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CHAPTER 1
INTRODUCTION

1.1 Background and Motivation
Electrocardiography (ECG) monitor is a medical device for recording the
electrical activities of the heart using electrodes placed on the body. Heart
related problems are common, especially, among senior citizens. So there is a
need for personal health care devices such as ECG monitoring system.
Personal ECG monitors are portable and easy to use at home. They can collect
information necessary for better cardiovascular disease management and
detecting abnormalities. They reduce the number of hospital visits. They are
cost-effective solutions to rising health care costs. In case of emergencies,
these devices can also be used to contact the physicians to get immediate
assistance. There are many ECG monitors in the market but there are hardly
any that are capable of contacting the physicians in case of emergency.

1.2 Contributions of this Thesis
I designed a circuitry for ECG characterization using Programmable
System on Chip (PSoC) device that processes and analyzes the ECG signal.
The raw ECG signal taken from patients is processed in PSoC and peaks are
detected. The peaks duration and intervals are determined which characterize
the ECG signal and through which abnormalities can be detected. Physicians
1

can use this information to detect any possible abnormalities in the ECG signal
for further diagnosis. Through UART communication the information is
communicated through RS232 to PC. From PC this information about ECG
signal and peaks can be communicated to physicians in different ways. The
system architecture can be seen from the fig. 1.1.

UART-RS232

DEBUG
Fig. 1.1 System Architecture
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1.3 Organization of Thesis
In chapter 1, I discuss about motivation behind our research and our
approach to achieve our design goal. In chapter 2, I discuss in detail the
functioning of heart, ECG and several disturbances caused during acquisition of
ECG signal, characterizing and analyzing the ECG signal for finding different kind
of abnormalities in the heart. In chapter 3, I discuss experimental setup. In
chapter 4, I discuss our working and analyzation of ECG signal.
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CHAPTER 2
ECG CHARACTERISTICS

2.1 Electrocardiogram
Electrocardiography (ECG) is the acquisition of electrical activity of the
heart captured over time by an external electrode attached to the skin [6]. ECG is
used for measuring rate and regularity of heart beat, size and position of heart
and any abnormalities present in the heart. Heart muscles are polarized at rest
and depolarized without outside stimulus. When one portion of the heart is
depolarized and the other portion is polarized this creates electrical currents that
can be measured, amplified and plotted over time. Graphical representation of
these electrical currents is ECG.
For a typical ECG there is a flat line or trace indicating no detectable
electrical activity which is called the Isoelectric line. Deviation from this line
indicates electrical activity of the heart muscles. The first deviation from the
Isoelectric line in a typical ECG is an upward pulse following by a return to the
Isoelectric line. This is called the P wave and it lasts about 0.04 seconds. This
wave is caused by the depolarization of the atria and is associated with the
contraction of the atria. After the AV node depolarizes there is a downward pulse
called the Q wave. Shortly after the Q wave there is a rapid upswing of the line
called the R wave followed by a strong downswing of the line called the S wave
and then a return to the isoelectric line. These three waves together are called
4

the QRS complex. This complex is caused by the depolarization of the ventricles
and is associated with the contraction of the ventricles. After a short period of
time the chemical ions that have been involved in the contraction migrate back to
their original locations.
The movement of these ions generates an upward wave that then returns
to the Isoelectric line. This upward pulse is called the T wave and indicates
depolarization of the ventricles. The sequence from P wave to T wave represents
one heart cycle. The time from one P wave to the next P wave is the period of
the heartbeat. The ECG signal provides the following information of a human
heart [1]
• Heart position and its relative chamber size
• Impulse origin and propagation
• Heart rhythm and conduction disturbances
• Extent and location of myocardial ischemia
• Changes in electrolyte concentrations
• Drug effects on the heart
2.2 Human Heart
Human heart weighs between 250 to 350 grams and is the size of one’s
fist [2]. It is present anterior to vertebral column and posterior to the sternum. By
the end of a person’s life, heart may have expanded and contracted more than
3.5 billion times. In each day, the average heart beats 100,000 times and pumps
about 2,000 gallons (7,571 liters) of blood. The pumping action of the heart is
caused by the flow of electricity through the heart that repeats itself in a cycle.
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The heart's ability to pump properly can be disturbed if this electrical activity is
disrupted by a disturbance in the heart’s rhythm which is known as arrhythmia.
The heart has four chambers - two at the top (the atria) and two at the bottom
(the ventricles).

Fig. 2.1. Heart Anatomy [5]
The regular trigger for the heart to contract arises from the heart's natural
pacemaker (the SA node) which is in the top chamber. The SA node sends out
regular electrical impulses causing the atrium to contract and to pump blood into
the bottom chamber (the ventricle). The electrical impulse then passes to the
ventricles through a form of junction box called the AV node (atrio-ventricular
node). This electrical impulse spreads into the ventricles, causing the muscle to
contract and to pump blood to the lungs and the body. Chemicals which are
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released by the nerves that regulate the heart that circulate in blood alter the
speed of the pacemaker and the force of the pumping action of the ventricles.
The magnitude of the voltage drop is sufficiently large to be detected by
electrodes attached to the skin. ECGs are thus recordings of voltage drops
across the skin caused by ionic current flow generated from myocardial
depolarization [3]. Atrial depolarization spreads the electrical impulses through
the atrial myocardium and appears as the P-wave. Similarly, ventricular
depolarization results in the spreading of the electrical impulse throughout the
ventricular myocardium.
2.3 ECG Leads
ECG signal is acquired by external electrodes attached to the skin. The
term “lead” in context to an ECG refers to the voltage difference between two of
the electrodes, and it is this difference which is recorded by the equipment. The
standard ECG has 12 leads which includes 3 - bipolar leads, 3 - augmented
unipolar leads and 3 - chest (precordial) leads. More details can be seen in table
2.1. [2].
1. Bipolar leads: record the potential difference between two electrodes (+ve
& -ve poles).
2. Unipolar leads: record the electrical potential at a particular point by
means of a single electrode.
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Table 2.1. Leads of ECG [16]
Lead Name

Calculation

Comments

Lead_I

LA-RA

Lead_II

LL-RA

Lead_III

LL-LA(Lead-II minus LeadI)

Vw(Wilson central
terminal)

1/3(LA+RA+LL)

aVR

-(Lead_I+Lead_II)/2

Voltage between left arm
and right arm. It is an
actual lead
Voltage between left leg
and right arm. It is an
actual lead
Voltage between left leg
and left arm. It is usually
derived lead
Wilson terminal is used in
derivation of chest
leads(V1-V6).This is used
for display of ECG trace.
This is a derived lead.

aVL

Lead_I-(Lead_II)/2

This is a derived lead.

aVF

Lead_II-(Lead_I)/2

This is a derived lead.

V1

(Vc1-Vw)

V2

(Vc2-Vw)

V3

(Vc3-Vw)

V4

(Vc4-Vw)

V5

(Vc5-Vw)

V6

(Vc6-Vw)

This is an actual lead
shown in the ECG trace.
This is an actual lead
shown in the ECG trace.
This is an actual lead
shown in the ECG trace.
This is an actual lead
shown in the ECG trace.
This is an actual lead
shown in the ECG trace.
This is an actual lead
shown in the ECG trace.

3. Einthoven leads:
Lead I: This lead records potential difference between the electrodes
placed at left and right arm.
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Lead II: This lead records potential difference between the electrodes
placed at right arm and left leg.
Lead III: This lead records potential difference between the electrodes
placed at left arm and left leg.
2.4 ECG Wave

Fig. 2.2. Schematic representation of normal ECG waveform [6]

Waves

Representation

P wave

The atrial contractions are represented by the P wave and
the voltage of signal wave is as low as1 mV.
A clear P wave before the QRS complex denotes sinus
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rhythm.
Absence of P waves denotes atrial fibrillation, junctional
rhythm, synoatrial block.
It is very difficult to analyze P waves with a high signal-tonoise ratio in ECG signal.

QRS complex

The largest deflection of voltage 10-20mV denotes the QRS
complex which varies based on age and gender. It is a
cardiac impulse traveling into the ventricular myocardium.
Duration of the QRS complex denotes the time for the
ventricles to depolarize and may provide information about
conduction complications in the ventricles such as bundle
branch block.

T wave

T wave denotes ventricular repolarization [1].
Large T waves may denote ischemia, and Hyperkalaemia

Table 2.2 Wave duration and amplitude for ECG signal. [5, 6, 7]
Sl. no.

Features

Amplitude (mV)

Duration (ms)

1

P wave

0.1-0.2

60-80

2

PR-segment

-

50-120

3

PR- interval

-

120-200

10

4

QRS complex

1

80-120

5

ST-segment

-

100-120

6

T –wave

0.1-0.3

120-160

7

ST-interval

-

320

8

RR-interval

-

(0.4-1.2)s

The Table 2.2 shows the optimal values for amplitude and duration of the
waves. Deviation from these values may lead to abnormalities.
2.5 ECG Signal Offsets
The recorded ECG signal is generally polluted by different types of noises
and artifacts. These noises can be within the frequency band of an ECG signal,
which may change the characteristics of ECG signal. Extracting useful
information from the ECG signal is a vital task. The corruption of ECG signal is
majorly due to the following noises:
2.5.1 Power Line Noise
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Power line interferences contain 60 Hz or 50Hz pickup which is due to
improper grounding [9]. At 60 Hz/50 Hz (It is generally 60Hz in US) harmonics it
is indicated as an impulse or a spike. It generally appears as additional spikes at
integral multiples of the fundamental frequency. Its harmonics, amplitude is up to
50 percent of peak-to-peak ECG signal amplitude and its frequency content is 60
Hz/50 Hz [8]. A 60 HZ/50 Hz notch filter can be used remove the power line
interferences [6].

Fig. 2.3. Power line noise in ECG. [6]
2.5.2 Baseline Wanders
Baseline wander is a low-frequency component present in the ECG
system. This is due to offset voltages in the electrodes, respiration, and body
movement. This can cause problems in the analysis of the ECG waveform. The
offset also limits the maximum value of gain which can be obtained from the
instrumentation amplifier. At higher gains, the signal can saturate. This noise can
be removed by implementing a high-pass filter using hardware. The cut-off
frequency should be such that the ECG is undistorted while the baseline wander
must be removed. A typical value of the cut-off frequency is 0.05Hz.
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Fig. 2.4 Baseline drifts in ECG signal. [6]
2.5.3 Motion artifacts
The motion artifacts may be caused due to the electrode metal-to-solution
interface and fluctuations in skin potential due to skin stretch. The electrode
metal-to-solution interface can be significantly reduced with modern Ag-AgCl
recessed electrodes, but skin stretch remains a serious problem. To remove the
interference of motion artifacts an adaptive filter can be used.

Fig. 2.5 Motion artifacts in ECG signal [6].
2.5.4 Muscle Contraction
Generally muscle contraction is produced by electrical current. The signals
generated due to muscle contraction are supposed to be transient bursts of zeromean band-limited Gaussian noise [8]. This may be caused due to electrical
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current from the skeletal muscle contractions and to avoid this patients are asked
to relax their body muscles while doing an ECG tracing.

Fig. 2.6 Noise due to Muscle Contractions in ECG. [6]
2.6 Arrhythmias in ECG Signal
In the morphology of ECG signal where there is no abnormality in the
normal rhythm of heart is called Normal Sinus Rhythm (NSR). The heart rate of
NSR is usually characterized by 60 to 100 beats per minute. With the breathing
cycle generally the regularity of the R-R interval slightly varies. When the heart
rate rises above 100 beats per minute, the rhythm is known as sinus tachycardia
[6]. This is not an arrhythmia but a normal response of the heart which needs
higher blood circulation [10]. If the heart rate is too slow then this is known as
bradycardia which affects vital organs adversely. The ventricles are not
completely filled before contraction when the heart rate is too fast, which results
in drop of pumping efficiency and adversely affecting perfusion.
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Fig. 2.7(A) Normal Sinus Rhythm, (B) Sinus Tachycardia. [6]
Arrhythmias may be classified as,
2.6.1 Sinus Node Arrhythmias
Sinus Node Arrhythmias arises from the S-A node of heart. To determine
the rhythm, Knowledge of heart rate and P wave morphology are required. These
arrhythmias are of different types: Sinus arrhythmia, Sinus bradycardia, and
Sinus arrest etc.
2.6.2 Atrial Arrhythmias
Atrial arrhythmias originate outside the S-A node but within the atria as
electrical impulses. These arrhythmias types are discussed below,
Premature Atrial Contractions (PAC)
This arrhythmia leads to abnormal P-wave morphology followed by a
normal QRS complex and a T-wave. This happens due to an ectopic pacemaker
firing before the S-A node. Where two PACs are generated consecutively, they
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may occur as a couplet. The rhythm is considered to be atrial tachycardia, when
three or more consecutive PACs occur. [6]


Atrial tachycardia
The heart rate atrial tachycardia is fast and ranges from 160 to 240 beats

per minute. In general atrial tachycardia is accompanied by feelings of
palpitations, nervousness, or anxiety. [6]


Atrial flutter
The atrial rate is very fast in atrial flutter ranging from 240 to 360 per

minute. The abnormal P-waves occur frequently and are fast, so they take
morphology of saw-tooth waveform which is called flutter (F) waves.


Atrial fibrillation
In atrial fibrillation, the atrial rate exceeds 350 beats per minute. This

arrhythmia occurs due to uncoordinated stimulation and contraction of different
parts of the atria. The higher atria rate and uncoordinated contraction may lead to
ineffective pumping of blood into the ventricles. Atrial fibrillation may be erratic
that may occur in paroxysms (short bursts) or chronic [11].
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Fig. 2.8 Junctional arrhythmias (A) Premature Ventricular Contractions, (B)
Ventricular Tachycardia, (C) Ventricular Fibrillation [10].
 Ventricular Tachycardia (VT)
In ventricular tachycardia the heart rate is 110 to 250 beats per minute. In
VT the QRS complex is abnormally wide, not normal in shape and in a different
direction from the usual QRS complex. The rapid rate may prevent effective
ventricular filling and may result in the drop of cardiac output [6]. Hence VT is
considered life-threatening.
 Ventricular Fibrillation
In ventricular fibrillation, numerous ectopic pacemakers in the ventricles
cause different parts of the myocardium to contract at different times in a nonsynchronized fashion. A very rapid ventricular rate is exhibited due to ventricular
flutter with a saw-tooth like ECG waveform [6].
2.6.5 Atrioventricular Blocks
Atrioventricular blocks may delay or completely prevent propagation of the
electrical impulse to the rest of the conduction system. First-degree AV blocks
17

occur when all the P-waves are conducted to the ventricles and the PR-interval
may be prolonged [10]. Second-degree AV blocks are due to a conduction block
between the atria and ventricles. In third-degree also called as complete heart
block where the impulse generated in the SA node does not propagate to the
ventricles [5].

Fig. 2.9 Atrioventricular Blocks (A) first degree AV block, (B) Second degree AV
block, (C) Third degree AV blocks. [6]
2.6.6 Bundle Branch Blocks
Bundle branch block is caused when there is a cease in the conduction of
the impulse from the AV-node to the whole conduction system. Myocardial
infarction or cardiac surgery may occur due to this block [10].
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Fig. 2.10 Bundle Branch blocks. [6]
The bundle branch block beat is can be characterized into two types.


These are Left bundle branch block beat (LBBB) and



Right bundle branch block beat (RBBB).
In LBBB the left bundle branch prevents the electrical impulses of the A-V

node from depolarizing the left ventricular myocardium. The electrical impulse
from the AV node may not be able to propagate to the conduction network to
depolarize the right ventricular myocardium when the right bundle branch is
blocked.
2.7 ECG Database
2.7.1 MIT-BIH Arrhythmias database
The MIT/BIH arrhythmia database [9] is used in our research. The
database contains 48 records, each contains two-channel ECG signals for 30
min duration selected from 24-hr recordings of 47 individuals. In the database
there are 116,137 QRS complexes [11]. The subjects were taken from 25 men
aged 32 to 89 years, and 22 women aged 23 to 89 years. Twenty-three of the
recordings (numbered in the range of 100–124) are envisioned to serve as a
representative sample of routine clinical recordings and 25 recordings (numbered
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in the range of 200–234) contain complex ventricular, junctional, and
supraventricular arrhythmias. The database contains annotation for both timing
information and beat class information confirmed by independent experts [12].
2.7.2 AAMI Standard
MIT-BIH heartbeat types are united according to Association for the
Advancement of Medical Instrumentation (AAMI) recommendation [13]. AAMI
standard accentuates on classifying ventricular ectopic beats (VEBs) from the
non- ventricular ectopic beats [14]. According to AAMI each ECG beat can be
classified into the following five heartbeat types [15]:
i. N (Normal beat)
ii. S (supraventricular ectopic beats (SVEBs))
iii. V (ventricular ectopic beats (VEBs))
iv. F (fusion beats)
v. Q (unclassifiable beats)
Each class contains heartbeats of one or more types. Normal and bundle
branch block beats and escape beat are considered Class N, supraventricular
ectopic beats (SVEBs) are considered Class S, Premature ventricular contraction
beats and ventricular escape beat are considered class V, beats that result from
fusing normal and VEBs are considered class F, unknown beats including paced
beats are considered class Q.
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CHAPTER 3
EXPERMENTAL SETUP

A Programmable System-on-chip (PSoC) is used to process the ECG
signal.

PSoC board comprises of Configurable analog and digital peripheral

functions, memory and a microcontroller on a single chip. In our experiments,
PSoC5 is used and its architectural overview can been seen in the fig. 3.1.

Fig. 3.1. The PSoC5 architecture. [16]
These configurable blocks can be programmed as peripherals to perform
a wide variety of functions, and they can also be interconnected to perform a
specific

task.

There

are

ADCs,

PGAs,

filters,

DACs,

counters,

communication and UART communication to perform numerous functions.
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SPI

The PSoC 5 device belongs to CY8C55 family. The CY8C55 family offers
a sophisticated method of signal acquisition, signal processing, and control with
high accuracy, high bandwidth, and high flexibility.
PSoC has high performance 32-bit ARM Cortex- M3 with Flash memory of
32 KB to 256 KB and SRAM 16 KB to 64 KB [16]. The CY8C55 family provides
configurable blocks of analog, digital, and interconnects circuitry around a CPU
subsystem. It offers a variety of consumer, industrial, and medical applications.
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CHAPTER 4
ECG SIGNAL PROCESSING AND ANALYSIS

The ECG signal that is to be processed and analyzed is acquired through
electrodes placed on the skin of the patients. The voltage difference between two
electrodes is called lead. These leads are combined to generate ECG signal. The
ECG signal which is acquired will be 0.5mV in an offset environment of 300mV.
Processing of this raw signal is done using PSoC5 device and is
performed in PSoC Creator which is an IDE to design, debug and program. Here
I used ECG signal from MIT arrhythmia database as input and processed using
PSoC creator 2.1 for programming this PSoC 5 device.
4.1 Steps to Design and Program Circuitry to Process ECG Signal in PSoC
Creator:


New project is to be created as shown in fig. 4.1.
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Fig. 4.1. Creating new project in PSoC creator 2.1.
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Fig. 4.2. Creating new project in PSoC creator 2.1.
Select PSoC 5 design option and name the project and its location as shown in
fig. 4.2.


The project file system has source tree set up. Source tree contains these
file folders:
Source Files Folder – Contains assembly language code and C Compiler
files generated by the system and user.
Headers and Library Headers Folders – Contains include files added by
device configurations and user.
Library Source Folder – Contains the project configuration .asm as well
other project-specific reference files generated by device configuration.

25



‘Device Select’ option can be found by right clicking on the project,
CY8C5568AXI-060 should be selected.



The circuit required for the project is to be designed in TopDesign.cysch
with the needed components as shown in fig. 4.3.

Fig. 4.3. Building system circuit design in PSoC creator 2.1.
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The pins of the components are to be connected to the appropriate pins of
the microcontroller in <project name>.cydwr, as shown in fig. 4.4.

Fig. 4.4. Pin configuration for circuit design in PSoC creator 2.1.


The code required for our application is to be written in main.c file and the
project is build. If it is successful, then PSoC device is connected to the
system and debugging is done.
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4.2 Circuit Design
The circuit which is designed for processing ECG signal is shown in fig.
4.1.

Fig. 4.1. Circuit for ECG Processing in PSoC 5

These components are taken from the PSoC Component library. These
components are configured by right clicking on each component and selecting
configure dialogue box. The values to which they are configured are discussed
below. IN1 and IN2 are analog input/output pins taken from the component
library. G1 and G2 are grounded. Rx_1 is the receiver pin of UART which
receives information from the lowpass filter and Tx_1 transmits this information to
PC through RS-232.
28

All the components in PSoC creator has inbuilt functions which can be
seen in their datasheets. These components are made to work by using their
inbuilt start functions, in ‘main.c’ file. Once their requirement is over, they can be
kept in sleep mode or can be stopped using their respective inbuilt functions. All
the components are connected through wires as shown in fig. 4.2, and based on
those connections output of one component is fed as input to the other. There is
no need to manually give input to the components. LCD can be used to display
any value that is to be verified. I use LCG print functions to display.
Instrumentation Amplifier
Firstly ECG signal acquired from the electrodes is sent through
Instrumentation amplifier which is designed using two Programmable Gain
Amplifiers. It is required to reject the input signals common to both input leads.
The circuit of instrumentation amplifier [16] is shown in fig. 4.5,

Fig. 4.5. Circuit for instrumentation amplifier [16].
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The circuit for instrumentation amplifier designed in PSoc is shown in Fig.
4.6.

Fig. 4.6. Instrumentation amplifier circuit in PSoC
The Gain for PGA_1 is taken as 24dB, which implies R b/Ra is 23 as
Gain=1+Rb/Ra. From the circuit of instrumentation amplifier the gain of PGA_2 is
(1+Ra/Rb=1.043) 1dB.
High Pass Filter
Then the signal is passed through high pass filter to remove Baseline
wander that is due to offset voltages in the electrodes, respiration, and body
movement. The cutoff frequency used for this high pass filter is 0.1Hz.
Programmable Gain Amplifier
For acquiring better ECG signal programmable gain amplifier is used
with a gain of 24dB.

30

Low Pass Filter
The signal from Programmable gain amplifier is then sent to Low pass
Filter to eliminate high frequency noise. The cut off frequency for this low pass
filter is taken as 150Hz. Once the signal is filtered the signal should be notch
filtered.
4.3 Software Implementation
4.3.1 Notch Filter
The amplitude of power-line noise is very high and generally gets coupled
into the system, despite care taken to prevent common-mode noise. Power-line
noise is removed by implementing a notch filter at 50/60Hz in the digital domain.
The signal obtained from lowpass filter is notch filtered to remove 50Hz power
line noise. To performing notch filtering, a code is written in C in PSoC creator.
4.3.1.1 Mathematical Calculations for Implementing Notch filter
Sampling frequency taken for the signal fs = 10000Hz, f0 = 50 Hz (noise
frequency that is to be removed), fn = fs/2, frequency ratio (r) = f0/ fn = 0.01.From
this parameters zeros and poles of the filter are found.
Zeros = [ej*π*r, e-j*π*r]
Poles = [1-notch width]*zeros
Once zeros and poles are found coefficients of zeros and poles can be
determined. The function that is used for notch filter is,
Y(n) = b(1)*x(n)+ b(2)*x(n-1) ….+b(nb+1)*x(n-nb) – a(2)*y(n-1) -……a (na+1)*y(n-na)

………..eq(4.1)
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The block diagram for the above equation is shown in fig. 4.7,

Fig. 4.7. Block diagram of filter equation.
In the above equation 4.1, x(n) in the input to the notch filter and y(n) is
the output. From eq4.1, x (n-1) and y(n-1) are the previous stage input and
output respectively. The zeros (say z1, z2) and poles (say p1, p2) that are
determined as explained above, are substituted in transfer function

.

The coefficients of this transfer function, b (1), b (2) and b (3) (numerator
coefficients) and a (1), a (2) and a (3) (denominator coefficients) are determined.
Using these coefficients and input ADC signal the equation 4.1 is implemented in
C language.
For more details, refer to appendix for pseudo code.
4.3.2 Peak Detection
After the signal is notch filtered, it is down sampled for better analyzation
of signal by taking every 10th sample. For the obtained signal to detect the QRS
complex more accurately it is necessary to identify the exact R-peak location
from the recorded data. After R peaks are detected P, Q, S, T peaks are
32

determined. For this detection the code is written in C in PSoC creator and
relative positions of the peaks are also found. The algorithm which is used for
peak detection is as follows:


Sampling frequency of digital sample ECG signal is 10000samples/s
which implies distance between samples is 0.1ms.



Down sample the signal by taking every tenth sample to make distance
between consecutive samples 1ms. Therefore details are reduced and
QRS complex is preserved.



Find the 60% of the maximum value of the signal and store it in a variable.



Take all the samples having values greater than 60% of the maximum and
store in an array.



Consider only samples which are at least 10 samples apart. This is
because R-Peak is not a single Impulse peak; therefore there are chances
of multiple points in the same peak satisfying the criteria.



Search for those above obtained values in ±20 window, as down sampling
process always deviate the signal positions. Hence I need to search for
the maximum value in the Original Signal in a window of +-20 samples
from the reference R point obtained in above the step.



Select a window of Rloc-100 to Rloc-50 and find the maximum, then that
maximum is P peak. This is done for all R peaks and the corresponding P
peaks obtained are stored in an array.
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Select a window of Rloc-50 to Rloc-10 and find the minimum, then that
minimum is Q peak. This is done for all R peaks and the corresponding Q
peaks obtained are stored in an array.



Select a window of Rloc+10 to Rloc+50 and find the minimum, then that
minimum is S peak. This is done for all R peaks and the corresponding S
peaks obtained are stored in an array.



Select a window of Rloc+50 to Rloc+100 and find the maximum, then that
maximum is T peak. This is done for all R peaks and the corresponding T
peaks obtained are stored in an array.
In detailed peak detection algorithm can be seen in appendix.

4.4 Communication
The processed ECG signal from PSoC device is communicated using
UART communication through RS232 to PC where further analysis can be
performed based on the application. Based on the amplitude and duration of the
P-QRS-T wave, abnormality of the heart can be determined as discussed in
chapter 2.
For UART communication, UART component is used, Rx of UART
receives the output from lowpass filter and Tx of UART transmits the data
through RS232. To receive this on PC, Ubuntu is used as HyperTerminal.
HyperTerminal should also be configured according to UART component for
34

proper transmission of data. Below is the screen shot for configuring board rate
in Ubuntu,

Fig. 4.8. Board rate configuration window in Ubuntu.
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The special keys for several operations,

Fig. 4.9. Command summary window in Ubuntu

For sending files,‘s’ should be typed so that data can be received. Once
data is received further analysis can be performed and communication can be
done to mobile or through email based on the requirement.
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CHAPTER 5
EXPERIMENTAL RESULTS

In our research, I have taken the ECG signal from data base and
processed the signal in PSoC5 device as discussed in the previous chapter. After
the ECG signal from data base is taken, processing is done and peaks are
detected.

Fig..5.1. PSoC device displaying peak values.
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For finding P, Q, R, S, T peaks a program is written in PSoC creator as
explained in chapter4. The detected peaks amplitude, their respective positions
and time intervals can be displayed using LCD on PSoC5 device. The picture of
PSoC 5 displaying peak values is shown in fig. 5.1.
I have also performed the characterization of the ECG signal in MATLAB.
The digital values of the ECG wave are taken and plotted in MATLAB. The

screen shot showing the ECG wave is shown in fig. 5.2.

Fig. 5.2. ECG Signal plotted in MATLAB.
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From the above fig. 5.2, it can be seen that P wave duration is 80ms
(there are 80 samples between start and end of P wave).The duration of T wave
is 160ms (approximately between samples 230-380). The duration of ST
segment is 110ms (approximately between samples 120-230). The duration of
PR segment is 50ms and the duration of PR interval is 120ms (approximately
from graph) which are optimal. For more details regarding calculation of
durations and their optimal values refer to section 2.4 in chapter 2.

Fig. 5.3 P-Peaks plotted using MATLAB
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I have also plotted the values of the R peaks in MATLAB. The screen shot
for this is shown in fig. 5.3.From the R-peaks, the heart rate can be estimated
and any abnormality can be determined. From the fig. 5.4, interval between to R
peaks is 800samples, and distance between each sample is 1ms. Hence R-R
interval is 0.8 sec. From this, heart rate can be calculated as 60/0.8= 75. This is
just the approximate analysis. For exact analysis, I can use software that detects
abnormality, or the data can be sent to a professional for detailed analysis.
Once R-peaks are detected, other peaks are also determined as
explained in previous chapter. The screen shots of the other peaks when plotted
using MATLAB are shown below in fig. 5.4.
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Fig. 5.4. P-Peaks plotted using MATLAB
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Fig. 5.5. Q-Peaks plotted using MATLAB
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Q-peak and S-peaks are below isotropic line; hence peak values are less
than zero as shown in fig. 5.5 and fig. 5.6.

Fig. 5.6. S-Peaks plotted using MATLAB
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The first Q peak is obtained at 350(approximately from fig. 5.5.) and first S
peak is obtained at 450(approximately from fig. 5.6.). The distance between Q
and S peaks is 100 samples where distance between two samples is 1msec.
Hence the duration of QRS complex is 100msec which is in optimal range as
discussed in chapter 2.

Fig. 5.7. T-Peaks plotted using MATLAB.
This processed signal in PSoC device is communicated using UART
communication through RS232 as discussed in chapter4. The results obtained
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after typing ‘S’ button for sending files can be seen in below screen shots in fig.

5.8 and 5.9.
Fig. 5.8. Window while receiving data in Ubuntu
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Fig. 5.9. Data receiving window in Ubuntu
Once the data is received by the PC, it can be transmitted to a physician
easily over mobile devices.
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CHAPTER 6
FUTURE WORK

ECG Characterization and abnormality classification is necessary for real time
application. The classification accuracy can be improved by doing an in-depth
analysis of the ECG signal.


This information about ECG signal and peaks can be communicated to
physicians in various ways. PSoC device has a wireless module through
which it communicates to other PSoC through SPI communication. A
network of PSoCs can be used in a hospital by placing the receiver PSoC
board in physician’s room and transmitter PSoCs in patient’s rooms.



GSM module can be used with PSoC device so that the characterized
ECG signal information can be communicated to a physician over a
mobile phone.
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APPENDIX
PEAK DETECTION ALGORITHM
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/*Appending zeros for the signal to remove window crossing the signal
boundaries while looking for peak locations*/
For i=0 to 99
Take signal values to zero (say A[i])
End for
For i=100 to 599
Taking the original signal values for every 20 samples to down sample
the signal(A[i])
End for
For i=600 to 699
Take signal values to zero (A[i])
End for

m1= 60% of the maximum signal value;
m2=size of A
for i=0 to m2
P1[i]=position of signal values greater than m1;(call find1 function)
End for
last=P1[0];(first value that is greater than m1)
P2[0]=last;
/*since I can’t get a single value R-peak we compare all the values
greater than m1 and then find the highest to get the R-peak value*/
/*here I am considering last +10 sample of m1 and comparing each value
with it and updating the last value so that all the samples above 60%
of maximum value are compared with each other and peak value is
found.*/
j=1;
For i=1 to sizeof(P1)
If the difference between two P1 values greater than 10
P2[j]=P1[i];
last=P1[i]
j++
end if
end for
/*to obtain the peaks from original signal that is to remove down
sampling effect*/
for i=0 to i<length(P2)
e=0;
for k=P2[i]-20 to k<=P2[i]+20
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range[e]=k ;
e++ ;
end for
m[i]=maximum signal values in the above obtained range;(call max1
function)
Rloc[i]=positions of the above obtained maximum values(call
find2(A,range,m) function)
Ramp[i]=amplitude of obtained R peaks(A[Rloc[i]]);
/*amplitudes of R-peaks*/
For ends
/*p-peak detection*/
For j=0 to j<sizeof(Rloc)
For t=100 to t>=50 /*Finding samples in the range of P-peak*/
a[k]=Rloc[j]-t;
k++;
end for
m[j]= maximum signal values in the above obtained range;(call
max1 function)
Ploc[j]= positions of the above obtained maximum values(call
find2(A,a,m) function)
Pamp[j]= amplitude of obtained P peaks (A[Ploc[j]]);
End for
/*Q-peak detection*/
For j=0 to j<sizeof(Rloc)
For t=50 to t>=10 /*Finding samples in the range of P-peak*/
a1[k]=Rloc[j]-t;
k++;
end for
m[j]= minimum signal values in the above obtained range;(call
min function)
Qloc[j]= positions of the above obtained maximum values(call
find2(A,a1,m) function)
Qamp[j]= amplitude of obtained Q peaks (A[Qloc[j]]);
End for
/*s-peak detection*/
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For j=0 to j<sizeof(Rloc)
For t=5 to t>=50 /*Finding samples in the range of P-peak*/
a2[k]=Rloc[j]+t;
k++;
end for
m[j]= minimum signal values in the above obtained range;(call
min function)
Sloc[j]= positions of the above obtained maximum values(call
find2(A,a2,m) function)
Samp[j]= amplitude of obtained S peaks (A[Sloc[j]]);
End for
/*T-peak detection*/
For j=0 to j<sizeof(Rloc)
For t=25 to t>=100 /*Finding samples in the range of P-peak*/
a3[k]=Rloc[j]+t;
k++;
end for
m[j]= maximum signal values in the above obtained range;(call
max1 function)
Tloc[j]= positions of the above obtained maximum values(call
find2(A,a,m) function)
Tamp[j]= amplitude of obtained T peaks (A[Tloc[j]]);
End for

/*function definitions*/
int find1(int p,int m)
{
int P1;
z++;
if(p>m)
{

{

P1=z;
return P1;
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}

}
int find2(int X[],int p[],int m)
{
int i,P1[500],k=0;
for( i=0; i<sizeof(p); i++)
{
if(p[i]>=0)
{
if(X[p[i]]==m)
{
P1[k]=p[i];
k++;
return P1[k];
}
}
}
}

/*function description for finding maximum value for R-peak*/
int max(int p[])
{
int max_value,i;
int size=sizeof(p);
for (i = 0; i < size; i++)
{
if (p[i] > p[i+1])
{
max_value = p[i];
p[i+1]=p[i];
}
else
{
max_value = p[i+1];
}
}
return max_value;
}
/*max fn for range*/
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int max1(int p[],int q[])
{
int max_value,i;
int f=p[q[1]];
int size=sizeof(q);
for (i = 1; i < size; i++)
{
if(q[i]>=0)
{
if (p[q[i]] >f)
{
max_value = p[q[i]];
f=p[q[i]];
}
else
{
max_value = f;
p[q[i]]=max_value;
}
}
}
return max_value;
}
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