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Abstract

Medical images play a vital role in identifying diseases and detecting if organs are functioning
correctly. Image processing related to medical images is an active research area in which various
techniques are used in order to make diagnosis easier. The brain is a vital organ in our body, and
brain tumors are a very critical life altering condition. Identifying tumors is a challenging task
and various image processing techniques can be used. Doctors can identify tumors from looking
at the scan, and this project attempts to automatically derive these results. In this project, image
processing is done for automatically detecting the presence of brain tumors in a given brain scan.
Content-based image retrieval extracts features from a query or template image, computes a
measure of similarity, and gives results by detecting tumors. Template matching is used to

identify a template at any position within the image to identify tumor location.

Secondly, early detection of Alzheimer’s, which in turn prevents dementia, can be determined
from the presence of amyloid fluid along with the other factors. The amyloid fluid presence helps
in detecting dementia at an early stage. The presence of this fluid can be found in a PET scan of
the brain. Here, the idea is to show the color distribution from a scan image, i.e., the domination
of given colors. Content-based image retrieval’s low level feature based approaches such as color
histograms are used. In this project, the conventional K- means algorithm is used for clustering

the histograms, and identifying dominant colors.
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Introduction:

Each year more than 200,000 people in the United States are diagnosed with brain tumor. Brain
cancer remains one of the most incurable forms of cancer. Image processing is a challenging
field in which content based image retrieval plays a major role.

In a CBIR system, any color, texture, shape or template can be used as a reference to give
desired output. CBIR is coordinated integration of an image matching technique where image
matching plays significant role. In CBIR, A template is used as a measuring reference for
calculating the match percent of the content of image involved in the search. The basic goal of
this technique is to use the template to find input images similar to this template. The technique
used here is that the template is compared with another image and at every position the amount
or measure of every overlap is calculated. By sliding, are moving the patch one pixel at a time in
left to right and top to bottom directions. The metric calculated represents how good or bad is the
match is at that location. Basically, it is checking the similarity of the template to that of a
particular area in the image. This project uses template matching for detecting tumor from MRI
scan.

Alzheimer’s disease is a neurodegenerative disorder which is progressive and fatal, affecting
many people as the fourth most common cause of death in United States. In the second part of
the project, early detection of Alzheimer’s can be completed by knowing the amount of amyloid
fluid accumulation in the brain. There are various treatments for Alzheimer’s but it is difficult to
cure. Hence detecting it in early stages helps in preventing the progression of this disease. It is
important to detect dementia in the early stages before irreversible brain damage or mental
decline occurs. PET (positron emission tomography) imaging reveals the presence of amyloid

plaques in the brain. According to amyloid hypothesis, accumulation of Abeta in the brain is
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primary factor in Alzheimer’s diagnosis. This project identifies the color domination in the scan
by automatically pulling out the color profiles, showing the amount of amyloid accumulation.
The presence of amyloid is not the only cause to detect Alzheimer’s but it is one of the factors

which show early detection of dementia.

Background and related work:

Various approaches have been proposed and carried out in the field of brain tumor detection such
as segmentation method, histogram equalization, thresholding, morphological operations .
Automated Segmentation and Classification of Brain Magnetic Resonance Imaging by Luiza
Antonie[1]. Also, detected tumors are represented in 3 dimensional views. Most of the method
have the drawback of computational time required. Also most of them are implemented in
MATLAB or in the other image processing tools. In this project using computer vision and
image processing techniques to find tumor in a MRI scan is implemented. Here, OpenCV
software tool for image processing is used along with Python.

Python is a general purpose programming language which is very popular because of its
simplicity and code readability. OpenCV-python is a Python API of OpenCV. It combines the
best qualities of OpenCV C++ API and Python language. OpenCV-Python works as a wrapper
around original C++ implementations. Python enables the programmer to design code or express
ideas in fewer lines of code without losing readability. Hence, computationaly intensive codes

can be written in Python.
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CBIR Design:

Input
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FIGURE 1:CBIR INDEXING AND SEARCH

CBIR consists of 3 types of retrieval

1. Color
Color similarity is achieved by computing a color histogram for each image that identifies the
proportion of pixels within an image holding specific values (that humans express as hues or
colors)examining images based on the colors they contain is one of the most widely used
techniques because it does not depend on image size or orientation. Color searches will usually
involve comparing color histograms, though this is not the only technique in practice.

2. Shape
Shape does not refer to the shape of an image but to the shape of a particular region that is being
sought out. Shapes will often be determined first applying segmentation or edge detection to an
image. Other methods like use shape filters to identify given shapes of an image

3. Texture
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Texture measures look for visual patterns in images and how they are spatially defined. These
sets not only define the texture but also where in the image the texture is located. Texture is a
difficult concept to represent. The identification of specific textures in an image is achieved
primarily by modeling texture as a two-dimensional gray level variation

Content/Images:

For the first part of template matching in detecting tumor, MRI scans are used. MRI is suitable
for examining soft tissue in ligament and tender injuries or tumors etc. MRI scans are better than
the CT scan as it does not use radiation. There are many methods in OpenCV which can be used
for template matching such as TM_ CCOEFF, TM_CCOEFF NORMED, TM CCORR,
TM_CCORR_NORMED, TM SQDIFF, and TM_SQDIFF NORMED. Among these methods
TM_SQDIFF gives the best match. OpenCV comes with a function matchTemplate (). It simple
slides the template over the input image against the template image. This returns grayscale
image, in which each pixel represents how much does it match with the neighboring pixel in the

input image. The following in figure 2 is an example of MRI scan images used in this project,

one with tumor and one without tumor.

FIGURE 2: MRI SCANS WITH AND WITHOUT A TUMOR.
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For the second part, PET scans of brain is used where accumulation of amyloid fluid
representation is shown. This is a color scan which is useful in detecting the amount of amyloid
fluid present in the brain. To represent and cluster dominant colors in the scan K-Means
clustering algorithm is used. Here,The goal is to partition the data points » into & clusters. The
presence of amyloid does not necessarily means diagnosis of Alzheimer’s disease or any other
cognitive disorder, but a negative scan indicating absence or minimal amount of amyloid reduces
the possibility that a patient’s cognitive impairment is because of Alzheimer’s. Figure 3 of
amyloid fluid found in PET scan gives clear understanding of how the distribution of fluid is

visible.

~

Alzheimer’s Normal Normal
Disease Amyloid positive Amyloid negative

FIGURE 3: PET SCANS

Algorithm’s used:

1. Template Matching:

For the detection of brain tumor Template Matching is a method for searching and finding the
location of a template image in a larger image. OpenCV comes with a

function cv2.matchTemplate () for this purpose. It simply slides the template image over the
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input image (as in 2D convolution) and compares the template and patch of input image under
the template image. Several comparison methods are implemented in OpenCV. (You can check
documentation for more details). It returns a grayscale image, where each pixel denotes how
much does the neighborhood of that pixel match with template.

If input image is of size (WxH) and template image is of size (wxh), output image will have a size
of (W-w+1, H-h+1). Once the result is produced ev2.minMaxLoc () function can be used to find
the maximum/minimum value and location.

2. K-Means Clustering:

In the second part for representing color domination in the scan, K-Means Clustering is used.

The neat thing about this algorithm is, since it relies only on a simple distance calculation, it can
be extended to multi-dimensional data. Color is often represented using three channels, Red,
Green, and Blue. Our algorithm treats all the pixels in the image like points on a 3-dimensional
space. K-means is a clustering algorithm that generates & clusters based on n data points. The
number of clusters £ must be specified ahead of time. Although algorithms exist that can find an
optimal value of k, they are outside the scope of this blog post. In order to find the most
dominant colors in our image, the pixels were treated as the data points and then applied k-means
to cluster them.

The scikit learn implementation of k —means to avoid having to re-implement it.

Results:

After successful implementation of the algorithms for brain tumor, this application will show the
location of tumor by drawing rectangle around it for the exact location. In case of absence of
tumor, it will display message that no tumor is detected. In case of amyloid fluid presence,

distribution of detected colors in scan is successfully displayed.
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1. Brain Tumor Detection

Tumor Detected ! No tumor Detected !

Query image

0 50 100 150

2. For the second part we can see distribution of amyloid fluid which will be in red color.

Query image

Color Domination
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The absence of amyloid fluid

Query image

Color Domination

Technologies Used:

1. OpenCV:

OpenCV (Open Source Computer Vision Library) is an open source computer vision and

machine learning software library. OpenCV was built to provide a common infrastructure

for computer vision applications and to accelerate the use of machine perception in the

commercial products. OpenCV is written natively in C++ and It has C++, C, Python, Java

and MATLAB interfaces and supports Windows, Linux, Android and Mac OS.

2. Python:
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For image processing and computer vision. The following Python libraries are used.

1.

NumPy

This library provides support for large, multi-dimensional arrays. Using NumPy we can
store values of an image in RGB color space into array which makes it computational
efficient and also resource efficient. To perform numerical analysis on an image this
library is widely used.

SciPy

This adds further support for technical and scientific computing and includes many
distance functions and various implementations of feature extraction functions. Many
distance functions which are very useful in comparing images such as Euclidean distance
measure is present in this library.

Matpotlib

For plotting images also analyzing it or simply for viewing the images this library is used.
It is flexible to use even when plotting with accuracy of set of images.

OpenCV

For the image processing, very powerful techniques are present in this library. For real
time as well as making computer vision processing feasible this library is used. This is
written in C++ but bindings with Python and Java are provided as well.

Scikit-learn

This is a machine learning library that can do advanced image processing such as
clustering, classification models and vector quantization . It also provides many image

feature extraction functions.
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