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Abstract— Heart diseases are one of the major Kkillers
worldwide. Early detection of heart disease such as Global
Hypokinesia can reduce this global burden. Computational
method has potential to predict disease in early stages
automatically and especially helpful in resources limited countries.
Computational method to predict global hypokinesia based on
confirms cases of global hypokinesia through MRI was developed.
Almost all feature extraction method was used on MRI images and
model was generated on merged and different images separately.
High accuracy of model independent test set justified our
approaches and reliability of model. The newly developed was
implemented in python and available for open use.

Keywords—cp-charm; cellprofiler; Global hypokenesia; feature
extraction; MRI; prediction.

I. INTRODUCTION

Nearly half of all African-American adults have some form
of cardiovascular disease, 48 percent of women and 46 percent
of men. Heart disease is the No. 1 cause of death in the
worldwide and the leading cause of death in the United States,
killing over 375,000 Americans a year [5]. So automate
detection for such a disease is important. Global Hypokinesia is
a disease in which heart is weak which serves blockage of
coronary arteries. The various portions of the heart such as
ventricles, walls, membranes and arteries etc. are deteriorated
and work abnormally in Global hypokinesia. Global
hypokinesia can be a reason of heart failure due to low output of
heart. Symptoms of global hypokinesia are water and fluid
retention, irregular or fast heartbeat, pulmonary congestion,
fatigue, dizziness and weakness [2]. The test used to detect
Global Hypokinesia is MRI test. The image is described as
homogeneous areas according to one or several a priori attributes

(7]

MRI is popular and reliable method for testing Global
hypokinesia so computational method developed by using MRI
images Magnetic resonance imaging (MRI) is noninvasive test
that used to recognize medical conditions. MRI procedures a
commanding magnetic field, radio frequency pulses and a

978-1-5090-3669-1/16/$31.00 ©2016 IEEE

computer system to yield thorough images of organs, soft
tissues, bone and almost all other internal body parts. MRI does
not work with harmful ionizing radiation which means x-rays.
MRI makes physicians to diagnose various parts of body and
define occurrence of definite diseases. The images output of
machine can be used to inspected on a printed form or in a CD
and transmitted electronically. To produce whole images of the
structures inside the heart in cardiac MRI uses a powerful
magnetic field, radio waves and a computer system. MRI is used
to diagnose cardiac disease and to estimate the heart’s structure
and role in patients through congenital heart disease.

The threat of having heart disease is worldwide so there is
need of a tool which can predict disease on the bases of MRI
images. So the tool is developed to predict global hypokinesia
on bases of MRI images. The data is collected from IGMC
Shimla. The method used in tool was segmentation free. The
output can be taken directly by software and will predict disease
automatically. Pre-processing of MRI pictures is a step in image
analysis which achieve image enhancement and noise reduction
methods which are taken to increase image quality, then some
morphological operations are applied to detect the Global
hypokinesia in the patients through images [4] [1]. The MRI
image is shown in Fig 1

Fig 1: MRI test image

The morphological operations are basically applied on
some assumptions about the size and shape of the heart and in
the end the heart is mapped onto the actual gray scale image
with 255 intensities to create noticeable heart in the image [3].
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The purpose of this work is to adapt a new procedure for image
processing which automate the process (segmentation free).
This software gives good accuracies without any expert
physician can predict disease mainly known to be a very
powerful feature extraction tool.

The reason that merely a slight number of persons reported
being identified as a result of screening indicates that are missing
opportunities to prevent heart disease. There are different
imaging tests present for heart. Heart Diseases are recognized by
radiologist diagnosis tests and forward results to doctors. The
research work done here make it easy and simple to predict
results and help radiologist. Image processing has been an active
field of research topic due to its diverse applicable environment.
In this work, there is special focus on making process automate.
This tool is used to predict Global Hypokinesia cardiac disease.

Machine learning is used by the software we used for the
prediction there is option of two approaches for prediction one
is PCA-LDA and another is WND which is for classifier type.
The approach used in research is PCA-LDA algorithm of
machine learning. In PCA-LDA both techniques are projecting
the data onto a smaller feature subspace: with PCA, there would
find the directions (components) that maximizes variance in
dataset (without considering class labels), and with LDA there
would be the components that maximize the between-class
separation.

The set of data used in research is taken from IGMC Shimla.
Total data set used in current study was 25 images of each
patient 30 normal and 30 with having Global hypokinesia
patients. Each patient having 900-1200 images MRI. With
recommendation of doctors there is use of only 25 image set of
each patient. Then further processing is done on these sets. As
images cannot be directly used in machine learning, so need is
to extract the features from the images. The features are further
used to train and test data. These images having accuracies
individually and with merge both. The merged images have less
loss of information which goes to better accuracies.

II. MATERIAL AND METHOD USED

Computational method to predict Global Hypokinesia was
developed through following steps and each step uses different
techniques. Implementation was done by using softwares and
all software’s are open source. The research further give a
survey of technology used with regard to establishing a system
which predict global hypokinesia heart disease on the bases of
MRI datasets. In first steps it describes how the MRI images
were collected from hospitals and how images were processed.
Next it shows how features are extracted from the datasets.
Finally, it describes the pipeline which does testing and training
part. Main softwares are CellProfiler [9] and Cp-charm [5].
Methods used in present research are as follows: In present
research work various steps were followed to reach the
conclusion. For each step, a research plan was created, that
customized to our needs and these steps involved MRI data
collection, processing of collected data, extract features from
images, training of datasets and finally testing development.
The Fig 2 shows steps used for computation.

Data Collection

Feature extraction

Model Generation

Model Validation

Implementation

Fig 2 Work Flow

A. Data collection

The data related to cardiac MRI images was collected from
IGMC Shimla. There were 30 patients of each category having
set of 900-1200 images depending upon cases. The images are
in Dicom format and there are various folders of images for
categorization of them. The data is available for testing on
https://github.com/lalaantika/HyperkinesiaML/tree/master/dat

aset.

In this method images used for feature extraction were taken
directly without doing any change to images. There are 25
image set of every patient. The group of all patients was made
on bases of their categorization of MRI. The 30 patients having
disease with First image compare with the first image of patient
who is healthy. Then further processing on image is done.

In this method images used for feature extraction were firstly
processed by the software. Amide software was used to merge
Dicom images. This software merge 25 images to one single
image so that there was as less as possible loss of information
when features are extracted from images. The images were
taken from 25 image set of of every patient. The group of all
patients was made on the bases of their categorization of MRI.
The 30 patients having disease with their merged image was
compared with the single merged image of patient who is
healthy. Then further processing on image is done.

B. Feature extraction

The image cannot be used directly in machine leaning so feature
extraction method was used. Feature extraction in image
processing is a method of processing images by using
mathematical operations using any method of signal processing
for which the input can be an image, a series of images, or a
video, like a photograph or video frame; the outcomes of image
processing may be whichever, an image or a set of
characteristics associated to the image [6]. Now feature
extraction in this research is accomplished with CellProfiler.
CellProfiler extract features from image set with the help of
ImageJ plugins and CP-Charm pipeline. There are 947 features
from images. CellProfiler create three files as an output after
taking images and processed them. Two files from these three
files are CHARM-like training data and CHARM-
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like training_labels. These are csv files having data files having
feature values of 947 features of all images and labels file
contains Meta keys and categories. Third file created by
CellProfiler is Matlab file to save the project.

CP-Charm pipeline used for testing and training part of image.
The data set and label file which were outcomes of CellProfiler
are taken as input by CP-Charm. Then CP-Charm GUItraintest
file was run which input file of features and labels in csv form.
There are various preferences provided by CP-Charm for
classifier type, Validation type, Cross-validation fold type and
number of training/testing rounds etc.

C. Model generation

CP-Charm pipeline used for training and testing part of image.
The data set and label file which were outcomes of CellProfiler
are taken as input by CP-Charm. Then CP-Charm GUItraintest
file was run which input file of features and labels in csv form.
There are many preferences provided by CP-Charm for
classifier type, Validation type, Cross-validation fold type and
number of training/testing rounds etc. These were the values
which are used by present research work which are PCA-LDA
classifier type, K-FOLD Cross validation where K=10
including no hold-out information having minimum 35
training/testing rounds. The output of this process was two files.
One file is pcalda_classifier which is used to further classify
and one is text file which shows the percentage of accuracies
with mean value, standard deviation and median performances.

D. Model validation

Model is validated after the generation of pcalda_classifier with
the classify mode which further generate predict label files
which shows the result on test base that which patient have
disease and which not. The model generated and validated here
further implemented in next step in python language.

E. Implementation

Development of tool process is of two part designing and
coding. The tool was developed in Python shown in Fig 3
Designing part of tool was done with help of software Glade3
for python.

Hyperkinesia ML (Prediction Tool)

Eile Edit VYiew Help

Hyperkinesia ML {Frediction Tool)

Instructions

? Cell Profiler

‘ Start

Fig 3 Tool
Glade is a rapid application development tool to allow fast and
simple development of user interfaces for the GTK+ toolkit and
the GNOME desktop environment. The wuser interfaces
designed in Glade are saved as XML, and by using the
GtkBuilder GTK+ object these can be loaded by applications

Software Requirments

=
0. Prediction algorithms

dynamically as needed. By using GtkBuilder, Glade XML files
can be used in numerous programming languages including C,
C++, C#, Vala, Java, Perl, Python, and others. The tool
designed here is having firstly four options showing Instruction,
software requirement, CellProfiler and training and testing
algorithm.

The instruction option shows instruction to use the tool. There
are various steps to follow for the use of tool which is also come
under the instruction part. The next is Software requirement
option in tool prediction which shows different software needed
by tool to make prediction. The next part is the CellProfiler this
is used to extract feature and make csv files further needed by
training and testing algorithm. The next option is testing and
training algorithm which further gives two options that are
Train/test and Classify. First option is Train test as it makes a
model file which next used by classify mode Train test mode
use output generated by CellProfiler and further make a pcalda
model and result summary which have accuracies. In the last
there is classify mode in which the model created in last phase
and the feature file is given as an input to get a predict_lable
file. The software 1is available for worldwide at
https://github.com/lalaantika/HyperkinesiaML.

III. RESULTS

The steps are followed to obtain best accuracy of input MRI
images. First of all, training of system is done by using various
data set or sample. And then system is tested for few of the given
sample, and accuracy is measured. The image set was divided
into two portions. The first part is for training the system and the
second was for testing purpose. 60% of the image set was used
as training though the left over 40% was taken for the testing set
done by CPCHARM. For each picture set, features were figured
out and stored for training of data. The result summary shows as
in TABLE [

TABLE I: -Accuracies

Accuracies
Image No o, .
set ff roundsfin Accura Mean Mgdmn Standard
30 training/te cies performa | performanc deviation
pati sting mode nee ¢
Merge 0 96.66
of 25 1 93.33
images 2 96.66
of 3 96.77
patients 4 98.33
5 95.0 97.16 96.66 1.97
6 98.33
7 100.0
8 96.66
9 100.0
1 0 80.0
image 1 88.33
of all 2 88.33
patients 3 80.0
4 83.33
5 83.33
6 88.33 86.16 88.33 3.94
7 88.33
8 91.66
9 90.0
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Accuracies Accuracies
Image No o . Image No o) .
set ff roundsfin Accura Mean Median Standard set ff roundsfin Accura Mean Median Standard
30 training/te cies performa | performanc deviation 30 training/te cies performa | performanc deviation
pati sting mode nee ¢ pati sting mode nee ¢
0 91.66 5 86.66 84.83 85.0 3.97
2nd 1 93.33 6 86.66
image 2 86,66 7 90.0
of all 3 91.66 8 83.33
patients 4 93.33 9 80.0
5 81.66 87.5 88.33 4.90 9 0 90.0
6 90.0 image 1 85.0
7 80.0 of all 2 83.33
8 85.0 patients 3 83.33
9 81.66 4 90.0
0 91,66 5 0.0 85.0 84.16 4.4
1 85.0 6 80.0
3rd 2 86.66 7 85.0
image 3 91.66 8 93.33
of all 4 81.66 86.83 86.66 3.90 9 80.0
patients 5 88.33 1o 0 90.0
6 85.0 image 1 83.33
7 86.66 of all 2 83.33
8 80.0 patients 3 85.0
9 91.66 4 86.66
0 83.33 5 91.66
1 78.33 6 85.0 86.0 85.0 3.0
4t 2 81.66 7 81.66
image 3 86.66 8 88.33
of all 4 91.66 9 85.0
patients 5 91.66 85.0 84.16 4.08 0 90.0
6 81.66 1 86.66
7 86.66 2 88.33
8 85.0 1o 3 83.33
2 3333 inage 3 0| 865 85.83 2.62
st 1 88.33 o 6 85.0
image 2 86.66 P 7 91.66
of all 3 80.0 8 83.33
patients 4 83.33 9 85.0
5 85.0 83.5 84.16 6.075 0 88.33
6 71.66 1 90.0
7 95.0 2 76.66
8 83.33 12t 3 88.33
9 85.0 image 4 83.33
0 88.33 of all 5 81.66 83.33 84.16 331
6 1 88.33 patients 6 90.0
image 2 85.0 7 73.33
of all 3 86.66 8 85.0
patients 4 85.0 9 81.66
5 81.66 86.0 85.00 2.26 0 81.66
6 85.0 1 78.33
7 85.0 13 2 88.33
8 85.0 image 3 81.66
9 90.0 of all 4 86.66
0 35.0 patients 5 36.66 84.83 85.83 3.60
1 88.33 6 90.0
7t 2 78.33 7 88.33
image 3 78.33 8 85.0
of all 4 81.66 83.83 85.83 4.01 9 81.66
patients 5 86.66 14" 0 76.66
6 86.66 image 1 86.66
7 88.33 of all 2 90.0
8 78.33 patients 3 91.66
9 86.66 4 86.66
gh 0 30.0 3 76.66 85.5 86.66 5.11
image 1 83.33 6 90.0
of all 2 91.66 7 88.33
patients 3 86.66 8 86.66
4 80.0 9 81.66
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Accuracies Accuracies
Image No of . Image No of .
set of rounds in Accura eﬂrlff:Za ejr“jl’(iftl::nc Standard set of rounds in Accura el:‘lff:;za e]:‘;oefrl::nc Standard
30 training/te cies P p deviation 30 training/te cies p P deviation
pati sting mode nee ¢ pati sting mode nee ¢
15 0 88.33 5 86.66 85.0 85.83 3.72
image 1 76.66 6 78.33
of all 2 88.33 7 91.66
patients 3 88.33 8 80.0
4 85.0 9 85.0
5 88.33 86.16 88.33 s 22m 0 85.0
6 91.66 image 1 80.0
7 93.33 of all 2 88.33
8 83.33 patients 3 86.66
9 78.33 4 81.66 83.83 84.16 2.79
16 0 91.66 5 83.33
image 1 85.0 6 80.0
of all 2 88.33 7 85.0
patients 3 86.66 8 86.66
4 88.33 9 81.66
5 86.66 87.83 87:5 3.25 231 0 96.66
6 85.0 image 1 93.33
7 95.0 of all 2 83.33
8 83.33 patients 3 83.33
9 88.33 4 88.33
17% 0 80.0 5 83.33 86.66 85.83 5.05
image 1 86.66 6 85.0
of all 2 86.66 7 86.66
patients 3 86.66 8 88.33
4 85.0 9 78.33
5 81.66 83.66 8.0 2.86 24 0 86.66
6 81.66 image 1 80.0
7 85.0 of all 2 85.0
8 78.33 patients 3 91.66
9 85.0 4 80.0
18 0 86.66 5 85.0 84.5 85.0 3.80
image 1 86.66 6 86.66
of all 2 90.0 7 80.0
patients 3 91.66 8 81.66
4 83.33 9 88.33
5 91.66 87.16 86.66 83.33 250 0 85.0
6 90.0 image 1 81.66
7 81.66 of all 2 88.33
8 86.66 patients 3 81.66
9 83.33 4 86.66
19 0 78.33 5 81.66 84.5 84.16 2.89
image 1 85.0 6 85.0
of all 2 81.66 7 90.0
patients 3 86.66 8 81.66
4 86.66 9 83.33
5 71.66 83.0 84.16 4.76
6 88.33
7 83.33 IV. DISCUSSION
8 86.66 ) o
9 31.66 Hence although over the years a big number of prediction tools
20" 0 75.0 are present but there is no such tool which works on cardiac
mage 1 86.66 diseases. There are some workings in area of MRI brain
p;)ﬁ:ms g 8865‘606 prediction yet, to date to our knowledge, there is no resource
4 31.66 available that provides prediction tools for heart diseases.
5 86.66 83.5 84.1 4.17 Therefore, this research has compiled a method, where manual
6 83.33 creation along with information from other resources have been
; ggg integrated to provide a tool that will allow researchers, doctors
9 300 and clinicians to get prediction of diseases on bases of MRI test.
21 0 33.33 This prediction tool is a user friendly and free available resource
image 1 88.33 tool which provides predictions on the bases of MRI test. There
of all 2 83.33 is hope that the availability of this tool would save effort and
patients i 22‘22 time of specialists involved in the field and thus will facilitate
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the doctors, clinicians for heart diseases diagnosis, treatment
and prevention.

MRI data is taken from IGMC Shimla which is in form of
Dicom images. There are total 60 patients on which work is
followed. The MRI test report of each patient has 900-1200
images. Features are extracted from these images and then
testing and training part is done. The feature extracted from
images was 957. After testing it gives accuracies of prediction.
This tool helps doctors and radiologist to make prediction in an
easy way.

As tool is created for clinicians, researchers, doctors which are
working in different locations, it is important to provide an
easy, open source way to diagnose disease. Thus a tool give
prediction of disease is the best solution.

V. CONCLUSION

Global hyperkinesia is a foremost health problem in whole
world which leads to various other severe complications for
example heart attack. The fact that only some of people testified
being identified as an effect of screening indicates that are
missing opportunities to prevent heart disease. There are
various imaging tests present for heart in present research MRI
images is used. Considering the importance of heart diseases,
numerous computational techniques have been created for
prediction of imaging tests and also associated complications.
These image prediction methods are relying on machine
learning. The collection of data is from hospital. There are 30
patients of each category which are taken under consideration.
Having set of 900-1200 Dicom images. The images can’t be
used for machine learning directly so CellProfiler is used for
feature extraction part. In the projected study CP-CHARM is
cast-off for the model building using MRI images, with this
model 80-85% accuracy is achieved with the 25 image set and
97% accuracy by merging imaging using Amide no other
method until now is used for the heart disease prediction. This

developed method is implemented in python and available for
people in worldwide web.

As per less data availability of data prediction accuracy can be
increased by using more patients’ data. This approach can be
comprehensive for development of software that will be GUI
which helps Doctors to predict diseases. Similar tool (methods)
may be developed for other complex disease of heart like
hypotropic cardiomyopathy etc.
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