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Abstract

There is a growing and obvious need for exerciggepmonitors that not only
register heart beats and record other data suchl@ses burned but also detect
arrhythmias. Ideally, they should identify the tygfearrhythmia as well. In the last
fifteen years or so there has been an improvemehti quality and capacities of exercise
pulse monitors; however with the improvement inelectronics and circuits and with
the development of virtual instrumentation to &stl develop instruments to a higher
degree, the market would welcome an exercise potsetor with the above abilities.
Therefore the purpose of this project is to comstaubasic pulse monitor that can detect
and identify five types of basic arrhythmias. Thse of such products as LabVIEW in the
area of virtual instrumentation to develop and bésiedical products has become a
rapidly growing field. A search of technical elextic journals for virtual instrumentation
identified over 2500 papers for a six year peri@de of the reasons for this is that
software products such as LabVIEW can significastigrten the development time. The
completed monitor in this project was developedgsiabVIEW and the final testing
was done with both simulated and real signals. fonfaature of the final product is that
it can be customized for a particular wearer. Alitio testing was not carried out with
respect to this feature, it is to be assumed tlaawiearer was prone to a certain type of
arrhythmia that if that pattern was stored in thenitor, then there would be a greater
chance of the arrhythmia being detected duringxancese period. The pulse monitor
incorporates real time analysis which of courselditwe necessary since some
arrhythmias develop quickly and can have immediatesequences. One of the reasons
why such a pulse monitor could be successful isttteasampling rate that newer
monitors are capable of is much higher than it arab also the features of LabVIEW
allow for testing parameters that are very fase fihal monitor worked very
satisfactorily. This bodes well for such a devieinlg designed developed with

significantly better accuracy and arrhythmia detectapabilities.

Key Words: LabVIEW, Arrhythmia, ECG, Virtual Instrumentatioigupraventricular
Tachycardia, Sinus Rhythm, Synthetic InstrumenisyéMed’s BioCapture, real time

analysis



I ntroduction
1. Background

Sports medicine has become an important parteofitbwing athletic movements
over the last 40 years. It is now established asaortant specialty and is used by both
professional athletes and weekend tennis playewsever, like mainstream medicine it is
just starting to develop preventative medicine espd here is an important need for this.
In a 27 year study that examined the sudden deétithletes, it was found that 57%
were attributable to heart problems. [1] Atrialriilation (AF), a type of arrhythmia, was
found in the report to be a common form of arrhythamong athletes. Not only was it
detected in pre-game situations, but it was fownactur during exercise and games
were it had not been detected previously. AlsohAE been associated with a drop in
cardiac output, thus leading not only to a heattdblem, but a lessening of an athlete’s
ability to perform during a game. Fortunately, AFseen in an ECG as an irregular
ventricular rhythm with an absence of P waves. &foee, the absence of P waves makes

it an easy condition to detect on a portable ECG.

In 2000, a studyscreened 1005 athletes engaged in 38 differentsspbvarying
aerobic intensity. [2] Overall, abnormal ECGs, utthg markedly increased R- or S-
wave voltages, flattened or inverted T waves, aehbd) waves, were found in 40% of
athletes. If this is true of athletes, then amatauich as high school football and soccer
players and weekend joggers should wear arrhytdetiacting devices when ever

possible.

Therefore the use of an accurate sports pulsetardras become an important
requirement. Unfortunately there appears to beut®egmonitor on the market that will
detect and identify arrhythmia. There could beesal reasons for this: legal, marketing
and/or technical problems. Hospitals and laborasdnave large ECG machines that can
detect arrhythmia but, of course, they can not bmwTherefore all athletes and also
those who suspect they may have the potentialrfoyamia should be examined at a

hospital. These people would be excellent candsdfatea wearable monitor.



2. The System

Over the past 10 years many researchers havedrielelop simple minimalist
ECG systems that would detect arrhythmia. Thes dinat have been developed have
been developed are reasonably portable and compurtgratible so that they can be
transported and hooked up to the net or a phonéséen order to be sent to a medical
office for monitoring and analysis. There doesaymear to be a commercial pulse
monitor that is small enough and also designecetoded by athletes during their
workouts. Such a system would have only two eleetsand need to incorporate small
hardware, yet have embedded software that coukttat least basic arrhythmias. Some
detect arrhythmia by default. For example, if treavis heart is exhibiting triplets, then
the monitor will show a sudden pulse increase fsayn130 bpm to 211. Therefore, this
basic indirect effect can only identify an arrhytarthat results from higher than normal

pulse rates.

This project’s goal is to produce a device thanmll, portable, sturdy and can
detect at least five types of arrhythmia. In ordedevelop such a system, virtual
instrumentation was used to create synthetic ingnis. To this end LabVIEW,
MATLAB and Clevemed’s BioCapture were used to depednd test such a system.
Why are there no exercise pulse monitors on th&ehénat detect arrhythmia? This is

most likely due to liability issues, rather thantteology difficulties.

The system is also capable of detecting and deogian individual's unique heart
waveform. The next step would be to record andtlamgtic activity. Then when the
monitor was worn during exercise, it would be rekly easy to compare the two sets of

information.
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Literature Review

There have been many projects over the years tifaiove on portable devices
that monitor heart pulses. Even by the 1980’s rebeas were trying to make the devises
more efficient by such means as using an AC currenimprove the skin to electrode
contact.[3] This type of approach was importanty8@rs ago but is less so now with the
improvement in quality and sophistication of elentc components. In order to get a
small working version the researcher had to commerhis design and components. [3]
at pp364.

By the 2000’s the shift was to using algorithmet thad been refined on large
systems and also to examining different approatheseasuring the hearts functioning.
Therefore, virtual instrumentation products suchasVIEW were used to develop
systems that measure such things as heart ratbildlyi (HRV).[4] The author states that
the variations in the intervals between heart bleat® been shown to be a valuable
marker of the autonomic nervous system activitypf¢restingly the author uses the
Polar pulse monitor as a device to compare thdtsesuhis own HRV findings. The
Polar monitors have been on sale for many yearsaentighly regarded; however, like
all other exercise devices they do not detect énrhia.

A paper published in 2005 takes an approach sinalthis paper. The authors
used LabVIEW to design a complete PC-based Mithisrument as a “testing
platform” for acquisition, processing, presentiagd distributing ECG data. [6] The
paper reported and had many illustrations witheesfo the simulated signals. These
were then compared to a real ECG signal recordeatdoguthors. The researchers
choose to focus on the QRS portion of the ECG duffhus approach simplifies several
problems, but would probably be suitable for arreise pulse monitor that could detect

arrhythmias at a certain level.
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The use of LabVIEW as a research tool has inccedsamatically over the last
15 years. A paper published in 1990 sets out thgrpmming struggles of the originators
of LabVIEW.[7] The author starts the paper with iateresting observation that puts

LabVIEWSs use in context.

“At a time when financial planners with little teubal knowledge were whipping out
complex spread sheets in seconds on their PCstistseand engineers were spending

days getting PC controlled instruments to makestimplest measurements.”

Although the paper is short, there is a very imfative description of how the
creator of LabVIEW decided to deal with loops. T8extion shows how the solutions
were as more intuitive and powerful than the curtanguages. When it came out, the
author states, LabVIEW was acclaimed worldwide las tirst viable “visual’ i.e.

graphical, language for instrumentation.

Much recent research has been done using LabVIBMQRS detection and
analysis. An example is [8] where LabVIEW was usedreate an automated virtual
instrument that was used as the main platform. ads s 2009, research was being
undertaken using LabVIEW to create virtual oscilmses to display QRS data. The
research was being carried out so as to improveenanterconnectivity, and off line

processing. [9]

Therefore, as virtual instrumentation software atettronic components improve, it is
only a matter of time until a reliable and soplested exercise pulse monitor has the

capability of detecting and identifying complexhaithmias.
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Statement of problem

1. How Electrical Circuits Work in the Heart

What makes a heart beat? Heart beats are staredrall electric current that is

in the millivolt range. This tiny electric pulserspds rapidly throughout the heart and

makes the heart beat. The electric wave in a Iheaittis initiated at the top of the heart.

Because of the heart muscle cell's ability to spresaelectric charge to adjacent heart

muscle cells, this initial wave will be enough tarsa chain reaction. The electrical

impulse moves in a wave. If there was just one isgthere would be no pumping

action

The electrical impulse
begins atthe

Sinoatrial (SA) Node, ' @

located in the right i /

atrium. The electrical \>./ . Pulmonary
activity spreads y

through the walls of ¢

the atria and causes
them to contract,

The AV node is located
between the atria and
ventricles and acts like a
gate that slows the
electrical signal before
itenters the venltricles.
This delay gives the
atria time to contract
before the ventricles.

His-Purkinje Network
This pathway of fibers
sends the impulse into the
muscularwalls of the
ventricles and causes
them to contract.

Figure 1. Heart’s Electrical Systém

! http://my.clevelandclinic.org/Publishinglmages/tésdectricalsystem.jpg



13

If the whole heart muscle contracted at the same,tthere would be no pumping
effect. Therefore the electric activity startska top of the heart and spreads down, and

then up again, causing the heart muscle to contraot optimal way for pumping blood.

2. Brief Outline of One Heart Cycle

QRS

Complex

R

5T

Segment T

PR
Segment

P

PR Interval

— S

QT Interval

Figure 2. Normal Sinus Rhythm (normal heart Beat

P wave
When the heart is full of blood the right and leftia receive an electric impulse
and that causes both chambers to squeeze. The isladben pumped through the open

valves in the atria to the ventricles. The p wadidates this contraction.

PQ Segment
When the electrical signal gets to the (AV) nodsar the ventricles it

slows to allow the left and right ventricle to fillith blood.

2 www.preventing-a-heart-attack.com/images
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Q Wave
The signal then moves to the His in the ventrielbere it divides into left and

right and moves through the heart’'s septum. Thaasithen leaves the two branches
through the Purkinje fibres that contact directiythe walls of the ventricles. The signal

is travelling rapidly again.

R Wave
The R wave marks the outlines the contractiommefleft ventricle.

SWave
The S wave indicates the contraction of the riggntricle. This contraction is
followed by the pulmonary valve opening to allowodd to go to the lungs. The left

ventricle pushes the blood through the aortic vadvilhe rest of the body.

T Wave
The walls of the ventricle relax as can be seethb relatively flat slope of the T

wave. The heart is waiting very briefly for the hexcle.

Summary

1. Pwave- coincides with the spread of electrical activter the atria and the
beginning of its contraction at the top of the h@arshing blood in the ventricles.

2. QRScomplex - coincides with the spread of electrical activoier the ventricles
and the beginning of its contraction- the spreathefelectrical signal through the
lower ventricles causing the pumping action

3. T wave- coincides with the recovery phase of the vergsgalhile the heart

muscles are relaxing and preparing for their nextraction.
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QRS
0.1z

PR0.12-0.2¢|| |

QT 0.44 sec

Figure 3. ECG Complexes and Intervals as Relateth@ Ventricle$

3. Arrhythmia

The term “arrhythmia” can describe a wide varigt conditions in which there is
abnormal electrical activity in the heart. Many pkeowho are affected do not know that
they have an arrhythmic condition and are ableaongp old age because it is passive.
However, some arrhythmic conditions are life-theeatg. With an increase in the
number of middle-aged people exercising, it is @ndy more important to monitor for
arrhythmias during exercise. Further, some arrhighranly show up during exercise and
therefore dormant conditions can be discovered &gring a small arrhythmia detection
device.

Arrhythmias can be classified as to where theyrbedihe atria, AV node, or the
ventricles). Those that do not originate from teetvicles are called supraventricular

arrhythmias while those that come from the vergsd@re called ventricle arrhythmias,

Some of the more commonly encountered dmrhigts are as follows:

% http://ppmceped.com
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(A) Supraventricular Arrhythmias*

Supraventricular tachycardia or paroxysmal SVT:@sevhen any structure
above the ventricle (usually the atria or the A\depproduces a regular, rapid

discharge.

Sick Sinus Syndrome Irregular firing by the SA nedeses a slower-than-normal

heart rate (sometimes alternating with rapid hedés).

Atrial fibrillation: A common condition cause lelectrical impulses
discharged at a rapid rate from many differentsu#dhe atria. It usually causes a

fast and irregular heartbeat.

Atrial Flutter: A condition caused by a rapid diache from a single place in the
right atrium. Typically, the right atrium fires atrate of 300 beats per minute, but
only every other beat is conducted through the Ada) meaning that the ventricle is

classically 150 beats per minute.
(B) Arrhythmias Arisingin the Ventricle

Arrhythmias arising in the ventricle are more likéb be found in people with more

serious heart disease but may also be found inthyeiadividuals.
Premature ventricular complex or PVC: This elealrimpulse starts in the ventricle,

causing the heart to beat earlier than expectedallysthe heart returns to its normal

rhythm right away.

Ventricular tachycardia: Fast and usually reguigpulses come from the ventricles
and cause a very rapid heart rate. This is usadife-threatening tachycardia and

needs immediate medical attention, possibly elegdtshock or defibrillation

* http://www.emedicinehealth.com/heart_rhythm_disostarticle_em.htm
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Ventricular Fibrillation: Electrical impulses arif®m the ventricles in a fast and
disordered sequence. The resulting uncoordinatettamiions cause the heart to
quiver (appearing like a bag of worms) and loseathiéty to beat and pump blood,

leading to immediate cardiac arrest.

Supraventricular arrhythmias are very common indi@ehged and elderly adults.
The older you get, the more likely you are to eigrere an arrhythmia especially

atrial fibrillation.

Many supraventricular arrhythmias are temporaryraotdserious, especially if no
underlying heart disease is present. These arrhigthane a response to normal

activities or emotions.

4. Arrhythmias Detected by the M odule Constructed for this Project

Ventricular Trigeminy

Ventricular ectopics may occur in patterns, sustbigeminy(every other beat),
trigeminy (every third beat), oquadrigeminy(every forurth beat). They may also occur
in sequences, such asuplets, triplets, salvo¢four to seven), oepisodes(eight or

more).

Figure 4 shows ventricular trigeminy; the venilar ectopic beats (three and six) are
separated by two sinus beats.

JFL Z!ZI ﬁiﬁﬁl].ﬁiﬁﬁﬁﬁ!; ||’ ||
S

2 T - = T ! * = -
/\"_-_J-"‘%f_f | T I\ fr. e g “-.‘IF-.-"""J |I |r e s o e P__. -
|

A RS

Figure 4.Ventricular Trigeminy

° www.cardionetics.com/cardiology/_cardioimages/riysifiecg_ventricula
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Ventricular Flutter

In ventricular flutter there is no P wave and Qi®&plex and T wave merge.
Often deteriorates to very dangerous Ventriculrifiation. This can only be corrected
by defibrillation.

——r
——

-
———

R T e

=
-
P ap B R

e
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Sinus Bradycardia

Sinus bradycardia: The heart may slow down, yehtaia the normal pattern of
rhythm (sinus), this is known as sinus bradycardliaisually is benign and may be
caused by medications such as beta blockers.

Figure 5. Sinus Bradycardia
All pink figures come from this footnaote

6 http://pediatriccardiology.uchicago.edu/PP/abnl%g€thm%20for%20parents%20body.htm
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Supraventricular Tachycardia

Supraventricular tachycardia (SVT). In this abnaktreart rhythm the impulse
stimulating the heart is not generated by the simogke, but instead comes from a
collection of tissue around and involving the atentricular (AV) node. These electrical
impulses from this abnormal site are generatedapia impulse, which may reach 280

beats per minute.

Figure 6 . Supraventricular Tachycardia

Sinustachycardia: a fast heart rate may occur with a normal hedthm, this is called
sinus tachycardia. This means that the impulsergéing the heart beats are normal, but
they are occurring at a faster pace than normhls i§ termed sinus tachycardia and is

seen normally with exercise or with excitement.

Figure 7. Sinus tachycardia
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Basic M ethodology

There are three distinct parts of the project tbqtire a lot of development: the
analog circuit, the LabVIEW virtual instrument (Mhat is responsible for data
acquisition and heart rate detection, and the ¥l ihresponsible for arrhythmia
detection.

Tratial Display of

Hardware Block =ignal Before
Digital Filtering
Software Block
Data Acouisii o P
Electrodes ECG possible Ua. 2 Atqutstion Digtal Filtering
% Hardware el ot on Computer
{three leads) ; " WIrBlEss mecluding afd
mcluc.lmg link here conversion and
amplifiers ush to senal \l/
and filters CONVErsion Feature
Extractions on
Signals Display of Signal
after Feature
. Machine Learning and Exttraction
Output of Caleulations e

Figure 8. Flowchart of entire project.

The circuit is battery operated and is built folection of the electrocardiogram
signal from a person. One electrode is placed oh efthe subject's wrists. Each
electrode is an input to the AD620 differential difigr with a gain of 10. The signal is
then amplified by 100, for a total gain of 1000.d passive high pass filters are used to
eliminate DC baseline wandering. An active low gdtey is used suppress
contamination from muscle artifact. The outputrasmitted to the LabVIEW software
on a PC by using one channel on a National Instnign2ata Acquisition Unit (DAQ).
The DAQ performs A/D conversion.
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Using National Instrument's LabVIEW software and MAAB, two separate VIs
are created to analyze data from either a real-@l®etrocardiogram signal, or simulated
data or previously recorded data. The VI usingDA&) reads data into the LabVIEW
software, which originates from electrodes on a.uBee dynamic data is digitally
filtered in the VI, and outputted in a waveform drefter each filtering stage. A
changing average heart rate is calculated by iyamgi the QRS peaks of the waveform.
A few check points are put in place to prevent clatg false positives. For example, not
only does the amplitude have to be over a certa@shold, but the shape of the peak has

to be within a certain range.

The VI that detects arrhythmias uses data from&Ned's BioCapture
arrhythmia libraries. When the BioCapture softwigraun, the output voltages can be
read and saved into a text file. The text fileswwmed as input to the VI because of lack of
access to an individual with a specific arrhythndiso, a variety of arrhythmias can be
correctly determined by using these input. The @ataad in real-time, in order to
simulate an individual using electrodes for a realding. The approach to decipher the
waveform is to compare the shapes of certain péttse input signal to shapes of the
features of a standard heart wave and featuresrt#ic arrhythmias. The data points are
analyzed in small groups to keep detailed resaoiudind limit false positives. The points
are stored in arrays and sometimes back accessgpsinft registers. Slopes between
small sets of data points at certain parts in & seguence of a data set are compared to
theoretical slopes to identify possible eventsriglplace in the shape of the waveform. If
the slopes over certain time intervals are withaedain range, one check point is
passed. Other check points include having the @nagiof the signal over a certain
threshold, which is calculated based on previolisegaof the subject's unique wave; or
checking whether another event has happened vdtbertain time frame. Many parts of
the code where decisions are made are intercorthewtie other decision making parts of
the code in order to minimize false positives. Niolly are the shapes of the waveforms

event criterion, but their position in time relaito other events are also important.
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Scope and Project Goals

There are several goals of this project. Firstlg desired to acquire a real-time
filtered and amplified heart wave signal from agoeer. This is done by having the leads
of electrodes as the input to an electrocardiogrmouit which has several signal
conditioning stages, and having the output of ¢iisuit detected by a computer. The
next goal requires the computer to display the-tiea signal on a GUI. The challenges
here lie in the interface between the circuit dr@ldomputer, and also in choosing an
appropriate programming language to display tha.dééxt, it is desired to be able to
continuously update the determined heart rate. Hleecheart beats need to be identified
from the signal. This needs to be done with sudfitiaccuracy and also use an algorithm
that is adaptable for different users. Also, thehoe of calculating the heart rate,
possibly including averages, needs to be determivedther goal is to be able to read
data from files and write recorded waveforms tedifor later analysis. The main thrust
of the project is to be able to detect a normalef@m, along with 5 types of
arrhythmias. There are a few different routes thatcode can take to accomplish this
task. A method that can reliably identify importéesitures on a waveform is needed.

Lastly, the detection system should be adaptalbde iadividual's unique waveform.

As stated above, the main objectives are to acqureart signal and identify
specific arrhythmias. When the code was being anmjta waveform was created by
plotted 100 points and looping this waveforms wdifferent time intervals between
consecutive QRS complexes. This showed that the €@IRfplexes could be identified by

the algorithm.
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Figure 9. A simulated digital heart signal with J@dints.



24

|5CICI|
N
L =
i
Max
= Mew Max
izl 15 ; Current Amplitude 1 —E - |
b= Ao ETE TP PP - B2z
| pm =
0
Mew Inside Max
phes,
[~

Figure 10. LabVIEW code for peak detection of arheave. The for loop runs for 500

counts to make 5 beats because each heart wau®ba®ints.

Two types of input are currently used in the solutia real-time signal from
electrodes attached to a test-subject's wristsaned data in a text file that originated
from CleveMed's libraries of sample data. The Qldwe data is used to simulate the
specific five arrhythmia waveforms chosen and daedard waveform. The test-
subject's input signal shows that the project wéoks real person and the software can
identify the shape of a heart waveform, but thev€Med data shows that the software
can identify the five specific types of arrhythmthat are used. Therefore, if a test-
subject had one of the five arrhythmias that astetefor by the software, the arrhythmia
could be identified after calibrating the softwéodit the individual's unique heart wave

pattern. Both the text file and the signal froncéledes are read into the software
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program in real-time, therefore the code that azeatirese two sets of data are

interchangeable.

The data form the test-subject is acquired from éectrodes, one placed on each
wrist. Traditional electrocardiograms may use upmelve leads, or sometimes five,
three, or two leads. Since one goal of the progetd eventually make it portable and
wireless, a two lead configuration is chosen to enile system easy user-friendly and
small, while still having a high enough quality utgor the purposes of arrhythmia

detection.

The two leads are used as input to the electramgralin circuit. This circuit has
an instrumentation amplifier which is a differeh@aanplifier that can handle two inputs.
The signal is then amplifier by 1000, in two sepadtages, and also put through a series
of active and passive filters to remove the unwéuptrts of the frequency spectrum. The
frequencies that are allowed to pass are betwdeHDand 200Hz. The DC offset is
removed by the high pass filter and the unwantgtédrifrequencies are removed by the
low pass filter. The output of the filter is thesdfinto the data acquisition unit (DAQ)

made by National Instruments.

The data that was sent into the DAQ is read intala/IEW VI and stored in an
array. The data is also filtered digitally to reraa@ny lingering values outside the desired
frequency range and also any 60 Hz noise. Theislgtat through a series of checkpoints
to identify the shape of the waveform. The previealsies of the waveform are
compared to the current values being read in bgssieg specific elements of the array.
The filtered waveform, after each stage of filtgrirs outputted to the front panel in the
form of a waveform chart. This chart is updatedeal time and has the ability to be

back-accessed by the use of a time axis scrollTher data can also be stored in a text
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file specified by the user, for later analysis. Teat rate over the last five beats is
displayed to the screen, as well as the identiboatf one of three types of heart
conditions: normal rhythm, bradycardia, or tachgéarAlso, an array is displayed on the

front panel which shows the time of occurrenceefeery beat.

The separate LabVIEW VI that detects arrhythmiasdimilar code for detecting
heart beats and the heart rate, but the datadsmdeom a text file in this case. Samples
of data that have around thirty seconds of arrhighmaveforms are saved into text files.
The data originates from CleveMed software and éaxtfile represents one type of
arrhythmia. The simulated voltage levels are redal the VI and stored in an array. The
waveform is displayed to the screen in real-time.d\ital filtering is done in this VI.
There are a number of separate branches of cotlehiek for the different types of
arrhythmias, and each branch has several checkpsormetimes cross-checking with
other branches. Previous values of data are actbgagsing shift registers. Two
MATLAB script nodes are used to calculate the hestg and to check for ventricular
bigeminy and ventricular trigeminy. If a specifigpe of arrhythmia is detected, an LED
on the front panel will light up, alerting the usleat there may be a problem with their

heart conduction system.
Experimental Design Procedures

1. TheCircuit

The circuit is powered by two 9V batteries in sgri@here the ground of the
circuit is taken between the two batteries, andptbstive side of one battery is taken as
+9V and the negative side of the other battergken as -9V. The batteries power the
two chips used in the circuit: the AD620 and the4@P
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Figure 11. Soldered circuit.

The two leads that are connected to the test-stdbjeadsts are also linked to the
positive and negative inputs of the differentialpdifier in the electrocardiogram circuit.
The instrumentation amplifier used is the Analogyibes' AD620. It has many properties
that make it well suited to this application. Thergcan be set with one external resistor.
The total gain in this circuit is set to 1000, walgain of 10 from the AD620 stage. It has
low noise (0.28 mV p-p Noise for frequencies betw@d Hz and 10 Hz). The AD620
also has a high common mode rejection ratio ofd®@ninimum for a gain of 10. It is
important for a differential amplifier to have ayhicommon mode rejection ratio because
this indicates that the device can reject sigrias are common to both inputs. The
desired information in an electrocardiogram ishia dlifference in signals between the

two leads, so a clear difference between the toportant.
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The output of the differential amplifier is connegtto a passive high pass filter
that has a cutoff frequency of 0.1 Hz. The highsddter is intended to remove any DC
offset of the signal so that the beats will belyaaligned with one another vertically.
Sometimes there is a preference to use activesfittecause the shape of the response can
be altered. It is sometimes desired to have a shagif frequency around specific cutoff
frequencies. However, the tradeoff might be a laigee in the pass band region's
amplitude. However, a passive filter has guaranstgiility. The reason that a passive
filter is used in this circuit is that the resist@nd capacitors used in an active high pass

filter would be very large compared to the valussdiin the rest of the circuit.

The output of the high pass filter is put into a+overting amplifier of gain 100.
The differential amplifier's gain of 10 is multipt with this gain of 100 to make a total
circuit gain of 1000. The non-inverting amplifieses an op-amp from Analog Devices
OP491 chip. This chip is convenient because itaioatfour separate op-amps inside its
case. It also has no phase reversal and is wétidsto battery-powered instrumentation.
Its gain bandwidth product (GBWP) is 3 MHz, whishwell above the 0.2 MHz of this
circuit (from 200Hz x 1000).

The non-inverting amplifier is cascaded with anotbessive high pass filter for
precaution. This is not necessary, but since thaffdilequency is so low (0.1 Hz), it may

be shifted after the last stage, so this filteraees a potential shift.

This output is fed into the last stage of the dtr¢he active low pass filter. This
filter also uses the OP491. Its cutoff frequenc®08 Hz. This is a high cutoff,
considering that an electrocardiogram signal caagpeopriately displayed using a range
of 0.1-100Hz or sometimes even a smaller range.edewy it is desired to keep as much

of the signal as possible when analyzing the ungiagpe of an electrocardiogram with
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arrhythmia, especially the higher frequency comptséhat show detail in the signal. A
second-order 3 dB Chebysheuv filter is used becadiews for a sharp cutoff. The trade
off is a few ripples near the cutoff edge. One disatage of using a lower order filter,
such as a second order filter, is that it has doster cutoff slope than a filter of a higher
order. However, a higher order filter may havetsifof cutoff frequencies, so the
desired cutoff may not be attained. In order to enakigher order filter, several first and
second order filters must be cascaded. With evasgared filter, the cutoff frequency is
shifted slightly. Also, higher order filters are maxpensive, take up more room, and

have a greater chance of connection problems.

The tolerances of the components are 1 and 5%oesapacitors. These
tolerances allow for high accuracy filters withaffifrequencies that are true to the
calculations. Very precise components are needea &0 Hz notch filter, for example.
However, a notch filter is implemented in the LaBW software because of problems
with accurate implementation in the analog circéiso, it took a long time to get a
working circuit with the correct output. For exampihe gain of the first stage read as 30
for a while, when it was supposed to be 10. Thadiveard was taken a part and built
from scratch and worked thereafter, probably dugetter wire connections. For this
reason, a circuit was built on a perforated boatisoldered in for permanent, strong

connections.

2. Data Acquisition Device

The output of the circuit is connected, by wiresthte data acquisition unit
(DAQ). The wires extend from a coaxial cable thatreects to the input channels of the
DAQ. The input channel is selected as “a0”, bothhenboard and in the program. The
DAQ Assistant is used in the LabVIEW VI to interéabetween the DAQ unit and the
code. The acquisition mode is set to one sampldeamnd. The sampling rate is set to
1000 samples/second or 1000 Hz. The type of sigealsured is the output voltage of

the circuit. The DAQ unit performs analog to digtanversion. Therefore, the sampled
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data that is read into the LabVIEW VI is a continastream of discrete data points of

double precision.

3. LabVIEW Code

LabVIEW is a graphical programming language thaoisymonly used for data
acquisition and instrument control in industry aesgearch labs. Two panels are used to
make a complete running VI: a block diagram ancbatfpanel. The block diagram has
objects that are wired together to perform spduaiattions. It corresponds to lines of text
found in a more conventional language such asI@AFLAB. This executable code
compiles into machine code. The front panel is wimdhat the user sees and interacts
with to control the program. LabVIEW is a suitaldaguage for this project because of

its real-time data acquisition graphical displayd &s ease of use for users.

In order to run the Vis included, the computer tealsave the 8.5 version of
LabVIEW and also have MATLAB. The MATLAB R2008b wton was used during the
writing of the code, but other versions may alsadapatible. Also, to run
CircuitinterfacingCode.vi, a DAQ needs to be at&tlo an input circuit and also attaché

to the computer, otherwise an error occurs.

4. Circuit-Interfacing LabVIEW Code

The following is an explanation of the LabVIEW V4t is capable of interfacing
with the DAQ unit. It is called “Circuitinterfacir@@de.vi”. In this VI, the data is read in
from DAQ unit, after being filtered and amplifieg the analog circuit. The dynamic data

is then converted into a double precision array.

The vector data is put through a series of digjiters. There are two reasons for
this. Firstly, any unwanted frequencies that arereamoved by the analog circuit can be

further suppressed. Secondly, the parameters ébidiers can be more quickly
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changed than an analog filter's parameters. Thow/alfor more easily identifiable
optimization parameters. The data is first puttigitoa second order Butterworth filter. A
Butterworth filter is chosen for maximal flatnedgsloe response. This is a low pass filter
at 200 Hz. Next, a fourth order Chebyshev high fites at 1 Hz removes the DC offset.
Chebyshev coefficients are used for a steep cuasfivell as fourth order parameters.
Also, as a precaution, a 60 Hz band stop filtersisd to remove any power line
interference. The signals outputted to the screethe waveform chart are very close to
one another, depending on whether the notch fgtased or not. This suggests that there
is not much interference present. The waveformsglayed to the front panel after each
stage of filtering. A notch filter is implementedjdally, rather than in the analog circuit,
because of the precise calibration needed to remiolyethe 60 Hz frequency. Problems

in output signal had arisen when an analog nottdr fivas used in a prior circuit design.

Raw Signal
DlﬁJ Signal After LPF _
: VEJ SignalieutiEE Signal After 60 Hz
i “ain1ip Z g
S L = | |
K . e
sampling frequency clean signal

is approximately
1000 samples/sec

60 Hz band stop
filter to get rid

of any interference
noise

2nd crder
Butterwarth
(for maximal
flatness)

low pass filter
at 200 Hz

4th order
Chebyshev (for
sharp cutoff)
high pass filter
atl Hz

Figure 12. Digital filters in Circuitinterfacing @e.vi
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Figure 13 . ECG signal from a real person, shoJiitered output after several
filtered stages.

When the stop button is pressed, a dialog box appleat allows the user to save
the collected data to a text file for future anay3his is potentially useful for

identifying long term trends and also charactegzn individual’'s unique waveform.

Three types of heart wave types are identifiedhis ¥I: normal sinus rhythm,
bradycardia, and tachycardia. These three categofieeart conditions are more
common to potential test subjects. In fact, itesfectly normal to have tachycardia when
one is exercising and bradycardia when one hasfeséng for a while. The definitions
used in the code are tachycardia is a heart raeI®0 beats per minute (bpm) and
bradycardia is less than 50 bpm; however, thedaitiehs are somewhat loose in reality
and may vary from one individual to another, depegdn such factors as age and
physical fitness levels. Normal sinus rhythm isimied as a heart rate between 50 and 100
bpm, but also having a waveform including all a# ttlassic features of a standard
waveform, without any abnormalities.
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i=real(uint&(i));

heartRate=0;

secondCountAtBeat=0:
secondCountAtBeat=timeAtBeat;
arrayBeats(i)=secondCountAtBeat;

if i=5
heartRate=60"4/(arrayBeats(i)-arrayBeats(i-5));
end

E 5 S {FE]
calibration of
waveform sampled
to seconds

—
(=]
(=]

displays
to
SCreen

MNaormal Rhythm

Bradycardia

Tachycardia

TF

[[[1z=
2

Figure 14. An example of decision code in CircughfacingCode.vi

When a user attaches electrodes to their left igihd wrists and the circuit is

connected to the DAQ, which is connected to thepmder, and the code has been

initialized, the user’s heart waveform is displayedhe screen in real time. The user’s

heart rate is detected and is usually in the noraraje. If the user is very calm and still

for a while, their heart rate may dip below 50, &nadycardia can be detected.

Conversely, if the user moves around quickly atairzd a heart rate over 100,

tachycardia is identified. However, sometimes meistéctrical signals and movement of

the electrodes against the skin interfere and tisameise contamination.
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User Interface:

Real Time Heart Wave Representation Heart Beat

with Two Arrhythmia Detection destoleft 3. Programwill identify 4, Press the stop 5 g
type of amhythmia button atthe lefthand 5 HeartRate  Mommal Rhythm  Bradycardia  Tachycardia
d een when 7
0
Stop & Save to File heart rats ° ® ®
Raw Signa Ploto E Signal After HPF Ploto BRWE | signal Attero Hz plot0 P

0=

Amplitude

L
timeAtBea x
funent Amplitude of Signal
0

Figure 15. Graphical user interface for circuienfiéce code.

The other three arrhythmias are solely identifiethie next VI because there are
no known test subjects that have these arrhythrHiewever, it is important to note that
these arrhythmias can be potentially be identifigdhe circuit-interfacing code because
the arrhythmia detection code can correctly idgrihiem and the circuit-interfacing code

can read in and do calculations on real-time sgymadluding other types of heart

waveforms.
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Figure 15. Graphical user interface for circuienidce code

5. Arrhythmia Detection Code

There are two VIs that detect the five types ofiirmias:
BestWorkingArrhythmiaCode.vi and CleanedUpArrhyta@ode.vi. The former detects
all five arrhythmias very accurately, but has didifit to follow block diagram. It also
has a frequency spectrum output of the arrhythit@dHat is loaded. Each arrhythmia
has a slightly different frequency spectrum, butsignificant enough to be able to
distinguish between the different types of arrhytienFourier analysis is usually used in

electroencephalogram analysis where there arepteuttomplicated signals being
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analyzed. The latter has an easy to follow bldelgihm with comments and a more
visually pleasing front panel, however, the cod# islways as accurate. The “cleaned
up” version was made by writing a new VI by lookiagthe original version; therefore
there are probably some semantic errors that #reutlito spot. Therefore, when
viewing the code, the block diagram for CleanedUpgthmiaCode.vi better explains
the thought process of the code, but the front Ipain@estWorkingArrhythmiaCode.vi

should be run to get more accurate results.

The following is an explanation of the arrhythmgtettion code. Firstly, the user
can chose a rate at which they would like the diggadings to be updated on the
waveform graph. The number entered in the conietd bn the front panel is measured
in ms. Usually 10 ms is best choice. A higher numid#é make the waveform go across
the screen at a slower rate. Next, the user messghe run arrow at the top left of the
front panel window. This opens a file-loading wimdahere the user must choose a file
to run. Each of the six possible files to choosenfiis a text file that contains the
amplitude of a simulated heart wave from CleveMedrmple data. Once a file is chosen
to be read, the Read From Spreadsheet File.vi sxpigect is used to read in each
amplitude value in the text file, one by one, utité¢ end of the file is reached or the user
stops the program. The amplitudes are read intoexiés of an array and the total number
of elements in the text file controls the numbeitefations of the main for loop of the
VI. If more than 100 sampled elements have beethirga the array, the main decision
making part of the program can be executed. Thigsd prevents access of negative

array indexes in element comparison calculations.

read all elements

from a file
Eﬁ number of elements
|:|—n.,,%ﬂ B lin file
read from :_ ...............
row

Figure 16. Data read in from a text file.
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A real-time waveform is displayed to the screerchgrting each element as it is
read in. A running sum of elements is also compstethat the current average
amplitude value of the waveform can be calculatethat a potential DC offset can be

detected.

From this point one, there are many branched detsaths that are used to
identify the correct arrhythmia. Some of these sieais back check with other branches
so that two arrhythmias cannot be identified atddume time. Some branches do not back
check, however. This is because it is technicallg,tfor example, that a supraventricular
tachycardia wave may have bradycardia propertieause the time gap between

successive beats is slower than a normal rhythm.

The arrhythmias are identified as certain defirfeegures of the arrhythmias are
detected. When an arrhythmia is detected, the sjporeding Boolean LED lights up on
the front panel. However, if a certain definingttea or event has not been detected in a
specified time range, the LED turns off. Therefdhe, LEDs are controlled based on

feature detection.
6. Ventricular Bigeminy or Trigeminy Detection Branch

One the branches detects ventricular bigeminy ageiminy. It starts off by
checking whether there is a fairly flat rising dating slope present in the waveform.
This is indicative of the beginning of a presumedtvicular bigeminy or trigeminy
wave. This is done by back-accessing array elenteatsorrespond to samples from

previous times.
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detection of dip
for ventricular
Bigeminy

or Trigeminy

Figure 17. An example of code for identifying theape of the waveform.

Small slopes over short sample intervals (usually samples, which represents 4
/ 1000 ms) are computed by subtracting the am@gwat various indexes of the array
and dividing this difference by the sample intervdese slopes are calculated over
small, neighbouring intervals so that the wavefersiiape can essentially be traced.
Next, the waveform must come out of the dip witHaie steepness. Also, the element at
the presumed middle of the premature ventriculatreation (PVC) dip needs to be less

than 90% of the current waveform average amplitude.
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Figure 18. A premature ventricular contraction.

Next, the PVC count at the present time must bednee as the count seventy
samples ago. This check point prevents detecti@anfeature that appears to be a PVC
but is not. The feature may have multiple smalbleg that are identified as a few PVCs
that are close together, which would deliver adfadentification of a PVC. This
condition is generous enough in the time range usxavo PVCs would not occur that
closely together. If this condition is met, theighte event2 is set to equal 2. In the heart

rate detection part of the code, if a heart bedetected, the variable eventl is set to
equal 1.

[ventricular trigeminy is defined as]

2 dip, 2 beats, then a dip p
Ventricular Trigeminy Ventricular Bigeminy

[ :

. ‘§1' - e

,,,,,,,,,,, AR - -

- eventAmay] T-entricularTrigeminy |MATLAB script|™|=ntricularBigeminy |
z i=real(uint8(i));

i ventricularTrigeminy=0;

L[l ventricularBigeminy=0;

entry of anevent | | ==t eventArray(i)= event;
o the cventmay | ! fi-3 ] _ _ _
event entry will : if fevent; 2 818 event 1)==1 B yGi-2)==1 &8 eventhrray(i-3)==2)

equal 0.1,0r 2, but ventricularTrigeminy = 1;
will not equal 3 § end

because a heart beat if tAmay(i)==2 8.8t eventArray(i-1)==1 & ever 1y(i-2)==2 88 eventArray(i-3)==1)
and a dip are 0 0 ventricularBigeminy = 1;

mutually exclusive | 1 ! end

events i | end

Figure 19. Code
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If either of these events are detected, the orfidgrese events is the analyzed
using a MATLAB script node. (A script node is usegtause storage of elements in an
array is more straight forward in MATLAB than inlhdIEW. The value of the event
(one or two) is entered into the array eventAriyis array records the order of
occurrence of events: a beat or a PVC event entrequal 1, or 2, and no event will
equal 0. The addition of the values of eventl areh® can equal O, 1, or 2, but will not
equal 3 because a heart beat and a PVC are muéxallysive events. The MATLAB
code deciphers whether the arrhythmia is bigeminyigeminy based off of the order of
these events. If there is a PVC followed by tworhbaats, followed by a PVC, the
trigeminy is identified. If the pattern of a hebdat then a PVC, then a heart beat, then a
PVC is identified, then bigeminy is indicated.

7. Ventricular Flutter Detection Branch

The detection of ventricular flutter involves sealazonditions. Firstly, the
detection of shallow positive and negative slopesn@eded, But either multiple shallow
positive or multiple shallow negative slopes irow must be detected, so that the
waveform has consistently increased or decreasedaovinterval of time. If this
condition was not in place, then the waveform mesy yacillate around some slightly
positive or negative value that appears to be dip@®r negative slope. Next, the
identification of ventricular flutter must happeardependently of ventricular bigeminy or
trigeminy. Thus, ventricular flutter cannot be itleed if more than 2 ventricular
bigeminy or trigeminy PVCs have been counted asd ehnnot be identified unless the
number of ventricular bigeminy or trigeminy PVCgeai#ed now is the same as the
number 70 samples ago. This is implemented by wshifgregisters.
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3. Muttiple shallow slopes in 2
row are detected

Figure 20. Ventricular flutter decisions.

8. Normal Sinus Rhythm, Bradycardia, Tachycardia, and Heart Rate Detection
Branch

This branch uses similar decisions to the previmasches. The conditions for a
heart beat include:

1.Slope over 4 elements between i-32 and i-28 >40
and

2.Slope over 4 elements between i-28 and i-24 <-40
and

3.Ampiltude at element 28 >1.1*average amplitude
and

4.Count of heart beats = count 44 i counts ago
and
5.Ventricular Bigeminy or Trigeminy Dip Count = saras when i-70

The first condition identifies the steep risingmdaof the QRS complex. The
second condition identifies the steep falling slopthe QRS complex, right after the
steep rising slope. The third condition requiresdmplitude of the waveform to be

above 110% of the current waveform average. Thasgnts detection of sharp ripples in
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the signal that are due to noise or may be pasthdr features such as PVCs. The fourth
condition checks whether the count of the beat peathe same as 44 samples ago. This
prevents sharp ripples or spikes in the QRS peakhar segments of the waveform for
that matter to be counted as beats when they afgeats. Lastly, there cannot have been
a PVC occurrence in the last 70 samples. Therefloeee are a few check points that
need to be passed, beyond amplitude detectiomder éor a heart beat to be detected.
Some problems with pure amplitude detection areah@andering baseline value is not
taken into account and the spike shape of the @R®lex is not identified, allowing a

shallow, high DC offset waveform to be detected agat.

If all of these conditions are met, then the nundddyeat occurrences is
incremented. The MATLAB script node code storestimes at which beats occurred.
The heatrt rate is calculated from an average ofaistes beats. The equation for the heart
rate is given by:

heartRate=60*4/(arrayBeats(i)-arrayBeats(i-5));

If the heart rate is over 100 bpm, supraventrictdahycardia is identified. If the
heart rate is under 50 bpm, sinus bradycardiaeistified. And if the heart rate is
between 50 and 100 bpm, a normal sinus rhythmeistified.

Arrhythmia Detection User Interface heartRate

L Instructions

MNeormal Rhythm

@ 1. Control rate at which
digital readings are updated
St Plot0 Tackwcarda on waveform graph.
iatalull . ——gQ— ! Measured in ms. 10ms is best,
1250~ @ 2, Press run arrow
1000~ at top left of screen.
u Biadycatda 3. Choose afile to run
B . that contains simulated
a Ventricular Bigeminy  arthythmia data.
E ? 4. Program will identify
type of arrhythmia
= Ventricular Trigeminy  encountered,
L i 1 i i "] 5. Press the stop
010 020 030 040 050 button at the top
Frequency (Hz) Ventricular Flutter left of the screen, or wait
. for whole fileto be read
to end the execution,
ms between update
“o
¥
A
Current Peak Amplitude CienEampids CoanE
2 0 0

Count Since Last Peak

0

Figure 21. Arrhythmia detection GUI.
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Figure 22. Block diagram of arrhythmia VI.
Conclusion and Results

All of the short term goals of the project wereiagld. A real-time filtered and
amplified heart wave signal from a person can lygiiaed. The computer displays the
real-time signal on a GUI. The heart rate of therws input file is calculated and
continuously updated with sufficient accuracy asdsuan algorithm that is adaptable for
different users. Data can be read from differdesfand written to files for later analysis.
The main objective of being able to detect a nomvaaleform, along with 5 types of
arrhythmias has also been realized.

As stated previously, if a test subject had ongmefidentifiable arrhythmias
analyzed by this system, the VIs created have dtengial to identify the arrhythmia in a
user by combining the arrhythmia VI with the citeuterfaced VI. Since no test subjects

were found with these conditions, saved test dawsged for arrhythmia analysis.
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A future development of this project would be tokadt portable for use in
exercise. The circuit used is small enough to lhemta a portable device using only two
electrodes at the wrists. The code used to idetitéyarrhythmias is universal enough
such that it could be written in other languageshsas C, for use on a micro controller.
However, LabVIEW was chosen for its user-friendlIGso it could still be used with a

wireless interface to analyze the data at a latex bn a PC or laptop.

The major advantage of using the methods usearfbythmia detection in this
project is that the parameters of the code carab#yechanged and customized to an
individual's unique heart waveform. An individuallaveform may change over the
course of years, or the waveform may vary fromqets person. By adjusting the
parameters which determine whether an event has fallace in the subject's unique
waveform, either a beat or particular feature odghythmia, the code will detect fewer

false positives.

The code detects the features of the arrhythmitdswery good accuracy;
however, it is still not correct all of the timenAmprovement would be to increase the
accuracy of the code. This is not necessarilydliffj but is time consuming. Also,
certain problems, such as non-initialized heagg&tED values at the start of the running

code can be changed.
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APPENDIX FOR CIRCUIT CALCULATIONS

Calculations

Head stage:
The AD620’s data sheet specifies the resistor todeel with the chip by using the
folowwing formula. The gain, G, was set to 10 foiststage. R was found.

R=49.4K/(G-1)

High Pass Filters

A passive configuration was used where C was chasdrR was calculated based on a
cutoff frequency of 0.1 Hz.

fc=1/(2*pi*R*C)

Non-Inverting Amplifier
Gain is set to be 100 so that the total gain otthmuit is now 1000. Solve for R1 and R2
using the following formula

G=1+R2/R1

Low Pass Filter

A second order active configuration is used witk 200 Hz. Calculate R1 and R2 by
choosing C1 and C2 first. (Let C1=C2). ChebyshelB3arameters are chosen and the
constants al and bl are found in look up tables.folflowing are equations that
correspond to a second order LPF.

R1= 1/(pi*fc*C*al) and R2=al/(4*pi*fc*C*bl)
Where al and bl are 3 dB Chebyshev constants



a7

VITA

NAME: Halley Mc Laren

PLACE OF BIRTH: Toronto Ontario

YEAR OF BIRTH: 1985

SECONDARY EDUCATION: Nelson High School (1999-2004)
HONOURS and AWARDS:

Ontario Scholar 1999, 2001, 2002, 2003, 2004, 2005
Accepted Cornell University--- Biochemical enginegr

SAT Scores: Physics 800/800 ; Mathematics 790/800

Highest marks in Halton Region 2004

Nortel Network Scholarship $18000 President’s Aw2005, 2006)
Dean's Honour List 2005, 2006, 2009

McMaster Varsity Teams Soccer( )

Tennis () Only Undefeated tournament player amte

Physics, Chemistry, Math, Biology, English Prizes



