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ABSTRACT

A computer software system is designed for segmentation and classification of benign and malignant tumor dicesin
brain computed tomography (CT) images. The objective of the present study is to develop software and to achieve
auto-segmentation and detection of brain tumor. Therefore the algorithm has been designed and developed for
analysis of medical images based on hybridization of synergistic and statistical approaches using watershed
segmentation and morphological operation. This algorithm performs segmentation and classification is done in
human vision system, which recognizes objects, perceives depth, identifies different textures, curved surfaces or a
surface inclination by texture information and brightness. The analysis of medical image is directly based on four
steps: 1) image filtering, 2) segmentation, 3) feature extraction and 4) analysis of extracted features by pattern
recognition system or classifier. In proposed method an attempt has been made to present an approach for
segmentation and detection of brain computed tomography images. The present approaches are threshold
segmentation, color conversion, filter fft, Image enhancement, watershed segmentation and morphological
operation. The algorithms itself scan the whole image and perform the segmentation and classification in
unsupervised mode.
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INTRODUCTION

A tumor is a mass of tissue formed by an accunaradf uncontrolled proliferation of cells. The tunaell losses
cell regulation leads to continue to grow as mare more cells to form undifferentiated mass. Thestnammmon
types of adult brain tumors are gliomas and astio¢ymors. These tumors form from astrocytes ahérotypes of
glial cells. The second most common type of adwdirbtumors are meningeal tumors formed from theinges by
thin layer of tissues cover the brain and spinaldc®o diagnose a brain tumor the patients areestdi to
undertake imaging studies such as a CT scan orddat images of brain. Angiogram or MRA have bedwrrta
using dye and pass X rays on blood vessels of boailetect the signs of tumor or abnormal bloodekss Once the
brine tumor has been diagnosed the patient is goder for surgery. After surgery chemotherapy otiatazh
therapy is used to kill the left out cancer celewever some tumors can't be surgically removedixee of their
location in the brain. In such cases, both chermafiyeand radiation therapies are in practice tbadkilshrink the
tumor cells. Tumors are located in deep brain whécHifficult to reach radiation might be treateithvGamma
Knife therapy (GKT). Treatment of brain tumor couddmage nearby healthy tissue is the adverse oiske
patient.

Image processing is a technique in which the data fan image is digitized and various mathematiqedrations
are applied in order to create an enhanced imagbarttced images are more useful to perform soméef t
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interpretation and recognition tasks performed bgnan [1]. Image processing has extensive arraypliGtions
including astronomy, medicine, industrial roboticsl remote sensing by satellites, manipulating ihatiae form of
an image through several possible techniques. €heinements for image processing are the images baus
available in digitized form with arrays of finiterdgth binary words. Before processing of an imdgadlst be
converted into a digital form [2].The digitized igeis processed by the computer to display a dligitage is first
converted into analog signal, which is scanned digplay. For capturing the brain image Computechdgraphy
(CT) is used. CT is more preferred for brain imggihan the MRI [3]. The technique subjected to gfpt image
processing is threshold segmentation, color comwersfilter fft, watershed segmentation and morphatal
operation. Segmentation is one of the most impogamblems in image processing. It consists of trooting a
symbolic representation of the image and the imagkescribed as homogeneous areas according torseveral
priori attributes. The purpose of this study isattapt a new method for image segmentation usingotiogical
gradient approach and the watershed transformalibase methods are used for detecting a tumor mefgam
brain CT image. Initially the image obtained frohe tpatient is preprocessed and the noise is remasiad high
pass filter and median filter attenuate the lovgfiency noise and salt and pepper noise respectivelyatershed
segmentation distance transforms, gradient opeaatdrsuper imposed gradient operator also appdiet correct
segmented region of brain CT image. Finally the photogical operation is applied in the segmentenbCT
image to get desired region output.

The main objective of the present study is to impat computer software to detect the benign andgneait brain
tumor diagnosis using watershed segmentation. Theort image is directly analyzed and characterizgdhe
following stepsviz, image filtering, segmentation, feature extractéo analysis of extracted features by pattern
recognition system to identify the accurate regbtumor from the brain CT image. The proposed wethy using
texture statistics could able to classify brain dunmto benign and malignant tumor.

EXPERIMENTAL SECTION

The techniques to be applied in the present stoglyhseshold segmentation, color conversion, fiterwatershed
segmentation and morphological operation. Theseritiigns are used to detect the tumor region froainbCT
image. The block diagram of the present study deglsCT image is depicted in fig. 1. Initially theain CT image
is preprocessed and the noise has been removesshidid is applied for the image to get a binarygentor further
classification. Erosion and Dilation are the twothoels which are used to improve the quality ofitiput image.
Disk based segmentation is applied for the segrtientaf the tumor region. After completing this pess filter fft
is applied for getting a good quality image withisgoremoval. Then the watershed segmentation id twe
segmenting a tumor region separately. In watersieggnentation distance transforms, gradient opegatdrsuper
imposed gradient operator is applied to obtainemirsegment region of brain CT image. Finally thmphological
operations are applied in the processed brain Gih@o get desired region output.

I mage Processing

An image is usually interpreted as a two-dimendianaay of brightness values represented by phafddc print.
An image could be digitalized to reduce into aesief numbers that can be manipulated by the camplfch
number representing the brightness value of thgéd a particular location is called a picturaredat or pixel. A
typical digitized image may have roughly 2, 50,qfiRels although much larger images are becomingncom
Once the image has been digitized, there are thasie operations that could be performed in theprder. These
operations could be taken singly or in combinatians the means by which the image is enhancedyregstor
compressed. The value of every pixel in the nommgge is recorded along with the values of its retageght
neighbours. The nine numbers are then ordered @diogaio size and the median is selected as thefahuthe pixel
in the new image. As the 3 x 3 window is moved pixel at a time across the noisy image then therétl image is
formed [4].

Digitization

Digitization includes sampling of image and quaadifion of sampled values. After converting the gmanto bit
information the processing technique might be fe#ld by Image enhancement, Image reconstructionjrande
compression.

I mage enhancement

It refers to accentuation or sharpening of imageuiees such as boundaries or contrast to makepdigréisplay
more useful for display and analysis. This proadsss not increase the inherent information coniterdata. It
includes gray level, contrast manipulation, noisduction, edge christening, sharpening, filterimgerpolation,
magnification and pseudo coloring.
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I mage compression

Compression is a way of representing an image Werfenumbers, mean while minimizing the degradatibthe
information contained in the image. Compressiomnmportant because of the large quantities of diditeagery
stored electronically. Once the image is compre§sestorage or transmission it must be uncomprefseuse by
the inverse of the compression operations. Highpression rates are acceptable where high imagéygoalst be
preserved as in diagnostic medical image.

I mage enhancement techniques

Image enhancement techniques are instigated fomgaatellite image more informative and helpingathieve
the goal of image interpretation. As an image enbarent technique often drastically alters the nebnumeric
data it is normally used only for visual (manuaijerpretation and not for further numeric analy§i®mmon
enhancements include image reduction, image reatifin, image magnification transect extractionntcast
adjustments, band rationings, spatial filteringjrfer transformations, principal component analysm texture
transformation. The image enhancement techniquesaplied either to single-band images or sepgratethe
individual bands of a multiband image set.

MATLAB

MATLAB is a high level language and interactive #omment for numerical computation, visualizationda
programming. Using MATLAB the data has been analyztevelop algorithms and create models for varadty
applications. MATLAB products provide medical device engineers andarekers with the tools for analyzing and
visualizing medical images for developing advanaedging algorithms used in a wide range of diagooshd
therapeutic medical devices with topographic (MRT,, PT), ultrasound, intravascular and endoscompiaging
modalities. In the present research MATLAB is useg@rocess the brain CT image for early diagnosimalignant
tumor.

Block Diagram

Threshold Rgb2gray

! ! Filter fft
segmentation conversion

Input image

Detection of Morphologic Watershed
tumor al operation segmentation

Fig. 1 Block diagram of brain CT image processing

Image Acquisition

Prior to image processing an image must be captilyed camera and converted into a manageable efftity
general goal for image acquisition and processing ibring the picture into the computer domain.e¥é¢hthey can
be manipulated and altered for enhancement toajighe images. The following processes such ag,igsplay,
manipulation and output are involved in image asitjon. The transformation of optical image into amay of
numerical data may be manipulation by the comptatecchieve machine version.
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Preprocessing

Preprocessing of the image was performed usingh pass filter (HPF) and median filter (MF) to remdhe noise.
HPF passes high frequencies and attenuate freaqelmiver than the cut off frequency. The input algnitially
goes to the capacitor. The high frequency AC sipaks through the capacitor while the slower feeqy signals
tend to be blocked through it. The resistor voltagparates and the voltage distinction acrossetsistor turns into
the output signal. The median filter is a nonlindaital filtering technique used to remove noiseirhprove the
results of later processing of edge detection dfraage.

Segmentation of tumor region

Watershed segmentation was used for the segmentatithe tumor region. Watershed is the recent segation
technique which gives better performance than dibelniquesFirst the image must be converted into grayscale
and use a morphological top-hat operator with & disaped structuring element to smooth out the emev
illumination. Second a new function called grayestrold was used to determine a good thresholdoforesting the
image into binary. Finally compute the distancesfarm of the complemented binary image and moidify force

the background to its own catchment basin. Comihetevatershed transform, since the light areasleeady fairly
well separated by dark lines [5].

Feature extraction and featur e selection

Texture analysis is a quantitative method coulduged to quantify and detect structural abnormalitiedifferent
tissues. Features are extracted from the two Masklet approximation tumor image of each slicesydevel co-
occurrence matrix and take the average of all #agufes extracted from four grey level co-occureematrices.
Feature selection is the process of reducing theuision of feature vector. Significant featuressaiected by the
calculation of mean values for every feature iniggetumor class and malignant tumor class.

Threshold segmentation

Threshold technique is one of the important teahesqin image segmentation. Threshold technique is
computationally simple and never fails to definsjaints regions with closed boundaries. Threshelthnique
converts a colored image or gray scale image iimtari or bimodal image. The RBG image has been setgd
through threshold techniques. Segmentation algosthre based on one of two basic properties ofsitie value
discontinuity and similarity.

Threshold techniques
Threshold technique is the important techniquasage segmentation. This technique can be expressen=T|X,

Yy, (%, y), f(x, ¥l

Where: T is the threshold value. x, y are the cimatés of the threshold value point. p(X, y) ,iX.are points the
gray level image pixels.

Water shed segmentation

Any grayscale image can be viewed as a topograpinface where high intensity denotes peaks anslikile low
intensity denotes valleys. As the water rises ddjmgnon the peaks (gradients) nearby, water frdferdint valleys
will start to merge.

Water shed Segmentation process

Segmentation is one of the most important problemisnage processing. It consists of constructingymbolic
representation of the image is described as honemgsnarea. According to the literature, we coutdl fvarious
segmentation algorithms. The first method appeal@ihg the sixties and then different algorithmsehdoeen
constantly developed. The purpose of the presediyss to adapt a new method for image segmentaisamy the
topological gradient approach [6] and the waterghaalsformation [7].Watershed Segmentation getaadtse from
the manner in which the algorithm segment regiats Catchment basins.

M or phological operation

Erosion and Dilation are the two processes in Molggical operations. It will improve the quality ah image and
the output of an image has to be improved to olrtgia better input image which gives the segmesriatf tumor
region effectively.

Erosion and Dilation

Erosion is the process of deleting the unwantetgthfrom the segmented image. Dilation is the meoé adding
the required things with the segmented images.
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Morphological Reconstruction (MR)

Morphological reconstruction is a morphologicalnstrm involving two images and a structuring elemé®ne
image, the marker, contains the starting pointstlier transformation. The other image, the maskstraims the
transformation. The structuring element is usedetiine connectivity.

Border cleaning

The extraction of objects from an image for subsetshape analysis is a fundamental task in autamatage
processing. An algorithm for removing objects tteatch the border is useful. We have developed ddsarleaning
procedure based on morphological reconstructioartgynal image as the mask and the following markexge.

F(x, y) = 1(x, y) if(x,y)ison the border of |

The border- cleaning algorithm first computes therphological reconstruction,R(F), which extracts the objects
touching the border and then computes the differenc

X=1-RP°(F)

Texture Featurefor Morphological Operation

Texture is another feature that can help to seginesges into regions of interest and to classifyséhregions. In
some images it can be the dining characteristiegibns and critical for obtaining a correct anely3 exture gives
us information about the spatial arrangement otctilers or intensities in an image. Suppose thahibtogram of a
region tells us that it has 50% white pixels anéo3flack pixels [8].

Probabilistic Neural Network (PNN)

Probabilistic neural networks (PNN) can be usedcfassification problems. When an input is presgrnbe first

layer computes distances from the input vector pced whose elements indicate close proximity taiaibg input.

The second layer sums these contributions for edabs of inputs to produce as its net output veactor
probabilities. Finally, a complete transfer funation the output of the second layer picks the maxinof these
probabilities, and produces 1 for that class afat the other classes.

RESULTSAND DISCUSSION

Brain tumor is treatable and curable if it has babantified in the earliest stages of the disedsetreated or
malignant brain tumor would disseminate inward lseahe skull will not let the brain tumor expandveard. This
will put excessive pressure on the brain causirgessed intracranial pressure and can cause pentnaran
damage and eventually death may occur. Only ineatehniques such as biopsy and spinal tap mettmas
determine whether the brain tumor is malignant @m malignant. But the algorithm specifically degdnn this
method helps in classifying cancerous and non cansebrain tumors automatically by PNN classifi@f. [
Basically PNN consists of an input layer, whichresgnts the input pattern or feature vector. Thatifayer is fully
interconnected with the hidden layer, which cossidtthe example vectors. Finally an output laygresents each
of the possible classes in which the input databeanlassified. The example nodes for a given cdassect only to
that class output node and none other [10]. Iptlesent study there are two types of training nodath as back
propagation method (BPM) and perceptron was usexidar to train the PNN network. The algorithm litseans
the whole image and performs the segmentation daskification in unsupervised mode. The percentafye
accuracy of classification using PNN is found to rfmmarly centum. Based on the experimental resulill 5
considered to have major advantages over conveattiogural networks. Because PNN learns from thieitrg
processes and classify the CT brain images intomabmbenign and malignant, based on their textea¢ufes. This
will helps the Physicians to proceeds the furtheatment process well advance.

A Computer Software System (CSS) is designed ierotal differentiate the Benign and malignant turftom the
brain CT images. The preprocessed brain tumor Gyés are displayed in fig. 2.
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Fig. 2 Preprocessed brain tumor CT images

Once the image has been taken from the patientbigcted to preprocessing to remove the noise leagsoper
identification of image. After preprocessing theame is subjected to perform segmentation proceskreghold
segmentation and watershed segmentation in ordgettthe better segmentation output. A processait ihumor

CT image with watershed segmentation is showngi8fifhe Segmentation rate and Classification ratgain CT
images using Watershed Segmentation is high comparin other methods like Genetic Algorithm (GA)dan
Support Vector Machine (SVM) method [11]. The aeoyr obtained by Watershed segmentation and
Morphological operations are high compared to Rigse Linear Discriminant Method (PLDM) Genetic Alifbm
(GA) and Support Vector Machine [12].

Fig. 3 Processed brain tumor CT images with water shed segmentation

In image processing different watershed lines migltcomputed followed by morphological operationl Wwe
performed to deals the texture feature. Texturtufeacan help to segment the images into regiomstefest and to
classify those regions by dining characteristicegfions and critically obtaining a correct analy3isxture gives us
information about the spatial arrangement of thrsoor intensity of an image. Morphological op&atwas
performed by erosion and dilation. Erosion dealh weleting the unwanted things and dilation deaik adding of
required parts of the segmented image are shovig. ia.
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Fig 4 Morphological Erosion and Dilation of brain CT image

Finally a completdransfer function on the output of the second Igeks the maximum of these probabilities and
produces 1 for that class and 0 for the other elasEhe output of the morphological operation @itotumor CT
image is portrayed in fig. 5. Thus the tumor wil tlassified either as Benign or Malignant.
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Fig. 5 Morphological operation of brain tumor CT image output

Threshold is one of the widely used methods forgensegmentation. It is useful in discriminatingefgnround from
the background. By selecting an adequate threshallse T, the gray level image can be converted bit@ry
image. The binary image should contain all of theeatial information about the position and shaphe objects
of interest. The advantage of obtaining binary ie@gto reduce the complexity of the data and sfiaplthe
process of recognition and classification. The neeshmon way to convert a gray-level image to attyifimage is
to select a single threshold value (T). Values Wwelowill be classified as black denoted as 0, dudé¢ above T will
be white denoted as 1[13]. Rajendran and Madheswa# reported that the MARI (Mining Associatiorul® in
Image database) algorithm and Spatial Gray LevgeDdent Features (SGLDF) can be used for the segtizen
of brain images. They used the CT technique forgingrand they obtained the result on prediagnosgabase of
brain images showed 96% and 93% sensitivity andiracy respectively. Padma and Sukanesh [15] used th
SGLDM method for feature extraction, Region of tett (ROI) for feature selection and SVM is usedféature
classification of CT images. Average accuracy cdt®7% was obtained using this classification aeghsentation.
Janney et. al., [16] carried out image fusion témpia for magnetic resonance imaging (MRI) and posiemission
tomography (PET) using Haar wavelet transform arlarPK-mean clustering algorithm. Comparison and
improvement of wavelet based image fusion is dasieguGUI (Graphical User Interface). They obsertteat the
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method effectively retains the basic informatior aetails of original image and enhances infornmatiarries of
fused imagePlantet.al., [17] has been used the Gaussian Bayesifidadsr classification of MRI image by
automated detection of brain atrophy patterns basedVIRI for the prediction of Alzheimer's diseaSéhey

obtained the better recognition rate compared ieromnethods. The present study clearly indicatat Watershed
Segmentation and Morphological Operation algoritheips us to detect the exact tumor affected regiesent in
the brain CT images. This will made the Physiciemproceed further with proper treatment proces® present
study might help the tumor patient for the earlggtiosis of brain tumor and opens a new avenueoimdiical

engineering.

CONCLUSION

This investigation project presents an efficientthimnd of classifying CT brain images into normalnige and

malignant tumor using a probabilistic neural netwoFhe proposed approach gives very promising tesal

classifying CT images data instantaneously. Thiedpof learning gives the PNN the capability of pifey its

learning in real time. Most of the existing methamtn detect and classify CT brain images into noramal

abnormal. Whereas the proposed method with the dethbe texture statistics able to classify braimor into

benign and malignant. The percentage of accuraglassification using PNN is found to be nearly dned per
cent. Based on the experimental results, PNN isidened to have major advantages over conventioaafal

networks. Because PNN learns from the training @sees and classify the CT brain images into notealign and
malignant, based on their texture features. Thish&ips the Physicians to proceeds the furthexttnent process in
advance to treat tumor patients.
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