure 2 represents the flow chart of segmentation process.
Here, initially dermoscopic images are taken from PH2 dataset
and then these images are pre-processed using pre-processing
techniques like Gabor and Gaussian filtering. Then, the pro-
posed segmentation model based on Gradient and Feature
Adaptive Contour provides the highly qualified segmented
images.

Result and discussion

This section describes about the performance of the proposed
melanoma image segmentation technique based on gradient
and feature adaptive contour model. Skin melanoma becomes
one of the deadliest skin cancers in recent time across the
globe which is very difficult to recognize in the early stages.
However, detection of melanoma at early stages can be very
helpful in diagnosis of skin cancer in patients. Therefore, here,
to efficiently detect melanoma in early stages and to diagnose
the melanoma skin cancer, a precise melanoma segmentation
technique is introduced based on the gradient and feature

adaptive contour model. This technique helps in separating
the required entity from the background and gather the infor-
mation from the adjacent pixels of similar classes. The seg-
mentation approach ensures efficient melanoma segmentation
of varied intensity. The efficiency of image segmentation tech-
nique is determined and compared with different existing
techniques in terms of segmented image quality, error reduc-
tion and feature extraction. The proposed image segmentation
model is tested on PH2 dataset [18].

The PH2 is adermoscopic image database, which is ac-
quired at the Dermatology Service of Hospital Pedro
Hispano, Matosinhos, Portugal. PH2 dataset contains clinical
diagnosis, identification of many dermoscopic structures and
manual segmentation that is performed by the professional
dermatologist’s in the set of 200 dermoscopic images. This
dataset is developed for research and benchmarking purpose.
The PH2 dataset consists of 200 melanocyticdermoscopic le-
sion images in which 80 images are commonNevus type, next
80 images are atypical Nevus type and remaining 40 images
are Melanoma images. The proposed GFAC model helps in
validating the classification methods. Moreover, PH2 dataset
consist of two sets of melanoma and non −melanoma images
in which non-melanoma cases are more in number than actual
melanoma images and contains various artifacts. The pro-
posed modified image segmentation technique based on gra-
dient and feature adaptive contours is simulated on 64-bit
windows 10 OS with 16 GB RAM which contains an
INTEL (R ) c o r e (TM ) i5 − 4460 p r o c e s s o r. I t
contains 3.20 GHz CPU. This project is simulated
using MATLAB 2016B. Experimental results conclude the
higher efficiency and robustness of the proposed GFAC
model.

Comparative study

This technique demonstrates the performance comparison of
proposed GFAC model with the existing techniques in terms
of segmented images, efficiency of the model and feature
extraction. The Classification accuracy can be enhanced with
the help of pre-processing. This proposed gradient and feature
adaptive contour model reduces Gaussian noise in an effective
manner. The modified image segmentation technique helps to
extract efficient contour features. The superiority of the pro-
posed GFAC model can be verified against various state-of-
art-techniques likeSilveira [10], Pennisi [19],Maglogianis
[20], Ahn [21], Fan [22], Zamani [23], and DRFI [24].
Table 1 represents the average performance evaluation matri-
ces (%) in terms of Disc Similarity Coefficient (DSC),
Accuracy (ACC) and Specificity (SPEC). Here, the Disc
Similarity Coefficient using the proposed image segmentation
technique is 97.08 which is very high compare to any other
existing technique. Similarly, accuracy and specificity using
the proposed image segmentation technique is 98.64 andFig. 2 Flow chart of segmentation process
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99.22respectively. Amongst all existing techniques consid-
ered for comparisons, DFRI reports superior performance
when compared to its counterparts. Proposed GFAC model
outperforms DFRI technique with an improvement of 1.88%
in terms of DSC. Improvement of 0.74% and 0.32% is report-
ed in segmentation accuracy and SPEC of GFACmodel when
compared to DFRI. Here, fig. 2 represents the visual segmen-
tation results of originalDermoscopy images. Here, fig. 3(a)
represents the original dermoscopy images, 3(b) represents the
ground truth images and fig. 3(c) represents the proposed seg-
mented images. The visual segmentation using the proposed
GFAC model is very effective and precise.

Results obtained prove that GFAC model described in this
paper exhibit good segmentation performance of lesions pres-
ent within dermoscopic images.

Conclusion

The significance of melanoma image segmentation is widely
enhanced in this modern era due to presence of huge number
of melanoma skin cancer patients across the world. However,
the melanoma image segmentation is quiet challenging pro-
cess due to presence of various artifacts, varied shape and
structure. Therefore, to efficiently detect melanoma in early
stages and to diagnose the melanoma skin cancer, a precise
melanoma segmentation technique is introduced based on the
gradient and feature adaptive contour model. Moreover,
Gaussian analytical patterns are used to handle the heteroge-
neous objects whose mean and variance can be varied. The
proposed technique helps to evaluate probability function of
varied intensities considering different classes. An efficient
mathematical modelling is presented for probability distribut-
ed function and to evaluate gradient and feature extraction of
varied intensities. The performance of proposed image seg-
mentation technique is tested on PH2 dataset. The superiority
of the modified gradient and feature adaptive contour model
can be verified against various state-of-art-techniques in terms
of segmented image, feature extraction and segmentation ac-
curacy in dermoscopy images. Here, the Disc Similarity
Coefficient using the proposed image segmentation technique
is 97.08 which is very high compare to any other existing
technique. The accuracy and specificity using the proposed
image segmentation technique is 98.64 and 99.22 respective-
ly. In future, various classification algorithms like SVM,
AdaBoost and Bag of Features (BoF) is utilized to determine
the efficiency of the image segmentation technique.
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