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Abstract: The electrocardiograph is an electronic
instrument used to produce a written record of theelectrical
activity of the heart. The electrical waveform prodiced by
the heart is called an electrocardiogram or ECG (smetimes
EKG after the German spelling). The various feature of the
ECG can be related to the pumping activity of the bart and
is thus used in the diagnosis of the heart disease.

The electrocardiograph system described in this made is
a simplified one, but it will perform the same bas functions
as a more sophisticated commercial instrument. It &s been
designed to demonstrate the underlying principles fo
electrocardiograph operation in terms of the functons of
individual stages and their interrelationships in he system.
Although the simplified version may not include speial
features found on more complex commercial instrumes, an
understanding of the operating principles of this nodel
should help you in properly using commercial instrunents
and in understanding its operation and maintenancenanual.
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spreads across the atrium causing the atrium téramin
forces blood into the ventricles. The ventricular
contraction phase of the heart cycle is broughtutlby
depolarization of the ventricles through the
“atrioventricular” (AV) node and the Purkinje systeThe
Purkinje system is a specialized conduction system
bringing impulses to the ventricular muscle frone tBA
node. In addition, the Purkinje system providesetayl
time allowing the atria to pump blood into the vatés
before ventricular contraction. This impulse cortdc
system permits the ventricles to be depolarizedain
relatively short time. If the heart relied on impeil
conduction through ventricular musculature, total
conduction would not occur in a short interval dodong
conduction delay of the muscle. Impulse speed tirahe
Purkinje system is much faster than through theliaar
muscle itself.

The heart goes through a periodic sequence ofrielaict
depolarizations and repolarizations which initiattee

l. INTRODUCTION mechanical events of pumping blood. Mechanicalhg t
phases of the Heart are dividedtas phases, diastole and
The electrical information — in the form of an SyStole. During diastole both atria contract emmyi]lood

electrocardiogram (ECG or EKG from the Germarnto the ventricles, and during systole the vefgsc

spelling) — can be corrected to the mechanicaviagtof
the heart and is used by the cardiologist to deterrany
malfunctions. In addition to its use in diagnosike
electrocardiograph is also essential for monitorihg
heart activity of patients who are recovering frowart
attacks or who have undergone heart surgery.

An understanding of cardiovascular physiology, prop
ECG measurement techniqgues and the operation a swemiivode s vodo

maintenance of the electrocardiograph is thus ¢sséor
the biomedical equipment technician.

An electrocardiogram (called ECG or EKG for shast)

a recording of the naturally occurring rhythmiciaity of

the heart. This electrical activity of the heartissed on
the ability of the excitable muscle tissue (suchhasheart
muscle or myocardium) to change rapidly its meméran
permeability to N& and K ions. When these ions move

across the cell membrane, a varying electric fiekllted
that is recorded as electrical activity of the hear
After the onset of “electrical depolarization”, tbardiac

muscle changed from its relaxed (or diastolic) to i

contractile (or systolic) phase. The return fromtecaction
to relaxation occurs after the “electrical repaation”.

The normal heart rhythm is established by a speeil
“the

bundle of neuromuscular tissue usually called
pacemaker” or “the sinoatrial” (SA) node of the tidaee
Figure 1). Electrical impulses are generated spauasly
by this pacemaker, which initiates in turn the hesgcle.
At the onset of the heart cycle, impulses from$#enode
induce the right atrium to depolarize. This depaktion

contract.

In complex commercial instruments, Metal electroides
the contact with the skin surface are used to gickeak
ECG signal which are then amplified and displaygdb
oscilloscope and/or strip chart recorder.
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Figure 1 A schematic diagram of a longitudinal section of
the human heart showing the right and left atrih an
ventricles, the SA node, the AV node and the Piirkin

system.

In 17" and 18 Centuries, many other investigators have
also studied ECG where the harnessing of elegtricit
observations of its effects on animal tissues ahne t
discovery of 'animal electricity' was established.

In ECG, one cardiac signal consists of the P-QRS-T
waves as seen in Figure 2. The plurality of thaicdilly
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useful information in ECG is found in the intervalad coefficients of the transform as the features aheBCG
amplitudes defined by its characteristics (featurave segment can be extracted.

peaks and time durations). The improvement of rapid An algorithm, based on the wavelet transform, for
accurate methods for automatic ECG feature extnadi feature extraction from ECG signal and recognitimi

of main importance, particularly for the examinatiof ~abnormal heartbeats presenféd\ method for choosing

long recordings”! an optimal mother wavelet from a set of orthogosuad
bi-orthogonal wavelet filter bank by means of thestb

i i R-Rinterval correlation with the ECG signal developed. Thet fitep

of approached is to remove noise of the ECG sibyaa

R R soft or hard threshold with limitation of 99.99 oestructs

ability and then each PQRST cycle is decomposed ant

coefficients vector by the optimal wavelet functiorhe

coefficients, approximations of the last scale leared the
T T details of the all levels, used for the ECG analyZEhe

P j/‘\J\\ /_/\ coefficients divided of each cycle into three segtaehat
Q

P-R
segment §—Tsegment

are related to T-wave, QRS complex P-wave. The
summation of the values from these segments prd\tae
feature vectors of single cycles.

w

§—Tinterval
P—R

segment | opg interval

II. ELECTRONIC COMPONENTS AND
Q- Tinterval T-Qinterval
Figure 2 A Sample ECG Signal showing P-QRS-T Wave. APPARATUS

The ECG characteristic extraction system provides This project involves the assembly, calibration and
essential characteristics (intervals and amplitudesbe Operation of the ECG Monitor system. The ECG Manito
used in subsequent automatic analysis. Currentlijicludes both an oscilloscope and audio outputiaysp
detection of these characteristics done and nunaer !N the first part, the oscilloscope monitor assesdbl
techniques has been propos@d” calibrated and operated. The techniques of zerdeg

Electrocardiogram is particularly authentic foripat ~differential amplifier and using the finger pad cttedes
observation and diagnosis. The extracted charatiteri Présented in this section and should be followeefady.
from the ECG signal plays a vital in diagnosing thé/\_/lth a suitable cardiac input signal, the oscntam
cardiac problems and diseases. The most and mélisplay used to study the ECG waveform characiesist
importance is to develop a quick and accurate nastfior 1he Second part adds the audio system consistirtgeof
automatic ECG feature extraction. So, it is neagstzt 1€Vvel detector, monostable multivibrator, UJT daotr
the characteristic extraction system carries outiately. and power amplifier. An initial check is made oreth
The objective of characteristic extraction is tadfias few OPeration of the audio system before it is conrettethe
particulars as possible within ECG signal that wicaillow ~OUtput of the differential amplifier. The differezes of
successful abnormality detection and efficient jmtéshs. ~ triggering the audio oscillator directly by the diac

Recently, several studies and algorithms have bedfveform or by means of a multivibrator intermegiar
developed for the exertion of classifying and anialg the Stage are studied. Finally, a heart rate measureisen
ECG signal. The sorting or classifying method psggb Made using the audio signal. _
during the last decade includes Fuzzy Logic methods On the other hand, the electrocardiograph systesd us
digital signal analysis, Hidden Markov Model, Aitil t© obtain a written record of the electrical adiivof the
Neural Network, Support Vector Machines, Geneti@€art (an electrocardiogram). The potential pickedby
Algorithm, Self-Organizing Map, Bayesian and othefhe skln_ electrodes (Finger Pad) is on order ofillivit
method with each approach exhibiting its owdn_a}mpllftude. 'I_'he ECG therefore calibrated so that
disadvantages and advantages. This paper provides/a millivolt input signal corresponds to a 1 cm defien on

simple designation and operation of ECG monitotesys the strip-chart recorder. In addition to measurithg
In addition, the individual circuit stages are eimed 2amplitude of the ECG waveform, the heart rate intbe

through their input-output characteristics. per minute can be obtained by measuring the timedan

Early, ECG characteristic extraction studied artd [of ~Successive heartbeats.
transformations as well as and advanced techniqufs Materials and Equipments
proposed for accurate and fast ECG feature extracti T_hese materials and equipments used to construct a
A characteristic extraction method using suppodtme Project:
machines and wavelet transform was prop&dei.new 1) Power Supply* 12V @ 500mA.
process to the characteristic extraction for credieart 2) ECG Input Switch: with circuits for input coupling,
rhythm recognition presented. The characteristitoreof —balancing and 1MV standard.
ECG data achieved where two diverse feature eivract 3) Differential Amplifier: breadboard or equivalent
methods applied. Using the wavelet transform, thwith 3 type 741 integrated circuit operational aifigis,
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3-10 KQ Offset potentiometers and 1-1.® kBalanced eliminate any excess water and it placed back & th

potentiometer. holders. Signal cable plugged into the Inputs ofGEC
4) Power Amplifier: breadboard or equivalent withSwitch.
type 741 integrated circuit operational amplifiér,kQ Any way, a rear power cable was inserted into power

Offset potentiometer, 18 Amplitude potentiometer and Supply. A signal cables connected between Inplasid\B
1 each MJE3055 (NPN) and MJE2955 (PNP) powednd GND to the Outputs RL, RA and LA on the ECG
transistors. Input Switch. The hardware pictorial arranged toresent

5) Voltage Level Detector: breadboard or equivaleriie bread boarding of an operating system as seen i
with 1 type 741 integrated circuit operational aifigi Figure 5.
and 10 K Offset potentiometer.

6) Monostable Multivibrator: breadboard or equivalent SR TRANSOUCER  MIPLFER SIENAL: PROCESSING
with 1 type 741 integrated circuit operational aifig
and three type 1N914 or equivalent Diode.

7) UJT Oscillator: breadboard or equivalent with 1 | Zeecis % o 1y Dfwid gy Vlwlod pf Mok 1y oo
type 2N5088 NPN transistor and 2N2160 unijunction | " || i dr || o o
transistor.

8) Finger Pad Electrodes.

9) Oscilloscope: vertical sensitivity = 5mV/Div.

10) Ruler: metric with mm divisions.

11) Strip-Chart Recorder: basic recorder including only
pen writing motor and chart paper drive system. | e S (6] 2o Al

12) The component parts listed in Table 1.

Table 1 List of components part used in the ECG circuit g —

Number of Pieces | Values | Power Type DISPLAY

i léfK gg g ﬁe?sz"f Figure 4 The Block Diagram Analysis.
- e515tor
3 47K 0.5 W Resistor
1 1M 0.5 W Resistor
1 2200 0.5 W Resistor
1 10K 0.5 W Resistor
2 150 0.5 W Resistor o
3 0.01 pF Capacitor m;(;
1 0.1 pF Capacitor Tmm Wy g g R g R g ¢ WSV A] DN G DRG] gme WG
1 0.02 uF Capacitor e B R B e —
3 INS14 Diode HEE sl A
1 2N2160 Unijunction Transistor S r
1 2N5088 NPN Transistor i :
6 741 OP-AMP Sty 2 e
22AWG Solid Wire = [ it '
o aoolpiiee .
B. Methods and Procedures U _LI,! ”Iﬂ b AL AT
1. ECG OSCILLOSCOPE MONITOR ASSEMBLY (e e i) B Bous Bies I

All the components inserted in the breadboard atiegr | LI ==
to the schematic in Figure 3 and Figure 4. The BQbit

Switch were mechanically sliced alongside the Powe,
Supply and locked together with the latch. '

Figure 5 The hardware pictorial.

2. PRELIMINARY SET-UP:
Controls were sated as follows:
a. Power Supply: switch is OFF.
b. ECG Input Switch: switch (Base) is zero. Inpatance
is turned fully counterclockwise.
Figure 3The Schematic Diagram Analysis. c. Differential Amplifier: all controls turned fL}"
counterclockwise.

On the other hand, four tablespoons full of satteatito d. Oscilloscope: Use 1 Meg Probe Scope input to DC
a cup of water and stir until the salt well mixethwater. - Vertical Sensitivity is 5mV/Div.- Horizontal Sweep
The sponges removed from the holders and immersedis sated 5mS (not critical)> Trigger is Line —» Ground
the salt-water solution. After that, the spongaseeged to Scope to GND jack on front panel of Power SupphBet
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ground reference on scope at center of screen. produce a 1 cm deflection of the pen.

Balancing The System: c. Turn on the paper drive and switch between tASB
For balancing the system, these procedures applied: (zero) and 1mV calibration positions several timggp
1. Power supply: power switch is turned to ON. the paper.

2. ECG Input Switch: the switch is sated to Base&. Check the amplitude of the trace for the deslrezin
(zero) position. deflection. If this condition is not achieved, rpet the
3. Differential Amplifier: amplitude control on the power amplifier.

a. Connect the scope probe to the spring p@non the CHART SPEED CHECK:

board (output of buffer amp A). The chart speed will be measured as follow thesygsst
b. Adjust the output to ground level (withi'smV) using @. Turn chart recorder ON.

the DC Offset control near buffer amp A. b. Using the sweep hand on a watch make a marken t

c. Connect the scope probe to spring p@nbn the board Cchart paper with a pen or pencil along the metaeedt
(output of buffer amp B). the end of 10 seconds make another mark and methsure

: L . distance between marks. Divide the measured distayc
. | (withitbmV . .
d. Adjust the output to ground level (wi mV) using 10 to determine the paper speed in mm/Sec. Chagdp
the DC Offset control near buffer amp B. 24.8mm/Sec. The chart speed should be approximagel
e. Connect the scope probe to spring p@non the board ) ’ P PP y

X mm/Sec.
(output of Diff. Amp.). ' OPERATION:
f. Turlr; Balance control fully clockwise (front pdne a. Turn the unit ON and have a subject place hisihads
control). : )
g. Set scope vertical sensitivity to 50m/V. on the finger pad electrodes.

. - . b. Adjust the amplitude and DC Offset controls e t
h. Adjust the output to ground level (withiriOmV) using e : .
DC Offset control on front panel. power amplifier so that the trace is centered.t{@emay

4 ECG Input Switch: vary from subject to subject).

. . c. Because finger pad electrodes are used in pidce
a. Set SW't.Ch to RUN (Lead 1) position. (Do not gela regular skin electrodes, the signal may be less fimV.
hands on Finger Pad Electrodes at this time).

. / Adjust the power amplifier amplitude control urgikignal
b. Measure the DC voltage difference at poi®sand® approximately 15 mm is produced.

on the Differential Amplifier board with the scofget the 4 Ecg OSCILLOSCOPE MONITOR OPERATION
scope sensitivity to 1 Volt/Div. _ . In this section the oscilloscope monitor will beedsto
c. Adjust the Input Balance on the ECG Input Switdlil - 5pserve the output signal of the differential afigati The
there is no difference in voltage between springf®®  cardiac signal input to the differential amplifisrobtained

and@. from the Finger Pad Electrodes.

d. Set the Switch to CALIB. (1 mV). A standard skin electrodes placement for measuring
5. Oscilloscope: cardiac potentials consists of electrodes placethemight

a. Attach the scope probe to the Output of theedffitial arm (RA), left arm (LA) and right leg (RL). This is
Amplifier. referred to as the LEAD | configuration. The RA dnd

b. Set the vertical sensitivity of the oscilloscapé&V/Div.  connections are the inputs to the differential afipl
Carefully turn the vertical sensitivity gain sottiae 1 mV while the RL is the common or ground connectione Th
input signal gives exactly a deflection of 1 Diva the Finger Pad Electrodes act as the electrodes forigje

oscilloscope. arm (RA) and left arm (LA). A by-pass capacitor is
c. Set the horizontal sweep on the scope to 0/Dsec connected from each electrode to a common line (Raf)
6. Chart Recorder: is designated as ground. The capacitors serve Bz 60

a. Place both hands on Fingertip Pad ElectrodekeMéafilters.

certain the two hands do not touch each othetiasaill ECG oscilloscope monitor operation is done throtigise
reduce the signal. There will be a tendency for tihe steps:

thumbs to touch, therefore caution must be exedcifern 1. Set the ECG Input Switch to the RUN (LEAD I)
on the Chart recorder. position and monitor the cardiac waveform on the
b. Adjust the Amplitude and DC Offset controls dret oscilloscope.

power amplifier for best results on chart recordéthe 2. Compare it with the waveform given in the
pen deflects too much to one side of the chartpapfust Hardware pictorial.

the balance control on the front panel of the déffdial 3. Switch to the 1mV (CALIB.) position and back the

amplifier to bring the pen back to the center posit RUN to check the calibration.

3. ECG STRIP-CHART MONITOR CALIBRATION 4, Compare the peak amplitude of the cardiac signal
AND OPERATION (QRS wave) with the 1mV reference level, and redbsd

In this section the Strip-Chart monitor will be dseéo amplitude of the measured signal. (QRS Amplitude
observe the output signal of the differential afigdli =0.98mV).

CALIBRATION: 5. There may be a lot of noise observed with the

a. Switch the ECG Switch to the 1mV calibrate posit signal. This is 60Hz line voltage picked up throutje
b. Adjust the amplitude control on the power anrtito  subject acting as an antenna. By keeping the subjet
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transducer away from near by AC lines and lights thoscillator and power amplifier)

noise will not be as great. Shielded cables wiloatut 5. Count the number of audio pulses occurring in 15
down on 60Hz pick up. seconds and multiply by four to get the heart natbeats

5. ECG AUDIO MONITOR ASSEMBLY per minute.

The audio monitor system is built next by addingirfo 6. Record the heartbeat rate below: HEARTBEAT
more stages to the differential amplifier. The adsy RATE: 69 bpm.

procedures are:

1. Voltage Level Detector: insert the power cable into IIl. RESULTS AND DISCUSSION

the differential amplifier.

2. Mono stable Multi vibrator: insert the power cablepn  Recordi ng

into the voltage .|EVEI ggtector_ . The cardiac potential in a human subject can now be
3. WJT Oscillator: insert the power cable into theyetected and recorded. An alternate method of mibgi
mono stable multi vibrator. Then, connect a catbenfthe 1o EcG waveform is to use an electronic ECG sitoala
Input of the UJT oscillator to the Output of the MO gyitch the input selector to the RUN position. Tom
stable muli V|brato_r._ o . the Chart Recorder. Mark the paper to indicatestaet of

4, quer Amplifier: insert the power cable into they,o recorded signal by quickly switching to the BAS
UJT oscillator. After that connect a cable from thput of position and then back to RUN. Then, continue tothe

the power amplifier to the Output of the UJT ostik. recorder for approximately 15 seconds, and then iur
5. Function Generator: insert the power cable into th

power amplifier. Connect a cable from the Outputhaf B. Analyzing the ECG

function generator to the Input of the mono stabldti Measure the length of 10 beats on the chart paper a

vibrator. :
6. Meter / Speaker: connect a cable from one of ”}record the value. Length of 10 beats is 220 mm. e

fie heart beat rate using the formula:
speaker input jacks to the Output of the power #iapl _ .
Then connect a cable from the other speaker jackND BEATS/MIN = (Chart Speed/10 BEAT LENGTH) 10

e Beatsx 60 SEC/MIN.
on the power amplifier. - .
_ AUDFI)OWSYSTEpI\;IICHECK In our experiment, the ghart speed is 24.8 mm/Been
the heart rate per minute is about 68 bpm.

6
1. Turn the power ON. . . .
2 C. Interesting Experiments with the Electrocar-

Function Generator Set-Up:

a. DC Offset: zero volts (GND level). diograph o _ _

b. Amplitude: 5\/p (sym about GND). While the subject is having the ECG taken, the exttbj

c. Frequency: 1 Hz. should suddenly tense the muscles in the body. The
d. Waveform: square. electrical activity of the muscles will be recordedthe

3 A pu|sed 1KHz Signa| should be heard. same way as the ECG and the result will be a wanefo

4. Measure the outputs of the mono stable multvith a tremendous amount of noise and wandering
vibrator, UJT oscillator and power amplifier. Compa baseline.

them with the waveforms shown in the Hardware Rigto 10 produce as good an ECG as possible it is impbrta
5.  Adjust the power amplifier gain control to obtain athat the subject be relaxed and there be a minim&m

comfortable speaker volume. muscle activity. For this reason actual patiente ar
6.  Remove the function generator from the system. frequently requested to lie down when an ECG isrtak

7. Connect a cable from the Output of the differential Agdain, while the ECG is being taken have the subjec
amplifier to the Input of the voltage level detecto take a deep breath and hold the breath for about 10

8.  Connect a cable from the Output of the voltagé€conds. Immediately afterwards have the subject
level detector to the Input of the monostable muilitator. ~ completely exhale and hold this condition for 10csels.
7. ECG AUDIO MONITOR OPERATION Compare the two ECGs. It will be noted that thealeh

ECG audio monitor operation is done through thesmpss ~ ECG is smaller in amplitude than the exhale ECG.
1. Check the zero and balance settings on the The reason for this situation is straightforwards the

differential amplifier. lungs expand or collapse, the position of the hémrt
2. Attach the scope to the Output of the differentiaflightly changed. As shown in Figure 6, the heartai
amplifier. dipole. As the angle of this dipole, with respeaztat line

3. Set the ECG Switch to RUN (LEAD I) and monitordrawn between the two shoulders, changes from being
the oscilloscope for a cardiac reading with a suttsiehand ~ Perpendicular to the line between the shouldersatallel
placed on the Finger Pad Electrodes. NOTE: theestibj to the same line, the signal recorded on the aritisgo/
should be sitting and refrain from moving arounchyA from a minimum to a maximum.
slight movement will cause false triggering. Thisdue to
the fact that we are monitoring very small signals.
4, If a cardiac signal is present, then adjust theéagal
level detector until the cardiac signal triggere #udio
oscillator circuits (monostable multivibrator, UJT
Copyright © 2015 IJECCE, All right reserved
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Figure 6 System of limb lead ECG showing the heart
dipole and how it projects onto each of the thiexd |
potentials.

IV. CONCLUSION

For this design especially, the built system caa bery
useful tool for teaching heart beat abnormalities f

medical student in a modern and attractive way.

A comprehensive library of many abnormalities ie th

heart signals was recorded and can be demonstmtbd
students in the medical physics lab.

The amplitude of the ECG wave is affected by the
electrical resistance of the pathways to the distan

electrodes.

The recorded voltages represent only the difference
between the influences of simultaneous and opposite

electrical dipoles in a complicated pattern.
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