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Abstract: Problem statement: Various images are low quality and difficultly detect and extract
information. Therefore, the image has to get urderocess called image enhancement which contains
an aggregation of techniques that look for imprguime visual aspect of an image. Medical images are
one of the fundamental images, because they atkinsaore sensitive field which is a medical field.
The raw data obtained straight from devices of e@dicquisition may afford a comparatively poor
image quality representation and may destroy bgrsdvypes of noises. Image Enhancement (IE) and
denoising algorithms for executing the requiremeotsdigital medical image enhancement is
introduced. The main goal of this study is to immrdeatures and gain better characteristics of
medical images for a right diagnosfspproach: The proposed techniques start by the median filter
for removing noise on images followed by unsharskr@ter which is believable the usual type of
sharpening. Medical images were usually poor quabpecially in contrast. For solving this problem,
we proposed Contrast Limited Adaptive Histogram &igation (CLAHE) which is one of the
techniques in a computer image processing domiaimag used to amend contrast in imadresults:

For testing purposes, different sizes and varigped of medical images were used and more than 60
images in different parts of the body. From theezig evaluation, they noted that the enhanced
images improved up to 80% from the original imagksgpends on medical images modalities.
Conclusion: The proposed algorithms results were significamt ificreasing the visibleness of
relatively details without distorting the images.

Key words: Medical images, median filter, unsharp mask, cattdémited adaptive histogram
equalization, Medpix database

INTRODUCTION 2008) may not be the best way for enhancing x-ray
. ) . _ images. There is no common or specific “theory” for
Image Enhancement (IE) is essentially improvingenhancing images. When images are processed for
the perception or interpretation of image informati visual interpretation, viewers are the ultimategeicbf
for supplying better input data for other imagehow well a specific method works.
processing techniques. IE transforms images toigkeov Thereare several techniques for enhancing digital
better representation of the subtle details. Itais jmages without spoiling it. The enhancement
indispensable tool for researchers in a wide Va8t (echniques can generally be classified in to the
fields mg:ludlng (bu_t not limited to) mgdlcal_ imagy, following two classes:
art studies, forensics and atmospheric sciencess It
application specific: An IE technique suitable forte
problem might be inadequate for another. For exampl
forensic images or videos employ techniques that
resolve the problem of low resolution and motioarbl
while medical imaging benefits more from increased In spatial domain methods, we directly deal with
contrast and sharpness. Is the process of mariplat the pixels of image. The pixel values are manigaao
images so that the output image is more suited thaachieve coveted enhancement. In frequency domain
original for a spatial application? Images are taky  techniques, the image is first transferred in émérency
different devices, so, a method which is quiteaffe  domain. It means that, the Fourier Transform of the
for enhancing satellite images taken in the infldsend  image is computed first. All operations ofimage
of the electromagnetic spectrum (Gonzalez and Woodgnhancement are executed on the Fourier transférm o
Corresponding Author: Hanan Saleh, School of Computer Science, Facultyfofmation Science and Technology,

Universiti Kebangsaan Malaysia, Selangor, Malaysia
1831

Spatial domain methods
Frequency domain methods




J. Computer <ci., 7 (12): 1831-1838, 2011

the image and then the Inverse Fourier transform iso delineate anatomy and allow 3D reconstructiohs o
executed to obtain the resultant images. Thesstructures, such as veins and arteries.

enhancement operations are performed in order to ) .
modify the image brightness, contrast or the digtion ~ Sonography: Medical ultrasonography uses  high-
of the grey levels. As a consequence the pixelevaluffeduency sound waves to visualize soft tissue
(intensities) of the output image will be modified Structures in the body in real time and does nedlire
according to the transformation function used wesal ~ any radiation.

domains where images should be analyzed anﬂ/lagnetic Resonance Imaging (MRI): It is a
understood. For example, satellitesimages analysig,ninyasive medical test that utilizes a powerful

analysis of images from medical devices etc. magnetic field, radio frequency pulses and a coemput

o o to produce detailed images of organs, soft tissoese
Medical images modalities: The dawn of the modern ang virtually all other internal body structuresr fo

era of medical diagnosis can be traced to 1896 nwheyeatment and diagnosis.

the first x-ray has been captured by Wilhelm Roentg

which was of his wife's hand. The development ofNuclear medicine: This imaging technique involves
radiology grew rapidly after that. Later, modermay- the use of radionuclides or radiopharmaceuticals fo
techniques have been developed to significantlyevaluation of lungs, heart, liver, thyroid, bonesda
improve both the contrast detail and the spatiapallbladder for diagnosis and treatment. Radioksgis
resolution. Better image details let the smalleacps  utilize these imaging technologies for diagnosisl an
diagnosis of pathology than may be discovered Hgrol treatment of various diseases.

technologies. Radioscopy is a flow of medical soéen

that treats with medical modalities. X-ray deviaas Related work: Tsaiet al., 2002; Cheret al., 1994;
other such radiation machines are utilized for imgg Dawoodet al., 2011; Achmackt al., 2011; Jaya and
purpose. Radiology also includes techniques thatado Thanushkodi,2011; Mohammedkt al., 2009; Ramos
require radiation, such as ultrasound and MRI.and Tahan, 2009; Pirgj al., 2006 used IE methods for
Radiology can be divided into two streams which aresharpening details and reducing noise for improvieg
diagnostic radiology and therapeutic radiology.visual representation of medical images. Since teinu
Diagnostic radiology is interested with using diéfiet ~ details play a decisive part in diagnosis and meat of
imaging modalities to serve in disease diagnosisdisease, it is necessity to highlight significasatiires
Diagnostic radiology can be further divided into while displaying medical images. This makes IE an

multiple  sub-specialty domains. Interventional essential tool to view anatomic region in ultrasux-
radiology is one of the sub-specialty areas whisk u rays and MRI. . .
the imaging modalities of diagnostic radiology tgdg Jagatheeswari®t al., 2009 used a median filter

minimally invasive surgical procedures. On the othe (33 mask) with histogram equalization. After
hand, Therapeutic radiology, also named radiatioMinimum Mean Brightness Error Bi-Histogram
oncology uses radiation to treat diseases like eranc Equalization (MMBEBHE) method applied on the

Some of the popular imaging modalities are: ima_ges,_the impulse noise appe_ared in the images. T
avoid this effect, the enhanced image has beeregass

through a median filter. Also used a median filter

* General radiography smooth the images before border detection, but with

* Magnetic Resonance Imaging (MRI) big enough neighborhood to smooth out artifacthsuc
 Ultrasound as hair and air bubble.

e Computed Tomography (CT) Frosio and Borghese, 2006 presented that the
* Nuclear imaging techniques unsharp mask technique is one of the common ulilize

methods for enhancing x-ray images. They definad th

General radiography: In this imaging modality, X-  ynSharp Mask filter (USM) can be easy applied for
rays are used to create images and for the evafuati  fiering in real time. Furthermore, incephalometri

several soft tissue and bony structures. Angiographyagiography it enhances the small features visi
and fluoroscopy are some of the spatial applicatioh \,hqerexposed bony characteristics. Sgnal. 2002
X-ray imaging which have real-time imaging ability.  4ppjied unsharp filter had exhibited that it caidguo

_ o . i . artifacts such as edge overshoot that can makgirtjp
CT scanning: This imaging technique utilizes X-rays of secondary vascular structures near larger.
inconjunction with computing algorithms to image  The new histogram is different from the ordinary
tissues in the body. At times, contrast mediailizatl  histogram, because the intensity of each pixehigdd
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to a user-selectable maximum. So CLAHE can limgt th process that gains its name from the study which it
noise in images. To overcome the drawback and noisenproves edges and other high frequency components
amplification, CLAHE which is a generation of Adat  in images through a process that deducts a smoothed
Histogram Equalization (AHE) method was introducedunsharp version of images from the input imagesuin

by Pizeret al., 1990. In addition, Parveen and Sathikstudy, the use of the classical unsharp maskirer fil
2009 have enhanced bone fracture images by contragfter median filter to reduce of the remained naisd
limited adaptive histogramequalization. The reshitge ~ sharpen the edges. Firstly it is obtained a blufoeoh
shown that CLAHEgives better result than otherof the original image. This is carried out by appdy

Equalization. the low-pass filter, in our case Gaussian blur rtigm
using a small radius. We used a two pixel radius an
MATERIALSANDMETHODS applied Gaussian blur filter only two times. Therbéd

) ) o form of the image is then pixel deducted from the
Overview: There are a lot of techniques used in imageyriginal image and so it is obtained the high pass
enhancement or restoration including low passriiitg component. The output image is obtained by addirg t
high pass filtering, sobel edge filtering, medianhigh-pass component to the original image. Becthuse
filtering, histogram equalization and its various. Output image could contain also pixels with negativ

Proposed method consists of three steps as folgpwin ~ Values, it is then normalized. No threshold cuiwés
used. The two steps for the unsharp mask filter are

* Median filter for noise reduction mentioned below:

» UnSharp Mask filter (USM) for edges sharpening ] ]

- Contrast Limited Adaptive Histogram Equalization * Unsharp mask filter creates edge images g(x.y)
(CLAHE) for contrast enhancement from input images f(x, y) in this Eq. 1.

Median filter for noise reduction: Filtering is a part 9(x,y) = f06y) ~Emoot(X.y) (1)

of image enhancement which is used to enhanceim:ertaWhere’ froot(X.Y)is @ smoothed form of f(x.y)

details such as edges in the image that are reléwan (Gaussian blur algorithm ) as shown in Fig. 1.
the application. In addition to that, filtering cafso be

used to eliminate unwanted elements of noise. Mé¢dic * The edge images from the result of subtracting

images usually contain salt and pepper noise. fdise input images from low pass signal could be utilized
appears due to the presence of minute gray scale for images sharpening by adding it backward into
variations in the image. Median filtering is a ptu the input signal, as illustrated in Fig. 2.

technique of the image enhancement for removingrhis function is represented as follows:
impulse noisewithout effectively reducing the image

sharpness (Chaat al., 2005). fshardX,Y)=f(X,y) + K*g(X,y) (2)
Median filter is quite common because it provides _ _
excellent noise-reduction abilities, with basicalgss Where, k is a scaling constant, values for k0(k

blurring than similar size linear smoothing filtektere, ~ for generally.When k>1,the process is referred o a

the median process was performed by sliding a 3xBighboost filtering. In our process,we have appked.
windowing operator over the image. It considersrgve

pixel and its neighbors in images to find out wiegtbr S Smooth s(+) see
not it is a representation of the surroundingsepiaces +T.'

the value of pixel with the median of the neighhgri
pixel elements. We calculated the median by sottieg
whole pixel values from the neighborhood into nuaher
sort and then replaced the pixel being studied with
middle pixel value. If the locality under ) {+
conditionconstitutes an even pixels value, the ayer fx. v) < ﬂr::

—;_Smootl { t—
of the two middle pixel values is the median. +.lr t fshalpixcv)

Fig. 1: Spatial sharpening

Unsharpmask filter for edges sharpening:
Unsharpfiltering is an uncomplicated sharpening Fig. 2: The complete unsharp filtering operator
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The basic advantage of the unsharp filtering overy_. = M(g)
other sharpening filters is the control flexiblesies ' .
because a vast majority of other sharpening filtrs \ypere:
not supply any user-adjustable parameters. Unsharp

filtering as other filters enhances fine detail aujes Nay
in digital images. Ng Gray levels number in the contextual region
Ncr-x Pixels number in the x dimension of the

Contrast Limited Adaptive Histogram Equalization cpntlextual {)egipnth di . fth
(CLAHE): Contrast limited adaptive histogram is a ' cRY ggxrit:x?ﬁer\?r:rig]n €y dimension ot the
technique utilized for improving the local contraxt 9

Average number of pixels

images. It is a generalization of ordinary histogra Base on the Eq. 3, the,)\tan be calculated by the
equalization and adaptive histogram equalization. eq. 4:

CLAHE does not operate on the whole image
works like ordinary Histogram Equalization (HE),thiu Nac=NeXNay (4)

works on small areas in images, named tiles. BéEh t Where, N is actual clip-limit; N is the maximum
contrast is enhanced, so that the histogram odtiut  iiple of average pixels in each gray level o€ th
area roughly matches the histogram determined &y thygntextual region.
'Distribution' parameter. The adjacent tiles arenth
combined using bilinear interpolation to eliminate
artificially induced boundaries.The contrast
particularly in homogeneous regions, can be limited
avoid amplifying any unwanted information like neis
which could be exist in images.

Problems associated with HE and AHE can b
limited by reducing contrast enhancement partitplar . _ ¥z: (5)

The original and clipped histograms are shown in
Fig. 3. In Fig. 3(a) if the number of pixels is gter
' thanN,, the pixels will be clipped. The total number of
clipped pixels is defined assNand then the number
of pixels distributed averagely into each gray leige
egiven by Eq. 5:

in homogeneous areas. These regions can be featured® ¥,
by a high peak in the histogram connected with the o -
contextual areas since several pixels fall indidesame After thg aboye distribution, the remaining number
gray level scope. The algorithm (Contrast Limited ©f C_"pPed p|xe_ls IS _exp_ressedha§, and then the step
Adaptive Histogram Equalization (CLAHE)) limits the ©Of distributed pixels is given by
slope associated with the gray level assignmerdgraeh
to prevent saturation. This process is accomplighed P, =—2 (6)
allowing only a maximum number of pixels in each of e
the bins associated with the local histograms. rAfte # of pixels
“clipping” the histogram, the clipped pixels areually
redistributed over the whole histogram to keepttitel =\ =
histogram count identical. D "“T_———————T"—%T‘——————

The CLAHE method can be divided into steps (Xu \ ] X
et al., 2009) to achieve as following: ~ J f

Graw-lewvel

» The Medical image is divided into contextual
regions which are continuous and non-overlapping.
Each contextual region size is MxN (the contextual
regions size was set here to 8x8) -

e« The histograms of each contextual regions are \
calculated \TaV,

 The histograms of each contextual regions are N \}\ ‘\\\\&\ N
clipped (A clip limit was set here to 0.01) (b) Gray-ievet

# of pixels

The pixels number in the contextual region is
equally, distributed to each gray level. Then therage Fig. 3: Original and clipped histograms (a): or&
number of pixels in each gray level is defineddiews: histogram (b): clipped histogram
1834
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B 5

The algorithm work starts search according to the
above step from the minimum gray level to the
maximum. If the pixels number in the gray leveless
than N the algorithm will distribute one pixel to the
gray level. If the pixels are not all distributedhen the
search is end, the algorithm will calculate the ret@p
according to Eg.6 and start new search until the
remaining pixels is all distributed. Then, the new :
histogram in Fig. 3b is achieved. @ T (b)

Fig. 5: X-ray image (@) original image, (b) after

* The grayscale histogram which is limited contrast proposed methods
in each contextual region is processed by
histogram equalization. In our study, the Bins
number for the histogram building for contrast
enhancing transformation is restricted to 256 and
the distribution of histogram is ‘uniform’ or flat
histogram. In this study, the range is not spedifie
in the experiment to get the full range of output
image

e The points in the middle of the contextual region
are considered as the sample points

» The result mapping at any pixel is interpolatedrfro
the sample mappings at the four surrounding sample-
grid pixels.Pixels in the borders of the image ioats Fig. 6: MRI image (a) Original image , (b) after
of the sample pixels need to be processed specially proposed methods
The neighboring tiles were combined using bilinear
interpolation and the gray scale values were altere
according to the modified histograms

The main advantages of the CLAHE transform are
its modest computational requirements, ease ofinde
excellent results on most images.

RESULTS

The proposed methods have applied on differenspart e e 7 x
of the body. Some results are illustrated below: (a) (b)

(TP o A Fig. 7: CT image (a) Original image, (b) after poeed
T, b E methods

@ ”‘ ®)

(a) (b)
Fig. 4: X-ray image (a) original image, (b) after Fig. 8: X-ray image (a) original image, (b) after
proposed methods proposed methods
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effective algorithms for enhancement of images
received from imaging devices. The medical images
used as the inputs were collected from the medical
images database website (MedPix Database) Medical
Image Database, (2011).

The first process was noise reduction; mediaarfilt
has been applied on various medical images for
removing high frequency components such as impailsiv
noise, salt and pepper noise, etc as shown in Resul
. Section. The results have proved that median fdger
(@) (b) remove impulsive noise from several medical images
without disturbing of the edges. In this enhancagmen
stage, the median filtering was applied for eacielmf a
3x3 window of neighborhood pixels were extracted an
analyzed the mean gray value of foreground, mehreva
of background and contrast value.

The second process was edge sharpening, we can
see that unsharp mask filter was very effective on
medical images for example it has shown increasing
edge enhancement of fine detail such as the trédrecu
pattern of the bones as shown in Fig. 4, 5 andi$o A
has improved and sharpened edges of tissue such as
MRI image in Fig. 6 and Fig. 11, CT in Fig. 7. Fio.
and 8 prove that how much unsharp mask filter was
significant on chest bones and on spines respégtive

One of the problems which medical images are
suffering from is low contrast. Contrast enhancemen
should have the single goal of transmitting infotioma
in the image data most effectively; that is making
intensity differences increase with the importaotée
differences. Here, we have combined the results of
medical filter and unsharp mask as input data o th
contrast limited adaptive histogram equalization
algorithm. Contrast at any position in an image is
perceived in relation to local image context and teo
the whole image. Hence, at each position in an @nag
displayed intensity should adapt to the local isign
distribution. That is, the foremost property ofatrast
enhancement method should be that for each point in
the image, the resulting intensity should dependaon
region centered at that point. We call this thetertual
region of the point. CLAHE has been shown to bey ver
effective for a wide range of medical images (resul
i i . i above compared with the original images). Includesl
Fig. 11: MRI images (a) original image, (b) after c1 jnages, where the effect is especially striking

proposed methods studies in which it is important to appreciate cast
simultaneously in different tissue types; MRI imagea
DISCUSSION which the effect is especially useful for surfacal c
. images because of the correction for non homogeneit
) : . i € bt sensitivity with depth; portal film images from
enhancing medical images quality. Several previougagiotherapy in which the low contrast can be sighy
results have been proving that contrast enhancemenhproved; and a wide range of radiographs.in aoldjti
techniques capable to enhance the images’ brightnesessels have become more visibleon Mammogram and
and clean up unwanted noises. We have presented hekngiogram images (see Fig. 9 and Fig. 10).
1836
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proposed methods

Fig. 10: Angiogram image (a) original image, (ffilea
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Results evaluation: Our result was evaluated by Dawood, F.A.A., R.W. Rahmat, M.Z. Dimon, L.

experts. The experts’ evaluation has been chosen Nurliyana and S.B. Kadiman, 2011. Automatic
because doctors are the best category canchedble if t boundary detection of wall motion in two-

proposed algorithms give better result for right di ional ech di h i e i

diagnosis compared with the original data. We have 'mensional echocardiography images. J. -omput.

sent more than 60 images in different parts ofbmay sci., T 1261-1266. DOl

various medical imaging to experts. From the expert ~ 10.3844/jcssp.2011.1261.1266

evaluation, it is clearly that the proposed aldgoris Frosio, |. and N.A. Borghese, 2006. Real time

improve the appearance of image details signiflgant enhancement of cephalometric radiographies.
Proceedings of the IEEE International Symposium

nearly in the most input images. They have
demonstrated that the enhancement which our prdpose ;1 Biomedical Imaging: Nano to Macro, Apr. 6-9
IEEE Xplore press, Arlington, VA., pp: 972-975.

algorithms have made are quite impressive for examp
DOI: 10.1109/1SBI.2006.1625082

bone and soft tissue density are more clearer lagnyg t

can extract the information easily especially irages .

which are more darker or whiter. The expert memtibn G0onzalez, R.C. and R.E. Woods, 2008. Digital Image
that the improvement that happened in all partthef Processing. 1st Edn., Prentice Hall, Upper Saddle
body and in different medical imaging, but some  River, NJ., ISBN: 013168728X, pp: 954.

improvements are much significant than others adagatheeswaril, P., S.S. Kumar and M. Rajaram,.2009
mentioned in Discussion Section.The expert has Contrast enhancement for medical images based on

presented that the enhancement of images can histogram equalization followed by median filter.

reachedup to 80% from the original images and this Proceedings of the International Conference on

result depends on medical images modalities. Man-Machine Systems.Oct. 11-13, Penang,
Malaysia, pp 2A41-2A4 4.

Jaya, J. and K. Thanushkodi, 2011. Implementation o
computer aided diagnosis system based on parallel

) approach of ant based medical image segmentation.
In the proposed method, we have enhanced medical 3 comput. Sci, 7: 291-297. DOl

images by effective enhancement algorithms whieh ar 10.3844/jcssp.2011.291.297

median filter, unsharp mask filter and contrastitéth ;. 000 NR.S. and M.M. Sathik, 2009. Enhancement

adaptive histogram equalization. The proposed nastho . o

have been implemented by Matlab and more than 60 of bone fracture images by equalization methods.
Proceesings of the International Conference on

medical images in different parts of the body hbgen
Computer Technology and Development, Nov. 13-

used to evaluate the performance of the proposed
methods. The improvement of input medical images is 15, IEEE Xplore Press, Kota Kinabalu, pp: 391-
394. DOI: 10.1109/ICCTD.2009.115

up to 80% depends on medical images modalities and
this result based on experts’ evaluation by conmgari Ping, W., J. Li., L. Dongming and C. Gang, 2006. A
input and output images. multi-scale enhancement method to medical images
based on fuzzy logic. Proceedings of the™ 10
Region Conference TENCON., Nov. 14-17, IEEE
Xplore Press, Hong Kong, China, pp: 1-4. DOI:
Achmad, B., M.M. Mustafa and A. Hussain, 2011. 10.1109/TENCON.2006.343785
Warped optical-flow inter-frame reconstruction for Pizer, S.M., R.E. Johnston, J.P. Ericksen, B.C.
ultrasound image enhancement. J. Comput. Sci., 7: Yankaskas and K.E. Muller, 1990. Contrast-limited
1532-1540. DOI:10.3844/jcssp.2011.1532.1540 adaptive  histogram equalization: Speed and
Chan, R.H., C.W. Ho and M. Nikolova, 2005. Salt-and effectiveness. Proceedings of the 1st Conferance
pepper noise removal by median-type noise On Visualization Biomedical Computing, May 22-

detectors and detail-preserving regularization.BHEE 25, IEEE Xplore Press, Atlanta, GA , USA., pp:
Trans. Image Proc., 14: 1479-1485. DOI: 337-345. DOI: 10.1109/VvBC.1990.109340

10.1109/T1P.2005.852196 Sebri, A., J. Malek and R. Tourki, 2007. Automated

CONCLUSION
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