DATA ACQUISITION AND SIGNAL
PROCESSING OF AN ECG

Submitted by:
Muhammad Adeel: 14019019147
Abdulrehman Arshad: 14019019008
Syed Arsum Khubaibullah Gillani: 14019019033

Supervised by: Professor Dr. Sajjad H Shami

DEPARTMENT OF ELECTRICAL ENGINEERING
SCHOOL OF ENGINEERING
UNIVESITY OF MANAGEMENT AND TECHNOLOGY LAHORE

July-2018



Data Acquisition and Signal
Processing of an ECG

Submitted to the faculty of the Electrical Engineering Department
Of the University of Management and Technology Lahore

In partial fulfillment of the requirements for the Degree of
Bachelor of Science

In

Electrical Engineering

Professor: Dr. Sajjad H Shami Assistant Prof: Jameel Ahmad
Project Advisor Director Projects-BSEE

Department of Electrical Engineering
School of Engineering
University of Management and Technology Lahore

July 2018



Acknowledgments

We would like to thank ALLAH Almighty who gave us the opportunity to serve the humanity by
introducing the life changing machine. After this we wish to thank our families who were
supportive throughout the final year project. At this stage we must acknowledge the conceptual
and theoretical guidance provided by Dr. Sajjad H Shami. He provided us the true idea, direction
and motivation for this project.



Declaration

I make this solemn declaration conscientiously believing that the content in this report is my group
work. The project was advised by Dr. Sajjad H Shami and has been successfully delivered to
School of Engineering in University of Management and Technology Lahore.

Muhammad Adeel:

Abdulrehman Arshad:

Syed Arsum Khubaibullah Gillani:

Date:




Table of Contents

ACKNOWIBAGEMENT ... bbbttt b bbb I
[ =Tod - T = U1 o] o USRS PR I
LI 0] (o0 o0 ] (=] 0 £SO RTRS 11
AADSTTACT ...t bbbt VI
ADDIBVIALIONS ...ttt b e bbbt e et bbb nre s VII
S o T U= USSR SSS SRS I X
(C 1101 1 A1 - U ST ORI ORTRRP Xl
Chapter 1 INtrOAUCTION..........ccuiiieiiecece st e e re e e te e be e e e sneesreeneennes 1
I 1) (0] USSR 1
1.2 THMEIING ..t b ettt b bt et et ettt e st et beeneene s 3
1.3 The Problem STatEMENT.........ccviiiiieeee et nre e enes 4
1.4 The PropoSed SOIULION ........ccuiiiiiiieieiee ettt 4
Chapter 2 Current DEVEIOPMENTS ..........ccouiiiiieiiece e 6
2.1 LIErature REVIBW....cui ittt sttt bbbt nes 6
2.1.1 TeleCtroCardiOgram ......cc.ecie e ettt ste et e e st be et e saeesteersesbeebeeneenres 6

2. 1.2 WITEIESS ECG....cuiiiiiiiiieiete sttt sttt sttt ne e e e 7

2.1.3 12 LeAUS ECG ...ttt sttt ne e ne e ne e nne s 7

2.1.4 3 Leads ECG MONITOTING ........ciiiiiiiiiiieieieie ettt 8
2.1.55 LeadS ECG MONITON ......ceiiieiiiiesieeie et e et ste e e sae s sneeaeaneeneees 9

2.1.6 HOILEr IMIONITOT TS ...veeuieiiieiieeie sttt esteeneesreeeeaneenreas 9

2.1.7 CardiaC EVENT RECOITEN ......cc.eeieeiecieeieee ettt nee e nae e sreenee e 10

2.1.8 CardiaC LOOP RECOIAET .......ccuieiicie ittt re e 11

2.1.9 Implantable LOOP RECOMAEN ........c..ciiiiicii et 11
2.1.10 SIrESS ECG ...ttt bbb n e 12
Chapter 3 ConCePt and DESIGN .....c.ooeiiiieiieiteii ettt 14
N O T 41T £ ST TSTOTUP PR 14
3.2 Pre AMPIITIErS ...t e e e et e e e arre s 15

3.3 BaANU PaASS FHIEIS ..ottt e et e e e e e ee e e e e eeeeeeeeeeeeneneeees 16



3.4 Amplifiers and Signal ConditioNINgG .........ccoviiiiiiiieie e 17

3.4.1 Removal of CommOon Mode NOISE ........cueiieiiiiiiierieie e 18
3.5 Analogue to Digital CONVEITOTS ........cc.oiiiiiiiiiiiieieiese et 19
3.5.1 Instrumentation AMPHTIEr ......ccviiiiee e 22
3.5.2 Operational AMPIITIEI .........coveiice e 23
3.5.3 Right Leg Drive AMPIITIEr.......coooiiiie e 23
3.5.4 RETEIeNCE BUFTEI ..o 24
3.5.5 DC Leads Off DEECLION ......ccceiieiiiieeieeie sttt ee e 25
Chapter 4 Hardware Implementation ...........ccoiiiiiiiiiineiese e 27
4.1 Hardware for Data ACQUISTEION ......c.oiviiiiiiiiiiiieiieeee e 27
4.1.1 MICIOCONITOIIEE ...ttt bbbt 27
4.1.2 Digital Data PrOCESSING.....ccveverierieriiiiieiesieeieie e sie e sie s e s see e e sbesbesbessesresneeseeneas 27
4.2 MaKiNG OF ECG UBVICE ....veiviiiiiiiiiiie ettt bbb 29
4.3 Final shape 0f ECG MaACNINE ......c.coiiiiiiiiiiiieeeeee s 32
Chapter 5 SOTTWANE ASPECTS ......ccuiiiieieieie ettt bt n s 33
5.1 Data ACGUISITION ...ttt bbbttt ettt sttt e e nn s 33
5.1.1 Code for ArduinO INTEITaCE ........coiiiiiiieiee e 33
5.2 SIGNAL PrOCESSING ....eeuviitieitieie ettt ettt ettt et e sbe et e e re e beebeeneesreenneenes 34
5.2.1 ECG Graph ANIYSIS.....c.ccveiieieee sttt sttt e e ste e e nre e 34
5.2.2 CommON CardiaC DISEASES ........eeueruirrerrierieieiiesie st ste st sressee e e see b seesbe st sre e eneeseeneens 36
5.2.2.1 Normal Sinus RNYENM ....ooiiiiii e 36
5.2.2.2.Junctional RRYENM ... 37
5.2.2.3 SINUS TACNYCANTIA......ccuviueieetiii st 38
5.2.2.4 Atrial FIDMTHALION .....ocveeiieece e 39
5.2.2.5 AL FIULET ..o 40
5.2.2.6 Ventricular FIDAHAtION .........c.ooiiiiiii e 41
5.2.2.7 Ventricular TaChyCardia.........c.covuveiieiiiiiieiie st 42
5.2.2.8 SINUS BradyCardia...........cccueiiuiiiiieiie it 43

5.3 Code for ECG Interpretation 0N MATLAB ..o 44

5.4 C0ode fOor GUI ON MAT LA ..o 46



5.5 FINAl GUI DISPIAY ...t 48

Chapter 6 Testing and RESUILS ..o e 49
Chapter 7 EVAIUALION.........cco ottt e e e te e e s neenae e 51
6.1 PrOJECE BASEU ..ottt 51
6.2 PrOCQUCE BASEA .....oveeiieiieie sttt sttt sttt et et esneenre e enes 52
(@ gF=T o] (= gt T @0 o Tod [ 1151 o] o ISR 54
RETEIEINCES ...ttt bbbt be e b e s et e b b e be bbbt reene e e 55

(€T 01U o I = 1 0] (o TP OSRTOS 57



Abstract

During engineering we are supposed to do those engineering projects which are in favor and
goodwill of the public. The main difficulty faced by the community is diseases and unhealthy life.
More exploration reveals some critical facts and figures about the deadly diseases of the heart.
According to WHO (World Health Organization) 17.7 million people died due to heart diseases in
2015 all over the world and 82% of them were in low and middle income countries. In most of
cases the disease is not diagnosed in right time to be cured because diagnostic procedures are
expensive and complex. An engineer’s duty is to remove intricacies and serve his fellow human
beings. The main purpose of this project is to design a diagnostic (ECG) machine which should be
cheap, easy to use and accessible to common people. Most importantly it reveals accurate
information about the heart’s condition. Moreover, doctors use ECG machine along with
electroencephalogram (EEG) to monitor the conscious level of a patient suffering anesthesia or
during any surgical procedure. Diagnosis is most important part of any disease to be cured and via
this ECG machine we can interpret the condition of heart’s four chambers, and via this information
we can contribute towards serving the humanity, help the helpless and save the people in distress.
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Chapter 1
Introduction

1.1 History

In the developing world, Electrocardiography (ECG) is commonly used by the doctors all around
the world. This technical device’s origin is in 18" century. By the end of 18" century it was known
that in living systems nerves, muscles and organs such that heart produces currents and voltages.
This electrical phenomenon in living systems can be recorded in this device called
Electrocardiographic machine. As time passed, this technology started the evolutionary
significance and the doctors and engineers set the standards for recording ECG’s to help this
biomedical technology valuable to medical treatments.



