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Detection
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Abstract—The primary purpose of this paper is to elaborate
upon and to take a step ahead on the research done in the field
of Image Processing with a focus on Early Tumor Detection
through the use of Magnetic Resonance Imaging (MRI) and
Image Processing Tool Box of MATLAB. The technique which
the author proposed is Morphological Reconstruction Based
Segmentation, used to segment the solid cum cystic tumor of
brain and is suggested after testing and observing various
available methods and algorithms. The proposed method shows
more precision amongst others and the processing time is also
fast.

Index Terms—Image processin, medical diagnosis, object
detection, tumors.

I.  INTRODUCTION

Brain is a very complex structure and a vital organ and
whole of the body functions depend upon its performance
and activity. It is therefore, any kind of disorder and
malfunctioning in the brain must be detected as quickly as
possible in order to keep its operations intact. Numerous
imaging modalities are available for anatomical
investigations. MRI is an extremely valuable imaging
technique for the anatomical investigations of diverse
functions. Different MRI techniques are available to be used
for dedicated purpose. Moreover, the manual calculations
using the conventional techniques are often time consuming.
At times the results are not precise and reliable, which may
lead to missed tumor detection.

There is a need of semi or fully-automated system for the
analysis of MRI images to save the radiologist’s time. The
system should be able to aid surgeons and other medical
professionals, by providing an automated framework which
is able to analyze the image data efficiently and above all
make the whole process cost effective. Therefore, the main
task is to investigate the limitations of existing facilities and
to propose an automated system through searching, testing
and applying proper procedures and algorithms in order to
improve its quality. It would help replace the existing
scenario with an imaging modality in which the machine can
be programmed to detect tumors and resets its focus to
reacquire data on the spot. This could improve diagnosis and
reduce the time and cost involved in trials of new
treatments. The time required to analyze each MRI image
would also reduce considerably.
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This paper focuses on the research conducted for the
automated detection of solid cum cystic tumor in brain using
the T2 weighted image and contrast enhanced T1weighted
image by morphological reconstruction. The primary
objective of research is to present the solid cum cystic tumor
in the form which is easily recognizable even by a non-
professional.

This paper is divided into 4 sections: 1) describes
methodology of proposed algorithm, 2) explains theoretical
background of method, 3) shows experimental results and
statistical parameters, and 4) enlightens conclusion and
scope of future work.

II. MeTHODOLOGY ADOPTED

A. Review Stage

Segmentation is the most important and complicated
stage of Digital Image Processing. In the case of brain
tumor, segmenting a tumor out of brain is not an easy task.
There are dynamic ranges of work in this discipline [1]-[6].
Going through available literature, it is observed that a lot of
work is done on automation, to detect Soft Boundaries /
Homogenous and Lesion Detection. Matei (2005) used
Region Growing Threshold but it can only trace out the
active part of tumor with one seed in the region of interest.
In case of presence of Necrotic cells in tumor, it is needed to
input more seeds to trace out the whole region of interest,
requiring more human involvement and also the
computations are complicated. Phooi (2005) treated T2
Weighted Image for detection of malignant lesion using
three values i.e. shape, texture and contents. Moon (2002)
worked on soft boundary tumors, proposed an extension to
existing  Expectation = Maximization = Segmentation.
Murugavalli (2007) recommended the Neuro-Fuzzy Logic
for the tumor segmentation. Macenko (2006) employed
Morphological Watershed Segmentation for the tumor
detection. Corso (2008) proposed Integrated Bayesian
Model Classification on heterogeneous data. However, it is
interesting to find out that no work is carried out for the
Solid cum Cystic type of brain. The segmentation of tumor
will be tested by applying algorithms to images.

B. Initial Steps

The segmentation of tumor will be tested by applying
algorithms to images. Global Thresholding Method, Nearest
Neighbor Operations, Region Growing Segmentation [7]
and Watershed Segmentation were tested but led to failure.
Reason being that on the T2 Image the cyst appears white
where as on Tlas dark. All the techniques work well for
cystic part specifically for T2. For the solid part none of the
techniques delivered required result. On the binary image
other parts of the brain appear with the solid which is not the
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goal. Also contrast enhanced T1 Weighted Images are also
tested which show promising result but only for the solid
part. Reason being that contrast agent makes the solid
appear brighter. Fig. 1. represents original MRI brain images
of case A in axial plane.

Fig. 1. Original images of case A: (a) T2 weighted (b) T1 weighted contrast
enhanced.

C. Methods and Materials

The required dataset is collected from the Dow University
of Health Sciences (Ojha Campus) from GE 1.5 Tesla MRI
with the DICOM software. Specifically 4 brain tumor cases
are arranged with their radiology reports alongside different
slice thickness, in three planes i.e. axial, coronal, and
sagittal with different techniques. For the paper, T2
Weighted and contrast enhanced T1 Weighted Images are
selected, specifically their axial view. The platform used for
the analysis is MATLAB 7. 7. 0. The proposed algorithm is
tested on Microsoft windows XP (Professional), version
2002 with 2 GB of RAM. Intel Core 2 Duo, 1.83 GHz
processor type.

As the preliminary step all the images are converted to
JPEG format with 100% quality. Size of T2 image of case A
is 512 %512 pixels and where as size of contrast enhanced
T1 image is 256 <256 pixels. There is a need to resize the
images of 256 pixels into 512 pixels to make them easy to
compare. It is done with bi-cubic interpolation. All images
of other cases are equal in size i.e. 512 %512 pixels.

In this paper, we propose a very simple MRI image based
technique to segment out Solid cum Cystic tumor. Various
morphological operations are tested but morphological
reconstruction [8] shows accurate results. Solid part is
segmented using contrast enhanced T1 where as cystic part
is taken from T2. The block diagram representation of our
proposed algorithm is shown in Fig. 2.
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Fig. 2. Block diagram representation of proposed methodology.
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I11. THEORETICAL BACKGROUND OF METHODOLOGY
ADOPTED

A. Noise Reduction Filter

The noise reduction filter is very important for the image
enhancement. Here, the Median Filter is used where the
median of the neighborhood pixels are used to find the
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output instead of mean. In Matlab it is implemented with
medfilt 2 command. By default it uses 3-by-3 neighborhood.

B. Sobel Edge Detector

Edge detection is used to extract the information about the
boundaries of objects in an image. For the particular purpose
Sobel masks are used to detect the edges in the input image.
Each image is treated with the convolution of two kernels.
The following kernels in (1) are used to detect the horizontal
(hy) and vertical (h,) edges.

10 -1 1 2 1
hy={2 0 —2|hy=0 0 0 )
10 -1 1 -2 41

Image output (I(x, y)) with edges can be obtained with the
gradient magnitude. It can be calculated with (2) by taking
the magnitude of the horizontal (ly) and vertical gradient (Ix)
of each pixel.

I (x,y)=[|x2+ly2]; @)

C. Morphological Operations

The morphological operations purely deal with shapes for
Digital Image Processing. It is essential for image
segmentation, object recognition and as a pre-processing
steps [9]-[11]. It works with two sets of images, one is the
original image and the other is the structuring element called
the Kernels and Masks. The two basic morphological
operations are Dilation and Erosion.

1) Dilation and erosion

Dilation thickens the object in an image by adding pixels
to the boundaries of image. Its operation is highly dependent
upon the shape and size of structuring element. In the set
theory its operation can be defined as in (3). Equations (3)
and (4) are based on [12].

(f @b)(x,y) =max{f(x—x"y-y)|(x, ¥)eD,} (3)

whereas f is the input image, b is the structuring element, D,
is the domain of b and f (x, y) is assumed to equal - o
outside the domain of f. The structuring element is normally
a flat pattern. The disk shape structuring element is used in
research.

Erosion makes object thin and results in reducing object.
Its operation can be defined mathematically as in (4). The
notations have already described above.

(fOb)(x,y) =max{f(x—x\y—y)[(X’ y)eD,}  (4)
2) Opening and closing
These are other important morphological operations. In
opening, erosion is followed by dilation of image. The
morphological closing is dilation followed by erosion.

D. Morphological Reconstruction

It is a type of morphological transformation. The
operation deals with two images and a structuring element.
Whereas, in other operation; only input image and
structuring element is required. In Matlab, it is implemented
with (5).
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Out = imreconstruct (marker, mask) (5)

] ]
Fig. 3A. Resultant images of proposed methodology column (a) Median
filter (b) Sobel edge detection (c) Morphological reconstruction.

The imreconstruct function uses the algorithm given in
Vincent [13]. Opening by reconstruction shows better result
than ordinary opening. The remaining object is exactly
restored in this operation after erosion. The imreconstruct is
used after imerode function for opening by reconstruction
operation. It can be implemented in the following manner:
1) Dilating the opening by reconstructed image.

2) Taking the complements of dilated and eroded image.

3) Using complemented images in imreconstruct function.

4) The output of the previous step is complemented, which
is the required output.

E. OR Gate and Region of Interest

The OR gate is used to combine both the solid and cystic
part. Following it, imfill command of Matlab is used to fills
holes in the binary image. As cystic portion is always with
the solid so it fills holes around edges of image to merge
them. Region of Interest is used to select tumor. As other
parts of brain appear with tumor, imfill command makes the
tumor appear larger so the larger area is selected as region of
interest.

F. Conversion to RGB Image and Transparency

In the end, binary image is converted to RGB form by
command label2rgh. Alphadata makes the image a
transparency. Finally the transparency is superimposed on
the original image highlighting the tumor.

IV. EXPERIMENTAL RESULTS

In this Section, we present results of algorithm on all 4
cases. For the detection of different sizes of tumors in
different regions, algorithm runs with different sizes of
structuring elements. Results of case A are shown in detail,
in Fig. 3A and 3B. It reveals images at each step of
proposed method. Images in each column represent steps of
algorithm. As it can be seen that first column represents
imagses after median filtering and so on. It is shown that
the solid part comes from the T1 weighted contrast
enhanced and cyst part appears from T2 weighted image.
OR logic is used to add both parts of tumors. And region of
interest is used to select tumor. Finally tumor is highlighted
in red on the original image. The results of other cases are
summarized in Fig. 4. All the results clearly show the
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accuracy of algorithm.

(d)
Fig. 3B. Resultant images of proposed methodology Column (d) Detected
tumors (e) OR operation (f) Resultant image.

(@ 6]

(@) (b)
Fig. 4. Segmentation results of data set (a) Original images (b) Detected
tumor of case B — D.

Table | shows some useful parameters. Total number of
slices in each case and selected slice to work with is given.
Area and execution time of software are also mentioned.
Avrea is found out using the regionprop command of Matlab
on binary image.

TABLE |: AREA AND EXECUTION TIME

Cases Total Slices |Working Slice |Area (pixel) |Time (sec)
A 19 10 13751 18
B 23 10 7050 12
Cc 19 8 3763 25
D 19 9 12427 22

TABLE Il: ERROR AND ACCURACY
Cases Error Accuracy
A 0.999 99.001
B 0.0222 99.778
C 1.9998 98.0002

D 0.9962 99.0038

Table 11 shows the error and accuracy of tumor detection
of all case. It is found out using imdistline function in
Matlab, manually. Firstly, the dimension (dim1) of tumor on
original image is noted and then segmented binary image of
tumor is measured (dim2). Error is calculated with (6) and
accuracy as in (7).

Error=dim 1 -dim 2

(6)

Accuracy =100 - Error @)



International Journal of Machine Learning and Computing, Vol. 3, No. 5, October 2013

\/\ —— Time (sec)

m——Error

Fig. 5. Graphical representation of time and error.

Fig. 5 shows graphical representation of time and error
with respect to individual case.

V. CONCLUSIONS AND FUTURE WORKS

The segmentation and recognition of object is an
important step in digital image processing. Its application in
bio-medical engineering has grown with time. It helps
medical professionals in various ways. The proposed
method will be helpful in making the detection of tumor by
an automated process with accuracy.

The MRI imaging protocols are studied with the brain
anatomy. Many segmentation techniques are tested and
results are observed. All procedures after segmentation
show other parts of brain with the tumor (not showing
accuracy).

The MRI imaging protocols are studied with the brain
anatomy. Many segmentation techniques are tested and
results are observed. All procedures after segmentation
show other parts of brain with the tumor (not showing
accuracy).

The morphological operations show the desired result.
Opening and Closing by morphological reconstruction
shows better result than using only the Opening and Closing
Morphological Operations. In this dissertation, solid cum
cystic tumor is segmented out successfully from the image
through Morphological Reconstruction. Results of dataset
show accuracy with high precision. The tumor is highlighted
in color on the original image showing precision of the
projected procedure. On the average, the execution time is
19.25 seconds The proposed algorithm could save hours of
radiologists” work. The precision of proposed method is
highly reliable. It is as accurate as 98.946%. Macenko
(2006) recieved 90% accuracy in brain lesion detection
where as Corso (2008) achieved 70%. This clearly states the
efficiency of proposed methodology.

The scope of future work includes, as proposed method
uses single slice of T2 and contrast enhanced T1. It can be
tested on other slices. The scope of future project
encompasses segmenting the whole tumor by using a single
technique of MRI. It can be done through in depth study of
texture and intensities variations. The main objective is to
design such a system that could be able to segment out all
kind of brain tumor with accuracy and fast processing time.

This work can be extended to the 3D visualization of
tumor, with its volume representation. It can be conducted
with the softwares 3D Slicer and the SPM. The later is
supported by Matlab.
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