10‘%0%‘0%‘0%‘0%‘0'l%jl0'!%‘0%‘0%‘0%‘0'l%jl0%‘0%‘0%‘0%‘0%‘0%‘0%‘0‘x Wn.ﬂ_
]

[ L
PPN T e
Lmalatl cila ghaal) 480

@ ASUNET

o,.-)@6-0-—)&m-—)@(qo-—)@(-.mp)éé-c.—)@(qop)@(qcp)@gz-c-—)@(qo-—)@(qcp)@&-e.—)&qo-—

SOOI

R TN EO TR T T EENE




g
g
g
g
g
g
g
g
9
g
§
§
g
§
§
§
g
§

o,.-)@6-0-—)&m-—)@(qo-—)@(-.mp)éé-c.—)@(qop)@(qcp)@gz-c-—)@(qo-—)@(qcp)@&-e.—)&qo-—

et

@ ASUNET

L 4

$
<4

* 3
43
$ A 3
29

kadl wileo galiad. |

/g

it
ki

had

(ool

+

NSO

B TN EH TN T TOENE

i




Aamalad) s glaal) A8
-

e

-

3 oad Ladal

s

x

L2

=

i
g @
999 i

all Balll o sl adily

| g
g/
Q.

bl
ERESR =T F1Y

o

&

w19 (el udd] \Guguid
| i e

*»

v by e, |
@ ASUNET

SN -
o .
s
g all -
s

) s
i

il ¢
Rad

ekttt 4
|

o,.-)@6-0-—)&m-—)@(qo-—)@(-.mp)éé-c.—)@(qop)@(qcp)@gz-c-—)@(qo-—)@(qcp)@&-e.—)&qo-—

10‘%0%‘0%‘0%‘0%‘0'l%jl0'!%‘0%‘0%‘0%‘0'l%jl0%‘0%‘0%‘0%‘0%‘0%‘0%‘0‘x WDH_
]

SOOI

B TN EH TN T TOENE

=34




10‘%0%‘0%‘0%‘0%‘0'l%jl0'!%‘0%‘0%‘0%‘0'l%jl0%‘0%‘0%‘0%‘0%‘0%‘0%‘0‘x W

24
A
9}

[ L
PPN T e
Lmalatl cila ghaal) 480

@ ASUNET

o,.-)@6-0-—)&m-—)@(qo-—)@(-.mp)éé-c.—)@(qop)@(qcp)@gz-c-—)@(qo-—)@(qcp)@&-e.—)&qo-—

SOOI

R TN EO TR T T EENE




10‘%0%‘0%‘0%‘0%‘0'l%jl0'!%‘0%‘0%‘0%‘0'l%jl0%‘0%‘0%‘0%‘0%‘0%‘0%‘0‘x Wn.ﬂ_
]

all il h
Lmalatl cila ghaal) 480
a.ll.u,.lla
*

W

ila
S

o,.-)@6-0-—)&m-—)@(qo-—)@(-.mp)éé-c.—)@(qop)@(qcp)@gz-c-—)@(qo-—)@(qcp)@&-e.—)&qo-—

SOOI

R TN EO TR T T EENE




=

New Methods for Cardiac Arrhythmia Detection
and Classification

By . \% \ s_i(j

i

Eng. Walid Ibrahim Ali Al-Atabany
Systems and Biomedical Engineering Department
Faculty of Engineering, Cairo University

A Thesis Submitted {o the
Faculty of Engineering, Cairo University
In Partial Fulfiliment of the Requirements for the
Degree of Master of Science

: In
SYSTEMS AND BIOMEDI.CAL ENGINEERING

FACUL;FY OF ENGINEERING, CAIRO UNIVERSITY
GIZA, EGYPT
May 2004



£

I

&

1
W,




New Methods for Cardiac Arrhythm|a Detectlon
o and Classification

1

By

Eng. Walid Ibrahim Ali Al-Atabany
Systems and Biomedical Engineering Department
Faculty of Engineering, Cairo University

A Thesis Submitted to the
Faculty of Engineering, Cairo University
In Partial Fulfillment of the Requirements for the
Degree of Master of Science

In
SYSTEMS AND BIOMEDICAL ENGINEERING
Under the Supervision of

Prof. Dr. Abou-Bakr Asscc. Prof. Dr. Yasser  Dr. Nehed Hussien

Mohamed Yobissef Moustafa Kadah Saloma '
Depﬁme of ns and Department of Systems and National Institute of Laser e DT
Biomedical Engineering, Faculty = Biomedical Engineering, Faculty Enhanced Science, Cairo |,

of Engineering, Cairo University.  of Engineering, Cairo University - University

FACULTY OF ENGINEERING, CAIRO UNIVERSITY
GIZA, EGYPT
May 2004




¢




New Methods for Cardiac Arrhythmia Detection
and Classification

By

Eng. Walid ibrahim Ali Al-Atabany
Systems and Biomedical Engineering Department
Faculty of Engineering, Cairo University

A Thesis Submitted to the
Faculty of Engineering, Cairo University
In Partial Fulfillment of the Requirements for the
Degree of Master of Science

In _ '
SYSTEMS AND BIOMEDICAL ENGINEERING

H

- Approved by the
Examining Committee:

Saemisa M. a/_fj al’

Prof. Dr. Samya Abd Alrazeq Mashaly, Member
| | _ - : ek _
Prof. Dr. M mad Mousa Rasmy, Member
f il ' :
Prof. Dr. Abou=Bakr M. Youssef, Thesis Main Advisor

FACULTY OF ENGINEERING, CAIRO UNIVERSITY
GIZA, EGYPT
May 2004







e

Acknowledgments

First and foremost, thanks to God the most merciful, and most gracious. Then I want to
express my sincere gratitude fo everyone who has helped and supported me during this
work. T gratefully thank Prof. Abou Bakr M. Youssef, my advisor, for trusting and
supporting me during all the work with enthusiasfn and precious supervision. [
gratefully thank Assoc. Prof. Dr. Yasser M. Kadah, for his kind supervision and
creative suggestions through my master. study. Without his thought-provoking
guidance and never-ending encouragement, this dissertation would not have been
possible. 1 want to thank Dr. Nahed H. Saloma, for her supervision and creative
suggestio'ns. In particular I would like to thank Dr. Norbert Marwan, Physicist in the
Nonlinear Dynamics Group at University of Potsdam, Germany, for the Cross
Recurrence Plot Toolbox, which I used in this work and for all the help and ideas he
provided me through mails. My speéial thanks to my parents for their ceaseless love

and firm support and for instilling in me a love of learning.



-



Abstract

Cardiac arrhythmias are alterations of cardiac rhythm that disrupt the normal
synchronized contraction sequence of the heart and reduce the pumping efficiency.
Causes include rate variations of the cardiac pacemaker, ectopic pacemaker sites, and
abnormal propagation of pacing impulses through the specialized cardiac conduction
system. Type and frequency of occurrence of arrhythmias provide an important
indication of the electrical stability of the heart. In general, ventricular arrhythmias are
the most serious and in fact can be life threatening in some cases. Therefore, the

detection of such arrhythmias is essential to the life of the patient.

In this thesis, we consider four types of ventricular arrhythmias, which are premature
ventricular complex (PVC), ventricular bigeminy (VB), ventricular tachycardia (VT)
and ventricular fibrillation (VF). We proposed two new techniques to extract features
from the ECG signal, which take into consideration the problem of characterizing the
nonlinear dynamics (chaos theory) of the ECG signal and its variation with different
arthythmia types, where the source of the nonlinear behaviour of the ECG signal was
first tested ((e.g. is it due to noise or come from chaotic system (Heart)?) using the
surrogate test, which proved that, the underlying dynamics in the ECG signal come
from chaotic system. In the first technique a new matrix, Phase space density matrix,
was generated from the reconstructed state space of the ECG signal, and a number of
features was extracted from it to form a feature vector to be used in the classification
process. In the second technique a nonlinear dynamical signal analysis technique,
recurrence quantification analysis (RQA), was applied to the ECG signal. It is an
extension of a graphical method called recurrence plot analysis, and then the features

of the QRA are used for further classification.

In this work we calculated the P-value for each feature to test the significance of each
one to be used in the classification process, where the test show that, there are very
significant differences between different types of arrhythmia when using the extracted
features of both the.techniques. Then three statistical classifiers are used in the

classification: minimum distance classifier, Bayes minimum distance classifier, and k-

1



nearest neighbor classifier (k-NN), where results confirmed the robustness of the new
techniques and demonstrate its value as diagnostic tools that can be implemented in

modern cardiac monitors to assist physicians reach more accurate diagnostic rates.
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