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ABSTRACT

Malignant skin lesions in dermoscopic images araratterized by non-uniformity of color. Such skasibns
have different shades of brown or black colors imag also have patches of pink, red, white or bhlerc This fact makes
segmentation of malignant skin lesions from dermapgrimages difficult than segmentation of unifolranign skin
lesions. To overcome this challenge, in this pafier,hybrid pre-processing approach that usesdreto specification
process is proposed. The Fuzzy C Means (FCM) segutiem method is used to demonstrate the resuhis hybrid
preprocessing and FCM segmentation methods aréedppl segment the most common types of malignkintigsions,
Melanoma and Basal Cell Carcinoma. The results ufzff C Means segmentation using different prepsiogs
techniques are illustrated. The results depict that proposed hybrid approach leads to efficiegimentation of the

malignant skin lesions as compared to other comynasetd pre-processing approaches.
KEYWORDS: Histogram Specification, Fuzzy C Means ClusterirGN1), Melanoma, Basal Cell Carcinoma (BCC)

INTRODUCTION

A skin lesion is a part of the skin that has anaabral growth or appearance compared to the skinnakrdt [1].
The most common cause of a skin lesion is an iidileain or in the skin. One example is a wart. Warts caused by a

virus that is transmitted by touch.

There are mainly two types of skin lesions primand secondary. Primary skin lesions are abnormal sk
conditions present at birth or acquired over org&time. Birthmarks are primary skin lesions. Qthgpes include
blisters Macule, nodule, Papule, Pustule, Raslheals, etc. Secondary skin lesions are the resulirritated or
manipulated primary skin lesions. For examplepihsone scratches a mole until it bleeds, the ieguksion, a crust, is

now a secondary skin lesion. The most common seagrakin lesions include crust, Ulcer, Scale, Suds&in atrophy.

Skin Lesions can be broadly categorized as bemgmaalignant. Benign skin lesions are non-cancevwhereas
malignant skin lesions are cancerous. Common TgpBgnign Skin Lesions are Melanocytic nevus, Segimc keratosis,
Acrochordon, Dermatofibroma, Cherry angioma. Comrigpes of Malignant Skin Lesions are Basal cellctama,
Melanoma, Squamous cell carcinoma [1]. Dermoscdllyi§ a non-invasive diagnostic technique for time vivo
observation of pigmented skin lesions, allowingedtdr visualization of surface and subsurface &ires. Dermoscopy

acts as an aid in the diagnosis of skin lesions [3]
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72 Sonali Patil & V R Udupi

The dermoscopic images containing lesions canvmngb the CAD system for detection and classificabf the
skin lesion. Accurate segmentation of skin lesiiere vital process in such a CAD system. Precigensatation enhances
the accuracy of the CAD system thereby reducinddlse classification due to inaccurate segmentafwe-processing of
images is the first and important step in imagecessing applications. It ensures that image isra#thas compared to
that of input image which results in desired segaigon results. With this motivation and the fduattthe malignant skin
lesions are difficult to segment, different preqessing techniques which can be applied before sewtion on the
dermoscopic images containing malignant skin lesiare looked upon. Common pre-processing technitikeshair
removal, median filtering and contrast stretching@mbination with Histogram Specification are agblon dermoscopic

images containing malignant skin lesions beforereagation.

The rest of the paper is organized as follows. i8ecR gives a description about the related works.
Section 3 highlights significance of the work désed in this paper. Section 4 describes the sldioifepre-processing and
segmentation system. Section 5 presents the expatainanalysis of the systems which describe thgeimentation part
for pre-processing and segmentation as well ageptescomparative discussion of the results. Bin&lection 5 presents

conclusion from the experimental results.
RELATED WORKS

Skin lesion detection & segmentation system refierdetecting the skin lesion in the given imagem®scopic
image and extracting the lesion from the rest efskin portion. Dermoscopic image is taken as imat it is suitably pre-
processed before segmenting so as to get desigadested output. Various enhancement and segmentagiproaches
are used for pre-processing of dermoscopic imagesaming skin lesions. Over the past decade, skterresearch

focused on development of the CAD tools for auteerdgtection of lesions in the skin has been cdroiat.

Paper [4] describes the non-uniform background odfanoscopic image which is caused due to wategiror
bubbles, thick hair, thin blood vessels, skin lin@® minimize the above mentioned factors an adaphistogram
equalization step is employed. Smoothing filtetgshsas Nagao filter is used which is edge presgriiar filter. They
also demonstrated two hair removal algorithms: Tite is closing morphologicaloperator and the setowhich was
shown to be better, was combination of Bicubicrimbéation and Top hat transform. The Mean-Shiftrapph used was to
segment the lesions. A database of 60 images ¢timgsief 35 melanomas and 25 benign nevi were ushis paper is
preliminary and no indication about the segmentati@curacy is mentioned. Do Hyun Chung et al [Bfest that
biomedical images are in general noisy and podtdyninated, making them difficult to segment andlgme. Histogram
equalization using differential equations were ade&ed as preprocessing. In [6], authors have usedian filtering
which effectively removes noise spikes with presegvspatial resolution which avoids blurring of edg Contrast
stretching is also applied after median filteritdnsupervised approach to border detection in skas wsed. Median
filtering was also used in [7] for smoothing imafgem noise. The Segmentation of lesion was doneguiiresholding.
The authors of [8] applied Median filtering to dersgopic images further followed by contrast strigighlmpulse noise,
brightness and reflection present in the imager@daced using median filtering. It also ensured thmvanted structures
are eliminated from the image. In [9] image is cent@d to greyscale image and 20% salt and peppse m@as added to
original image. Further median filter was appliedetiminate noise. The LOG operator was use omtisy images for
successful border detection. Authors [10] proposee of smoothing filter to reduce the effects @& #itifacts. Median

filtering with 11*11 mask was used to smooth thagdm. Generalized Lloyd algorithm (GLA) was useddotor quantize
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the pixel colors. The purpose is to extract a fepresentative colors that can differentiate neighlgoregions in the
image.In [11] author compares different filters @age, median, bilateral and Gaussian filter. Amdhgse four
techniques, the best results were obtained by ilhtetal filter. The proposed method by authors fittering uses the
combination of bilateral filtering with spline (BiSp) which involves selection of the optimal cobtvannel from the RGB
image to improve the segmentation accuracy usigg elétection. A preprocessing step that enhandes iodormation
and image contrast was proposed in [12]. In thiskpionages with low contrast give low results whieocomes to making
accurate border detection. Hence Automatic Colardfigation (ACE) is used by these authors, whichased on a model
which merges two techniques Grayworld and MaxRGBmadization. Segmentation is done by iterative shadding
approach where optimal thresholding algorithm ieduto determine the optimal threshold iterativéty[13] three pre-
processing techniques were used for hair remowtr space transformation and color enhancemenB Rftage is
converted to different color spaces and colors extteacted. The segmentation was achieved by ThidislgoUsing
Reinforcement Learning Algorithm. Authors have gisoposed [14] Contra-Harmonic Filter (CHF) for ym@cessing the
dermoscopic image which minimizes the various act# present in the image like camera flash, dezoms gel bubbles.
After detection of lesion border and feature extoar; pattern classification was done between tyge$ of skin lesions,
melanoma (the malignant one) and Clark nevus (#regn one). In [15], morphological closing filtesing a disk as
structuring element with radius value as 5 whiahaees the dark hair was used. Gray-level threshgldias also used to
eliminate the dark regions in the four cornershaf images. The comparison of four methods usedeéigmentation was
done. The segmentation methods used for compawsoe Robust Snake, Level set, Adaptive thresholding) manual
segmentation. Total of 50 dermoscopic images weesgl.uThe types of lesions were not specified. B],[&uthors used
image enhancement and edge detection techniqueh whe-processed the image for further activitystlirpmask, one
of the most popular tools for image sharpening used to sharpen the image. Manual segmentatiorused to detect
and visualize pigment network structure in the desoopic images making use of graphs. Color morpglicéd operators
[17] were obtained on the HSI color space for pwepssing of dermoscopic images of Melanoma skiiores
The morphological filtering highlighted the regiohmelanoma that was then segmented by binarizatethod. Heydy et
al [18], made use of information in R, G and B ahale in wavelet transform space. FCM, K-Means afSECM

clustering algorithms were applied on normalizaclel DWT.
SIGNIFICANCE OF OUR WORK

It can be seen from above related works that mioteoresearchers have used median filtering farathing the
dermoscopic images. Some of them have used mompbaloclosing operator for hair removal. Contrasetehing and
histogram equalization are also used by some aufboenhancing the dermoscopic images. Also aathave used either
general skin lesions or specific malignant melanamby for their work. Only one author has used ottype which is
benign Clark Levus. Most of them have comparededifit segmentation approaches for segmenting sienlérom the

skin dermoscopic image.

In this work, we have proposed a hybrid pre-praogsapproach combining histogram specification rodtn
combination with hair removal, median filtering aodntrast stretching. To the best of our knowledgeesearcher has
used histogram specification method for the pres@ssing of medical images, especially dermoscapages. Out of
different methods of segmentation we have used yF@zzMeans clustering algorithm to segment the chiffié pre-

processed images. The work compares FCM segmeantasults on these pre-processing approaches. eAmdtignant
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lesons are difficult to segment than the benign, his twork two most common types of malignant skin lesions
considered. They are Melanoma and Basal Cell Cami

METHODOLOGY

The overall methodology proceeds as follovThe dermoscopic images contain hair and impulseser
These factors can affect the segmentation whiglirimcan hampethe performance of CAD system. First the proces
hair removal is carried out. Then the median fittgris appliecto remove the impulseoise.This image after hair removal
is given as input to the contrast stretching blddkis acts as one f-process image which can be given to Fuzzy C M
segmentation algorithm. Further on this contstretched image the Higitam Equalization [1] is performed. This acts
as the second pprocessed image. The last -processed imagé obtained by performing histogram specifical

operation on the contrastretched imac using a specified histogram.

Figure 1 and Figure 2 mumarizes the entire process of-processing and segmentati

Hair Filtar=d
Femaovad Imaz=
Imagzs
[Demoscopic Hair Femoval -
Image —*

Contrast
Stretching

Preprocessed
Image
Preprocessed Preprocessed
Image Image
Figure 1: Process of Pre-Processing
Fuzzy

Preprocessed Yeans Extract=d
Tmage - . Features

Segmentation

Figure 2: Process of Segmentation
Pre-Processing

This section describes about the various-processing techniques that arsed for skin lesion detection syste
Preprocessing is important and crucial step. If-processing is done correctly then it results inéttdy segmentatic

results.

Hair removal from skin lesion images is one of kisg problems for the precise seentation and analysis of the
skin lesions. Removal and restoration of hair aai-like regions within skin lesion images is neededesgures withir
lesions can be more effectively analyzed for ber@gions, cancerous lesions, and for cancer digtation. For hair

removal following algorithm was used:
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e Select Input image from the resized (256*256) destopic images.
« Convert it to Grey scale image.

» Create disk shaped structuring element with ra&ius

* Apply Bottom Hat filtering

»  Fill the region of interest.

The median filter [19] is a nonlinear digital fitteg technique, often used to remove impulse ndieh noise
reduction is a typical pre-processing step to inaprthe results of later processing. Median filtgremsures that unwanted
structures are eliminated.

Contrast stretching [19] is a simple image enhamg#ntechnique that attempts to improve the contrastn

image by stretching the range of intensity valaesmntains to span a desired range of values.

Histogram of images provides a global descriptibthe appearance of the image. The informationinbthfrom
histogram is enormous. By definition histogram ofimage represents the relative frequency of oeowe of the various

grey levels in an image. A perfect image is oneclliiias equal number of pixels in all its grey lsvel
Histogram Equalization [19] was obtained usingdafing algorithm:
e Select a dermoscopic image which is processeddiorémoval and contrast enhancement.
e Calculate Histogram for image
e Calculate Probability Distribution Function(PDF)
* P=Number of pixels in grey level k / Total numberpatels in the image
» Calculate Cumulative Density Function(CDF)
*  Multiply CDF by 255, the maximum grey level in timage
* Round off the values obtained from step5
« Map the pixel values to new grey level obtainedtap 6.

Histogram Specification [19] is a generalized vemsbf histogram equalization, a standard image gusiag
operation. An equalized image has an equal numbgixels at all brightness levels, resulting inteaght horizontal line
on the histogram graph. When you specify a histogngou actually define the desired shape of théogiam, and a
nonlinear stretch operation is applied to forceithage histogram to have that shape.In the follgvédlgorithm, f and
are grey levels input image and specified imagfgeRdistribution function of the occurrences of grey levels r. The;s
and s are PDFs and Tand T, are the CDF transformation functions of histogrsetected image and that of specified
image respectively. The histogram used for speifia is shown in figure [3]. This histogram isgdod quality image

and it is bimodal in nature. Following is the aligfam for Histogram Specification.
» Select a dermoscopic image which is processeddiorémoval and contrast enhancement.

» Using histogram equalization algorithm, equalize itiput image histogram,£sT4[Pr(r,)]).
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» Select the specified histogram which is bimodal stnetched over the entire range.
* Now equalize the selected specified histogramTgPr(r,)]).

* Inverse map the equalized grey levels of histogohinput image as per the new grey levels of spatifmage
(T2(s1).

Segmentation

Out of different methods listed in related workazgy C Means (FCM) clustering [18][20] method igdi$or the
segmentation of the lesion in pre-processed im@be. objective of the skin lesion segmentation ssefo distinguish
object from the background. It is important thas tstep is performed accurately because many fesatused to assess the
skin lesion are derived based on segmented outhatFCM works as follows:

» Accept pre-processed image as input

» Convert image matrix to mono dimensional array, X
» Select number of clusters ‘c’

« Initialize U=[u;] matrix, U

« Atstep k, calculate centers vectdf €[Cj] with U¥

Where,

xis the set of data pointsyjis the degree of membership»pin the clustef; N is the number of data points;
¢ is the value of center irfkteration. Value of m should be greater than 1

Update U¥ u &9

1
RTR
c X| C. m-1
2| Ik —al
Where,

xis the set of data pointsjis the degree of membership xfin the clusterj; ¢ is the value of center in"k
iteration;

Ix-gl is similarity measure between data pojrand centec; Value of m should be greater than 1

o If IUED-UWI<p then stop , otherwise return to step 5
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e Convert the mono dimensional matrix to matrix @aesj256,256]
e Segment the image based on membership value.
* Apply mask to segmented image

EXPERIMENTAL RESULTSAND DISCUSSIONS

All the above mentioned pre-processing and segrientmethods are implemented in MatlabR2012b. Troyca
out the experiment, 57 dermoscopic images of s&8*256 were used. The images were taken from thbsies
www.pcds.org.uk and www.dermnetnz.org. Out of 5adges, 33 were with melanoma skin lesions and 24 i Basal
Cell Carcinoma lesions.Figure 4 shows the resultsliche pre-processing operations and their segaten. Here the
gray scale image is just the conversion of theimalgRGB image into gray scale. Approach A for precessing involves
hair removal, median filtering and contrast stretgh Approach B is combination of Approach A andstdgram
Equalization. Approach C, the proposed hybrid appho is combination of approach A and Histogramc8igation. It is
clearly seen from the figure that the proposed idybpproach using histogram specification givesnpsing results.
For most of the images, the proposed approach igaed better results than the other pre-procesgipgoaches, for few

images the results were comparable to the othepappes.

To quantify this visually observed advantage of pheposed method over others, all the lesions werually
segmented (Ground truth images) by the non-spstipkrson. The manually segmented images were showhe
dermatologist for ensuring proper marking and segat®n of the lesions. The segmented images (mooawe) obtained
using different approaches mentioned abovewere aogdpwith manually segmented monochrome imagesr(figiure 5
for the same). The number of true positive (TPefExtrue negative pixels (TN), false positive (B false negative
(FN) pixels were calculated from segmented imageségh approach as compared to the manually seginensge.

The metrics were calculated for comparison of défifee pre-processing techniques as follows:
e Sensitivity = TP / (TP + FN)
» Specificity= TN/ (TN + FP)
« Accuracy= (TP + TN) / (TP + TN + FP + FN)
e Precision= TP/(TP+FP)
e Error (XOR) = Area (segmented Image XOR grounchirdtArea (ground truth)

e Similarity=2* TP / (2* TP + FP + FN)

Table 1 shows the comparison of FCM segmentatioralbrihe pre-processing approaches. The sensitivity
accuracy and similarity were far better for thepgmsed approach than the other approaches. The Brteast for the
proposed approach. The specificity and the pratisi@ better in approach A but the proposed approaties do not

deviate much from approach A.

The total number of true positive and true negapweels in a segmented image using each methodse a

compared with the total number of true positive &ang negative pixels in a manually segmented inTdge method
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which gives this value closer to that of the marsegmented image is considered to be the betteTalle 2 shows the
statistics of the pre-processing approach usedrendumber of dermoscopic images that lead to hetigmentation using

this approach.
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Grqusd Treth Pre-processed Image | Pre-processed Image Fre-processed
Sr. No. (112?:1# Gray scale + FCM (Approach A) + (Approach B)+ Image (Approach
segmented) FCM FQM O +FQM

Melanoma
1

BCC1

Figure5: Segmented | magesin M onochrome For mat for Evaluation of Each Approach

Table 1: Comparison of Segmentation Accuracy using of Different Pre-Processing Techniques

Sensitivity | Specificity | Accuracy Precision Error Similarity
Gray scale 0.617134 | 0.986131| 0.806504  0.961373  0.404881 02409
Approach A 0.636931 | 0.987618| 0.811904  0.977387  0.382111  00R599
Approach B 0.646692 | 0.981161| 0.802017  0.957234  0.394912 o2l
Approach C 0.821029 | 0.960495|  0.885997  0.942383  0.2434B2 08708
(Proposed one)

Table 2: Number of Der moscopic | magesthat Lead to Better Segmentation

Pre-Procession Approach | No of Images L eading to Best Segmentation
Gray scale 3
Approach A 7
Approach B 4
Approach C (Proposed one) 43

CONCLUSIONS

In this paper we have described various pre-pratgdsechniques as applied on dermoscopic imagetairimg
melanoma and BCC skin lesions. These techniquesngtemented and are compared with the proposednaplémented
hybrid pre-processing technique that uses histogiaecification. The evaluation is done on diffekeptre-processed and
segmented skin lesions. Results show that the mer@pcessed image that uses the proposed hybridagp for pre-
processing gives better segmentation results fgonitya of the dermoscopic images as compared to dfiaother pre-
processed images. The proposed approach for segfin@ndf malignant skin lesions can be used withmadification to
segment benign skin lesions with greater accuractha benign lesions are characterized by unifdiads of color as
opposed to the malignant lesions making them eassegment. Thus the proposed hybrid preprocesgipgoach in
combination with FCM segmentation can be useddgnwentation of skin lesions in a Computer Aidedgni@stic system

to assist the clinical diagnosis of skin lesions.
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