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Abstract: Problem statement: One of the most common degradations in medicafj@nas their poor
contrast quality and noise. The DICOM image corsidt speckle (multiplicative noise). While the
image is enhanced, the multiplicative noise presernhe image is also enhance&pproach: This
study describes the hybrid method to improve theagen quality of Digital Imaging and
Communications in Medicine (DICOM) images. The idglaimage enhancement technique is to
improve the quality of an image for early diagno3isen followed by a noise reduction using speckle
reduction anisotropic filter. This suggests the abeontrast enhancement methods as an attempt to
modify the intensity distribution of the image atmdreduce the multiplicative noisResults: In this
research study, a new approach for DICOM image asedby applying contrast stretching and
anisotropic diffusion where denoising of multiplis® noise is carried out and the level of contiast
improved. The quality of the image is enhanced maise free for DICOM image analysis. The
effectiveness of hybrid method is proved by quatitie approach. Conclusion and
Recommendation: The performance of the proposed study is compaitdthe existing traditional
algorithm and real time medical diagnosis image.

Key words:. Contrast stretching and histogram equalizatiograidation, image enhancement, speckle
(multiplicative noise), anisotropic diffusion

INTRODUCTION enhancement techniques may be grouped as either
subjective enhancement or objective enhancememrt. Th
Medical image enhancement technologies haveubjective enhancement technique may be repeatedly
attracted much attention during the diagnosis m®ce applied in various forms until the observer thirikat
Enhanced medical images are desired by a surgeon tiee image yields the detail necessary for a pdaticu
help diagnosis and interpretation because medicalpplication. Objective image enhancement corrents a
image qualities are often deteriorated by artifactsimage for known degradations. Here distortions are
Nowadays, Medical imaging is the best techniques foknown and enhancement is not applied arbitrariyis T
monitoring the person’s diagnosis process. Moghef enhancement is not repeatedly applied but applee o
diseases are diagnosed by doctors using medic@lased on the measurements taken from the system.

imaging methods. One problem that physician  |mage enhancement fall into two broad categories
encounter is because of the low quality of medicalg pelow:

image. This low quality causes difficulty duringeth
diagnosis. So it is necessary to improve the qualit .  gpatial domain technique
the medical image. There are so many methods foy
medical image enhancement to make a better peynepti
Lavaniaet al. (2011), Nakayamat al. (2009), Kabiret
al. (2010) and Al-Samaraie and Saiyd (2008). Bexau
of the simplicity and better efficiency, histogrdmased
algorithms Larrabidest al. (2003), are widely used for
contrast enhancement of images.

Frequency domain technique

Spatial domain refers to the image plane itseff an
Sapproaches in this categories are based on direct
manipulation of pixels in an image. Frequency domai
processing techniques are based on modifying the
Fourier transform of an image. Spatial domain efer
the total of pixels comprising an image. They opera
Image enhancement: Image enhancement operation directly on these pixels. Spatial domain processiés
improves the qualities of an image. They improve arbe denoted by the expression:
image’s contrast and brightness characteristicijoe
its noise content or sharpen its details. Image ax, y) = T(F (x, y))
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where, Different methods have been investigated for
f (x, y) is the input image speckle reduction. These methods include early
g (x, y) is the processed image methods such as Lee filter, Frost filter, Kuanefiland

T is the function of F recently developed methods such as adaptive filters

wavelet transform, bilateral filters, nonlocal- meand
enhancement process: Median Filter (AWMF) for speckle reduction is
proposed. Different from the common median filter,
. . i ; AWMF adjusts weight coefficients and smoothing
Ltfnafgsér;;ep Is image capturing of DICOM characteristics based on the local statistics.
. . . The methods of image enhancement includes,
*  Then, save the images under .jpg extension histogram equalization (2008), adaptive histogram
* The third step is to select picture with threegqyglization 2011. A method of differential histagr
different type which is normal image, bright image equalization in (2009). At present, there are migpes
and dark image. Three images are selected for ea@f image denoising and enhancement algorithmsalbut

different type these methods are very rarely applied for medinalje
* The last step is applying the proposed techniques tdirectly. Removing noise followed by enhancement
the selected images often make the edges not visible. Enhancementietb

o the denoising affect is done for medical image. [bhef
There are so many methods for medical imaggapers discussed the medical image segmentatgiveis
enhancement to make a better perception from medicahmed and Nordin (2011) the idea why one want to

images. Various methods have been suggested f@inprove the quality of medical images.
increasing medical image’s quality in recently wear

Contrast enhancement and histogram processingeis on MATERIALSAND METHODS
of the most important digital image processing
techniques and it is widely used for increasing iced One problem that physician encounter with

image’'s quality. Because the simplicity and bettermedical image is low quality of the medical image.
efficiency of the histogram based algorithms, thesevercome this drawback of image contrast enhancemen
algorithms are widely used for contrast enhanceroént and denoising methods, anisotropic diffusion method
images. Also it should be mentioned that histogramntroduced by Perona and Malik (1990) is used.
based techniques are much less expensive wheDontrast enhancement techniques are widely used for
compare to the other methods by Samir@l. (1994) enhancing visual quality of low contrast images.
Ziaei et al. (2008); Jagatheeswarit al. (2009); Histogram Equalization (HE) by contrast stretchimag
Kachouie (2008); Zhaet al. (2010), Ramyashree et very popular technique for enhancing the contrésino
al. (2010); Vij and Singh (2011); Mahmoud and image. Its basic idea lies in mapping the gray leve
Marshal (2008). Studies of frequency domain tramsfo based on the probability distribution of these iispu
mainly concentrate on the speckle reduction andjray levels. It flattens and stretches the dynamaige
histogram equalization is a moderately typical mdtbf  of the image's histogram, resulting in overall casit
image enhancement in the spatial field. The Noealin improvement. HE is the most prominent technique
anisotropic diffusion model has been successfullyapplied to medical imaging has been applied inoweri
applied in the image processing domain by Perowh arfields such as medical image processing.
Malik (1990) and Gerigt al. (2002). Anisotropic diffusion considers a conduction term

that is locally computed and depends on the diffigaé
Speckle noise filtering: Medical images are very structure of the image. Anisotropic diffusion filteas
difficult to diagnose because of the existencepetkle  used by Gerigt al. (2002) to enhance MR images. This
which hampers the perception and the extractidinef  study describes about the techniques efficiently fo
details from the image. Only skilled radiologistsnc MRI images and for CT images through contrast
make an effective diagnosis and hence limitingug#e  enhancement. The framework for the hybrid approach
in a wide medical network. For anisotropic diffusio of is shown in Fig. 1.
filtering the direction and strength of the diffosiis
controlled by an edge detection function. It rensove Image Enhancement Model (Contrast Stretching):
speckles and at the same time enhances the edgesCpntrast stretching (often called normalization) ais
removes speckles by modifying the image via soléng simple image enhancement technique that attempts to
Partial Differential Equation (PDE). Perona andiknal improve the contrast in an image by “stretching' th
proposed the nonlinear PDE for smoothing image irfange of intensity values which contain a desiate
continual domain. of values.
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Fig. 1: Proposed approach for image enhancement

Histogram equalization is one of the most useful
forms of nonlinear contrast enhancement. When an

O image's histogram is equalized, all pixel valueghef

84 153 images are redistributed so there are approximately
0 \ / 255 equal number of pixels to each of the user-spetifie
1 N R .../ ] output gray-scale classes (e.g., 32, 64 and 256{)&xi
F S T S W N O WY is increased at the most populated range of brégistn
l’ f i R R s 0 ‘\ values of the histogram (or "peaks"). It automadiyca
Stisbed f S . v % N w Y reduces the contrast in very light or dark partshef
I ' \ - ' \2 image associated with the tails of a normally dhsted
0 \ N 35 i i izati
- . - e et 2’ histogram. Histogram equalization can also separate

pixels into distinct groups, if there are few outpu
o . values over a wide range. Histogram equalization is
Fig. 2: Equalized contrast stretch effective only when the original image has poor

L irast due to th illuminatiomil contrast to start with, otherwise histogram equaaiin
ow contrast occurs due to the poor illuminatiojles may degrade the image quality.

capturing images. The idea of cqntrast_stretchm_[pl The following Fig. 2 describes the equalized
increase the dynamic range of intensity level ia th .o stretching. Where, the disadvantage of
proces§ed Image. The functlomr_lg of _the contras gualized contrast stretch can be overcome by eqgply
stretching operation on gray scale image is toYail  ineqr contrast stretch method. When the histogigm
following equation on each of the pixels in theutip g o1heq the range of resultant quality of thagenis
image to form the corresponding output image pbsel i\ not clear. To improve the quality of the insg

Ismail and Sim (2011). further the linear contrast stretching is processed

10y) -_(I(x,y)—mm) Linear contrast stretch: When the distribution of a
[NO-Of-'m-LVGL}mita“m_,_ve,_ 1) histogram in an image is bi or trimodal, an anatysly
max- min stretch certain values of the histogram for inceeas
enhancement in selected areas. This method ofasintr
where, | ( x, y ) represents the images in Eq.adg enhancement is called a piecewise linear contrast

the equation describes about "min” and "max" whiéch stretch. The brightness ranges in the modes of the
the minimum intensity value and the maximum histogram involves the identification of a numbdr o

intensity value in the current image. Normally het linear enhancement_.
In the normal linear contrast stretch example, the

gray level images the lowest possible intensit§ end minimum and maximum values are stretched to the
the highest intensity is 255. The intensity valge i values of 0 and 255 at a constant level of intgnsit
stretched to the maximum of 255 which converts thgy,, piecewise linear contrast stretch, several
image to be blurred. This occurs when and equalizef};eapoints are defined that increase or decreese t
contrast stretch is applied. contrast of the image for a given range of valligs

higher the slope, the narrower the range of vababsg
Equalized contrast stretch: This stretch assigns input from the x-axis. This result in a wider outgpread
more display values (range) to the frequentlyfor those same values and thus, increases theasbfir
occurring portions of the histogram. By this method that range of values. A low sloping line resultsifower
the detail in these areas will be better enhancedontrast for the same range of values. Notice ¢hiessof
relative to those areas of the original histogramlinear steps in each histogram that stretchesvaiteof
where values occur less frequently. data at different levels of intensities.
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the gradient divergence. In order to denoise and
synchronize for protecting the edges, PM model
introduces a coefficient transmission of the caistr

Onghal. gy 153 function. In the flat regions, the speed of protess
0 \ ‘ 255 image transformation will increase. At the edgetluf
| | J image, the process will decrease automatically.rrddel

! oy of partial differential equation is constructedsq. (4) and
VR | | \ v (5) as as follow:
/ 1 ! [ 1 \ \
Stretched !/ ! I | \ \ \ L (x.y.1 = diV[g(‘Dl‘)[ﬂ] (4)
07 ! i | \ \ 255 ot
[ | 4 Yy v v N L
g(r)=—+———.,p=1,2 (5)
Fig. 3: Linear contrast stretch (0 1+(r/k)
This involves identifying lower and upper bounds In formula (5), g(r) is a monotonic declined

from the histogram (usually the minimum and function and the parameter is the value of gradismt
maximum brightness values in the image) and apglyin smoothing is able to combine with enhanced output a
a transformation to expand the range to the preseithe same time.

image size. DN is the input image values from @36 _
respectively in the output image and stretching all MProved enhancement process: In the Improved

intervening digital numbers accordingly in Eq. (2). Enhancement method, the integrating of linear estr
stretching and anisotropic diffusion is used. The

(DN-DN ) following steps are carried out:

DN,, = 255X
(DNmax -DN min)

2)
e The low contrast medical image is taken as input
e For the low contrast input, linear contrast
stretching is applied because the equalize contrast
stretching method does not give clear detail for

medical usage

where,

DN = Input Value

DNg; = Stretching output
The above Fig. 3 shows the linear contrast stretch During enhancement the multiplicative noise

for an image (.V!J and Singh, 2011)'. Here, the déffece present in the medical image also enhanced

among the original and stretched image can be dewe, So, to suppress the multiplicative noise the

visibly. In original image the histogram startsrfrdhe anisotropic diffusion model proposed by Perona
range of 84-255. The stretched image shows the Malik is used

improved enhancement of the image. e The improved enhancement results with better

Anisotropic diffusion (Speckle noise reduction): quality is obtained. The hybrid model is obtain
During enhancement process of contrast stretchiag t from Eq. 2-4,

multiplicative noise present in the image alsoesiand

degrades the image quality. So to suppress thee noisd! (X.y.t)
anisotropic diffusion model is used. Here Perondikva at
(PM) model is used. This model is a partial diffeial

equation based on nonlinear diffusion. The diffasi® \\here, DN, is the linear stretching output. It is given as
similar to the propagation of high concentratiogioes .+ tor the PM model for denoising multiplicative

to low regions in the uneven medium. Two-dimenslionanoise to give an imoroved results. The hvbrid model

nonlinear diffusion equation is shown in formuld. (3 ) g P ' Y o
gives better results when compare with traditional
enhancement model.

:div[g(‘DNSt

JoN. | (6)

2 2|

MY 2 gy (py = 904+ 01 3)
2 2

ot ox* dy RESULTS

I(x, vy, t) is the evolutional matrix of image, QNs  Experimental results:. The DICOM medical images
the gradient of equalized stretched Image, diyfpid  are taken as test images for evaluating results.
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Table 1: Different parametric Evaluation for Imagmhancement |\ ean Square Error (MSE): The metric MSE is

algorithms . .
Method PSNR  MSE RMSE UQI  MEE  ET defined as Eq. 8:
HE 4.56100 22928.74000 151.42240 0.16580 2.5281900895
AHE 19.89849  670.85920 25.90095 0.36298 6.0739178P43 1 mint 2
CS 1725450 1025.23000 51.54000 0.19540 5.24700G4000 MSEzizzwi,j)_K(i,j)H (8)
AD 2839302  57.55295 8.89586 0.96542 6.21865 08975 mns <
HM 31.34977 48.02893 6.93020 0.97610 7.18303 05215
Where, For two mxn monochrome images | and K, one
HE = Histogram Equalization image is considered a noisy approximation of tteiot
AHE = Adaptive Histogram Equalization
CS = Contrast Stretching
AD = Anisotropic Diffusion Root-M ean-Square Error (RMSE): is a frequently
HM = Hybrid Method used measure of the differences between values

The algorithm is tested in MATLAB. The predicted by a model or an estimator and the values
reconstruction of an image has the dimensions 6f o actually observed from the models are estimate®Eg.

pixel intensity. The DICOM images contain a wide

variety of subject matters and textures. Most &f th RMSE( X) =/

images used are brain images with normal and (= MsE 4 )
abnormal images. This study proposes a hybrid ) )
approach to improve the image quality of DICOM  The Fig. 6 shows the PSNR for image
images of the early diagnosis process. For enhgncirenhancement algorithms.

the image contrast stretching is used and further

improvement is done by anisotropic diffusion praces Universal Quality Index (UQI): It measures image

to suppress the multiplicative noise. The followiraple  similarity across distortion types. Distortionsi®! are

1 shows the different parametric evaluation forgea measured as a combination of three factors; Loss of
enhancement algorithms. correlation, Luminance distortion and Contrast
distortion. Let {%} and {y;} =1, 2,...,N be the original
and the test image signals, respectively. The usale
quality index is Eq. 10 and 11:

Peak signal to noise ratio: The PSNR is defined in
logarithmic scale, in db (decibels). The Table dveh
the parametric evaluation for mixed noise removak
image metric PSNR is defined as Eq. 6 and 7:

(10)

4G Xy
uQl = Chaid

PSNR= 20|ogo(\'\//'%j ) Lo ”’3][(;)2 +(9)2}

Fig. 4: PSNR results for image enhancement algosth
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Fig. 5: MSE results for image enhancement algosthm

Fig. 6: RMSE results for image enhancement algmsth

Fig. 7: UQI results for image enhancement algorghm
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Fig. 8: MIE results for image enhancement algorghm

Fig. 9: ET results for image enhancement algorithms

The Fig. 7 shows the UQI for image enhancement  The Fig. 8 shows the MIE for image enhancement
algorithms. The PNA gives high value compares toalgorithms.
other traditional methods.
Evaluation Time (ET): Of a filter is defined as the
Measurement of Image Enhancement (MIE): Letan  (ime taken by a digital computing platform to execu
image x (n,m) be split intok, blocks Wei (I, J) of  he filtering algorithms. The execution time takena

ilrztﬁg é’n;zl ?rg?]s;gimasnd sEt}j tf)gr a'mglvgnerflhfr?ce?;e filter should be low for online and real-time image
9 u 'mag r‘érocessing applications. Hence, a filter with lo&édris

with enhancement parameters (or, vector parameter) ) : ;
o : better than a filter having higher ET value wheh al
andy to be found, then it is (Agaiaat al., 1995 . . )
B ¥ (Ag ) other performance-measures are identical.The Fig. 9

max [ 1 k=2ka1 w _kl] shows the ET value for image enhancement algorithms
MIE = 20log,, == (112)
0 D{D} k k 2 i=li=2 I min;k,| DISCUSSION
where, I5,.,, and I, are respectively minimum and The results are analysed based on Peak Signal to
maximum of the image x (m, n) inside the block W, Noise Ratio (PSNR), Mean Square Error (MSE), Mean
i)- The function X is the sign function. Absolute Error (MAE), Root Mean Square Error
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(RMSE), Universal Quality Index (UQI), Measure of Ismail, W.ZW. and K.S. Sim, 2011. Contrast
Enhancement (or improvement) (MSE) (Agasiral., enhancement dynamic histogram equalization for
2007) and Elapsed Time (ET). The PSNR, UQI and medical image processing application. Int. J.
MIE value must be high for a medical image, MSE,  Imaging Syst. Technol., 21: 280-289. DO
RMSE and ET must be low value for a better algatith 10.1002/ima.20295 .

The Fig. 4 shows the PSNR for image enhancement2gatheeswari, P., S.S. Kumar and M. Rajaram, 2009.
algorithms. The HM gives suitable results compare t ~ Contrast enhancement for medical images based on
traditional methods. The Fig. 5 shows the MSE for histogram equalization followed by median filter.

. : . Proceedings of the 2nd International Conference on
image enhancement algorithms. The HM gives low

. Man-Machine System, Oct. 11-1Batu Ferringhi,
value compares to other traditional methods based o Penang, Malaysia, pp: 2A41-2A44.

MSE and ET parametric values. The PNA gives highkapir, H., A. Al-Wadud and O. Chae, 2010. Brightnes
value compares to other traditional methods based o preserving image contrasenhancement using
UQl and MIE. weighted mixture of global and local
transformation functions. Int. Arab J. Inform.
CONCLUSION Technol., 7: 403-410.
This study describes the method to improve theachouie, N.N., 2008. Anisotropic diffusion for
image quality of DICOM image. The goal of the image medical image enhancement. Int. J. Image Proces.

enhancement technique is to improve a charactedsti (1IP), 3: 436-443. )

quaiity of an image, such that the resuiting |ma@e Lal’l’ablde, I., A.A. NOVO.tny, R.A. FEIJOO and E. -630,.
better than the original image. One of the mostrom 2003. A medical image enhancement algorithm
degradations in medical images are their poor ashtr based on topological derivative and anisotropic

quality and noise. The DICOM image consists of diffusion. Proceedings of the 26th Iberian Latin-
speckle (multiplicative noise). While the image is ~ American Congress on Computational Methods in
enhanced, the multiplicative noise present in thages Engineering CILAMCE, Oct. 19-21, Espirito
is also enhanced. To avoid this effect, the DICOM  Santo, pp: 1-14.

image is passed through a speckle filter. This estgg Lavania, K.K., Shivali and R. Kumar, 2011. A
the use of contrast enhancement methods as anpattem Comparative study of Image Enhancement using

to modify the intensity distribution of the imagedato Histogram Approach. Int. J. Comput. Appli., 32: 1-6
reduce the multiplicative noise. The result obtdine Mahmoud, T.A. and S. Marshal, 2008. Medical image
proves the efficiency of the hybrid approach. enhancement using threshold decompositioven
adaptive morphological filter. Proceedings of the
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