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ABSTRACT

Brain demyelination lesions occur due to damage of the myelin layer of nerve fibers, this deterioration is the cause of
pathologies such as multiple sclerosis, leukodystrophy, encephalomyelitis. Brain ischemia is the interruption of the
blood supply to the brain, and the flow of oxygen and nutrients needed to maintain the correct functioning of brain cells.

This project presents the results of an algorithm processing images with the the main objective of identify and
differentiate between demyelination and ischemic brain diseases through the automatic detection, classification and
identification of their features found in the magnetic resonance images. The sequences of images used were T1, T2, and
FLAIR and with a dataset of 300 patients with and without these or other pathologies, respectively.

The algorithm in this stage uses Discrete Wavelet Transform (DWT), principal component analysis (PCA) and a kernel
support vector machine (SVM). The algorithm developed indicates a 75% of accuracy, for that reason, with an effective
validation could be applied for the fast diagnosis and contribute to an effective treatment of these brain diseases
especially in the rural places.
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1. INTRODUCTION

Multiple sclerosis (MS) is an inflammatory demyelinating autoimmune disease that affects the central nervous system
and afflicts over 2.5 million people worldwide'. For that reason, the segmentation of the Magnetic Resonance Images is
a process that can help to identify, measure and classify the different lesions or abnormalities in the brain. There are
some classification techniques and algorithms that have been identified for localize Brain MRI Tumors, and several
central nervous system (CNS) diseases, such as Brain demyelination (BD) and Brain ischemia (BI)’.

Central nervous system inflammatory demyelinating disease can affect patients across the life span. BD lesions occur
due to damage of the myelin layer of nerve fibers*’; and cerebrovascular ischemia (BI) is the interruption of the blood
supply to the brain, thus interrupting; the flow of oxygen and nutrients needed to maintain the functioning of brain cells®.

Magnetic resonance imaging (MRI) has become a critically important tool in diagnosis and differentiation of different
demyelinating disorders. MRI is the most commonly used imaging modality as it offers high-resolution images in a
noninvasive and safe method, without exposing patients to ionizing radiation’. However, the automatic medical
segmentation continues to be a complex and challenging problem.

Thus, several MRI images provided by the Universidad Técnica Particular de Loja Hospital (H-UTPL), in Ecuador show
evidence that their patients suffer brain disorders, and many of them pathologies identified as demyelinating (BD) and
ischemia (BI)’. For that reason, there is an increasing and still unmet need for an even better classification between BD
and BI, in order to derive better understanding, classification and assessment of disease progression and treatment
therapeutic efficacy.

Manual segmentation of BD and BI lesions is a laborious and time-consuming task, pertaining to the requirement of
analyzing large number of MR images. For that, the principal aim of this project is suggest a solution to this problem by
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proposing an automatic supervised classification algorithm as support vector machine (SVM), which procedure includes
Discrete Wavelet Transform (DWT), and principal component analysis (PCA).

In compare with other methods such as artificial neural network, decision tree, and Bayesian, SVM have significant
advantages of high accuracy, elegant mathematical tractability, and direct geometric interpretation. Besides, it does not
need a large number of training samples to avoid over fitting’. Thus, a SVM turns out be the best approach in order to
deal with detection of tumor®.

By the way, other classification approaches using dictionary learning’, data mining techniques as clustering algorithm
Fuzzy C-Mean (FCM), which is used to determine the segmented part of any medical images'’. Likewise, in brain tumor
detection using color-based k-Means clustering segmentation'' are used to detect change a given gray-level image. They
finally concluded that the k-means clustering, data mining, supervised'> (SVM and k-nearest neighbors) and
unsupervised methods (self organization feature map (SOFM)'' and fuzzy c-means'?), making it efficient and very easy
to implement to analysis the brain MRI images. While all these methods achieved good results, yet the supervised
classifier performs better than unsupervised classifier in terms of classification accuracy'.

Thereby, this paper presents the results of a classification algorithm processing images®. Whose main objective is
identifying and differentiate between demyelination and ischemic brain diseases, through the automatic detection,
classification and identification of their features found in the MRI.

The methodology is organized as follows. 1) MRI Brain images downloaded from H-UTPL Repository in T1, T2, and
FLAIR format. 2) Classification and convert the format of the images for the post preprocessing through the algorithm is
developed in MATLAB software, this algorithm uses DWT + PCA+ SVM for identify the most relevant features
between the BI and BD lesions.

Experimental result, in this stage show that the proposed algorithm has an effective classification with the accuracy of
75% between the BD and BI pathologies, their validation was applied for the fast diagnosis and contribution to an
effective brain lesions diagnosing and monitoring, even could be help to early detection brain diseases and their
treatment especially in patients coming form the rural areas.

2. METHODOLOGY

Dataset: It approach involved MRI dataset of T1, T2, and FLAIR format, from the 370 and 380 patients with and
without these or other pathologies, respectively. The Magnetic Resonance Brain Images dataset was proportionated by
Hospital-UTPL Repository.

The algorithm consists in two stages: the read and the conversion of format of dataset, and the processing of the images
for to identify ischemia and demyelination. The next flow chart present the process of convert the *.dicom format into
* jpg for each image of the dataset. This process was development in python language.

File = Directories with different
repository acquisitions for each
DICOM patient

* routines in python to select

Process to select dicom files to analized

images and
convert to JPG

* routines to convert the image
format from dicom to jpg

File = Directory with the
repository images in format
JPG JPG

* routines in
Process to MATLAB to
ana!'lzed =B determinate the
image disease
Figure 1. Flow chart to the first part of the processing the format of the images of the collected dataset.
Processing Images in MATLAB: In this project the analysis of the images has been automated, for which a web
interface has been created from which the routines created in MATLAB are called.
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Figure 2. Diagram of the communication between the Image repository and Routines MATLAB through the App Web
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Routines in MATLAB: Then, DWT transformation is applied to the image for the extraction of the features. But the
number of features are so much large, such that, we have to reduce the features by applying Principal Component
Analysis (PCA) technique. These are the phases introduced in the Preprocessing phase. After that, Kernel SVM classifier
is built which is required for classifying images as demyelinating or ischemic disease.

Load
Images
*Convert image to gray scale
gray scale
Apply eConvert image to matriz data rgb
WIUZUEY o perform the classification using the kmeans method
Appl L
Dﬁﬁw *to get the characteristics
Apply *to get new group of images with
PCA specific characteristic

Tesfin eat this point the SVM is trained
SVM with images that have the disease

! | *1lto5imagesare
PRI analyzed per patient

Figure 3. Routines of the algorithm in MATLAB and their description in each section. This is the semi-automatic process for
identify the most relevant features in the images that allow to distingue the BI and BD lesions.

3. RESULTS AND DISCUSSION

According to Helms and Kanade'>'® segmentation of human brain using structural MRI is a key step in imaging

neuroscience and at same time the automatic segmentation of this images is a challenge due the complex in nature and
rarely have any simple linear feature that allow identify a disease.

In this project was developed a processing algorithm that combine DWT+PCA+ SVM with the main idea to identify the
ischemia stroke and demyelinating disease.

e Dataset: The database of test images was formed with 370 patients that have any of the disease in this research
and that no have any disease. All database was anonymized and codified, after that, the files was converted
from *. dicom format into *.jpg format. The algorithm selects the central data plus +/- 2 images of each patient
series and converted the format. This part of the algorithm was developed in the python language of
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Figure 4. The user interface to communicate the processing of the algorithm. This was developed using pythbn language.

e Preprocessing Images: The preprocessing of the images was developed in MATLAB. The image acquired is
converted in a gray scale. This scheme is contrasted according to Kanade, Matthew and Shree'®"* in relation to
indicate the importance of the gray scale in order to improve the parameters for extract the features of the
images with more fidelity in the next processing step. It is important to mention that this preprocessing does not
increase image information content'®.

o Segmentation: In this step, the algorithms apply over the image de method of filter and extract the features of
the diseases for through of the Discrete Wavelet Transform + Principal Component and Single Vector Machine
(DWT+ PCA+SVM). Once we obtained the segmented image, is possible to obtain the best feature and
accuracy to identify the demyelination or the ischemia stroke using SVM.

In accord with Zhang® and Mattew'’, the SVM+PCA algorithm have an accuracy between 88% and 98% in relation to
texture features and intensity. In this algorithm the accuracy obtained is in the range of 60%- 75%.
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Figure 5. MRI images after the algorithm processing for detection of the features and identify Demyelinating and Ischemia disease,

respectively. This show the selected image, the gray scale image, the segmented image and the conclusion and accuracy of the
processing.
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4. CONCLUSIONS

In this research, we have used brain MR images segmented in order to identify the principal features for to determine and
identify the demyelinating and ischemic diseases, for that reason the methodology proposed used the discrete wavelet
transform (DWT) and the Principal Component Analysis (PCA) for decomposes the images and textural features, and
after that uses the Simple Vector Machine with a trained and normalized dataset for classify the images according with
their features into demyelinating or ischemic disease.

The algorithm proposed in this work have an accurate of the 75%, so for that reason the algorithm need to optimize some
details and combine other methods of segmentation in order to obtain a better accuracy. However, in agree with other
works the methodology proposed can help for the detection of brain diseases in a way fast and accurate than the manual
detection. Fort that reason in the future work also will considerer such as principal feature the most common localization
of the disease in the brain.
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