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ABSTRACT 
A set of High Level Intuitive features (HLIFs) has been developed inorder to briefly describe the occurrence of melanoma which is 

captured in standard camera images. Melanoma means a tumor of melanin-forming cells which is considered as one kind of skin 

cancer, Melanomas is the one which can appear on any parts of the body. There is a need for melanoma decision support systems 

in the current clinical detection method. In melanoma decision support systems the feature extraction is considered as one of the 

critical step. Standard camera images are examined using low level intuitive features in an existing feature set. LLIFs limits the 

system ability in order to convey an intuitive diagnostic with a set of reasons. The proposed HLIs were mainly developed to satisfy 

the ABCD criteria frequently used by the dermatologists. The concatenation of the proposed HLIFs with an existing LLIFs increases 

an accuracy in the classification of melanoma. HLIFs can also used to classify the data better than LLIFs. 
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INTRODUCTION 
 

At Tamil Nadu Cancer Research Institute's Ben Love/El Paso Corporation Melanoma and Skin Center, your 
treatment for skin cancer is personalized to provide the most advanced therapies with the least impact on your 
body. Skin cancer is the most common type of cancer in the India. More than 2 million cases are diagnosed each 
year. About half of India will have skin cancer at least once by the time they are 65[4]. The mortality rates of 
malignant melanoma is approximately 20% whereas the mortality rate of squamous cell carcinoma skin cancer 
is 2%, the mortality rate of basal cell carcinoma is less than 1%[4]. 

Skin cancer which is mainly occurs due to uncontrolled growth of abnormal skin cells or due to genetic 
defects[3].There are different types of skin cancer which includes Actinic keratoses(AK), Dysplastic 
Nevi(atypical mole),Basal cell carcinoma(BCC), Squamous Cell Carcinoma and Melanoma. Actinic Keratoses 
occurs mainly due to the damage from the UV rays. AK mainly occurs on sun exposed areas like face, lips, 
hands and rough in texture. Dysplastic Nevi are found significantly more frequently in melanoma patients, when 
the patient having 10 or more having more risks for the occurrence of melanoma to the general population [3]. 
BCCs are abnormal, uncontrolled growth or lesion that occrs mainly in the basal cell i.e on the outermost layer 
of the skin. BCCs never spread to the further side of the original tumor site. SCCs commonly presents as a red, 
crusted, or scaly patch or bump. SCCs are mainly caused by UV lights that occurs in areas that are most 
frequently exposed to the sun such as nose,face,hands and legs. The melanoma is the one which is often greater 
than 6 mm diameter. 
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(a)                         (b)                            (c)                            (d)                            (e) 

 
Fig. 1: (a) Actinic keratoses(AK), (b) Dysplastic Nevi(atypical mole), (c) Basal cell carcinoma(BCC),(d) 

Squamous Cell Carcinoma and (e) Melanoma. 
 
Melanoma is a cancer that begins in the melanocytes. Warning signs of malignant melanoma include 

change in the size, shape, color or elevation of a mole. Other signs are the appearance of a new mole during 
adulthood or pain, itching, ulceration, redness around the site, or bleeding at the site. An often-used mnemonic 
is "ABCDE", where A is for "asymmetrical", B for "borders, C for "colour", D for "diameter" (larger than 
6 mm) and E for "evolving. Less common skin cancers include melanoma, Merkel cell carcinoma, a typical 
fibroxanthoma.   

There are various treatment for skin cancer which includes Destruction by electrodessication and curettage 
(EDC), Surgical excision, Mohs micrographic surgery, Radiation therapy. The treatment for melanoma is given 
by the different types of doctors such as dermatologists, surgical oncologist, medical oncologist and radiation 
oncologist. If these skin cancer are detected earlier by the dermatologists means the patients can be easily 
prevented from the radiation theraphy[14] which are harmful to their health. The main purpose of this paper is a 
set of high level intuitive features(HLIFs) which is mainly used for examing the skin lesions captures using 
standard digital cameras.The HLIFs was designed mainly used to increase the user system trust in the decision 
support system. 

           
Fig. 2: The overall system architecture which includes the preprocessing, feature extraction and classification as 

the modules in the proposed HLIF system. 
 
Experimental result shows the extraction of HLIFs. The remaining part of this paper includes the detail 

description of The framework for designing HLIF and the features set of HLIF are extracted based on the 
ABCD criteria is discussed detail in the section 2. The classification accuracy of the proposed system is 
compared with the  existing LLIF using the experimental result which is done using the public database images 
like dermatology information system and dermquest is discussed in section 3. The conclusion has been drawn in 
section 4. 
 
2. High Level Intuitive Features (Hlifs): 

This section describes HLIFs as feature extraction framework as a solution to the classification problem and 
it is used in the detection of skin cancer in an easier manner. 
 
2.1 Definition: 

A HLIF has been designed as a contrast to LLIF and to describe some of the human observable 
characteristics[11]. These HLIF features are mainly used to describe the data accurately.  
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2.2 Designing an HLIF: 
The first step is to understand that the human observable characteristics are unique to each application and 

also mainly used to analyse the data. The second step is to analyse the tools for modelling the high level human 
observable characteristics. The third step is the modelling in designing the HLIF. This paper mainly focuses on 
the applications of HLIF in the melanoma detection system and also used for other problems like classifying the 
data accurately[11].  
 
2.3 Feature Extraction: 

The design and the calculation of ten HLIF’s for the detection of melanoma in images which are captured 
using consumer grade standard cameras. These features are extracted based on the ABCD criteria which is most 
commonly used by the dermatologist for the detection of skin cancer. 
 
Asymmetry HLIFs:- 

Dermatologists are trying to identify an uneven in distribution of shape and or the color of the skin lesion.  
 

1) Color Asymmetry:-  
 The main goal is to differentiate lesions based on spatial uniformity and symmetry of the color distribution. 
The Earth Movers Distance[12] and the axes of separation is used to calculate this feature.In the segmented 
skin lesion, the major axis is chosen as the axis of separation passes through the center of mass which 
describes the maximum structural variation. The EMD can be calculated using the two different 
signatures.The color distribution in CIE L*a*a* space on each side of the AOS is compared. Final k 
clusters can be used as color signatures which is obtained by finding the k means clustering on both the 
sides of Aos 

                
Sθ i = k-means (Cθ i ,k)                                  (1) 

 
where θ represents the orientation in the Aos.The amount of color asymmetry can be found by 

transforming the color distribution from one side of the lesion to the other side.This feature can be 
represented as given below. 
 
fA 1 = max {EMD(Sθ 1 , Sθ 2 )}                      (2) 

 
Dermatologists uses the dermatoscope to identify six unique colors so we used to find k=10 color cluster in 

the varying light conditions captured using standard digital cameras. 
 

2) Structural Asymmetry:- 
 The shape of the lesion is less symmetry becoze it deviates from the original elliptical structure. The 
shape of the lesion can be reconstructed using Fourier descriptors in two coarse manners inorder to 
measure the structural complexity. The reconstruction can be done by keeping the sampling rate as 
constant. The shape of the lesion can be found using fourier descriptor[7]. The two low frequency 
reconstruction can be done using inverse FFT(IFFT). The first reconstruction of the lesion border can be 
done in the elliptical shape whereas the second reconstruction is done by assuming the frequency i.e n>2 
inorder to find the structural variability. The normalised area found between the two reconstructions are 
used to find the complexity. The feature can be exracted as given below 
 

fA
2= 

 ������� ⊕ �
�

������ ∪ �� �
                                         (3) 

 
where area() - function thatis used to  calculate the area of a geometric shape of the lession, R2 and Rn are 

the two-frequency where (n > 2),and ⊕ ,  U are the XOR and UNION operators, respectively. The XOR area 
can be interpreted as the differential lesion area as compared to an elliptical lesion. 
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Fig. 3: The asymmetry mainly occurs due to the lack of pigmention density in the middle of the lesion whereas 

the above figure represents the structural variation that is captured during the border reconstruction 
using two and five frequency. (a) Segemented lession (b) Total area (c) Differential area. 

 
Border Irregularity:- 

Melanoma usually have irregular borders and the dermatologists used to find those irregular borders of the 
lesion that occurs in the skin. 

 
3) Fine Irregularities:-  
 The theory of morphological operations[13] can be used to find the fine irregularities that occurs in the 
melanoma. This feature can be extracted mainly using the morphological shape representation. Instead of fourier 
descriptor the morphological operators are used to manipulate the shapes. The morphological opening and closing 
are the operation used to measure the localised abrupt pigmentation in the lesion. The normalization can be done 
using the self-dual top-hat operator. Then the normalised difference in area found using these operators are compared with 
the original lesion area. This feature can be found using  
 

fB
1 = 

�����

�������
                                                (4) 

 
where Tb and Tw - black top-hat and white top-hat morphological operators calculated using Tb = 

Aclosed - Alesion, and Tw = Al es ion - Ao pened and Alesion is the area of the original segmentation, whereas 
Aopened and Ac losed are the areas resulting from performing morphological opening and closing on the 
original lesion. 

          
Figure 4. Morphological closing fills in the abrupt valleys whereas the morphological opening fills out the 

abrupt peaks. In the above figure (a)Morphological closing, (b) Morphological Opening.  
 

4) Coarse Irregularities:-  
 The coarse border irregularities that occurs in melanoma always deviates from an elliptical shape. Fourier 
descriptor is also used again in order to collect an information about the changes in shapes.The perimeters of the 
two low low-frequency reconstruction and the original lesion border is compared in order to find the coarse 
structural deviations. The feature can be extracted using  
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fB
2 = 

|���� � ����|

����
                                       (5) 

where Porig and Plow - the perimeter lengths of the original and low-frequency reconstruction. 
 
Color HLIFs:- 

Dermatologists uses the dermatoscopes to find the ABCD color characteristics where the color 
information can be obtained in the melanoma detection system by using the standard camera images. The 
main goal of this HLIF is to capture the complexity in the color distribution. 
 
Color Complexity:-  

The benign lesion can be reconstructed accurately using one representative color  whereas reconstruction 
of melanoma color distribution is more complex. By using the dermatoscope the dermatologists can find six 
different colors[9]. 

 
5) Quantifying Reconstruction Error:- 
 Compare the relative reconstruction errors in CIE L∗a∗b∗ space using one-, two-, and five-color 
reconstructions. If there occurs a small difference between the reconstruction then the color distribution cn be 
calculated easily inversely if there is a large difference between the reconstruction then there arise more 
complex color spaces. The feature can be calculated using 
 

fc
1 = 

� !"�#$��,��#$��,&� ��

� !"�#$��,��#$��,&' ��
                             (6) 

 

fc
2 = 

� !"�#$��,��#$��,&( ��

� !"�#$��,��#$��,&' ��
                             (7) 

 
where RMSD(I1, I2) - root mean squared difference between images I1 and I2, ILab indicates the lesion 

in CIE L∗a∗b∗ space, and R(I, Dk) is the color reconstruction of image I using k color patches. The reconstruction 
error can be decresed with the five color reconstruction which is done in the tan, pink, red and dark pigmentations. 

 
6) Quantifying Color Complexity Evolution:-  
 While reconstructing with more colors  the simple lesion can be accurately represented using a single color. The 
mean difference between the reconstruction using one, two, and five colors was calculated in the CIE L∗a∗b∗ space. 
The formula for calculating features can be represented given below. 
 

fc
3= 

'

)
 ||R(ILab,D5 ) − R(ILab,D1 )||F                  (8) 

    

fc
4= 

'

)
 ||R(ILab,D5 ) − R(ILab,D2 )||F                 (9) 

 
where N is the number of pixels in the lesion, || · ||F is the Frobenius norm, and R(I, Dk) is the 

reconstruction of image I with k color clusters as in (6) and (7). 
 

7) Quantifying Mean Color Differences:- 
 The EMD is the best tool to compare the third and final set of HLIFs that occurs in the lesions color 
signatures found across different number of clusters[12]. The EMD doesnot require these size of the signature to 
be the same while the comparison which is consider as one of the important property i.e used for color 
comparision.  

The EMD is mainly used to calculate “how much work” is needed to transform one form of 
signature into another form which can be done by finding the Euclidean distance in CIE L∗a∗b∗ space  
and the mass is the number of pixels belonging to a particular cluster.The features can be extracted using 
 
fc

5= EMD(S1, S2 )                           (10) 
  
fc

6= EMD (S2, S5 )                                 (11) 
 
The average lesion color can be found using one cluster signature. The dark pigmentation i.e a smaller 

black cluster found at the perceptual distance away from the original cluster can be computed using two cluster 
signatures. The red pigmentation as well as the pink pigments in the lesion can be calculated using five cluster 
signatures which indicates that the lesion having a greater color complexity. 
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Experimental Results: 
This section presents an experimental results of the proposed system HLIF. There are 52 LLIF feature set 

which is considered as the low level whereas the proposed system develops the 10 HLIF feature set along with 
the LLIF in order to increase the classification accuracy. The limitation of the proposed system is also discussed. 

 
a) Data:-  
 There are 100 images of skin lesion, which were obtained using standard consumer-grade cameras. These 
images were extracted from the online public databases such as Dermatology Information System  and 
DermQuest [1] and [2]. Of these 100 images, 50 are melanomas, and 50 are not melanoma. Each image contains 
a single lesion that occurs at the center of the image.The patient images are collected from the doctor which is 
given as an input to the preprocessing 
 
b) Experimental Setup:- 
 An input image which contains the lesion at the center was given as the input to the 
f i rst module preprocessing. 

• Preprocessing: - The Multistage Illumination Modelling (MSIM) [8]i.e. the skin illumination 
correction algorithm is mainly used in this module inorder to reduce the illumination effects in the input image. 
Then the image is segmented using the Satistical Region Merging (SRM) algorithm in order to get the over 
segment of the particular input lesion image.  

SRM is an algorithm that is an algorithm that is used for image segmentation [10] of the color images. First 
the image is placed in a four connected graph. The pixels in the images are paired based on the maximum 
difference in the RGB values, as the pixels are merged they are treated as a region. Second the merging 
predicate is introduced which merges the two regions based on the average RGB intensities. The SRM also 
contains a single tunable parameter i.e Q=256. 

 

                          
   (a)                                           (b)                                            (c) 

                         
                        (d)                                     (e)                                    (f) 

 
Fig. 5: (a) An input image representing the occurrence of melanoma which is captured using consumer grade 

cameras. (b) Segmented border image obtained using Statistical Region Merging Segmentation 
Algorithm. (c) Illumination map for the corresponding input image obtained using MSIM Algorithm. (d) 
Reflectance map for the corresponding input image which is  also obtained using MSIM algorithm.(e) 
Corrected Image obtained using MSIM Algorithm. (f) Segmented image after using MSIM Algorithm. 

 
• Feature Extraction:- 
 Followed by  the illumination correction, the proposed system HLIFs presented in Section III were 
extracted as well as an existing low level  feature set [2], which uses the ABCD  criteria using standard camera 
images of pigmented skin lesions. 

SH —set of 10 HLIFs presented in Section [11] 
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Figure6. Feature Extraction using HLIFF indicates the occurrence of melanoma that is useful to detect 

melanoma in earlier stage using melanoma decision support system. 
 

• Classification:- 
 In this module the SVM classifier is used in order to classify whether there is an occurrence of melanoma 
or non melanoma by using the images captured using standard cameras. The linear kernel is mainly used to 
increase the degree of linear separability of the data using the feature extraction space. LIBSVM is used to 
achieve good accuracy[6] which provide a simple interface where the user can easily link with the program. 
The LIBSVM act as integrated software for SVM classification, regression and distribution estimation. 

Precision can be defined as the number of true positive (correct malignant prediction) over the number of 
true positive and false positive (incorrect malignant prediction). 
 

Precision =    
*�

*��+�
           (12) 

 
Recall can be defined as the number of true positive(correct malignant prediction) over the number of true 

positive and false negative (incorrect benign prediction). 

Recall    =   
*�

*��+)
                       (13) 

 
Conclusion: 

This paper has presented a framework for designing HLIFs, and has proposed a full set of HLIFs for 
quantifying skin lesion characteristics for melanoma detection. HLIFs are feature calculations are used to describe 
some human-observable characteristic. The skin lesion classification accuracy was improved when concatenating 
a small set of HLIFs and a state-of-the-art LLIF set. Individual HLIFs were shown to have more statistical 
significance with respect to separating the data than individual LLFs. Furthermore, the addition of  HLIFs are very 
useful to predict malignant tumor in its earlier stage. It is the hope that this paper will be more helpful for the 
decision support systems with the aid of HLIF sets. 
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