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Abstract

Healthcare is one of the fastest growing sectors. Physicians use various parameters from a patient
to diagnose the aillment for its treatment and cure. ECG is one of the most vital parameter for
monitoring and diagnosing different types of diseases and disorders related to the heart. Till now
various monitoring systems have been developed for this very reason. From the background
study it has been seen that each system has its own specifications. Sometimes they use only a
standard single order filter approximation method. Each system has its own frequency related
specifications like frequency cut off and range selection. When analysed, their output is most of
the time not satisfactory. So in this thesis, various filter approximation methods have been
designed using the specifications which are provided by American Heart Association (AHA); a
well known and prominent organisation of scientists in USA who underlines the various
specifications of designing the ECG systems. After Analysis, the 1% order High Pass filter,
inverse chebyshev Low Pass Filter has been found to give better response. The Fast Fourier

transform (FFT) analysis of output signals from filters have been done for feature extraction.
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Chapter 1

INTRODUCTION

1.1 Brief History of Monitoring System

Monitoring of physiological signals like ECG, PPGP02, EEG, Blood Pressure, and Heart
Rate etc became the essential part of biomeditahse from several decades. Since the time
doctors and medical technologists understood thaioa of physiological signals with the
diagnosis of patient’s health, the monitoring systehave evolved to help us in diagnose and
analyse the physiological changes in patient’s hegigg the depiction of various physiological
signals. It is a system built around hardware asftlverre which uses complex algorithms to
extract and display the signals in their analogous [1].

Till now there is an Evolutionary growth in monitog devices. In 1950’s the monitoring
devices had a CRT with appropriate analog circiatsneasure physiological parameters and
then show them on CRT screen. Here a Cardioscopkllsés shown in Figure 1.1 which was

used to monitor ECG, and Heatrt rate [2].

Figure 1.1: A Cardioscope Monitoring module

With the advancement, in 1970’s there was a sicanfi improvements in the presentation of
the vital parameters and information on the momtprscreen. This was a result of the
incorporation of digital electronics and, eventyalinicroprocessors. Real time (centrally
controlled and processed) arrhythmia analysis nmeshappeared at the beginning of the decade
and evolved over the duration of the 1970'&fter that various Standards, and

recommendations was established for improved pedoce criteria for physiologic monitor
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systems began appearing from several bodies suctheas'Specification for Biomedical
Monitoring Systems" X-1414 of 1970 from the VeteyaAdministration, American Heart
Association. Now due to advancement in Digital El@aics world, there was possible to install
memory elements to store real time monitoring dat@en due to this Holter monitoring devices
comes in to existence. The advantage of this sclhveasehat the stored data could be written to
the screen quickly and repeatedly at the sameitocatell before it would fade out resulting in
a “non-fade” persistent display. Waveform data wessented either as a moving wave that
scrolls from right to left or as a stationary waweh that is overwritten by the trailing left edge
of a narrow "eraser bar" which travels from leftright. Modern monitors use one display
method or they permit selection of either of thesmdes of display. Some memory monitors
also allowed data to be cascaded. This meantaiin&CG trace would continue on the line
below thereby providing more visible informationeova greater time period. The display of
most memory monitors could also be stopped or &ndzfor review of the appearance of a
particular waveform. Also, printing or viewing afeveral seconds preceding an alarm
condition was possible with some systems. Hereigurg 1.2, fully equipped modern digital

monitoring system is shown.

Figure 1.2: A Modern Digital Monitoring System

1.2 Background

In the field of Biomedical Engineering, measuringp bsignals like Bioelectric signal,
Biomechanical signal, Biomagnetic signal, Biocheahisignal etc. from human body is a
customary and efficacious wadg diagnose the diseases and condition of a padsnECG signal

is the most vital & essential parameter for a doetiod heart specialist to get familiar with
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condition of a patient. Several types of instrursaartd devices have been developed till now to
measure ECG signal. Measuring ECG signal is a neasive way, a basic ECG Signal
acquisition system is shown in Figure 1.3 [1].

Figurel.3: A Basic Approach to Measure ECG

There is rapid growth in system development to meag&CG signal using wired and wireless
approach. So there are several existing systenmexatained below.

The Figure 1.4 presents a complete basic desighadelogy for ECG signal measurement and
monitoring system. In general, the ECG system c@aprfour stages which are as following

[3]:

NOTCH

Figurel.4: Basic Stages of ECG Signal Acquisitigat&m
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(1) The first stage consists of a transducer (Ebtelet) like AgCT electrode, which convert ECG
into electrical voltage when it comes in contadtw#kin. The voltage is in the range of 1 mV
~5mV.

(2) The second stage is an instrumentation amplifibich has a very high CMRR of minimum
90dB to remove noise and artifacts while ECG sigwajuisition and high gain of upto 1000 to

amplifies the weak signal.

(3) The third stage is Filter section. These fitare active filters which consist of filters in a
series. First filter is LPF of 150Hz to cover QR&gment. Second filter is HPF of 0.5Hz to 1Hz
to remove motion artifacts. Third filter is Notahdr to remove 50Hz Noise and RF noise.

(4) The fourth stage is monitoring and Recordingtiea. Generally a Digital Controlled
oscillator with strip chart is used for monitorirfgpr recording purpose, a mechanism is used in

which a pen is derived with a driver to trace EGghal on a graph paper.

Ovidiu Apostu, Bogdan Haguiet al. [4] this paper presents the developmera system for
wireless ECG monitoring and alarm using Zigbee. $fistem is intended for home use by
patients that are not in a critical condition baed to be constant or periodically monitored by
clinicians or family. Patient monitoring is the nerstone of proper medical care. It provides
clinicians the much needed information about agresscurrent health status, so that they can
act accordingly if anything goes wrong. Nowadaysnplex patient monitoring systems offer
the possibility of continuously monitoring of bigical signals, analyze them, interpret them
and take the required action for treatment. Thistesy measures, records in real-time the
electrical activity of the heart while preservingntfort of the patientAs this project was just
developed for only monitoring purpose, this isragk lead ECG measuring system. The filters
are designed using 0.5 to 35 Hz. The Zigbee wiseleshnology is used to transmit the signal

because it consumes less power

E Monton, J.F Hernandezet al. [5] in this paper they described that, édtdata monitoring is

a key issue for health and disease managementuséhef wireless sensors within a body area
network (BAN) makes this task seamless and easBAN system for ECG measurement is
presented, which allows the connectivity of a widage of heterogeneous body sensors to a
portable hub device that is connectable to extaneéorks. This BAN is based on the use of
Zigbee/IEEE 802.15.4 standard technology and affdhelf modules. Characterised by its low
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power consumption, low cost, and ability to conreeatide range of heterogeneous sensors, this
system can substantially improve the performanadiftdrent services, especially those that are
health related. In this system the bandwidth forGEflter is .0001 to 90 Hz. The BAN
presented here has been designed and developeidilttwio major requirements: usability and
comfort, and the capacity to integrate a greatetarof sensors. The system is to be used by

people carrying out their daily tasks in their natranvironment.

Alvaro Alesanco and Jose Garcral6] This paper presents a complete study of wigkea
wireless ECG transmission for real-time cardiae-tabnitoring taking into account both
technical and clinical aspects, in order to provideommendations for real-time monitoring
considering both channel parameters and the talerai cardiologists to the effects of
interruptions introduced during transmission. Byngsextensive wireless simulated scenarios,
the compressed ECG signal is monitored on receptformew protocol [real-time ECG
transmission protocol, reliable ECG transmissionotgmol is used to perform the
retransmissions of erroneous packets, introducimgoaitoring buffer that mitigates possible
negative effects. Assessments by cardiologists Iskesvn that the maximum percentage of
time for which the monitoring process could be ptxpwithout their feeling uncomfortable is
around 15% with a maximum monitoring delay of 34ois, depending on the scenario in
guestion. Taking into account these values anddhkalts obtained in the simulations, it is a
straightforward step to obtain working areas foe tWireless channel parameters where

transmission is not recommended from a clinicahpof view.

Dina Simmunic, Slaven Tomacet al. [7] The objective of the work was to makeimple
wireless one channel limited (3-lead) home eleardiogram (ECG) transmission system for
home and ambulance use. The wireless ECG monit@ystem significantly improves the
quality of life of the cardiac patients, reflect@g@marily in the permanent monitoring. In case of
an accident, an immediate alarm is being transchittethe physician. A long-term monitoring
facilitates the capturing of sporadic events argtdfore is an important contribution for the
improvement of the therapy and, consequently,Herhealth of the patients. The task has been
accomplished by Bluetooth technology, ECG deteatat personal computer as monitor. For
Signal acquisition standard single order filters ased with the frequency range of 0.05 Hz to
100 Hz.
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Thaddeus R. F. Fulford-Jones, Gu-Yeon Weet al. [8]in this paper they told thatSensor
devices (“motes”) which integrate an embedded rpigoessor, low-power radio and a limited
amount of storage have the potential to signifigaenhhance the provision of emergency
medical care. Wearable vital sign sensors can &gsty monitor patient condition, alerting
healthcare providers to changes in status whilaulsameously delivering data to a backend
archival system for longer-term storage. As parttlid Code Blue initiative at Harvard
University, they previously developed a mote-bgselde-oximetry module which gathers data
from a non-invasive finger sensor and transmitsiielessly to a base station. To expand the
capabilities of the mote for healthcare applicatiotiney introduced ECG on Mica2, the first
custom-designed electrocardiograph sensor boardnterface with this platform. They
additionally present Vital ECG, a collection of sedire components which allow the capture
and wireless transmission of heart activity traddsey present preliminary test results which
validate their approach and suggest the feasililitfuture enhancements. They use standard
filter for ECG monitoring with multiple feedback mfiguration INA 321 is used as difference

amplifier.

M Oehler, V Ling, K Melhorn et al [9] in this paper they described th@apacitive sensors
can be employed for measuring the electrocardiograanhuman heart without electric contact
with the skin. This configuration avoids contactollems experienced by conventional
electrocardiography. In this study, they integratezse capacitive electrocardiogram electrodes
in a 15-sensor array and combined this array witabdet personal computer with standard
analog filters. By placing the system on the pdiemody, they measure a 15-channel
electrocardiogram even through clothes and withany preparation. The goal of this
development was to provide a new diagnostic toat thffers the user a reproducible, easy

access to a fast and spatially resolved diagntstart view’.

1.3 Need of the Project

After the study of existing monitoring systems,hiis been observed that they used only
standard single order filters. As monitoring desi@e made by various organisations, each
organisation has set different frequency cut-offfiiker section. Their frequency response is not
suitable according to the specification and statglgiven by various medical bodies. So there
must be a system which should be developed to weptttese shortcomings.
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1.4 Objectives

The objective of our thesis is to design filtercaits according to recommendations given by
various standard organization to improve the filigrquality in ECG acquisition section of

monitoring System.
1.5 Technical Focus

To achieve this goal we developed various activerfcircuits and then tested.
1. To analyse their response for given ECG signal.

2. Comparing then to choose the best filter comégan.

3. Integrate them to build a complete system.

4. To get the FFT analysis for feature Extraction.

1.6 Problem Statement

1.6.1 Cost Effective The cost of system should be low. So it can belyeaffordable and

implemented.

1.6.2 Low Power SystemTo have low power system, consideration will beegito have

component with lower current required.
1.7 Tools Required:
To accomplish the project we used hardware anavaodttools.

1.7.1 Hardware In hardware (Components), an Instrumentation AfieplAD8429 is used.
Active filters are designed using OPA355 operatiaraplifier. Capacitors and resistors are

used with minimum tolerance value.

1.7.2 Software: In software we use MULTISIM 11.0.1 workbench to idasand test the

amplifier and active filter circuits. Labview 8.6 used for signal Processing (FFT analysis)
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Chapter 2

LITERATURE REVIEW

2.1 The Heart

Heart is a muscular organ that pumps blood to tiaybHeart is at the center of circulatory

system. This system consists of a network of bleedsels, such as arteries, veins, and
capillaries. These blood vessels carry blood toferd all areas of human body. Regarding the
action of heart, an electrical system controls fearambers and valves and uses electrical
signals to contract the heart's walls. Blood is peadinto the circulatory system when the walls
are contracted. Then Inlet and outlet valves inrth@@ambers ensure that blood is flowing in the
right direction. The electricity which helps theaeto work is originated due to the biopotential

in the cells of human body [10].

2.1.1 Biopotential

Human body is made up from tissues and tissueshade up from cells. Heart muscle, muscles
of arms and legs are the examples of tissues. @&lsonnected to each other through an axon,

and dendrites as shown in Figure 2.1.

Cell Body
Axon

endrites

Figure 2.1: Interconnection of Cells through Axemd &endrites

The cells have ions and electrical potentials aeated by the flow of ions (Na+, Ka+, Ca+ and
Cl™) in and out of cells due to the change in ioreaaentration inside and outside the cell
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membrane. The flow of these charged ions createEnpal differences between the inside and
outside of cells (-65mV to +40mV). These potendidierences are called bioelectric potentials
or action potential. The cell body contains theleus or command centre of the cell, the axon,
which is responsible for transmitting the actiortgmtial along the cell, and the dendrites, which
are responsible for receiving inputs to the celthe form of neuro-transmitters. Nerve and
muscle cells in the body communicate with each rotee action potentials. Action potentials

are voltage impulses that propagate along a nervauscle and may cause neurotransmitter
release when the action potential reaches a specei of the nerve cell [11]. A typical action

bio potential recorded from a muscle is shownguife 2.2

20 m\

0 mi -

Thrme

-T0 mv

Figure 2.2: A Recorded Bioelectric Potential Vokag

2.1.2 Depolarization and Repolarization

To understand the cardiac signals, a brief desonpdf anatomy and working of heart is
essential. The heart is divided into four chamlfErgure 2.3). The two upper chambers, the left
and right atria, are synchronized to act togett®milarly, the two lower chambers, the

ventricles, operate together.
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5 A NODE BUNDLE OF HIS

“LEFT PURKINGJE

RIEHT PUAKINE FSRES - =

Figure 2.3: Heart Chambers

The right atrium receives blood from the veinsta body and pumps it into the right ventricle.
The right ventricle pumps the blood through thegkinvhere it is oxygenated. The oxygen-
enriched blood then enters the left atrium, fromalwhit is pumped into the left ventricle. The
left ventricle pumps the blood into the arteriegitoulate throughout the body. The contraction
of any muscle requires electrical stimulation. Tikigue for the different cardiac muscles of the
heart too. The electrical signal for these conipast originates near the top of the right atrium
at point called sinoatrial (SA) node. It is alsdlethe pacemaker and is a group of specialized
cells that spontaneously generate action poterdtalegular rate. To initiate the heart beat, the
action potentials generated by the SA node propdagatll directions along the surface of atria.
The wave terminates at a point near the centehefhieart called the atrio-ventricular (AV)
node. At this point, some special fibers act asl@dy line” to provide proper timing between
the action of the atria and ventricles. Once tleetekal excitation has passed through the delay
line, it rapidly spreads to all parts of both thentricles by the bundle of His. The fibers in this
bundle, called Purkinje fibers, divide into two ihches to initiate action potentials
simultaneously in the powerful musculature of theo tventricles. The ventricles relax
thereafter, to complete one cycle. This cycle eeted over and over again. The simplest of all
the signals that can be used to detect any malamiag of heart is its sound [12] [13]. It can be
heard using a plain stethoscope or can be recardéde form of a trace on the paper by

phonocardiogram. The traces are shown in Figure 2.4
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Murmur

S1{Lub} 82 (Dub) S1(Lub}  S2 {Dub)

Figure 2.4: Normal and Murmur Sound from Heart
2.2 ECG

ECG (Electrocardiogram) is the most vital parametdated to Heart to diagnose and analyse
the condition of a patient. The method to measu@GEwvas discovered by Dr. Willem
Einthoven. ECG is basically measuring and recordaihglectrical impulses, generated from
heart on a graph paper [14]. A regular pattersigrals originate on the graph paper. From this
graph paper various parameters are measured like

* The rate and regularity of heartbeats as well asitte and position of the chambers.

» The presence of any damage to the heart.

* The effects of drugs or devices used to reguladéart

2.2.1 Einthoven Triangle and 3 lead ECG

An initial breakthrough came whenNillem Einthoven working in Leiden Netherlandsused
the string galvanometethat he invented in 1903. This device was muchensansitive than
both the capillary electrometer that was earliegdusRather than using today's self-adhesive
electrodes Einthoven's subjects would immerse edctheir limbs into containers of salt

solutions from which the ECG was recorded. Theeamachine is shown in Figure 2.5

Figure 2.5: Dr. Einthoven’s ECG Machine
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According to Einthoven’s la heart’s electrical activityepresents the vector quantity. T
electrical signal generated by the heart appeapsigiout the body and on skin surface. Hel
a dipole movement of electrical signal. There @ogential difference between two electrc.
This potential signal is sasured by placing electrodes on the heart suriéfferent electrode
are placed on the body surface to measure potatitiatence. Different electrode pair giv
different voltages because of the spatial deperelefthe electric field of the hea Basically
we need many electrodeairs to cover the hearts vector views like frc or lateral view,
posterior view, inferioview or transverse viewTlhree basic leads make the frontal pl The

three lead vectdriangle is shown inigure 2.6

Left At

Lead IT

Left Foot

Figure 2.6: 3 Lead Vectors

In ECG one lead is equal to combination of two tetetes. This is called bipolar lea. So,
three electrodes are placone on left legpne on right arm, one on left a. Very often one
electrode is connected to right leg agrounded or connected to special cir [1][15].

Reslltant lead pairs are shown ilable 2.1

LEAD POSITON VIEW HEART CHAMBER
Lead 1 From RA to LA Lateral Left ventricle, left atriur
Lead 2 From RA to LL Inferior Left and right ventricl
Lead 3 From LAto LL Posterior Right and left ventricl

Table 2.1: Chamber View of Heart

This lead vector is called Einthoven’s trian Now thescalar signal on each leads as a

voltage source. We can write Kirchhoff's voltager ior three lead Shown in equatic

I-11+111=0 (1)
I=11-111 2)
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l=1+111 (3)
H=I-11 4

Now we can calculate component of a particular ieareector according to this triangle and
determine its projection along each side.
2.2.2 Signal Intervals and Bandwidth
As the sinoatrial node generates the stimulationetart’'s different chambers, then ECG signal
is occurred with different segments like amplitudeels and frequency contents as shown in
Figure 2.7.

J;'_‘.I:le'.Jl'IGTé.L:' ‘
I 1

ATF
\ | )
_COmas I bl 1 "‘1 !
L ouriuE e s 1 My \
LB E T i \1
——
|

Figure 2.7: Different ECG Segments from Heart Charsb

As the electrical currents that are generated épothrization and repolarization of heart spread
throughout the body and can be measured by an afralgctrodes placed on the body surface.
The sequence of depolarization and repolarizatiothe atria and ventricles is represented by
the different waves of the ECG. The wave of depmddion that spreads from the SA node
throughout the atria is represented by the P waddsausually 0.08 to 0.1 seconds (80-100 ms)
in duration. Within the AV node the conduction @ty of the impulse is greatly retarded. The
time taken by impulse here is represented by d isdelectric (zero voltage) period after the P
wave. The P-R interval, which normally ranges frori2 to 0.20 seconds in duration, is the
period of time from the onset of the P wave tolibginning of the QRS complex. This interval
represents the time between the onset of atriabldapation and the onset of ventricular
depolarization. If the P-R interval is >0.2 secoaduction defect (usually within the AV node)
is present (first-degree heart block). The ventaicwepolarization is represented by QRS
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complex. The duration of the QRS complex is retdyiwery short (0.06 to 0.1 seconds) thereby
indicating that ventricular depolarization normalbccurs very rapidly. Prolonged QRS
complex (> 0.1 sec), indicates impaired conductiothin the ventricles. It can be occurred
under two circumstances. One, with bundle brandeksl and second whenever a ventricular
foci (abnormal pacemaker sitbecomes the pacemaker driving the ventricle. Suckctopic
foci nearly always results impulses being conducted over slower pathways withe heart,
thereby increasing the time for depolarization dhd duration of the QRS complex. ST
segment is the isoelectric period following the QR$ the time at which the entire ventricle is
depolarized and roughly corresponds to the plapdease of the ventricular action potential. A
depressed or elevated ST segment is importantandiagnosis of ventricular ischemia or
hypoxia. The T wave represents ventricular reppddion and is longer in duration than
depolarization, as the conduction of the repoléomawave is slower than the wave of
depolarization. The Q-T interval represents thalttime for ventricular depolarization and
repolarization to occur and therefore roughly eatem the duration of an average ventricular
action potential. Depending upon heart rate, thisrval can range from 0.2 to 0.4 seconds. At
high heart rates, ventricular action potentialsri&moin duration, which decreases the Q-T
interval. A relatively prolonged Q-T interval car Hiagnostic for susceptibility to certain types
of tachyarrhythmia. To know this, the Q-T intervaldivided by the square root of the R-R
interval (interval between two ventricular depatations) and is expressed as a "corrected QT
(Q-Tc)". This makes assessment of the Q-T intendgpendent of heart rate. Normal corrected
Q-Tc intervals are less than 0.44 seconds. Se#€@ tracings are recorded simultaneously
from different electrodes placed on the body todpoe different characteristic waveforms.
Different views of ECG signal with Heart pumpingdian is shown in Figure 2.8

Page | 14



Figure 2.8: ECG signal with Heart Working Action

From the different time intervals, the bandwidffE€G signal is from 0.5Hz (due to minimum
Heart “beat/minute” measured previously in studiés) 250 or 500 Hz (Due to QRS
intervals)[13]

2.2.3 Interference and Noise

The ECG signals are typically in the millivolt @& so they are more susceptible to large
amounts of interference, from a variety of sourdé® interference sources can be divided into
3 distinct groups [1] [11] [12].

* Noise originating from sources external to thequ#ti
* Interference originating from the patient

* Unwanted Potentials as well as interference ortgqigdrom patient-electrode contact.

2.2.3.1 External Noises

This noise is produced by the external sourcestelaiee mainly two types of external types of
noises which produce noise in the ECG sighhkse are electrostatic and electromagnetic

noise.
2.2.3.1.1 Electrostatic Sources

Regarding the electrostatic source, if a chargety/lis brought up close to an uncharged body,

then equal & opposite charge develops on the ugeldabody. For example if an unearthed
body is close to any electronic device which isremted to the mains supply voltage, the body
will create a surface charge of equal & oppositeepial even though no current is flowing

between the two bodies. This phenomenon is alsevikras Electrostatic Discharge. As the
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mains potential has a frequency of 50 Hz, the iedygotential will also have this frequency.
Other sources of electrostatic charge are operasiblg, other persons, electronic equipment

during ECG measurement.

2.2.3.1.2 Electromagnetic Induction

Interference is occurring in the wires which areyiag AC currents, is due to the generation of
a magnetic field by the flow of a current, all cantbrs carrying mains currents are surrounded
by electromagnetic fields. As the main supply h#&s Hz frequency .The 50 Hz mains
interference is a difference in potential, relatitee ground, that is impressed upon any
patient/subject in proximity to the wire carryinieanating (50Hz) main supply current. The
patient takes on a potential that is neither thagmund, nor that of mains, but rather,
somewhere in between. As the mains current isuatotg (AC), the induced voltage in the
subject is also fluctuating. This effect is miniedzby the fact that the electromagnetic field
generated by the live wire is to a large degreec&léed out by the neutral cable flowing
adjacent to the live cable but it should be in gijgadirection.

2.2.3.2 Internal Noises

Internal noises are generated due to naturallyrgesgk artefact. There are mainly two types of

artefacts.
2.2.3.2.1 Originating from the Patient

The electrodes are placed on the patient’'s bodfasiwhen body is in rest). The signal is
measured with less noise, because at that time iseno unwanted activation of axon and
hence no generation of unwanted ions. If the bady imoving condition, then ions produce
unwanted electric signal at body surface. Henddatime of ECG measurement body should

be in stationary condition.
2.2.3.2.1 Originating from Patient-Electrode Contat

The ECG electrodes are not like a passive non-imeaonductor. The placement of any metal
adjacent to an electrolytic solution (gel on EC@gaombined with surface of skin) produces
an electrochemical half-cell, similar to that dbattery, resulting in potentials on the surface of
the skin. Hence, if a differential amplifier is cwcted to a pair of such electrodes it will
amplify any difference in potentials. if the cedlse identical then the output will be zero. If the

potential difference is not same, the output wdlron-zero. Then any difference between the
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two electrodes will be amplified. Additionally, themall current produced by the offset
potential may result in polarisation. Polarisatadrthe electrode will further distort any signal.
Mainly this noise is called half-cell noise. [16]

2.2.4 ECG Sensors

Mainly to measure ECG, electrodes are placed orahumody’s skin according to Einthoven’s
triangle method. Electrodes are like transducerghviconverts ionic current into electronic
current in the electrode. Mainly electrodes aressifeed into two categories first is polarized
and second in unpolarized. Polarized electrodesamepoor conductors of ionic current due to
their composition. But unpolarized electrodes aghlly conductive to ionic current. Hence they
are widely used. Some times unpolarized electrpdegide over potential without any energy
exchange. Hence silver-silver chloride electrodeg-f&cl) electrode is used because of
minimum over potential in the electrode. There @aeious types of electrodes available to
measure ECG waveform like metal plate electrodeaMdisc electrodes, Disposable form pad
electrode, and Metallic suction electrode. Disptsatectrodes and Metallic suction electrodes
are widely used because their cost is less. Piggbete are also Capacitive electrodes (active
electrodes) are used for measurement purpose.satypes of sensor are shown in Figure 2.9,
2.10, 211.

Figure 2.9: Disposable Electrodes Figure 2.10: Suction type Electrode

Figure 2.11: QUASER'’s Capacitive Electrode (Active)
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Hence electrodes are placed on the chest or limdma@ding to the Dr. Einthoven’s triangle law

to measure potential difference between two pqitjtEl2] [17].
2.3 ECG Standards

There are various companies and organisations vdrellesigning and developing biomedical
devices for monitoring and diagnoses. Some timeis #pecification and calibration parameters
are different for their own devices. So there stida# a common standard so that they choose
common parameters. For ECG monitoring devices,sthedards and recommendations are
given by American heart association. The Americaant Association is a national, voluntary,
non-profit health organization dedicated to redgaleath and disability from heart disease and
stroke. This organisation is a group of prominetiergtists in USA which are dealing with
cardiovascular science, research, standards anthneendations for medical devices related to
ECG. This pioneering group of physicians and soe@lkers formed the first Association for
the Prevention and Relief of Heart Disease in NewrkYCity in 1915. Till now AHA

recommended various standards for various biomedeaces [18].

2.3.1 AHA Recommendation

Based on the analysis of Diagnostic and recordi@& Eneasuring devices. AHA introduced
the standards and recommendations for ECG recordéwices. Mostly ECG measurement
devices choose frequency range from 0.5Hz (dueitmmum Heart “beat/minute” measured
previously in studies) to 250 or 500 Hz (Due to QRt8rvals) for filtering purpose. But AHA
recommended frequency from .05 Hz to 100 Hz. Bexaascording to AHA T wave
components have frequency range of .67 to 1 Hz.Ol@& Hz cut off increases the baseline
wandering, but it will capture the significant amysde segments which help to diagnose
various Cardiac Disorders. Baseline wandering canmdeovered by digital filters. The QRS
complex fundamental frequency is approximately nie&80 Hz and may vary up to 100 Hz in
case of adults. Increasing the cut off to highexqfiency will lead to more accurate
representation of amplitude but also chances abidisn and phase nonlinearity may increase.
Now AHA recommended various standards for ECG’sapwdifier section. First the gain
should be flat in pass band (1 to 30 Hz) with ua&a of £ 0.5db (it is acceptable) with
minimum phase shift. It will reduce the displacemienthe ST segment and duration of QRS
will be maintained. Secondly the 3db point showtdidss than or equal to at .67 Hz and grater
or equal to at 150 Hz. So that roll off will be amked [18] [19] [20].
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Chapter 3

ACTB/FILTERS APPROXIMATION

3.1 Introduction to Filters

Filters are analog circuits those allow a desiraddbof frequencies to pass through while

attenuating the rest of them, when a signal isiepmt their input terminals. Basically filters

are of four type$22] [23].

* Low Pass Filter. - Allows a band of frequencies ranging from z&rg, .., to pass through
without any attenuation, wherg,,, is the cut off frequency. The response of low pass

filter is shown in Figure 3.1

a —
e « Passband —

«— Stopband —

0 f f Freq.

pass stop

Figure 3.1: Low Pass Filter Response

« High Pass Filter. - Allows a band of frequencies ranging frgfy to infinity to pass
through without attenuatiorfy,, being the cut off frequency. The response of Highs

filter is shown in Figure 3.2
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«— Stopband —

0 fs!{:-p frmﬂE Freq.

Figure 3.2: High Pass Filter Response

« Band Pass Filter - Allows a band of frequencies ranging frgis 1 t0 fypass2 t0 pass
through without attenuation whefg,, ;the lower cut off is whilef,,4, , is the higher cut

off frequency. The response of Band Pass filtehmwn in Figure 3.3

0
apass =
< »

atop

=

o

(G

A e
0 fﬁtop‘l fpusm fpasaE fampz Freq.

Figure 3.3: Band Pass Filter Response
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« Band Stop Filter: - Attenuates a band of frequencies ranging ffgs), 1 t0 fst0p 2 While
allowing the rest of the frequencies to pass thinoiigThe response of Band stop filter is

shown in Figure 3.4

u —
- ass
P «- Pass1 -» « Pass2 —»
« Stop —»
stop
=
o
O
0 fp-EIES-‘l fﬂtl:::p‘l fPHSSE fﬂh}p? Freq.

Figure 3.4: Band Stop Filter Response

Filters are of passive and active types. Pasdiegdiconsist of electrical elements like resistors
inductors, capacitors etc. combined in a circultisTutilizes the frequency selective properties
of inductors and capacitors for the purpose oéffiitg. The impedance of an inductor increases
with increase in frequency of the signal while tbht capacitor decreases. Thus by using these
elements in a circuit arrangement, frequency sekecttenuation can be obtained. The cut-off
values of the filter circuit depend upon the vatiddahe circuit elements being used. Also the
capacitive filters are preferred over the inductiNters because of the inductors being costlier

and much more bulky. For low frequency signalsvactilters are preferred.

3.1.1 Active Filters

Active filter are analog by nature. These filtere auilt using the combination of resistances
and capacitors with an amplifier (Operational féde So these filters are called active filters. As
a simple filter is made from passive componengs,gin will be low at the output of filter due
to attenuation. So an amplifier with these filtagain raises the amplitude level of the signal.
Also this amplifier prevents the load impedancetit# following stages from affecting the

characteristics of the filters.
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When ECG signal is measured using electrodesnitats various types of Noises and artefacts
like Baseline wandering, Motion artefacts, Radieqfrency Noise. Then this signal is passed
from the filters to remove these noises and artefads the response of ideal filter is
unattainable so the best way is to approximat&here are mainly four classifications for
Active filters approximation which can be desigmedtwo types of configurations (Topologies)
one is Sallen key and second is multiple feedbgplk.tThe main disadvantage of multiple
feedback configurations is that it gives 1@0ase shift to signal, But Sallen key configunatio
doesn’t introduce any phase shift to signal. See8dey configuration is an ideal configuration
to design and approximate various active filterfie Tanalog active filter approximation
configurations are classified as [22] [23] [24].

» First order filters Approximation (A Standard Canfration)

» Butterworth Filter Approximation

* Chebyshev Filter Approximation

* Inverse Chebyshev Filter approximation

3.2 AHA Filter Specifications

American Heart Association recommended variousiSpaitions and standards for ECG Signal
recording and measurement. According to AHA varipaseameters like HPF cut off frequency
and LPF cut off frequency regarding the designirfgaoalog active filters are given
below[19][20][21].

» For High Pass Filter cut off frequency should e H2 (To capture T wave components)
* For Low Pass Filter cut off frequency should be H2O(For QRS Complex intervals)
* Gain should be flat from 1 Hz to 30 Hz (Variatio® 5 db)

* Phase shift should be minimum
3.3 Instrumentation Amplifier

The ECG signal was taken from the PhysioNet databéth sampling rate of 200Hz and
digitisation of 12 bits. It is a single-lead ECGudto biopotential, the ECG signals are in the
weak (mV) ranges and hence an instrumentation &ergb used. An instrumentation amplifier
is designed using two operational amplifiers witgnals provided to V of the op-amps.

Instrumentation amplifier is also called differeraraplifier because it's the difference between
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the two input signals which iactually amplified. A basic schematic of Instrumentati
amplifier is shown in figure 3. Regarding the characteristics of instrumentatiompldier, its
input impedance is very high so it is act like punbuffer. Its output impedance is very low
so that it can deliver full current to further sta¢ It has very low DC offset, low drift,
low noise and very higrtopen-loop gain. It has high commarede rejection rat so that a
common signal like noise is removed. The instrumion amplifiers also provide necess.
gain to a signal that it can further be amplifigdvoltage amplifiers As a revolutionary growt
is designing compact and small IC’s, the instrumamiplifiers ar embedded in small IC
package. Wh the required chacteristics, there are various instrumentation afepd mace by
various companiesn the market. But AD8429 IA made by Analog Devidssbest whei
compared by other instrumentation amplil. The basic Instrumentation amplifi
configuration is shown iFigure 3.5

Vet

Figure 3.5: Instrumentation Amplifier

3.3.1 AD8429

The AD8429 is an ultralow noise, instrumentationpafier designed for measuring extrely
small signals like ECG sign It delivers ultralow mput noise performance of 1 rHz. The
high CMRR of the AD8429 prevents unwanted sigrfrom distortion. In AD8429 CMRR
increases as the gain increa and offering highrejection to noise and common sigl. The
high performance pin configuration of the AD842®ak it to reliablymaintain high CMRR at
frequencies well beyond those of typical instruragoh amplifiers. It canamplify fast
changing signals. Its current feedback architechrozvides high bandwidth at high gain,
example, 1.2 MHz at G = 100. The AD8429 was deed for excellent distortion performan.
In AD8429, the gain can set from 1 to 10,000 with a single resigprA reference pin allows
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the user to offset the output voltage. This feattae be useful to shift the output level when
interfacing to a single supply signal chain. The 84R9 performance is specified over the
extended industrial temperature range of —40°C1@5%*C. It is available in an 8-lead plastic

SOIC package [25]. The 8 pin package is shownguie 3.6

I e S +Vg
o [T N 7] vou
Re | 3 rj,,fbls REF
+IN | 4 3 | -Vg

Figure 3.6: Pin Configuration of AD8429 Instrumerda Amplifier

The pins are described in Table 3.1

Pin No. Name Description

1 -IN Negative input terminal

2,3 R; Gain setting resistor. Place a resistor acrossetfminals to set the
gain. Here G=1+#k/R;)

4 +IN Positive input terminal

5 -Vs Negative input Power terminal

6 REF Reference voltage. To shift the level of attp

7 Vour Output terminal

8 +Vs Positive input Power terminal

Table 3.1: Pin Description of AD8429

3.3.1.1 Comparison with other Instrumentation Amplfiers

Here various parameters and specifications of uarlastrumentation amplifiers are compared
with AD8429 shown in Table 3.2
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Types AD8429 AD620 AMPO1 INA114
CMRR 140db 130db 125db 115db
Noise 1nV/Hz 9nV/Hz 10nV/Hz 11nV/Hz
Input bias Current 150nA 0.5nA 4nA 2nA
Accuracy 0.02% 0.15% 0.18% 0.18%
Power Requirement 7mA 1.3mA 4.8mA 2.2mA

Table 3.2: Comparison of Various Instrumentationpiifiers

From the comparison it is concluded that the respai AD8429 is good regarding the CMRR

and Noise.

3.4 OPA 355

For designing of various Active filter configurati® OPA 355 operational amplifier is used. An
OPA355 series is a high-speed, voltage-feedback SMperational amplifier. These are
designed for video and other applications requivunde bandwidth. An OPA355 is a unity gain
stable amplifier and it can drive large output eats. OPA355 has a digital shutdown (Enable)
function. This feature provides power savings dyridle periods and places the output in a
high-impedance state to support output multiplexiftg Differential gain is 0.02% and
differential phase is 0.05°. The OPA355 is optirdizer operation on single or dual supplies as
low as 2.5V (1.25V) and up to 5.5V (2.75V). Its Qoon-mode input range can extends
100mV below ground and up to 1.5V from V+. It carpgort wide dynamic range variation
[26]. The pin diagram of OPA 355 is shown in Fig@ré

W+
£
—Vin CF—1—
OPA355 0 Out
Vino £ 1
{J
V— Enable

Figure 3.7: Pin diagram of OPA355
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The pins are described in Table 3.3.

Name Description

-Vin Negative Input Signal Terminal

+Vin Positive Input Signal Terminal

+V Positive Voltage Supply Terminal

-V Negative Voltage Supply Terminal
Enable | A Reference Voltage to make Operational Amplifiestide (For Power Saving

Purpose)
Vour Output Signal Terminal

Table 3.3:Pin Description of OPA355

3.5 Filter Approximation Method

Attaining the ideal response of a filter is not §ibke. Hence the best way is to approximate it to

near values. To determine the values of compondénss,determine the order of filter then

normalize its transfer function then unnormalizeapproximation transfer function to convert it

into another configuration. For example to convdew pass filter into high pass filter just

unnormalize the transfer function.

3.5.1 First order Filters

a) Low Pass Filter

The transfer function of*lorder LPF is given as

Ao
a;S+1

Hi,L(S) =

(1)

WhereA, is Gain of filter, a; coefficient is the complex pole location of filte3 is complex

frequency variable. The values of Components ateriaéned using AHA recommendations

[22] [23] [24]. The values after calculations an®wn in Table 3.4

S. No

Filter R C

Gain

1

LPF 1.5910 1pf

Unity

Table 3.4: Component Values
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The designed circuit of LPF is shown in Figure 3.8

R1
—VW\—s .
1.59kQJ_ C1
1% 1pF
0 2 2 0
IZ/" 1" oPA3s5UA 0.5% |
l — 275V
Figure 3.8: Circuit diagram of LPF
b) High Pass Filter
The transfer function of*lorder HPF is given as [22] [23] [24].
Aco
H1,H(S) = (2)

a;S+1

The values are calculated using AHA recommendatibhes values after calculations are shown
in Table 3.5

Sr. no. Filter R C Gain
1 HPF 3.2M) 1pf Unity

Table 3.5: Component Values

The designed circuit of HPF is shown in Figure 3.9.

v

—— 275V
C2
11 _R1
I R3 .
W S32md — W~ [ L
204 1% 10kQ
1 2 1% 1 v3
= —— 275V
-

Figure 3.9: Circuit diagram of HPF
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3.5.2 Butterworth Filter

The Butterworth filter has flat gain response irspdand and flat transition after cut-off
frequency. No other approximation has a smootlarsition through the pass band to the stop
band. The phase response also is very smooth.ollh&fris not sharp as compare to chebyshev
and inverse chebysheuv filter. This approximatiortivé is selected, when low phase distortion
and moderate selectivity are required [22] [23]|[24

The magnitude response of filter is given in emumat(3). Where n is the order of the
approximation functione, is the pass band gain edge frequency of fikes the pass band

gain adjustment factor.

1

|HB,n[i(w/w0)]| = W 3)

Where

€=+ 10701 %ass — 1 (Pass band gain adjustment factor)

The filter ordemg of LPF and HPF is calculated the equation (4}hia formulation, note that
it is the ratio of the stop band and pass baaduiencies .which is important. Hence with a
given set of gains will require the same order wheat the edge frequencies. The valuen of
calculated using this equation must always be redrnd the next highest integer in order to
guarantee that the specifications will be met leyititeger order of the filter design

_ log[(107%™%stor—1) /(1070 *Pass —1)]

B 2108 (@) (4)
WhereQ,.(3 db cut of f frequncy) = :))Sﬂfor LPF anda@ for HPF
pass stop

The generalized transfer function of Butterwortlpraimation filter is given in equation (5).

Where R is radius of circle in pole zero LocatiBp,,andB,,, are quadrants.

RITm Bam
H S) =
Ba(S) (S+R).TTm(S*+B1,,.S+B2m)

(5)
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m =0, 1.... [(n-1)/2] -1 (n odd)

With the reference of these equations and AHA renendations values are calculated for both

the HPF and LPF shown in Table 3.6

Sr. No. Component LPF HPF
1 Order 3 3
2 R1,R2,R3 1.6K,1.6k,1.6K 3.2M,63.7K,15.9K
3 C1,C2,C3 1pf, 1pf, 1pf 1pf,100uf,100p
4 Gain 2 2

The designed circuit diagram of both the ButterWwdrPF and HPF are shown in Figure 3.10

and 3.11

C1

1pF
2%

Table 3.6: Component Values.

lw
— 275V
1.59Q L AA—
1% =
OPA355NA —\2
” s —275V
| 1% 2kQ
| AN M T
Figure 3.10: Circuit diagram of%30rder Butterworth LPF
R3
VW
15.9kQ
1% V1
C2 C3 — 275V
R1 3 | [ ™
32M0 i | e | e s 6
0 0 : - 10k
OPA35SUA | 2% 2% 1%; e =275V
= OPA355UA
AN— AN
JT‘R4 2kQ RS 2kQ

%

196

Fig 3.11: Circuit diagram of'30rder Butterworth HPF
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3.5.3.Chebyshev Filter. The Chebyshev approximation function also haalbpole transfer
function like the Butterworth approximation. Howeyveunlike the Butterworth case, the
Chebyshev filter allows variation or ripple in thass-band of the filter. This reduction in the
restrictions placed on the characteristics of th&sgand enables the transition characteristics of
the Chebyshev to be steeper than the Butterwoahsition. Because of this more rapid
transition, the Chebysheuv filter is able to satiségr specifications with lower-order filters than
the Butterworth case. However, the phase respansetias linear as the Butterworth case, the
magnitude response of Chebyshev approximatiorr fétgiven in the equation (6). Where n is
the order of the approximation functiam, is the pass band gain edge frequency of filtes.

the pass band gain adjustment factor [22] [23].[24]

|Henli(@/wo]| = - (6)

\/1+62Cn2.(w/w0)

Wheree =y/ 10701 @pass — 1
And C,(w) is the normalised chebyshev polynomiaj, (= 1) given as
C,(w) = cos[n.cos™ ' (w)],w <0 (7)
C,(w) = cosh[n.cosh™(w)],w = 0 (8)

The ordem, of LPF and HPF is calculated the equation (9)hla formulation, note that it is
the ratio of the stop band and pass band frequenetdch is important. Hence with a given set
of gains will require the same order whatever ttigeefrequencies. The value fcalculated
using this equation must always be rounded to &x¢ Imghest integer in order to guarantee that
the specifications will be met by the integer ordethe filter design.

Cosh™1] J(1o‘°-1-“5f0p—1)/(10‘0-1-“pa55—1)]

(9)

n, =
C Cosh™ (wstop/Wpass)

WhereQ = 25192 for LPF and =22 for HPF

Wpass Wstop

The generalized transfer function of Butterwortlpraximation filter is given in equation (10).

WhereB,,,andB,,, are quadrants,
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_ sinh(D).[Tyn Bam
Hc'n(S) ~ (S+sinh(D)) JTm(S%+B1mS+Bzm) (10)

m =0,1,.... [(n-1)/2] -1 if n = odd.

With the reference of these equations and AHA reunendations, component values are
calculated for both the HPF and LPF which are showiable 3.7

Sr. no. Components LPF HPF
1 Order 3 3
2 R1,R2,R3 2.9K,1.74K,1.74K 17.1K,995Kk,854k
3 C1,C2,C3 1pf,1puf, 1uf 100uf,100uf,100uf
4 Gain 241 2.41

Table 3.7: Component Values

The designed circuit of LPF and HPF are shown gufé 3.12 and 3.13 respectively.

V3
— V4
g e lﬁ =y
e | = R2 T ¥ N Lw
' A LR 6 ch R —20mV
W 174kQ 174kn .
L1 ke T
= | |oPA3ssuA ; 7
OPA355NA =
R4 R5 T 2.75V
MA—
= 100kQ 14240

Figure 3.12: Circuit diagram of%30rder Chebyshev LPF

Rz

OPAISEUA

Figure 3.13: Circuit diagram of*30rder Chebyshev HPF
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3.5.4. Inverse Chebyshev FilterThe response of Inverse chebyshev approximatiien s
opposite to chebyshev approximation filter's resgmonlt is also called Chebyshev I
approximation filter. It has flat pass band gaird dras ripples in stop band. This filter has
complex zeros ogw axis in s-plane.so its quadratic factor is idaitito band stop filter
function. The inverse Chebyshev approximation pesibetter transition characteristics than
the Butterworth filter and better phase responaa the standard Chebyshev.

The magnitude response of filter is given in equat{l1l). WhereC, (w) is the normalised
chebyshev polynomial, n is the order of the appration function,w, is the pass band gain

edge frequency of filteg; is the pass band gain adjustment factor [22][28][2

_ Jer2n?(@o/w)
|Hinli(“ /]| = (11)
}1+e,26n2.(w0/w)

1
Wheree, -

10 *tstop _q

The order of filter is determined through the etprat

COSh_l[\/ 1071 stop —1 /10701 @pass 1)

ny = (12)

Cosh™ (wstop/Wpass)

WhereQ, = —2 for LPF and—2%% for HPF

Wpass Wstop

The generalized transfer function of inverse chhbydilter is given in equation (13). There are

many quadrants in the transfer function equation.

_ [sinh (D) [Im(S?+Bom) [Im(S2+A1m.S+Azm)
Hi5(S) = (S+[sinh(D)]~ L[ Tm(Az2m)- [T;m (52 +B1m.S+Bam) (13)

M=0,1....[(n-1)/2]-1

With the reference of these equations and AHA renendations values are calculated and

shown in Table 3.8.
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Sr. no. Component LPF HPF
1 Order 3 3
2 R1, R2, R3,R4 58.5K,27.5K,27.5K,13.7K  7.4M,7.4NN3,3.18M
3 C1,C2,C3,C4,C5 .01,.01p,.02y,.01p,.02p 10, DPLAR
4 Gain 2.19 1.99

Table 3.8: Component Values

The designed circuit of LPF and HPF are shown gufé 3.14 and 3.15 respectively.

R1

58.5kQ _|CL 3

.Olul_l_

OPA355NA

13.7kQ R4
a4

Fig 3.15: Circuit diagram of'3Order Inverse Chebyshev HPF

i C5
1 Vi
—275V
R7 |
O1pF —"VW\— L
100Q
5 1 V2
OPA355NA _— 275V
R6
c3 | : A
.02uF 100Q 219Q
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Chapter 4

TEBIG

4.1 Testing

After the filters were designed, their testing aadalysis was performed on National
Instruments Multisim 11.0.1 workbench and LabVievé.8With the help of this graphical
software, filters were designed and simulated. &malysis, Bode Plot Response (Magnitude
and phase plot) and Output Response were performnediultisim 11.0.1 and then FFT
analyses were performed on LabView 8.6.

4.2 Multisim 11.0.1

National Instrument’s Multisim 11.0.1 is a circdiésign workbench. It contains almost all the
components and tools for designing. In Multisinrcaits are designed and then simulate to
perform different responses and analysis like TieamisResponse, Bode Plot, Phase Response
etc. It contains Virtual Instrument like Voltmeteékmmeter, Oscilloscope, Multimeter etc to
measure values. This workbench is very easy toandeit is flexible to add new components

and instrument [27].
4.2.1 Bode Plot

A Bode Plotis a Graph which shows frequency respaof a system. It is a combination of
Bode’s Magnitude Plot (which shows the magnitudetle# frequency response gain) and
Bode’s Phase Plot (which shows the frequency respphase shift of a system) [28]. Bode Plot
is present in Multisim 11.0.1’s tool Palate. Itviery simple and accurate method for graphing
gain and phase-shift response of a circuit. Bode iBlan important tool to analyse these filters.

The axis of graph is shown in Figure 4.1
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Figure 4. Bode’s magnitude and PhasedRonse Grap

With the help of Bode Plot, Both Magnitude and RhBesponse of filter circuits are calcula

and then compared on different point on frequemiy asing AHArecommendation

4.2.20utput Response of Filter:

After analysing the Bode Plot using AHA recommeratet, an ECG signal is given to filtel
input terminal to get the output shape of ECG dif¢g). The ECG signal is virtually given
filters in Multisim 11.0.1. The procedure to make input EC@ree in Multisim11.0.1 is give

below as

* An ECG signal file of .DAT format is downloaddérom www.physione.org. This website

contains recorded physiological sign

* Now open this file, it contains data in two colun{ogse column for time and one for EC
values). Then copy the given two columns of dat@ iNotepad(.txt formai

* Now in Multisim11.0.1, Go to Components and theftecevoltage source then sel
Piecewse linear voltage source. The symbol of Piecelssar Voltage source is swn in

Figure 4.2
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Figure 4.2: Symbol of Piecewise linear Voltage $eur
* Now Double click on it. An option will open. Therot initialize from file option. Now
select the notepad file. Now the data will be l@hde the Voltage source. The view is

shown in Figure 4.3

& Designl - Multisim - [Design1 *] |= B & |
—

PWL Voltage ==

[ Label 'D\splayi“ﬂ‘”? | Fault |Pw'|s IUserﬁ?st!

(") Use data directly from file

@ Enter data points in table

Initialize from fi...

Time Voltage

0 0,165 4
0.008 -0.155

0.016 -0.195

0.023 -0.205

0.031 0,185

0.039 -0.155

004 -0.135

0.055 -0.095

0.062 0.075

0.07 -0.085

0.078 -0.085

0.086 0.125

0.094 £.125

0.102 -0.125

0.109 -0.115

017 0.125

0.125 4.165 I

[TIRepeat data during simulation

‘F.eplace‘ l OK Cancel ‘ Info H Help |

Figure 4.3: A view of options of Piecewise lineavldge source

Now it is become an ECG signal Source. By conngddim oscilloscope an input signal can be

seen. The simulated input signal is shown in Figude
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Oscilloscope-XSC1 =5

wm Tme Crennd A Chemel B
LM op0s 0000V
T2 @3 o0.00s 0.000v
271 0.0005 0.000Y

| Reverse |

[ save

Ext, triager
Timebase Channel A Channel B Trigger

Scae: 200 i Scal: LY Scae: 5 Vv e [l T oA

X pos. {Div): 0 ¥ pos. (Div): 0.4 ¥ pos. {Div): a Level g v

o] add |[ B& | aB | [edee]l o [ e ] O T | —— [ snge | toma || Ao o]
L —_—— —

Figure 4.4: Simulated input ECG signal in Multisih.0.1

This input signal is given to filters and outputleecked at output terminals using oscilloscope.

4.3 Labview 8.6

Labview 8.6 is a system design platform and devalm environment for a visual

programming language from National Instrumentss klso called Graphical Programming. In
Labview there are various tool boxes like for sigmacessing, control system etc [29]. They
have built in VI files. In Labview, there is no rikef conventional procedural programming. In

labview8.6 output signal of Filters are further geesed for feature extraction.

4.3.1 Fast Fourier Transform
As there are other methods to calculate DFT. A Hasurier transform (FFT) is an

efficient algorithm to compute the Discrete Foutr@ansform of a signal. The DFT is extremely
important in the area of frequency (spectrum) agislyBecause it takes a discrete signal in the
time domain and transforms that signal into itscidite frequency domain representation.
Without a discrete-time to discrete-frequency tfamms it is not possible to compute the Fourier
transform. In Labview 8.6, there are signal procgsgools ( built in signal processing
functions) to compute the FFT of a signal using ielw is an easy approach for signal

processing [30].
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4.3.2 Feature Extractions from FFT

Conventionally ECG signals are acquired by ECG mitipn devices and then these devices
generate a printout of the lead’s outputs on alymgper. After that a cardiologist analyse the
ECG data for checking the abnormality in the sigBait now automatic ECG processing is the
main focus. Now the main point of concern is howexktract the features from ECG signal so
that these features can be used for Automatic BeseBiagnosis and to identify symptoms of
various heart diseases like Nocturnal hypoglycaemszhemia etc. there are various complex
algorithms for ECG signal feature extraction. FETone of them which is very efficief31]
[32] [33].

4.4 Multisim and Labview Connectivity
As the filters are tested and analysed by givirgEKCG signal on the oscilloscope. There is a
option on oscilloscope to save the simulated oufG signal in different formats. For

Labview usage, store the file in .lvm format [2Z9]. The view is shown in Figure 3.20

Ocilloscope-X5C1 = |
& Save Oscilloscope Data =5
Savein: |, fiifeature reffemcs paper - @ F @y
Name ’ Date modified Type Size
i o items match your search,
Recent Places
Desktop
=
Libraries
Computer
w
Metwork
Fie name: ECG Output him - Save |
Smemstpe: [ Teatbasedmessumsmentfies ) o] [ Concd |
Osc )
| Text- files *lvm }
‘ Birry me: ient files (*tdm) | |
ngal o o oo (e
W3 o.00s 0.000v —
271 0.000s 0.000Y Esne ] Ext. trigger
Timebase Channel A Channel B Trigger
Scale: 200 ms/Div Scale: L Vv Scale: 5 V/Div Edge: % |E B
X pos.(Div): 0 ¥ pos.(Div): 0.4 ¥ pos.(Div): o level g "]
77 " |- T [ = (- ) (a0 Jeeseadl - [ sge | tema || Awe [t ]

& Reslts | Smulation |

 Tran 113

Figure 4.5: Save option in Multisim 11.0.1 for Labwv usage
Now for FFT analysis in Labview, the VI is designdthe Block Diagram and Front panel is

shown in Figure 4.6 and 4.7. The FFT graph is ptbbietween amplitude (db) and frequency.

Page | 38



43 power spectrum.vi Block Diagram *

File Edit View Project Operste Tools Window Help
[0] (] ] [ [ 150t Appiction Font [~ (B[] [¢5-]f=]
Qutput from Multisim
File Name b ; rrrrr———
3 e’ W
T
Read From “"'
Measurement Spectral
File Measurements
Signals Signals
FFT - [Peak) Hjeeceeeeeeee
b Restart Averagin
averaging done ¥
Phase H
Evalustion i r

Figure 4.6 Block Diagram for FFT

8 power spectrum.i Front Panel * ||

File Edit View Project Operste Tools Window Help
o

[ ] [15pt Application Font |~ |[£ov | s~ ][] [#5~] :

File Name

| Ci\Users\sachin qupta\Desktop!\FF\input signal labview =i
‘i% signal files\ss.Jvm

Trace 1(Channel 4) (FFT - {Peak))
FFT Output BLCU—

Amplitude

g )
200 300
Frequency

Qutput from Muttisim Trace 1(Channel A) FRRF

Amplitude

Evaluation | ¢

Figure 4.7 Front Panel for FFT

In front panel, the file (Simulated output ECG sibfrom filters) is selected through the file
path option and then run the VI. The graphs shavBEG signal and FFT of signal in front
panel.
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Chapter 5

RESULTS AND DISSCUSSION

5.1 Introduction

The Filters were designed and then analysed usmlg B’lot Response on Multisim 11.0.1 and
FFT analysis were performed using Labview 8.6 atiogrto AHA recommendations. The
output of filters was tested by sending an ECG aign their input terminals and output was

measured using Oscilloscope and then comparedR€&keltant analyses are given below.
5.2 Bode Plot Response of High Pass Filters
5.2.1 Bode Plot Response of'Drder HPF

« The Magnitude versus Frequency Responsé'afrder HPF (figure 3.8) is shown in Figure
5.1

Bode Plotter-XBPL ==
Wode

= -
Harizond tal vertical

i i | [
I E GHz F S5 dg
1t mHz oy 200 a8
Controls

[Reverse |[ save [ Setu. |

+* [ 11238 mHz -13.135d8 [ - ] +@ In - +@ Out@ -

Figure 5.1: Magnitude versus Frequency Respon&g ofder HPF

Page | 40



* The Phase Angle versus Frequency Response is shdvigure 5.2

Bode Platter-XBP1 =)
= Viods
Magniuge | [L_Phase ]
Horizond tal Vertical
1 GHz F 720 Deg
I mHz 1 720 g

[ Reverse Save. ][ set.. ]

+ I imHz 88.848 Deg | + ] +@ In® - +@ out@ - .

Figure 5.2: Phase Angle versus Frequency Respdriskooder HPF
The Phase Margin and gain margin dfatder HPF is shown in Table 5.1

Cut off Frequency Phase Margin Gain Margin

0.05Hz 43 Flat

Table 5.1: Phase and Gain Margin 8fatder HPF
5.2.2 Bode Plot Response of Butterworth HPF
* Magnitude Versus Frequency Response is shown uréig3
Bode Plotter-XBP1 @

........ = = Mode

-
Horizon tal Vertical

o) |
E 1 GHz  F 20 d&
o 1 mHz 200 ]
Controls

Reverse | Save |[ Set.. |

[ + I imHz -95.873d8 + ] +@ In @ - +@ out@ —

Figure 5.3: Magnitude versus Frequency ResponBeitvérworth HPF Filter
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* The Phase Angle versus Frequency Response is shdvigure 5.4

Bode Plotter-XEP1 =)
¥ Viode
ey —
Horizontal Vertical
i . | [ 5
Fli

GHz F 720 Deg
B mHz 720 Deg

Controls

[[Reverse |[ save [ set.

[ +* I 1mHz -90.003 Deg - ] +® In @ - +@ Out@ —

Figure 5.4: Phase Angle versus Frequency Respdriagterworth HPF
The Phase Margin and gain margin of Butterworth P$hown in Table 5.2

Cut off Frequency Phase Margin Gain Margin

0.05 Hz -102.6 +0.002db

Table 5.2: Phase and Gain Margin of Butterworth HPF
5.2.3 Bode Plot Response of Chebyshev HPF

* Magnitude Versus Frequency Response is shown uréig5
Bode Plotter-XBP1 ﬁ

)\ £ Made

Horizon! tal Vertical
g tn | [egd(tn ]
£l GHz. F 50 dB
l x mHz 1 200 dB
Controls
/ﬁ‘///// \\\ (R (e (e
N

+ 1mbiz -38.014d8 I + ] +@ I @- +@ Out@ -

Figure 5.5: Magnitude versus Frequency Respon&iebyshev HPF
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* The Phase Angle versus Frequency Response is shdvigure 5.6

Bode Plotter-XBP1 L‘;&J
¥ MDTEMEW‘
HEl »ami
mE%EjC@;IE{:
Figure 5.6: Phase Angle versus Frequency RespdriSeebyshev HPF
The Phase Margin and gain margin of Chebyshev HRRown in Table 5.3
Cut off Frequency Phase Margin Gain Margin
0.05Hz 122.1 -5.8db
Table 5.3: Phase and Gain Margin of Chebyshev HPF
5.2.4 Bode Plot Response of Inverse Chebyshev HPF
Magnitude Versus Frequency Response is shown uré-is 7
Bode Plotter-XBP1 &J
| o

Lt

Horizon! tal Vertical
) e
3 GHz F 50 dB
gl 1 mHz 1 -200 dB

+ 1mHz

-28.013dB

] 4@ W @ - 40 Cut@ -

Figure 5.7: Magnitude versus Frequency Responsevefse Chebyshev HPF
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* The Phase Angle versus Frequency Response is shdvigure 5.8

Bode Plotter-X8P1

=
v Mode
(et | [Phse ]

Horizan| tal Vertical

| [
el GHz | F 70 Deg
11 miz | p 70 Deg

Controls

[ Reverse save || Set.. |

( + 1mHz

88.184Deg +

. + In @ - +(@ Out@ -

Figure 5.8: Phase Angle versus Frequency Respdrnsesrse Chebyshev HPF
The Phase Margin and gain margin of Inverse ChedwbtPF is shown in Table 5.4

Cut off Frequency Phase Margin Gain Margin

0.05Hz 84 6db

Table 5.4: Phase and Gain Margin of Inverse chehysiPF
5.3 Analysis of Bode Plot Response of HPF's usingdA Recommendation

The Analysis of Bode Plot for all HPF’s are showrTable 5.5

[passat Phase Phase | Max Gain Ripple
Shift at Shiftat | Deviation up | Presence

Sr. Filter -3db point | 0.05Hz 0.5Hz to 0.5Hz
no.

1 1 order .049Hz 43 5.6 Flat No

2 Butterworth .048Hz -102.6 124 +.002db No

3 Chebyshev .092Hz -122.1f 10.7 -5.8db More

4 Inverse Chebyshe .018Hz °84 5.9 6db More

Table 5.5: Analysis of Bode Plot for HPF’'s using ARRecommendation
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5.4 Output ECG Wave Shapes from HPF’s
The input ECG signal and output of Filter are shanRigure 5.9, 5.10, 5.11, 5.12, 5.13.

—1

o A t w\f’l IWH’\\J et ——

Figure 5.9: Input ECG signal given to HPF's

T

ey
t F

Figure 5.10: Output ECG signal frorif @rder HPF

—r
T f

Figure 5.11: Output ECG signal from Butterworth HPF

| | [
FT"'NF\[W" T =

Figure 5.12: Output ECG signal from Chebyshev HPF

I ~

f \f P ——— et \/', o ———

Figure 5.13: Output ECG signal from Inverse ChebydHPF
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5.5 Bode Plot Response of Low Pass Filters

5.5.1 Bode Plot Response of'Drder LPF

Magnitude Versus Frequency Response are showmimd=b.14
-

Mode

=

Horizontal Vertical

B[ n ] [Head[tn ]

Bode Plotter-XBP1

Gz  F S &

F 1
mHz 1 -200 dg

j 1

Controls

save ][ set.. |

+ ] +@ @ - +@ Oout@ -

0.001dB i

I imHz

The Phase Angle versus Frequency Response is shdvigure 5.15

Figure 5.14: Magnitude versus Frequency Respons® afder LPF

Bode Plotter-XBP1

7

] +@ Ih @~

[ +

[ -0.001Deg

I imHz

Figure 5.15: Phase Angle versus Frequency ResmériSeorder LPF
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The Phase Margin and gain margin of 1st order IsPshown in Table 5.6

Cut off Frequency

Phase Margin

Gain Margin

100Hz

-16.9

Flat

Table 5.6: Phase and Gain Margin Sfatder LPF
5.5.2 Bode Plot Response of Butterworth LPF

* Magnitude Versus Frequency Response are showmyurd=b.16

Bode Plotter-XBP1

ot

v Mode

Horizontal

Y 1 imHz 6.022dB ¢ +> +@ In @ -

Vertical

5 ; ; (e[ ] [esd(n]
F 1 B

Gz F o1
i ] 11 mHz
Controls

:\ Reverse | Save Set.. |

1 20 o

+@ Out@ - .

Figure 5.16: Magnitude versus Frequency ResponBettérworth LPF
* The Phase Angle versus Frequency Response is shdvigure 5.17

Bode Plotter-XBP1

et

¥

Horizontal
[es ][t ]
F 1

11 mHz

Controls

- I 1mHz ~0.001Deg i - +@ In

Made
B =)

Vertical

GHz E 720 Deg
1 720 Deg

[ Reverse ][ save |

+@ Out@ -

Figure 5.17: Phase Angle versus Frequency Resmbriagterworth LPF
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The Phase Margin and Gain Margin of Butterworth lishown in Table 5.7

Cut off Frequency

Phase Margin

Gain Margin

100Hz

-34.2

+.02db

Table 5.7: Phase and Gain Margin of Butterworth LPF
5.5.3 Bode Plot Response of Chebyshev LPF

* Magnitude Versus Frequency Response are showmgumd=5.18

Bode Plotter XBPL ===

v - : Vode

+ I 1mHz 7.678 dB | - ] +@ In @ - +@ Out@ -

Figure 5.18: Magnitude versus Frequency Respon€helbyshev LPF

* The Phase Angle versus Frequency Response is shdvigure 5.19

Bode Plotter-XBP1 &J
- : Modk
Hagrinige [ hase ]
Horizontal Vertical
1 GHz F 70 Deg
1 mHz 1 70 Deg

—

+ 1| 1mHz -0.001 Deg [ > ] +@ In @ - +@ out @ -

Figure 5.19: Phase Angle versus Frequency ResmdriSleebyshev LPF
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The Phase Margin and Gain Margin of Chebyshev IsPFdhown in Table 5.8
Gain Margin

Cut off Frequency Phase Margin
-41.7 +.2t0.6db

100Hz
Table 5.8: Phase and Gain Margin of chebyshev LPF

5.5.4 Bode Plot Response of Inverse Chebyshev LPF

Magnitude Versus Frequency Response are showmimd=5.20
i

Mode
Mognwde ][ Phase |

Vertical

Horizontal
[T (i)
F1 &

GHz F 12

z 1 -0 ]

Bode Plotter-XBP1

1

Conirols

Reverse || Save |[ Set.. |

7
1

i

\\

+ +@ I @ - +@ out@ -

10,077 d&

Figure 5.20: Magnitude versus Frequency Responbe/efse Chebyshev LPF

* The Phase Angle versus Frequency Response is shdvigure 5.21
MDTEMEW_\_—P@E
e T am

7 B
Conirols

[[Reverse |[ Save. ][ Setun |

+@ In @ +@ Out @ —

ebyshev LPF

* I 1mHz -0Deg ES
Figure 5.21: Phase Angle versus Frequency Respdriseerse Ch
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The Phase Margin and Gain Margin of Inverse Cheby$fF is shown in Table 5.9

Cut off Frequency

Phase Margin

Gain Margin

100Hz

-11.2

+.2db to .6db

5.6 Analysis of Bode Plot Response of LPF’s usingd#A Recommendation

The Analysis of Bode Plot for all LPF’s are showriliable 5.10

Table 5.9: Phase and Gain Margin of Inverse chebytRF

[passat Phase Phase Max Gain Ripples
Shiftat | Shift at Deviation

Sr. Filter -3db point 30Hz 100Hz upto 30Hz Presence
no.

1 1° order 107.9Hz -16.9 -45.1 Flat No

2 Butterworth 137Hz -34.2 -9T +0.02db No

3 Chebyshev 131Hz -41.7 -169 +.2to +.8db More

4 Inverse Chebyshey 374Hz -r1.2 -38.9 +.2to +.6db Moderate

Table 5.10: Analysis of Bode Plot for HPF’'s using/A Recommendation

5.7 Output ECG Wave Shapes from LPF’s
The input ECG signal and output of Filter are shamvRigure 5.22, 5.23, 5.24, 5.25, 5.26.

—

Figure 5.22: Input ECG signal given to LPF’s

ey —=

Figure 5.23: Output ECG signal frorif @rder LPF
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Figure 5.24: Output ECG signal from Butterworth LPF

e

Figure 5.25: Output ECG signal from Chebyshev LPF

Figure 5.26: Output ECG signal from Inverse ChebydiPF
5.8 FFT Analysis

5.8.1 FFT analysis of HPF’s

43 power spectrumwyi Front Panel *

The FFT of Input signal is shown in Figure 5.27
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Figure 5.27: FFT of Input Signal (Given to Filtgr's
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The FFT of Output ECG signal froni brder HPF is shown in Figure 5.28
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Figure 5.28: FFT of Output ECG signal frofdrder HPF

The FFT of Output ECG signal from Butterworth HBFShown in Figure 5.29
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Figure 5.29: FFT of Output ECG signal from ButterthdHPF
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* The FFT of Output ECG signal from Chebyshev HP$hswn in Figure 5.30
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Figure 5.30: FFT of Output ECG signal from ChebysH&F
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* The FFT of Output ECG signal from Inverse ChebydHB¥ is shown in Figure 5.31

48 power spectrumuvi Front Panel *
File Edit View Project Operate Iools Window Help

| [10] [ 5pt Application Font |~ | [~ ][~ |[2-][#5+]

Trace 1{Channel &) (FFT- (RMS) [T
Waveform Graph 2 (FFT - (RMS))

Amplitude

| I | " v | |
20000 25000 30000 40000 45000 50000 55000

Frequency

Trace 1Channel &) 0% |

Waveform Graph
15-

Amplitude

=5l
-05-] D I

1.25-]
lf
0.75-]
05
i
g
i
04 05

0 : 02 03

Evaluation

Figure 5.31: FFT of Output ECG signal from Inve@eebyshev HPF
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5.8.2 FFT Analysis of LPF’s
* The FFT of Input signal is shown in Figure 5.32
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Figure 5.32: FFT of Input Signal (Given to Filtgr's
« The FFT of Output ECG signal froni drder LPF is shown in Figure 5.33
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Figure 5.33: FFT of Output ECG signal frofdrder LPF
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* The FFT of Output ECG signal from Butterworth LRBFshown in Figure 5.34
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Figure 5.34: FFT of Output ECG signal from Butterthd_PF

* The FFT of Output ECG signal from Chebyshev LP&hiswn in Figure 5.35
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Figure 5.35: FFT of Output ECG signal from ChebysbeF
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* The FFT of Output ECG signal from Inverse ChebydheF is shown in Figure 5.36
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Figure 5.36: FFT of Output ECG signal from Inve®eebyshev LPF

All the analyses were done on these filters and#s filters among the HPF's and LPF’s were

concluded.
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Chapter 6

CONUGSION AND FUTURE WORK

6.1 Conclusion

As ECG is the most vital parameter to diagnoseciredition of Heart and identifying the
disorders. From the background study of ECG Momtpisystems, conventionally standard
analog filters (single order) are used. The fregyaange of these systems is different for ECG
signal acquisition. We designed and analysed titersi using AHA recommendations. The
purpose of analytical study is to investigate thsthilter response. We performed the Bode Plot
analysis and the filters were tested by giving E€ighal and then FFT of filter’'s output signal
was taken. After these analyses, we have obsehadiPF’s i’ order filter has good response
and in LPF’s Inverse Chebyshev Filter has goodaes in comparison to other filters for ECG
filtering.

6.2 Discussion - Complete System Design

From the analysis,*1order HPF and Inverse Chebyshev LPF have the gesgbnse. By
integrating these filters with Instrumentation Aifipt AD8429, a complete system was

designed. The system is shown in Figure 6.1
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Figure 6.1: Complete System Design
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6.2.1 Bode Plot Response

* Magnitude Versus Frequency Response are showmgumd=6.2

Bode Plotter-XBP1

-

* 1l 1mHz -23.857d8 + ] +@ In@- +@ out@® -

Figure 6.2: Magnitude versus Frequency Responsep@tenSystem Design

» The Phase Angle versus Frequency Response is shdvigure 6.3
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Figure 6.3: Phase Angle versus Frequency Respdiidenoplete System Design
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6.2.2 Output ECG Wave Shape from Complete System Bign

Here an input ECG signal and Output of ECG sigrahfcomplete system design is shown in
Figure 6.4, 6.5
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Figure 6.4: Input ECG signal to Complete Systemidres
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Figure 6.5: Output ECG signal from Complete Sysixsign

6.2.3 FFT analysis of Complete System Design
The FFT analysis of Complete System design is shiovagure 6.6
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Figure 6.6: FFT of Output ECG signal from Compl8testem Design
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6.3 Future Work

In this thesis, the single-lead ECG sampled at 208kd digitized in 12 bits was taken. For
further more evaluation, these Filters can be d¢eagng more number of ECG signals which
contains information regarding various disorders filaquency components.

High-frequency PCB layout should be employed fagsth filters. Generous use of ground
planes, short direct signal traces, and a suitaipass capacitor located at the V+ pin of the
filters will assure clean, stable operation. Itlwdquire more consideration to heat dissipation
and low harmonic dissipation.

From the FFT analysis, more feature extractionrélyms can be employed. For example; like

biometrics based human identification, FFT can blsoised for the same.
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