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Abstract-Melanoma is a type of skin cancer.
Dermoscopy helps in detection of melanoma. Death
toll of melanoma patients is very high due to difficulties
faced in diagnosis. Computer aided design is a way to
diagnose it at early stage and hence proper treatment
will lead to decreased death rate. Digital dermoscopic
images are processed to diagnose and classify skin
cancer. Noise present in image is a hurdle in detection
oflesion. Gabor wavelets are used to highlight artifacts.
Hair, reflections, shadows, skin lines and air bubbles
are artifacts that are considered as noise. Noisy image
can lead to wrong detection of cancer region. Image
visibility can be enhanced by improving color contrast
and noise removal. Image processing techniques are
applied on images to remove artifacts. This paper
presents comparative analysis of ten filters and six
point processing techniques. De-noised image is
further processed for feature extraction, segmentation
and classification.
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[. INTRODUCTION

Skin cancer is wild growth of de-structured skin
cells. Melanoma is a kind of skin cancer that occurs in
melanocytes. Melanocytes are melanin producing cells
that are present on lower epidermis. Melanin is pigment
that control color of skin and hair. Melanoma is a kind
of skin cancer that is produced in melanocytes.
Melanoma skin cancer has tendency to spread to other
body cell and can cause death. Non-melanoma rarely
have chance to penetrate rest of body cells. Hence,
melanoma is most dangerous type of skin cancer as
deathrate is high [i].

Fig. 1. Dermoscopic images of Melanoma with
artifacts
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Melanocytes are specific skin cells that produce a
black pigment named as melanin. Melanin is
responsible for skin complexion in human beings.
People with fair skin tone have less melanin in
melanocytes as compared to the brown one. This
pigment is responsible to protect human skin from the
effects of ultraviolet radiations of sun. Melanoma is due
to uncontrolled growth of melanocytes. Figure 1 show
how melanoma looks on human skin. Development of
melanoma can be either fast or slow. Ultra violet rays
are basic element that can cause melanoma.

Dermoscopy is a way to examine skin lesion [ii].
Fig. 2 show pictorial representation of dermatoscope.
It aids to classify lesion based upon structure and color.
There are many clinical ways to diagnose melanoma
based upon features of lesion. ABCD method [iii],
seven point check list [iv], three point check list [v],
menzis method [vi] and CASH algorithm [vii] are
widely used methods.

Fig. 2. Digital Dermatoscope

Digital images are produced as an output of
Dermatoscope. Digital image is composed of pixels
and dots. Digital image processing is a domain of image
processing in which operations are performed on
images to enhance and extract required information.
Image processing is used in engineering as well as
medical science for image visualization, restoration,
sharpening and feature extraction. It is used to improve
pictorial information so that human can analyze
medical images easily. It is used to extract feature from
MRI images, CT-scan images and dermoscopic images
etc. Image enhancement techniques are applied on
image to remove blurriness, noise and to remove sharp
intensity differences in an image. Noise can affect the
accuracy of an image so it is imperative to remove it
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before any further processing.

In dermoscopic image the artifacts could be in
form of gel, sweat drops, air bubbles, hair, skin lines
and poor contrast. This can alter the reality of image so
itis necessary to get rid of them before segmentation. A
variety of algorithms are used for artifact removal.
Each technique differs from other as some use filtering
and other work on value of pixel.

CAD systems based on medical knowledge try to
mimic the performance of dermatologists for the
detection of pigmented region [i]. Automated CAD
system will take dermoscopic image as an input,
processes the input and tells the user whether the
patient is having melanoma or not. The first and most
important phase in automatic detection is artifact
removal and de-noising of dermoscopic image. A pre-
processed and de-noised dermoscopic image will result
in better diagnosis.

Our research paper will provide the facility to use
the defined methods direct instead of testing and
diagnosis the images from initial stages. The methods
will be accurate enough that one can use them without
any doubt and he will get the required results. It will be
used by the doctors of skin cancer as they can diagnose
the patients within no time. It reduces complexities in
early detection. It will provide the ground base for
further stages of image processing. This application
will remove the noise and enhance the images so that it
can be useful for the other image processing stages like
image restoration, image segmentation and image
classification.

There are two types of image enhancement
techniques namely spatial domain and frequency
domain techniques.

A.  Spatial domain filtering

It is normal image space. It is combination of
pixels of an image. In this domain operations are
performed directly on pixels. Spatial domain processes
are expressed as:

gxy)=TIf (x,y)] M

Where 1 (x, y) is the input image, g (x, y) is the
output image and T is some transformation function
applied for enhancement, defined over some
neighborhood of(x, y). The neighborhood is defined to
some principles. Spatial domain techniques can be
broadly categorized as point processing and mask
processing. Point processing can be further categorized
as gray level transformation, piece-wise linear
transformation and histogram based image processing
techniques. It uses pixels of image. The general form of
gray level transformations is given as:

S=T(r) (2)

S is the value of pixel after processing and r is
value of pixels before processing [viii]. T is the
transformation that maps pixel values from r into s.
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Image negative, log transform and power law
transformation functions are used for gray level
transformation.

Contrast stretching is another point processing
techniques. It is used to enhance the low contrast
images with poor contrast. It works by stretching the
range of intensity values of pixels that is desired to
enhance. The formula for contrast stretching is as
follows [ix]

Poue = (Brn — ) + 2 3)

Histogram equalization is also used for image
enhancement. Mask processing is used for image
smoothing and image processing.

B.  Frequency domain filtering

In frequency domain processing is not performed
on image rather it is applied on inverse transformation
of an image. After processing, image is converted to
spatial domain [x]. These filters are used for image
smoothing, sharpening and artifact removal. Ideal
filter, butter-worth filter and Gaussian filters are used.
For smoothing low pass filters are used while for
sharpening high pass filters are used. Smoothing results
in blurriness because it stop high frequencies and allow
low frequencies to pass through. Sharpening is used to
preserve edges. It performs inverse of smoothing
filters.

This paper represents critical analysis of filtering
techniques and six point processing methods. It
provides a detailed discussion that which filters are
suitable to remove which type of artifacts. Section 2
provides work done by other researchers, section 3
explains methodology, results are discussed in section
4 while section 5 provides conclusion and at last
references are provided in section 6.

II. LITREATURE REVIEW

Preprocessing is fundamental step in design of
automated diagnosis. Image processing is
contemporary research area. Researchers are working
on image preprocessing, artifact removal, image post-
processing, segmentation and classification of
melanoma. A noise free image helps in better diagnosis
as compared to image having artifacts surrounding
lesion so it is mandatory to remove noise before going
for segmentation and classification. There are two
types of image enhancement techniques namely spatial
domain and frequency domain techniques [i]. Focused
on image pre-processing and segmentation. He used
sixty-four directional filters to detect and remove
artifacts. He processed RGB images to get red, blue and
green components. He selected blue component
because of its information description. Then he used
threshold method to detect artifacts in images. Pixel
could be categorized as reflection if threshold value is
less than intensity value of respective pixel and if the
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average intensity of the surrounding pixel subtracted
from intensity of pixel is still greater than threshold
then it is definitely a reflection or artifact. He had used
directional filters to get rid of hair. Binary mask of hair
artifacts was multiplied by gray scale version of image.
This would result in appearance of gaps. Moreover,
neighborhood operation was performed to fill all the
gaps of resultant image. In this way noise free image
was obtained and could be used for segmentation.
94% accuracy was achieved by above proposed
methodology.

Gabor wavelet transformation is used to remove
unwanted noise from dermoscopic images. Active
contour technique was used to define area for pre-
processing as it defined the boundary of shape. Binary
mask was obtained by converting the image to binary
image. Color enhancement was obtained by linearly
combining RGB values into single luminance value.
Gray threshold of image was adjusted using
thresholding technique. It accommodated shadows and
high variations in images. Hair enhancement and
removal was obtained using Gaussian filter. Image in-
painting was obtained by neighborhood operation.
Median filter was used to remove dark spots and
smooth image is obtained as output. Median filter
removed noise without de-blurring the image [ii].

Wavelet transformation is another technique for
artifact removal. Image enhancement is performed
using 2-dimensional Gabor filter. It spot-light hair
artifacts in the image. Adaptive Otsu's thresholding
method is applied to make binary mask of hairs and hair
pixels are replaced by skin pixels using neighborhood
operation. Illumination of image is corrected by
equalizing L-channel. The color between skin and
lesion pixel is adjusted by adaptive sigmoidal using
cutoff value. Median filter with disc-shaped structure is
applied to remove small ignorable noise.

There are two types of processing one is scalar and
other is vector. In [xiii] scalar processing, RGB
dermoscopic images are converted to grayscale. For
vector processing, image has to be converted to 1*a*b
or I*u*v or HSV color space. According to his survey
morphological filtering is a way to make lesion
prominent in dermoscopic images and color
morphological filters can be used to highlight lesion
portion. Image smoothing can be achieved using
anisotropic diffusion filter. Median filters are a good
choice where images contain too much noise. Average
filters are non-linear filters. Non-linear filter helps in
keeping the edges intact without blurring it. Homo-
morphic filters along with fast Fourier transform and
high pass filtering is an excellent way to pre-process
dermoscopic image.

The most important phase in image pre-processing
is artifact removal. Filters are a good choice to remove
hair, bubbles, gel, reflections and other type of noise.
Filter could be mean filter, median filter, Gaussian filter
and anisotropic diffusion filter. Time of computation
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‘for former three filters is independent of mask size
while for anisotropic filter it is dependent upon mask
size. Morphological top hat operator could be used to
filter out blood vessels from dermoscopic images.
orphological closing operator could be used to detect
hair and bilinear interpolation could remove hair
rtifacts. Moreover, morphological closing with
thresholding, morphological operators with partial
differential based in painting, matched filtering along
‘with Gaussian smoothing and entopic thresholding are
good ways to remove artifacts. Random transform
ffollowed by pewit operations are good for edge
detection. Every discussed method had its own pros
‘and cons [xiv].
|  Completed pre-processing consists of three steps
[xv]. During digitization, black frames were introduced
land were removed by converting RGB image to HSV
and determined luminance component of HSV color
space. Gaussian smoothing filter was used to get rid of
hines, reflections, gel and bubbles. White top hat
transform technique is used to remove hair from image
and inpainting is done using neighborhood operation.
‘ [xi] proposed a method to remove black frames
nd hair strands from dermoscopic images . First of all
color space is changed from RGB to HSV and
luminance component is used. Median filter with mask
Ef size [3x3] is used for artifact removal. Nagao and
uwahara smoothing filters were later applied.
ISmoothing filters preserves the edges. Mathematical
[Elorphology operations were performed to remove
lack frames. Image inpainting techniques include
patch-based class, sparse class, partial differential
equation and early interpolation method.
| Canny edge detection method is used to detect
hairs, morphological operators are used to remove hair
and multi-resolution coherence transport inpainting is
‘applied to repair hair pixels [xvii].
| [xviii] had worked on hair removal for
dermoscopic colored images . Black frames appeared
n images as a result of digitization process. Black
rames were removed by converting RGB color space
to HSL and considering L component. Pixel was
considered as black frame if its L value is below 15.
pel, bubble, skin lines and reflections were removed by
applying Gaussian filter. De-noised images was
lconverted to gray scale and laplacian based high pass
‘ﬁlter was applied to it. Top-hat transform was applied
to cater for remaining hair. Unwanted pixels were
replaced using neighborhood in-painting technique.
| Median filter is used to remove noise from
dermoscopic image. Then hair artifacts are removed
lsing morphological closing operation. Median filter
‘should be of kernel size [5x5] with the disc of
diameter 3. Skin is separated from lesion by applying a
histogram adjustment [xxi].
ABCD method can be used to detect Melanoma
%or dermoscopic images. For this purpose, first step is
to pre-process dermoscopic image by removing hair
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artifacts. RGB images were taken as input. Color space

was changed to CIE LAB. Homo-morphic filters were
applied on L plane to adjust uneven illumination of
image. Hair artifacts were removed by applying
derivative of Gaussian along with morphological
function and fast marching. He proposed a hair
removing algorithm that preserves the features of
image. It was able to process both dark and light
colored hairs. Firstly RGB image was converted to
gray-scale image. Rough hair is detected using first
derivative of Gaussian filter along with matched
filtering and thresholding technique. Hairs were
refined using morphological edge based technique.
When hair pixels were removed then empty pixels were
in-painted using fast marching inpainting technique. As
a result de-noised dermoscopic image was obtained
without damaging texture of lesion [xxii].

A comparison of spatial domain filtering
techniques is discussed in [xxiii]. Contrast
enhancement is achieved using histogram equalization
and tone mapping.

A comparative analysis of spatial and
transformation domain filtering is presented in [xxV]
and [xxvi]. Short-comings are discussed in both.

Bi-histogram equalization with alpha rooting
technique is used to enhance image quality [xxvi].
According to them there are many histogram
equalization techniques but they are difficult to
implement and have high computational time.

Advantages and disadvantages of spatial and
transformation domain filtering are discussed in
[xxvii]. Another author proposed optimum wavelength
based masking for contrast enhancement of medical
images. Their proposed method had higher
performance as compare to other techniques [xxviii].

III. METHODOLOGY

The proposed system takes dermoscopic image as
input and processes it to get rid of artifacts. Hair
artifacts are highlighted using Gabor wavelet
transform. Point processing techniques are applied on
image. Furthermore image is passed through low pass
or high pass filters. Artifacts are removed using
neighborhood operation. A comparison of these point
processing and filters is presented in this paper.

\ [ Input Image
\

‘ 4
| Artifact Highlighting

| ¥

‘ Point Processing

\ ¥

‘l Filtering ’

‘ 4

\l Inpainting ’

Fig. 3. Flow chart for artifact removal

Input Image
Accurate data set plays a key role in performance.
Our proposed method is tested on European data set of
undred lesion skin cancer images. These images are
acquired from dermoscope. These are approved by
three dermatologists that its ground truth is available.
ach image is RGB image with a bit depth of 24. It
dimensions are 972x615 pixels having horizontal and
vertical resolution of 116 dpi. After image is acquired
grom dermatoscope, it is saved in digital format. These
re taken as input test images for further processing.
Matlab R2016b 64 bit version is used as software for
pplication development. It is handy to use and
rovides high quality graphical output. Its environment
is easy to use. It is vastly used in digital image
Brocessing as it allows image and video as input from
arious digital imaging devices. Fig. 1 shows some
lesion images of European data set.

B. Artifatct highlighting

H Artifacts include gel, sweat drops, hair and skin
ines. Hair is the main hurdle in post-processing of
image so it is necessary to get rid of them. Gabor
‘wavelet works for spatial domain as well as frequency
domain. Gabor wavelets are used to identify corners,
kedges and blobs. It is used in feature extraction as it
Feduces the product of standard deviation to minimum
in both domains. The equation for Gabor filter is:

x24y2y'2 x'
g(x, y) = exp (— T) cos (271}\— + (p) 5)
k' = xcos8 + ysin6 (6)
‘y' = —xsinf + ycosf @)
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Where sigma is standard deviation of Gaussian
function, theta is the orientation; lambda is the
wavelength of the sinusoidal factor, gamma is the
spatial aspect ratio and psi is the phase offset.
According to our proposed methodology, sigma is set
to 2.8, theta is taken as 360, wavelength is set to 5,
gamma is set to 0.3 and phase offset is taken as 0.

By applying Gabor filter to dermoscopic image,
hair and other artifacts are highlighted.

Fig. 4. Artifact highlighted using Gabor filter

C. Point Processing

We have compared six point processing
techniques that are used for image enhancement.
Negative of image highlights grey or white
components of image. Log transformation dark pixels
ofimage are enhanced while high intensity components
are compressed relatively. Itis represented by equation:
s=clog(r+1) (8)

Where's' is pixel value of output image. 'r' is pixel
value of input image while 'c'is a constant.

Log of zero is infinity so '1" is added to each input
pixel so that minimum value should not decrease below
one.

Power law transformation is used to make image
bright. Image brightness highly depends upon gamma.
When gamma is greater than 1 image becomes dark and
it becomes bright if gamma is less than 1. C and r are
positive constants. The equation for power law
transformation is
s=cry )

Contrast enhancement technique is used to adjust
poor contrast. It stretches the range of intensity values.
Equation for contrast enhancement is

Poue = (P =) (372) +a (10)
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| In above equation, a represents maximum pixel
value in an image and b represents minimum pixel
value in an image. Image has to be normalized over
aximum and minimum pixel values. Here ¢ and d
represents normalized maximum and minimum pixel
value.
| Intensity level slicing is used to enhance features
of image. It is used to brighten range of gray level
alues and it preserves background. Histogram
‘equalization changes the intensity values of input
image to improve contrast. Suppose 'm' is the input
image whose intensity of pixels 'a' varies from 0 to L-1
where 'L' frequently refers to 256 and 'x' is normalized
Lhistoglram.

‘ __number of pixels with intensity a

‘ a total number of pixels

(11)

a=0,1..L-1 (12)
ks histogram equalized image and can be
calculated as
s

‘k{i,j}=floor((L—1) YeshXa (13)
\ : o :

Histogram equalization is not effective on some
images as it makes those images even worse.
b. Filtering
| Filtering is a way to remove noise and get
‘enhanced image. There are two ways to filter a digital
image one is spatial domain and other is transformation
domain. We are providing a critical comparison of both
domains. Low pass as well as high pass filters are used.

Nm—

| - |
‘-?u

AN

| (a)
‘ Fig. 5. (a) Original image

(b)
(b)Filtered image

| 1) Median Filter
| Median filter is a smoothing and edge preserving
filter. It works on every pixel of whole image. It
replaces pixel value with the median of neighborhood
ixels. It takes a pixel and calculate median of its
neighborhood pixels and replaces the selected pixel
with that median value. Number of neighborhood
Pixels is determined by window size. It doesn't create
any new value that's why it preserves edges. Figure 5
represents original image and image after applying
fnedian filter.
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2)  Second Derivatives - The Laplacian Filter

Image enhancement is achieved using second
derivative filters. These filters respond more accurately
to small details like thin lines and isolated points. It
responds strongly to a line as compared to a step and is
comparatively stronger for a point. The Laplacian is
used as a second derivative filter. Laplacian is an
isotropic filter it means it gives the same result when
rotating the image and applying filter or first applying
the filter and rotating the image. Its response is
independent of the direction of the discontinuities in the
image to which the filter is applied [30]. The Laplacian
L(x,y) of an image with pixel intensity values /(x,y) is
given by:

%1 . 9%

L(x,y) =z Ty (14)

Fig. 6 represents original image and image after
second derivative Laplacian filter.

e o
(a) (b)
Fig. 6. (a)Original image (b) Laplacian image

3) Ideal low pass filter
It works on a cut-off frequency. All above
frequencies are assigned zero value. Low frequencies
are left behind and high frequencies are filtered out.
The resultant image is transformed in spatial domain to
smooth the edges and remove all high frequency
components. In other words, ideal low pass filter
retains low frequencies from zero to a cut-off frequency

and remove high frequencies. Fig. 7 represents original
image and image after ideal low pass filter.

(a) (b)
Fig. 7.(a)Original image (b)ldeal low pass filtered
image

4)  Butterworth Lowpass Filter

| The frequency response of butterworth low pass
filter is nearly flat. The frequencies that are allowed to
y
pass are called pass band and those which are stopped
by filter is called stop band. In Butterworth lowpass
oy P P
filter, there is no sharp discontinuity in the frequencies.
p y q

Butterworth lowpass filter does not show ringing and
Pegative values.

|

\

| .
‘ ¥

\

\

\

(a) (b)
| Fig. 8. a) Original Image b) Image after butterworth
| low pass filter

‘ 5) Gaussian lowpass filter

Gaussian filter is a smoothing filter. It results in
blurred image and filter out noise. The transfer function
‘of a Gaussian low pass filter is defined as [xxxi]

H(U,V) = e—DZ(u,V)/ZDo2 (15)

(a) (b)
| Fig.9.a) Original image b) Gaussian low pass
| filtered image

‘ 6) Ideal Highpass Filter

Highpass filters are sharpening filters. It is
bpposite of ideal low pass filter as it allows high
‘frequencies to pass on and suppresses low frequencies.

| (a) (b)
Fig. 10. a) Original image b) Ideal high pass
| filtered image
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7)  Butterworth Highpass Filter

It is opposite to butterworth lowpass filter as it
allows high frequencies to pass on and attenuates low
frequencies. Sharpness of image is controlled by the

order. It results in smooth image even for small cut off

frequencies the boundaries are intact [xx]. It can be
defined as:

H(u,v) = !

1+[De/D(u,v)]2n

(16)

Where D, is cut off frequency and n is is the order.

N

(a) (b)
Fig. 11. a) Original image b) Butterworth high pass
filtered image

8) Gaussian Highpass Filter

It is a sharpening filter. It suppresses frequency
components that are close to filter. Gaussian filters do
notresult in ringing effects.

- "

(a) (b)
Fig. 12. a) Original image b) Gaussian high pass
filtered image

9)High Boost Filter

It is also a sharpening filter that amplifies high
frequency components of an image. It enhances edges
and removes blurriness. It is different from other high
pass filters in a sense that they remove low frequency
components and it keeps low frequency components
intact [xx].

+ B

(a) (b)
Fig. 13. a) Original image b) High boost filtered
_ image

‘ 10) Homomorphic Filter
Itisused to get rid of multiplicative noise. It is used
lto fix non-uniform brightness in image.
| Homo-morphic filtering is handy technique in
image enhancement. It normalizes the brightness in
‘image by increasing the contrast. A digital image is
roduct of illumination and reluctance. The
illumination components show gradual change while
reluctance components show rapid change while
erforming homo-morphic filters. Therefore, by
applying frequency domain filters, variation in the
limage intensity can be reduced while highlighting the
Fetails.

| (a) (b)
‘ Fig. 14. a) Original image b) Homomorphic
filtered image
E.  Inpainting
inary mask of artifacts are obtained using OTSU's
thresholding. Hair in-painting is a process to replace all
the hair pixels with skin tone pixels. This will result in
‘smooth hair free image. Neighborhood based region
filling method is used for hair in-painting as discussed
fin [xii]. It works towards the centre of image in a radial
Emnner. It takes average of background and estimated
eighborhood. It runs in a loop to fill the entire region
levenly using morphological operations [xii].

\ IV. RESULTS AND DISCUSSION

| Here is the numbering is assigned to the technique
ccording to the positive result it gives to us. The top

ranking is for the best and going down to the better,

lgood, normal and worst results of image enhancement

technique.

‘1 . Thebest for segmentation

Better for segmentation

3. Good for segmentation

‘4. normal for segmentation
5. worst for segmentation
Negat- Log | Power |Contrast | Intensity |histogram
Filters i\%e trans- | law | stretch- | level | equaliz-
form tra, ing slicing ation
Low pass| 2 2 1 3 5 2
Median 2 2 1 3 5 2
High
pass 5 5 5 4 5 5
Seccond
deriva- 2 1 1 2 5 1
tive
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Ideal
low pass

Butter
worth 2 2 1 3 5 2
low pass

Gaussian
low pass

Ideal
high pass

Butter
worth 1 1 4 2 5 1
high pass

High
boost

Homo
morphic

V. CONCLUSION

We had made a comparison of morphological
techniques, wavelet based techniques and digital filters
for dermoscopic image enhancement.

Adaptive histogram equalization is used to
enhance the contrast of an image. In this method

separate histogram is computed for every section of

image and then lightness is distributed over whole
image. Inthis way, it enhances edges and local contrast
and enhancement can be controlled so that noise
amplification is avoided.

Power law transform makes image bright and clear
as compared to other enhancement techniques. Hence it
is come to know that Power Law Transformation gives
the best enhanced images for low pass filter, second
derivative filter, median filter, ideal low pass filter,
butter worth low pass filter and Gaussian low pass
filter. Moreover Gaussian filters outperformed other
filters for dermoscopic image filtering.

VI. FUTURE WORK

We are providing the best enhancement technique
for cancer images dataset. This will be helpful for the
people who want to segment images. It is very time
saving for that person because he need not to start from
zero and instead our work will give it surety that this
image enhancement technique is best for images
mentioning the positive effects for that technique.
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