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Chapter 1

INTRODUCTION

The human body 1 & comple: machine, which produces nume-cus
ci1anale. These signals can be used to analyze many conditions and
functions. Among these are the "sounds" or electraical signals
produced by the beating heart. These '"sounds" can be heard by
e1mply placing the ear aagainst the chest or throuvah more sophie-
ticated methcocde such a= electrocardiography, which permits the
recording, even at the surface of the bedy. of these sianels and
their dieplay on & chart es comple: curved lines. The reading or
interpretation of theee signale cen provide valuable 1nformation
ae to the well~besng of the heart as well as a1d 11 diegrnosing

variou. arrhvthm &<,

The cblective o+ this preoaect 1€ to develop & user—-fraiendlyv
FC scftwere svyetem that will e1d the detection of cardiac ar-
rhvthmia 1n the analyeire of amuulatory ECG tapes. The system dics-
plave the siqgnele as recorded and oi1ves the user the choice of
applying varaious tr ansformations to these signals,

transformatione that would help 1n charactericing certain abnor-

malities.

W & o e
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Chapter 11

THE ELECTROCARDIOGRAM

2.1 — INTRODUCTION.

The desian consaiderations of an ECG recording analvsis
system are very much tied to the type of signals to be ana-
lyred. Before engeging 1n a discussion on the types of systeme
that e:1st and what wort 1s being dorne in this project, 1t 1%
useful to esplain what these csystems are eiamining. This chap-
ter will give a braief descraption of the ECG sagnals and the
relationship between the characteristics of these signale and
the anatomy of the heert. The chapter will end with an over -
view of the abrnormalities that the syctem beina developed 1n
this project 15 decsigrned to detect and will 1llustrate the

recordingd.




2.2 = ANATOMY OF THE HEART.

Betore etplaining the furmctroring of anm ECGS anc the
recults obtained, 1t 15 necessary to give a brief description

of the heart structure.

The teart 1€ & four-chembered muscle. The four chambers
are arranged i1n two furnctiocnelly similar pairs. Each pair con-—
s1ste of & thin—-welled atrium and & thicher walled ventricle.
The atrium receives blood from the veins armd pushes 1t 1nto
the ventricles, which 1n turn pump the blood out of the heart
and 1ntw the body. Each peir 15 more commonly Fnown as the
triaht and left heart, which are independent fi-rom each other.
There are specialized heart tissues., Fnown as the nodal tis-
cuee, which 1mstigate and regqulate the heart beat. They con-
c1ct of the sinpatrial (5-A) rnode amnd the atrioventricular
(A=Y} huwde which branchese out inte the Bundle of His. The S-A
rode 1e loceted 1 the upper part of the right atrium. It
imitiates the heart beat and regulates i1te contraction. For
thie reason 1t 18 aleo known as the “pacemaler" of the heart.
Thie electrical 1mpulse is propagated throughout the atria,
which causes them to contract and push blood into the ven-
tricles. The A-V node 1s located at the bottom of the two
atria. It 15 stimuleted by the electrical impulses it receives
from the atria and passes these i1mpulses to the ventricles by

way of a nerve networt called the Bundle of His. This bundle



of nervese leads to the Furtinje system through which the elec-
trical waves are propagated to the ventraicles, csausing them to

contract anmd pump the blood out of the heart. S5ee figure I.1!.

§-A NODE

ATRIAL MUSCLE

A-V NODE

COMMON BUNDLE

BUNDLE BRAMCHES

PURKINJE FIBERS

[ 4

»
W

Fig. 2.1 — Anatomy of the heart. [23]



2.3 — THE ELECTROCARDIOGRAM.

What 15 an electrocardiogram®

An electrocardiogram (ECG) is a graph of voltage varia-
ti1ons plotted against time. The variations result from the
depolarization and the repolarization of the cardiac muscle as
1t contracts and relaxes. This produces electric fields that
reach the surface of the body where electrodes are placed to
capture them T2%1. These electrodes are taped to the skin in
varioue locations including the back, the limbs and the heart

region.

Relation of the ECG to the heart.

The rnormal ECG 15 made up of a series of five oscillations
arbitrarily referred to as the F, 00y R, § and T waves, illus~-

trated in figure 2.2. Each wave corresponds to the polariza-

tion and depolarization of the heart muscle.

The F wave 1s the result of the atrial depclarization or
contraction initiated by the S5-A node. The PR interwval is a
measure of the time interval from the beginning of atrial
contraction to the beginning of ventricular contraction. It
normally is between Q.12 and ©0.20 seconds. The BRS comple::

corresponds to the contraction of both ventricles. The GRS

duration 1s usually between 0,06 and Q.10 seconds. The T wave



15 the result of the relaitation or polarization of the ven-
tricular muscle. The O-T i1nterval varies with the heart rate
and is usually less than half the preceding heart beat. Each
heart cvcle 1s made of a FF, GRS and T wave and referred to as
the R-R interval. The heart rate 1s determined by counting the
number of R-R intervals or heart beats per minute. See a sum-

mary of the ECG i1ntervals in figure 2

-r
—u e

!
TR
H 1 |
[l' T4 1 E
— L .
— N
‘ 1 .
P ! i i
1 |
, T '
e U}
i vy
| [3 '
1 s 1 M H
1 I3 . H
4 Q. 1-SH
| 0 1 : B
: . l_s ‘
e
INTERVAL ]2
4 QRS °
4 INTERVAL
| L]

Fig. Z.2 - The electrocardiogram. (23
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Fia. Z.7 - The ECE intervals. [8]

The relation of the anatomy of the heart to the ECG rhythm
can be seen 1n figure 2.4, Note that the center line is at the
branchee of the Bundle O0f His. Malfunctions above this line
will affect the F wave and the FR i1nterval, whereas malfunc-

tions below this line will be seen in the ORS complesx.
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2.4 — CARDIAC ARRHYTHMIA.

The terme dv-rhythmia, arrhythmia and ectupre beat are
used 1nterchangeably 1n most medicel publicatione. Howsver

dysrhythmia refers to a disturbance 1n rhythm whereas arrhyth-

mia 1 characterized by the abecence of rhythm [2T73. On the
other hand, a single spurious 1mpulse appearing at odd times
and causing an auvnormal best 15 called an ectopic beat [16].

In thhes repcrt, arrhyttimia and ectopic beat will be used

interchangeably to refer to abnormal cardiac activity.

Abnormal cardiac rhythm can be caused by abrnormel rhvth-
micity of the pacemaler itself, shift of the pacemaler from
the &-A node to other pearte of the heart, blocls at different
pointe 1n the transmisszion of the impulse through the heart,
abrnormal pathways of 1mpulse transmis=zion throughout the heart
and tinally spontaneous generation of abnormal impulses i1n
almost amy part of the heart [161. There are hundreds of types
of arrhythma as classified by the medical profescion. It 1s
almost i1mpossible to program an automated system for so many

variations.

The 1dea behind ambulatory ECG is to observe partially 111
or apparently healthy individuals in order to detect arrhyth-
mi1as that are indicative of more serious cardiac problems.
This criterion reduces the number of arrhythmias that will be

considered 1n the 1mplementation of the automated system




described 1n tharg report. Those arrhvthmia disorders that are
considered 1n this svetem will be briefly described 1n the

following sections.

When analycimg an ECG for possible arrhythmia, the ley 15

in eveluating the inter-relation of the F wave, the FR 1nter-

val, and the QRS compleu, with 1ts width and configuration

==,

- 140 -



Premature Contractions.

Dften, & small ares of the heart becomes much more
e'cited than normal and cauvses an occacional abnormal beat
to be generated betweern normal impulses. Thie i1nmitiates &
premature contrection [16]. The beats can occur as 1solated
complexes or 1n successi1on as pairs. They are two types of
premature contractirons: the Premature Ventricular Contrac—

ti1on (FVC) and the Premature Atrial Contraction (FAC).

The Premature Ventricular Contraction 15 an early con-
tractior of ei1ther ventricle. This results 1n wide and often
bizarrely shaped DRS complenxes. The F wave is often
noneretent. The T wave following the FVE 1s often large and
1n the oppcsite direction of the PRS complex. Figures 2,01,

b. ¢ show three examples of FVCs.

Fig. 2.5a - Premature Ventricular Complexes. [231]
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Verntricular Bigeminy 15 & rhythm where every other besat
1s a FVC. Similarly Vertricular Trigeminy 15 used to
describe two normal beats and one FVL, or sometimes one
normal beat and two FVCs. Two normal beats and one FVC 1s

the preterred use of Ventricular Trigeminy.

H
H
§
fill

! 1 ‘
H

Hlith

Fig. 2.6 - Ventricular Bigeminy. [23
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The Premature Atrial Contraction (FAC) 18 a premature
contraction of either atrium. They often occur without any
apparent causes. The commonly recognized causes are the so
talled "stimulants" such as caffeine, tobacco, alcohol, and
certain drugs, which result 1n an irregular heart rhythm.
The DRS complex 1s usually normal, however the F wave 1s
premature and ectopic. The i1nterval between the premature F
wave and the next sinus F wave is equal to or a bit longer
than the usual F-F interval. This is why the F wave preced-
1ng and following the FAC is often less than twice the
normal F-F i1nterval. This is ) nown as a noncompensatory

pavse [27]. See figure 22.7a.

|t

Fig., 2.7a - Premature Atrial Complexes. [23]
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.7b - Multiple Fremature Atrial Compleies.
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Sinus Arrhythmia.

Sinus Arrhythmia is a variation i1n the heart beat during
breathing due to an irregular rate in the pacemaker. The
heart rate increases during inspiration and decreases during
expiration. In the ECG, it is reflected through the follow-
ing signs: there is one P wave per DRS complei, the FR
interval is constant and the RR interval varies from heart

beat to heart beat.

T;;’-};';«;m.m:rmmmm':'lg
B I B SN TR R AN IR R RRY RARRT N
HUEN SENNN RRAN URRY SRR RAN L -

B F]yj AP A e AL
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Fig. 2.8 - Sinus Arrhythma. [183]
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Tachycardia, Fibrillation and Atrial Flutter.

Tachycardia refers to the eiicessive rapidity in the
actiorn of the heart. It 15 usually used i1n conjunction with
heart rates ab (e 100 per minute. There are different types
of tachycardia.

Zi1nus Tachycardia represents an intrease in the dis-
charge of the =si1nus node. It may be caused by such factors
as euercise, pain, emotion, fever, aniie v, and is a result
in the demand for a higher cardiec output. The BPRS comple:

15 preceded by an upright F wave (fig. 2.9).
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Fig. 2.9 - Binus Tachycardia. [23]
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Atri1al Tachvcardia (AT) 1s due to a pacemater in the
atrium which gives rise to rapid regular 1mpulses at a rate
above 100 beats per minute. The F and T waves sometimes +all
orn each other. The condition 15 characterized by a sudden
beginning end ending. Sometimes a ORS complei fails to
appear. Thie 1s tnown as an Atrial Tachycardia with Bloch
(Fig. 2.11). This means that there 1s a bloct at the A=V

node.

Fig. 2.10 - Atriel Tachycardia. [270
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Ventricular Tachvcardia (FT) ie & serious cardiac condi-
tion., It entzale an abnormally high ventriculaer rhythm with
aberrant ventricular etcitation. seen inm the form of the ORG
compleres which are very wide. The interval and the shepe
vary slightly from one beat to the nenxt. Often the F wave 1¢
not recogrizable. In other terms 1t is a series of succes-

s1ve Fremature Ventricular Contractions.
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Fig. 2.12 - Ventricular Tachycardia. [18,23]
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Verntricular Fibrrllat:on 1s the result of erratic depo-
larization of the verntracles. It produces distorted sine
waves that are irregular in amplitude and duration. This 1
a most damgerous si1tuation as there 1s no effective pumping
of the heart, often resulting 1n sudden death. It 1s easy to
detect since by the time 1t would tate to determine that the
erratic waves produced are not due to a malfunctioning 1n

the eguapment, the patient will usually have fainted.

-
"

Fig. 2.13 Two examples of ventricular fibrillation. [18,771
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Atrial Fibrillation (AF) is due to 1slands of abnormeal
tissue, causing the atrial depolarizastion wave to wind i1ts
way 1n and out of these islands of tissue. As & result,
there 1s no contraction of the atria as a whole, therefore
no P wave and irregular GRS complexes. The R-K intervals are

all different.

Fig. 2.14 - fAtrial Fibrallataon. [18,23]

Following 15 a tabular summary of how the abrnormalities of

the cardiac rhythm can be systematically analyz-ed.
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From these e:amples, we can see that an arrhythmia cles-
csi1fication system reguires the following 1nformations: beat
detection, a running average of beat intervals, beat shape,
and "F-Wave" location. The beet location will delimit the
ORS complenes and 1s the first requirement of an analyeis
system. Once the intervale have been marted, we can proceed
to the analysis of thesze beats such as the calculation of
beat i1ntervale and averages. By comparing the beat interval
of the current beat with that of the rumning average. the
vser can decice whether the current beat 1= npormal, prema-~
lere or 1rregulear. A running average can however be mislead-
ing 1f some of the beats are very i1rregular. This will
corrupt the average, resulting in a unrealistic basis of
comparison. Once a beat hes Leen located, the user can also
analyze 1ts shape to determine for example if 1t is too
wide, a possible si1gn of ventricular fibrillation. The
detection of the F-Wave is also used in the classification
ot abnormalities of the cardiac rhythm. For example 1f it 1s
absent 1t may indicate atrial ibrillation. Chapter 7 will
explain the design considerations of the system developed
and will clarify how some of these functions can be implem-

ented.
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Chapter 111

DESIGN

3.1 - INTRODUCTION

p— =S

The purpose of this system 15 to he a tool that wll
assist ain the procese of detecting and classifving heart
bests. This tast under ideal conditione 15 not & comple: one.
since DRE waves are clearly detined 1n the time domain, and
are seasgy to detect due to their specific charccteristice from
other heart activities., However many fartors male thie procece
¢ non trivial one in embulatory ECG recordings. Due to the
lacht of cortrel of the conditicns under whach the signalc are
recorded, noirse and other disturbsnces: mel e the detection of
ORS waveforme diffacult. The system developed in this project
will attempt to fecilitate the tast of analyzaing the ECC
recordingse by providing es meny toele as postible. This systew
15 not meant to be a commercial product, but rather a proto
type that couvld be refined et a later date.

Analysie of the ECG begine with the "detection” and
"delineation” of the ORS complenes. The accuracy of these
algorithms will determine the reliability and versatilaty ot
the analysis phase. Detection 1s the procese of identifying a
specific point i1n the waveform. This is usually done by scan-
ning the incoming sigrals and detecting a point that is on a
rapidly i1ncreasing or decreasing slope. Delineation 1s the

process of identifying the begimning and end of each wave.
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Once this 1 done, the "analysie" phase can begin. This i1s
where the weveform can be i1dentified as to what type of wave-
form 1t 1s, based on shape, timing and rhythm diagn>ocis. [I5)
The discussion in this section will also be broten i1nto two

parts: beat detection and waveform identification.
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S.2 — CGENERAL DESIGN CONSIDERATIONS.
As we begin the design of the system, numerous difficul-

ties ar1se, 1.2. points to tale 1nto consideration while

designing the system. BRased on the literature on the subject,

here are a few of the main concerns.

Different ECE interpretations.

There are two types of ECG systems. Those that record
heart beates for a few seconds and those that record much
longer samples such as 24 hours of ECGs. The first one is
sufficient for diagnosing cardiac diseases. These ECGs are
usually recorded on paper 1n a climic or hospital environ-
ment. They are used for the detailed examination of tne
heart beat to detect diseases. The longer records are used
in 1ntensive care units where patiente must be monitored +for
longer periods of time as well as for ambulatory ECG record-

ing analyeis.

In the arnelysis of 24—houwr ECG recordings from ambulant
subjects, the recordings are carried out on subjects that
are free to go about their everyday activities. This allows
for samples to be taken under a variety of conditions. Thais
method was found to be more effective for the detection of
arrhythmia, since it is important to scan consecutive beats,

to look for variations in beat shapes and the classification

-26-



of 1rregular beat shapes [6,76]. The most 1mportant disad-
vantage of this method 1s the volume of data involved 1nm the

analysis process.

Limitations of the computer in the ECG analysis.

As attempts are being made to substitute computers to
humane for observation of cardiac rhythms, the difficulties
involved are surfacing. The complexity of arrhythmias has
made it difficult to create a truly effective system. Even
though, according to most te:tbooks, the cheracteristics of
arrhythmias are clearly different than those of healthy
heartbeate, real life situations have shown different.
Unfortunately, the numerous a-rhythmias do not always follow
the rules found in te:tbooks. This has fed into the diffa-

culties encountered in developing reliable systems [13).

Unlite the buman, the computer needs precise and
detailed guidelines to accurately detect and classify the
various ECG waves. This is a field which will undoubtedly be

evolving for many years yet,

The effect of artifact.
Artifact is any product of the ECG that is not caused by
the currents generated during the cardiac cycle. Artifact,

or noise, is often confused with real signals in the ECG by
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automated arrhythmia detection systems. Existirng systeme are

actrnowledged as being imperfect due to the difficulty in
detecting noise and comple: arrhythmias. The *wo difficul -
ties are linled together since the inability to properly
detect noise and separate 1t from the true heart signal
inhibits the reliable detection of F, ORS anc T waveforms.
Noise can be the result of body movement, poor shin contact
of leads, electrical or mechanical artifact in the recording
device, loose or brolen wire connections or even mechanical

"noise’ in the equipment when playing back the signal.




S.3 — DETECTION OF A BEAT.

The firet step 1s to detect a heart beat. Many methods
have been suggested and implemented to date. The most promis-
ing one has been the detection of the ORS complex: it 1s the
most distinctive feature of the ECG signal, due to its
charactericstic shape, its rapid change in slopes and high
amplitude. Some have used combinations of these criteria to
detect GRS compleies [13]. However this slows down the pro-
cessi1ng speed. When processing ambulatory ECG recordings,

speed 1= 1mportant due to the sice of the data being analy:-ed.

The ORS peal has many distinmctive characteristics. The BORS
can be detected by its characteristic shape through pattern
reccgnition technigues. This 15 however a very time consuming

method.

Another method used to detect BPRS waveform i1s the calcula-
tion cf the amplitude of the CORS [11]1. This is a simple and
fast method but dependent on the location of leads. Thais
method has been shown to be unreliable when not used under

ideal and controlled conditions.

Another method has been to rely on the slope of the wave-
form. The slope of a line can be positive, meaning that it is
an up slope or negative if 2t is a down slope. When
calculating the slope of a GRS waveform, the masimum positive

slope 15 at the rise of the ORS5 waveform and the maximum
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negative slope is at the fall of the ORS waveform. The nega-
tive slope seems to be of larger magnitude than any other
slope. With thie point of largest magnitude as reference, one

complete heart cycle can be i1solated.

Caceres [5] explains thet to recognize a beat a stable
reference point must be identified in each heartbeat. The rate
of greatest negative rate of change can be best used i1n the
logic of recognition as it 1s present in any subject. This
point of reference always occurs during the DRS5. The most
negative derivative point 1s alwavs at the peal of the R weve
or before the peal of the S wave. Figure 2.1 shows the rela-
tion between the ECG and its first derivative. To detect the
ORS compleres, the first derivative or an approiimation of
this can be used. A valid approximetion of the first deriv-
ative 1s determining daifferences between points. This 1s the

method used in this system.
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Fig. Z.1 — The ECG and the first derivative of the ECB. [S51]

To calculate the first difference or slope of the ECG we
simply subtract the X, point from the X;.; point. However this
method does not tatle i1nto consideration noise. In an attempt
to mnimic-e the effect of noise on the ECG signal, the BRS is
detected by searching for a negative slope ~very 20 rillisec-—
onds. Also 1nstead of using & point to point first difference,

a typical approach is the two point slope measurement [36].
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The difference between the point to point and the two peoint
slope calculation is that the two point slope uses the current

point Xi: and the X4-=.

54

X; - x:—z

The first difference of the signal further smoothed with a two

point average results 1n the following calculation:

mn
I
]

Xy + X33 ~ Xp—3 t Xy-=

b

-
-~

it
>

1 Xp—m

[

where X, : value of sample 1

S, : two point slope at sample 1

Sy ': first difference at sample i of the signal

smoothed with a two point average.

This is a simple calculation which results 1n reducing the

effects of artifact on the ECG wave.
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S.4 - CLASSIFICATION OF A WAVEFORM.

OUnce the detection and delineation of the ORS complexes 1¢
done., we cen proceed to the snalysis portion. This involves
the classification of the waveforms found. Meny methods have
been used or described for different anomalies. Such methods
as power spectrum of the ECG, sequential decision trees and
Mart hov chain to name a few have been used, some with more
success than others. Others yet [17] have applied multivariate
statistical technigues to the RR interval anslysis using sta-
tistical i1ndices and predetermined coefficiente to detect cer-
tain arrhythmias. Following is a discussion of some methods,

their bernefits and weal nesess.

P—Wave Detection.

F-Wave detection 1€ a difficult tash due to its small
magnitude 1m comparison with the larger ORS waveform and, of
course. artifact. The detection of the F~Wave is i1mportant
in the i1nterpretation ot many atraial arrhythmias. Remember
that the FR i1nterval 1s the measure of the time interval
from the beginning of atrial contraction and the beginning
of ventricular contraction.

One method used to detect F-waves is by plotting the
trends of the amplitude of the F~wave [2]. The trending of a
wave consists of choosing three points with fixed offsets
from the fiducial point of the RS complex. A template is
then built using an "i1ncremental averaging technique’ which

involves the comparison of voltage samples. Trends are then
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plotted and class1fied based on certain criteria.
Instead of specificeally attempting to isolate the F-wave

a different approach has beer suggested. As described by
Y1-Sheng [I81 and others in the literature, one method has
been to cancel the ORS-T comple: as the remainder ECGE will
carry the F-Wave information. This 1s accomplished via a
complex filtering process tnown as the 1mpulse correlated
adaptive filtering technique. The largest drawbact of this
method is that by "erasing'" the ORS-T waveform, any F-Wave

averlapping the O-bave would be missed.
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Power Spectrum analysis.

The power spectrum of the ECG 1 used [20] to detect
ventricular tachycardia when no normal or supraventricular
beats are detected for % seconds. The diagnosis also lools
for more than T ventricular ectopic beats in seguence with
an average frequency higher than a designated freguency.
This is one way of detecting ventricular fibrillation. Clay-
ton [Z] also used the change in frequency spectrum to detect
ventricular fibrillation. As cam be seen in figure 3.2,
during wventricular fibrillation, the signal 15 concentrated
1n a relatively narrow band usually between 4 and 7 H:z. The
example of Ventricular fibrillation in figure I.2a shows the

VF band centered on & H:z.

Amplitude

._‘_.-. .—.—.Ml —‘Q—‘—A Y 1

0 s 10 18 20
Frequency Hz
vVentricular Fibrillation Ventricular Fibrillation

Fig. 3.2a - EC6 rhythms in the time domain and power spectra
of ventricular fibrillation. [7]
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Frequency Hz
Sinus Rhythm Sinus Rhythm

Fig. 2.7b - ECG rhythms in the time domain and power spectra
of sinus rhythm. [7]

Widman's group used the Fourier power spectrum in the
characterization of artifact and other anomalies [T51. They
used the fact that baseline shifts show a predominance of
power in frequencies below 2 Hz. High amplitude artifacts
lack a prominent single peak frequency. Ventricular fibril-
lation has a major peak between 3.5 and 2 Hz. The range used

by Widman's group 1n detecting VF is much wider. Figure 1.7

illustrates the power spectra of certain conditions.
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Signal filtering.

As discussed 1n section 2.2, the presence of artifact or
"noi1se" can 1nterfere in the classification of a waveform.
It 15 useful to apply a fi1lter to the original s1anal 1n an
attempt to reduce the rnoise. One such filter is a "Direct
Form II Transposed" i1mplementation of the standard differ-

ence equation. The equaticrn 1s the following:

yim) = b(1)+n(n) + b{(Z)*x (n-1) + ...s.s0e + binpbr1dx:{n—nn)

~ al)»yin=1) - s.ievvee = @‘Na+tl)ay(n—nead

where yin) : fi1ltered dala
() 3 oragimal ECG si1gnal

eln)

firet f1lter vector (carm be a scalar)

b(rn) : csecond 43lter vector {(cen be a scalar)

This 15 & €1mple calculation which passesc the original
signal through & filter 1n a&an attempt to reduce the noi1ce.
For best results 1t 1= best to choose a and b so that they

add up to one.
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Chapter 1V

IMPLEMENTATION

4.1 - PURPOSE.

The purpose of this project is to develop software which
will serve as a tool to a user, who 15 analycing ECG signals.
The user will have the option of applying various preset
transformationse to the original signals ¢~ even of developing
hie own transformations. The analysis dome by the user i1s to
detect abnormalities 1n the heartbeat as described i section
2. There are numerous trancstormations that can be applied to
the ECG signal each returning different i1nformation. as
decscraibed 1n section . A few have been incorpor-ated in the
system, but many more car be added by the user, as he sees

fit.
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4.2 ~ HARDWARE AND SOFTWARE USED.

The hardware used for this system comsists of stamdard 1RM
AT 286/786 clonee with VBA monitors and BOB7 math co-
processars. The reason for the 286 and 28Bé is that the soft-
ware was developed on two computers, an AT 286 deshtop and a
JB&6 Samsung notebook. Due to the absence of a memory manager,
640k, of memory is all the system had. The software was devel-
oped with this limitation in mind. An Epson FX-100 printer was
used for hard copies. This ensured that no special hardware
would be necessary to 1mplement this system, maling 1t more

general and economical.

The software was implemented ueing TURED FASCAL version
6.0 and MATLAE version 2.5g. FASCAL offerse many built 1n pro-
cedures for graphics. which were deemed 1nteresting. MATLARE
offerc numerous methemstical functions such as matrix
menipulation. polynomal manipulation, statistical analysis

and signal processing.

MATLAE has three versions for IEM and compatible personal
computers: FC-MATLAE, AT-MATLAE, and 2B6—-MATLAR. This project
used FC-MATLAE due to its memory limitation. FC-MATLAR
requires at least 320K of memory and a numeric co—processor.
Even though the hardware utiliced for this system is equiva-
lent to an AT, the memory reguirements of ZM of memory of
which 1M byte must be extended memory, limited the use of

AT-MATLAE. For this reasorn FC-MATLAER was used.
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4. 3 - THE SYSTEM.

Intraduction.

Thie eystem 1¢ designed to be strictly off-line. It
reads data from diskettes. All user 1nput iz done from the
leyboerd (no provision was made to accept choices from a
mousel) . All output 1s directed to the VGA screen. It is
possible to obtain hard copies of any of the output directed
to the screen through Frant-Screen.. Since we are using a
VGA screen the DOS driver GRAPHICE.COM did mot worlk. GRA-
FHICL.COM 1= appropriate for dumping CGA graphics to Epson
dot—-matriy printere. MATLAE comes with additioral drivers
for syetems with EGA or VGA carde and Epson or Hewlett-

Facl ard LaserJdet printers. EGAEPSON.COMN driver dumps EGA and
VGA graphice to Epson competible printers. EGALASER.CON
driver dumps EGA and VGA grpahics to HF LaserJet compatible
prainters. They muet be erecuted from the DOS prompt prior to
1involing any other software.

The 1llustrations in this report of the menus and the
araphs generated by the system developed were peossible

throuagh the use of EGAEPEON.COM and - Frint-Screen -.

The data files used.

The Sample Data files used in this system are based on
database tapes from the American Heart Association Database.
Extracts of different sizes, from different tapes were made
to allow for the testing and development of the system.

The original tapes are recorded on standard industry-
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compatible nine—trach tape. Each database tape contains four
blocle: an ID blochk file. Sample Data file, Annotation and
Time-Of-Occurence file, and a second ID-Eloct fi1le. For the
purpose of this system, only the Sample Data fi1les were
considered.

The Sample Data file contains the ECG sample data. The
data was talen at 250 samples per second from two ECG chan-
nels. Samples have 12 bits of precision, and are stored in
two 16-bit words with sign-eutension. Data samples are two's
complemented, stored least significant byte first, and 1te
high byte written second. This requires the manipulation of
the data before 1t can be used. Samplez from each channel
are stored alternately. Therefore when looling at the firet

charnnel need to consider every other word.

The data f1le lools lite this:

Sample 1:Chan. 1

[ ]

Sample 1:Chan.

Semple Z:Chan. 1

Sample Z:Chan. &

To convert the data baclk to a usable format it was
necessary to swap the high and low order byte aof the word.
FASCAL has a swap function so this was very simple to per-—
form. The resulting value was then "anded" with $FFF to

eliminate the firet 4 bits and convert the number to a
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number with 12 bit precision.

Why use MATLAB?

MATLAE 15 a mathematical peckage which works with one
bind of object, a rectangular matrix with possible complex
elements. It allows matrix operations, arrey operations,
vectors and matrix manipulation, data anlysis, matrix func-
ti1ons, polynomials and signal processing and graphing, 1in
other worde everything, reguired to analyze ECG signals. It
was more i1nteresting to incorporate am already existent
mathematical paclage than to rewrite many of the functions
from scratch. The use of MATLAER offers. to the user, more

choices 1n the algorithms that he can develop.

Behind the scene: The PASCAL and MATLAB interface.
The first version of the system was quite different {from
the firmnal one. It was at first written as one large program,
with a small main part and numerous subprograms. The call to
MATLAR was done from within one of the procedures. Due to
the 640t memory limitation, there was not enough memory to
load both the FASCAL program and MATLAE. The next step was
to breal down the FASCAL program into smaller programs, and
have a small “driver" program calling each smaller program
in turn as well as MATLAE, thus having more memory free at
any one time. This was implemented with the EXEC command in
FASCAL. The software was developed as a menu driven system

in order to male MATLAE as transparent to the user as possi-—
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ble.

MATLAE offers the possibility of writing scraipt files
thue reducing the need of the user to i1nterface with MATLAK
1teelf. However these script files can be involed only +rom
within MATLAE. This was the largest limitation of this soft-
ware. When the FASCAL program calls MATLAE, the user 1s
required to type in the name of the script file. It is not
possible to call MATLAR and give the name of a scrapt file
to be executed at the same time. The interface between the
two programe is done so as to minimice the user ‘s involve-
ment. Before calling MRTLAR, the FASCAL program createc a
t1le with all the parameters needed by MATLAER to perfaorm the
transformations eelected by the user. The scraipt f1le teran
nates the session with MATLAE and returno to the main PASCAHAL

praogram which continues to "drive" the systenm.
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The system "“driver®".

The eyetem driver 12 the heart of the software. It can-
trole the tlow of operation and enecutes the appropriate
calls to the necessary programs. It begins by a call to the
bernner program, which 15 the welcome screen. The ne:t call
12 to the menu program whaich is where the user selects has
options. If the user has not decided teo guit, the system
w1ll thern 1nvole the Firstscreen program which creates the
firet data f1le to be tramsformed and graphed. The driver
goe. on to call MATLAR to perform the transfor mations
reguired and then the graph program to graph the original
=1gnel and the reguested transformations. Once the graph is
displeaved, the user decides whether to window right, left,
ertract a portion of the ECG on screen for further analysis,
or quat. I{f the user decides to window left or right, then
the next screen of i1ntormation 1s stored in a8 data file and
the driver loops bact to the MATLAER call. If the user
decides to quat, he 1s brought baclt to the first question
where he can guit the system or go on to setting new
options. Finally 1f the user decides to extract a section of
the current screen for further analysis, then the informa-
tion 18 stored 1n a new data file, and MATLAE is then
involed. The user will have a choice of menu 1tems or the
options of working MATLAER on his own. The results are
graphed from within MATLAE. Orce the user has finished his
session with MATLAE he is brought bachk to the full screen

from which he decided to e:xtract a seament and is asked
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again whether he wishes to window eitract or quit. Once the
user decided to gquit the system entirely, a cleanup program
15 called to erase all the temporary data files created by

the driver to pass parameters from one program to the neut.

(Cstart) “Driver" program.

| Banner Page |

| Actiont = SET |

[Yes
[ Main Menu |
No '
—{ cweonup |—®(End )
Yes

| Action2=R |

[ FirstScreen

*@»’—

Extroct [ wnas

r MotLAB ]

[T}rcw Progrom |q
|

Gat next
Sreen

e J

Fig., 4.1 =~ Flow diagrem of system "driver".
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The system: Components of the system.
Banner prograas.

The user i1nterface 1s designed to be as user—friendly
as possible, and as pleasant to the eye et possible. It
begins by welcoming the user to the ECG system with an
identification screen. As part of the screen there is an
ECG graph of about 200 points incorporated, where the
sample data is talen from one of the data files available
to this system., Once the return tey 1s hit, the banner

program 1s terminated.

..................................................................................................................................................

WELCOME TO THE ECG GRAPHICS SYSTEM

by Nancy Acenian

Hit {RETURN> to continue

....................................................
..................................................................................................

Fig. 4.2 - Welcome screen.
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Henu progranm.

The nenxt program ta be called 1e the MENU program. It
begins by ashking the user whether he wishes to set param-
eters or quit the system; the system 15 designed 1n such
a way that the user can at any level of the system decide
to quit and will be brought bacl to this level. Refer to
figure 4.4 for a flow diagram of the menu driver. The
user has the option of terminating the session or reset-~
ting the options.

For the system to accept and understand the i1nput
from the keyboard, 1t is necessary to type a command as
instructed by the program and to hit “return.. At thas
point, no default option 1= set by the software, 1f
~return. alone is pressed. This may be added at a later

date.

ECG SYSTEM_* Main Menu_

Do you wish to (S)et specifications or
(Quit the system

Fig. 4.7 - Main menu



LEGEND
Q: Quit?
S/Q7?: Set or Quit?

@ Quit
_.______..»

Set
Data File Selection

- Yes )

<;>..

INo

Scaling Factor Selection

. Yes @
No
Channel Selection
- Yes Q7
No

Carry over 7% Selection

-4 Yes Qr)

No

Transformation Selection

Yes Qv?
No
Write options 6
. ___.._..»
/to a file m
Fig. 4.4 -~ Flow diagram of main menu driver




Data file selection.

Once the user decides that he wishes to set the
parameters, he is prompted for the data file he wishes
to view and analyze. He has the option of selecting
preset data files or selecting one of his own. When
selecting one of his own, he must specify the full
pathname of the file as well as the full name of the
file. The system will then proceed to validate this
file name. It will make sure that 15 can access i1t. I+
it is unable to laink to it, 1t will instruct the user
that his choice was not valid and that he must select a
new one. Once & valid file is found, the system will
open the file and position the pointers at the begin-

ning of the file.

Which data file do you wish to view?
1) B:\pascal“segment.1
2) B:\pascal segment.?
3) your own
(89) to quit

Fig. 4.5 - File Selection Menu.




/)isploy choices/

/Recd choice/<___

Display erro
@ Mespsqzlge 7

Quit?

Yes
No
Yes 1?
No
»/ Input users
/ File name /
. Yes .* T
Quit? Set quit option

No

Message

Display erroy No 90

LEGEND:

1?7 : Choose an existing

File name?
27?: File exists?

Fig. 4.6 - Flow diagram of File Selection
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Scaling factor.

The nenxt parameter to be set 15 the scaling factor.
In other words does the user wish to have every point
of a channel graphed, every second point or every third
point. The advantage of looling at less points 1s that
more beats can be viewed on a same screen. It was noted
through testing, that three points wasz the maximum,
because with more points, the shape of the waveform is
altered and does not reflect the true story. When every
second or third point 15 graphed, the screen 1s still
f1lled. Therefore the lese points are viewed, the lecse

screens are required to view all the data.

ECG Systemn_* Specification Menu

SCALING OF GRAPH

Do you wish to graph
1) all points?
2) every other point?
3) every third point?
(89) Quit?

Fig. 4.7 - Scalirg Factor Menu.
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/Disploy options/
/Reod Scale /<

, No
Valid? Error message
Yes
Scale = 997 Yes Set quit option
NO
-
Go on

Fig. 4.8 - Flow diagram of Scaling factor selection



Channel Selection.

In this submenu, the user has the choice of viewing
the firet or second channel. If the user selects the
second channel, then the system 15 1nitialized to the
first point of the second channel as the beginning of

the data samples.

ECG System_* Specification Menu

Which channel do you wish to work with?
Channel (1) or (2) or (88) To quit?

Fig. 4.9 - Channel Selection menu.




/Disploy options /

/Reod Channe/«s

Error message

Set quit option

\

Go on

Fig. 4.10 - Flow diagram of channel selection
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Percentage of screen to carry over.

This submenu allows the user to decide how much of
the current screen to carry over to the nent screen.
The user has the choice of carrying over 0% to BOY% of
the current pointe to the next screen. In other words,
if the user selects Z7%, when he windows for example
right, the next screen will contain the last third of
the current graph followed by two thirds of new data.

This applies regardless of the scaling factor selected.

ECG System_* Specification Menu

Which 7 of the screen do you wish to carry over
when scrolling right or left?
You may choose between 0 and 807

CEntar a whole nunber. E.9.33% should be entered as 33)

or 88 to quit

Fig. 4.11 - Fercentage of screen to carry over menu.



( Start )
/Displcy options/

/Reod Keep 7%/-m

_ No
Valid? Error message
Yes
Yes . .
Keep %=99" Set quit option
No
-g-
Go on

Fig. 4.12 - Flow diagram of carry over % selection

-57-



Choice of transformations.

This 1= where the "analys:ics" part of the esystem
comes 1n. The ucer has the choice of viewing the sample
data as i, applying one or even two transformations to
the data. The transformations available, are a Fourier
Transform, a first and second difference, beat detec-
tion based on the second diference as discussed in
section 2.7, and filtering of the ECG sianal based on
the filter alogorithm available in MATLAE discussed 1in

section Z.4.

Do you wish to apply 0, 1 or 2 transformations
to the ECG signals or (89) to quit?

1) First Difference
2; Second Difference
Fast Fourier Transform
4; Beat Detection
5) FHlter
(89) To quit
Enter your choice(s) with an <enter.> after each.

Fig. 4.12 - Transformation Selection Menu.
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Fiq.

(start)
/Display choices /
——=/Num of Fen /
Error N°
Message

| Yes
Yes

Quit?
No
No

Num Of F¢n
>07?

(no transformations

Error No
Message

No _~Num of F¢
. (no 2nd file) =27

|

Set Quit Option

'

» Go On

4.14 - Flow diagram of transformation selection
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Closing comments on the menu program.

The information carried over to the following sub-
programs are the name of the data file containing the
ECG s1agmal, the scaling factor, the channel to be
viewed. the percertage of the screen to carry over from
window to window, the number of transformations and the
transformations if¥ any. A second temporary file con-
tains the final action selected, that 1s whether selec-

tione were made or 1f the user decideo to quit.
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First Screen progranm.

Thie program will create the data fi1le containing the
first N gi1gnels, thet 15 one screen full of ECG signale,
It will tale i1nto consideration the scaling factor and
the channel selected. Before terminating 1t will set the
pointer 1n the original file from which it extracted the

first screen full of information to the N+1th peoint.

The ECG Script Tfile.

The scrapt file in MATLAE begins by loading the ELG
sub=et fi1le to be processed. Then based omn the number of
transformations selected and which transformations, 1t
will create temporary data file for the result of each
transformation. The data files created are all preset and
prenamed by the programmner. The only 1nput required from
the vser at this level is to enter the name of the scraipt
file at the MATLAR prompt from withain MATLAE, which 1s

ECG.
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Drawn Graph Prograns.

The draw graph program displavs the results i1n graph
form. Based on the number of functions selected and the
transformations themselves, 1t will draw preset data
files corresponding to each transformation with the cor-
responding titles. If there are no transformations
selected, Draw Graph will display the original ECG signal
on the upper third of the screen, with a title. 1f one
transformation 1s requested, 1t will add the graphical
representation of the results i1n the second third of the
screen along with the transformation name. Similarly 1+
two transformatione are requested, 1t will display the
resulte of the second transformetion i1n the lower thard
of the screen. Once the user has e:amined these graphs
and wicshes to conmtinue, he just hes to hit enter. This
will terminate the Draw Graph Frogram. Refer to figurec

4.16 to 4.18 for eramples of each type of screens.
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IR

ECG sional

Hit ENTER to continue

Fig. 4.16. — Example of original ECG saignal.
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ECG sional

L,

First Differance

Hit ENTER to contirmm

Fig. 4.17 - Exxample of ECG signal and one transformation
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ECG sisnal

N P17 NS FUNY 'Y VN I S

First Difference

N S I ¥ IS W 0

Second Differencs Hit ENTER to continua

Fig. 4.18 - Example of ECG signal and two
transformations.
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Get Data Progranm.

This program 15 alwayes called after the Draw Graph
proaram. It asts the user what to do next. The possibili-
ties are window right, window left. e.tract a section of
the current screen or quit. If the quit option a1s
selected the program is terminated and the driver will
loop bact to the main menu, where he can quit the systen
or reset the options. 1If the entract optiron is requested,
then the Get Data proaram 15 terminated and the Eutract
Frogram tal es over. Finally, 31f either of the windowirg
cptions are selected, the svetem wi1ill update the points
to be graphed taling 1nto comsideration the direction of
the window requested. the scaling factor., the percentage
of the screen to carry aver and where the previouws screen
ended. If the user ‘s selection results 1n qgoing pass the
beainning of the file or the end of the f1le, an appro-
priate messege 1€ sent to the user. and he is prompted

for a new choice.

Do you wishia

—-- to window (R)ight
- to window (L)eft
-~ (E)ntract a portion of this screen for further analysas

-—— () uit?

Please enter your choice followed by <enter>

Fig. 4.19 - Get Data Menu.



Extract Progran

The Ertract program will begin by displeying the ECG
s1anal on the screen and request from the user the start-
1ng poeiltion and endina peosition of the segment to be
e:tracted by moving the cursor. The system will extract
256 or 512 points, since most transformations in MATLAR
wort best with or require a power of 2 points. The system
will then male a call to MATLAR where a scraipt file willd
have to be celled. Thise script +i1le will be a menu, with
precet optione. The user will also have the option of
mamipulatang the entracted seament cn his own in MATLARE.
1f he choouses one of the preset options from the menu.
then the scraipt fi1le will tele care of issuing 211 of the
commands, The plotting for the entractrd datas and 1ts
resulte will be done through MATLAE. Once the secssion 1¢
completed, the EXTRACT program 1€ terminsted and control
returrne to the draiver. Refer to tigures 4.20 and 4.21 for
1llustrations of the entract screen and confirmation

screen.
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[— 23> EXTRACT SCREEN <<« J

1 2 3 4 S 6 K4 8 9 10 11 12 13 14 135 16 17 18 19 20 at

pleasce anter starting and endine position of

segrent to be extracted separated by (enter)

Fig. 4.20 - Eiutract screen
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12 [ 22> EXTRACT SCREEN << ]

€ECG sional

) S 3 4 S 6 7 8 9 10 11 123 13 14 15 16 17 18 19 30 21

plaase enter starting and ending position of
segrnent to be extracted separated bu <(enter)>

This is the sessant to ba extracted, is this vhat you want?
(Yies, (Mo, or (Quit

Fig. 4.21 - Confirmation of extracted
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Extract Script File.

The extract script file 1n Matlab begins by loading
the file containing the extracted segment. It then pres-
ents the user with a menu ashting him which transformation
he would li1ke to apply and plot. The user has the choice
of going into "free-mode". This allows the user to enter
his own MATLAE commands, assuming he is familiar with the
software. A summary of the functions available and the
plotting commands 1s supplied in appendix A. It 15 up to
the user to quit out of MATLAR. Following are enxamples of
araphs produced by the E:tract segment of this software

through MATLAER and the menu the user sees.

R EXTRACT MENU Bhoemht

——— —— - - t———

Fourier Transformation

Inverse Facst Fourier Transform
Spectrum Analysais

First Difference

Second Difference

On your Own

Quat

LW H Lty -

g -

—————— > Ples se make your selection

Fig. 4.22 - Extract Menu
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x188 Pouwer Spectrum of Extracted Segment
1.8 T T v T T T
1.6 ..
1.4 -
1.2 -
1 .
8.8 .
8.6 4
8.4+ .
8.2 g
8 . " A — . )
8 28 48 68 88 106 128 140

Fig. 4.27 - Example of Fower Spectrum of Extracted
segment.
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Cleanup Progran.

The cleanup program is the last program to be called
before the system terminates. It 1s called when the user
has esled to quit the system. All temporary files created
by the system are erased. The code is written in such a
way as to check whether each file exists before attempt-

ing to erase it.
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Chapter V

DEMONSTRATION OF FEATURES

In the previcus chapter an elaborate description of the sys-

tem 1n guestion was given. In thie section some of the teatures

will be 11lustrated.

5.1 — SCALING OF ECGC SIGNAL .

The firet feature 1e¢ the sceling of the ECG 1grnal. where
the user hae the choice of araphizng every polnt, every second
point or ever~ third point. When every point 1s graphec, there
are approaamately three R-F antervels mner screen. Needles: to

S whern every eecond point 1¢ graphed there will be si:0 R-F

7T a

0

1ntervale and when every third 2 q ephed, there w.ll be rnine
F-F 1ntervale., Filgue: 2.1 to 9.7 demonstrate thie well., 1In
the three ccreens the graphing 1 done with the same stertiny
address 1n the fi1le. The f.ret three F-F 1ntervals 1n the
second screen, figure 5,2, are the same as 1n the three 1n the
firct ecreen, figure S.1, The firel 1,0 R-FR 1ntervals in fa1g--
ure 5.7 are the same as the si1v 1n figure 5.2. This 1s a
useful feature, when 1t 1 necessary to view the shape of

succeessy ve R~R i1ntervals, 1nstead of analyzing the shape of a

particul ar one.
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I N

ECG sional

Hit ENTER to cont inue

Fig. 9.1 - Eiample of ECG signal with every point graphed.



LU U e i

ECC mignal

Hit ENTER to continue

Fig. 5.2 - Example of ECBG signal with every second point
graphed.
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ECO sipnal

AAALLL,

Hit EMTER to continue

Fig.

graphed.
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5.7 ~ Example of ECG signal with every third point




S.2 — WINDOWING.

A second feature 1= the windowing capability of this sye-~
tenr. Thie allowe the user to window right or left, teeping a
cthosern percentage of the current i1nformation on the screen.
Three examples are shown to 1llustrate this feature. The first
cet of screens, figure 5.4, shows an eiample of windowing
right, on a graph showing every point where 377 of the screen
will be tept. Carryirmg over 227 corresponds appro:imately to
carrying over one R-F 1nterval. A single R-R i1nterval corre-
sponds to about 200 pointe. When windowing right, the last F-F
interval 1n the current screen will be the first R—-F 1nterval
on the neixt screen. When windowing left, the first R-R inter-
val on the current screen will be the last R—R i1nterval on the
ne::t screen. Figure .5 shows an erample of waindowing lett
with S50% of the screen carraied over, 1n a case where every
second poant 15 graphed. Theretore the first three of the
current si1:. R-KR 1ntervale wi1ll be the last three of the ne:nt
screen. The third set of screens, figure 5.69, shows an eizam-
ple of windowing right agein but with an ECG signal and its
second difference, with every third point graphed and &66% of
the screen being kept from one screen to the next. Therefore
the last six R—R intervals of the current screen correspond to
the first sin in the next screen. In fiqures 5.4 and 5.6 note
how the last part of the first screen corresponds to the

beginning of the second screen, and in figure 5.5, see how the
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begimming of the first screen corresponde to the end of the
newt ecreen. The dotted line marts the portion of the screen

carried over from the previous screen.
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Nk* I
\ e N W BV
SRRV AV N ,’M S / v vj \"\

ECG signal

)

\ .. -~ ST -
p— TN TN T T

ECO signal §

Hit ENTER to continue

Faig.

5.4 - Windowing riaght, every point, ECG signal,
I3% carry over.,
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N j S ~Y w.\f»w : ‘

1irst Diff

!

Fig. 5.5 - Windowing left, every second point, ECG signal and
first difference, S04 carry over.
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ECG signal
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IU' .J § v 'aJ 1
ECG signal :
- Hit ENTER to continue
Fig. .6 - Windowing right, every third point, ECG signal
25% carry over.
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5.3 ~ BEAT DETECTION.

A third feature 1= the beat detection capabilaty of the
system. It 1s one of the options 1n the transformations menu.
The beat detection 1s based on the second difference. 1t lools
for the largest negative slope within a certain ranqge, and
marts 1t as the onset or end of a ORS i1nterval. To eliminate
the detection of a same i1nterval more than once, the process
18 turned off for a determined amount of time. This system 1s
not an analysis system but a tool to assist 1n the analvysis.
The method used to detect a beat 1% not a smart one. It saimpl,
lools for negatives slopee within a certain range. It 18 thus
up to the user or "analyst" to interpret the results or beats
detected. The way a beat 1s marlted 1€ with a "B" at the point
where the =slope fits the crateria. The rest of the points are
marked by a lirme. Four eiamples 1llustrate thie feature. Fig-
ure 5.7 showe an ECG signal with every point graphed with the
beat detection option. Figure 5.8 1llustrates the beat
detection with every second point graphed and +inally figure
5.9 with every third point graphed. Figure 5.8 also showes the
second difference which 15 used to detect the beats. This will
allow you to note which points or slopes are used to detect
the onset of a GRS interval. Figqure 5.10 shows a case where
artifact affects the beat detection algorithm. As mentioned
earlier, once a beat has been detected, the procedure is
turned off for 1/5th of a second or S0 points to prevent the
detection of a same beat, When noise i1nterferes, the results

are unpredictable. Figure 5.10 15 a classic case of this. We
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see that the noilse causes many £lopes to erronecusly satisfy
the selection criteria of the onset of a rew beat. Every 50
points 12 marled as a new beat. At thise point 1t 15 up to the
ueer to conclude that noise 1s 1nterfering with the original

ECG6 signal.
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ECG signal

B B g
Beat Detection

,/\im M.WAM~JMWW.H.MWLN,

First Difference

Hit ENTER to continue

Fig. 5.7 - Beat Detection with every points of the ECG signal
graphed.
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ECG signal

Beat Detection
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Second ifference

Hit ENTER to continue

Fig. 5.8 - EBeat Detection with every second point of the
ECG =i1agnal graphed.
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ECG signal

24 3]
Beat Detection

Hit ENTER to continue

Fig. 5.9 - Beat Detection with every third point ot the
ECG signal graphed.







S.4 —~ SPECTRAL ANALYSIS.

A fourth feature 1s the spectrsl analysis of an extracted
segments. As discuscsed 1m section 2.4 the power spectrum i1c =
powerful tool i1n detecting certein arrhythmias. Figures 5,11
and .12 will 1llustrate a baseline shi1ft. Remember that base-—
line shifte are characterized by a predominance of frequercies
below T Hz. Figure 5.12 shows this well, Fiqures 5.12 and 5.14
are an erample of high frequency artifact within the ECG sig-
nal. Figure 5.17 show: the extracted segemnt and figure 5.14
1s the corresponding power spectrum. Figures .15 though to
.18 are 1llustrations of the power spectra of two different

cshaped ORS waveforms.
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20 33> EXTRACT SCREEN <<«

13 14 15 16 17 186

POTEIINNINNER TIPS IBANRNIIRIININININYS

11 12

~
o
Y.
manmn
o

\a Y

ECG signal P

H
4

plaase enter starting and ending position of

segrnent to be extracted separated by {enter)

x18?
N This is the segnent¢ to be extracted,is this what you want?
(Y)es, (Ndo, or (Qdiuirt
H N
Jj L »xf AN N VOV, W N
e 160 120 148

Fig. 5.11 - Fower spectrum of an eixtracted segment showing &
shi1ft in the basel:ine.
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L 3>> EXTRACT SCREEN <<< l
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plaase anter starting and eanding position of

segrant to be extracted separated by (enter)

This is the seorent to be extracted, is this what you want?
(V)as, C(NYo, or (Quit

Fia. 9.12 - Extracted seament of an ECG saignal wath

high frequency arti1fact.
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Pouer Spectrum of Extracted Segment

140
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Fig. 5.17 — Fower spectrum of an e tracted seameni showing
high frequency artifact.
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plaase anter starting and ending position of
segnunt to be extractad sepsrated by <(enter)

This is the segmnent to be axtracted, is this what you
(Yyes, (N)o, or (Quit ’ ® usnt?

5.14 - Extract screen of a first shape of a GRS interval.

Fig.
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x187 Pouer Spectrum of Extracted Segment
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N
T

Fig. 5.15 -~ Fower spectrum of ORS waveform 1n figure 5.14.
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x187 Pouer Spectrum of Extracted Segment
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Fig. $.17 - Fower spectrum of DRS waveform i1n figure 5.16.



5.5 - SIGNAL FILTERING.

The la=t demonstration 1¢ of the filtering cepabilitiec of
the eyctem. We use the filtering algorithm available 1n MATLAR
which 1 explained 1n section Z.4, The purpose of the filter-
1ing &laorittim 1e to reduce or eliminate unwanted signals, such
as those due to norse. The following edamples will 1llustrate
the recsults using various parameters. Tc demonstrate the
effects ot the filtering, the same screen of signals i1s used
with different valuee for the filtering vectors a and b,

Remember the equation 1s the +ollowing:

yin) = bl (n) + b(D)*-(n-1) + ..... + b(nb+1)*.(n—-nb)

- al(D)xy(n-1) - ... = alna+idry(n-na)

Figuwres .18 throuon to S.21 &1l have the original ECG signal,
which 18 the sar» 1n all four ecamples, and the result of the

filtering with vervimg valuees of a and b.
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Fig. 5.19 - Result of filtering where a = 0,75 and b = 0,25,
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« S.21 - Result of filtering where a = 0,66 and b = 0,34,
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This completes the demonstration of the features of the
software developed. The possaibilitie= are limited only by the

imagination and needs of the user.
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Chapter V12I

CONCLYUSION

Thre system was desigred as & prototype and not & commercial
product. The i1dea was to construct the sleleton of a system that
would serve as a tool 1n the analysis of ECGs. This was accom-
plished. Furthermore, the i1mplementation of the system was dore
1n & way which would facilaitate the rddition of any new function
as required for analysais. Through MATLAE the user carn create his
own transfourmations by adding more options to the transformation
menu and 1ncluding these choices i1n the corresponding MATLAER
scraipl. Since MATLAR offers many signal procescsing functions,
thie 15 a trivial tast. A list of functiore otfered by MATLAE 1s
included 1n appendi:. A, The system 1 1ts present state 1s furc-

tional and e1mple to use.

Should the sycstem be refined for commercial use, I would rec-
omme:nd the following enhancemente. First, 1t would be dzeirabls
to add a certain degree of arnalysie capabilities to the beat
detection routine: the program could i1ndicate when arm irregular
beat has beern detected and even maybe indicate which type of
anomaly has been found. A second modification would be to add
color to the displays. For example each GRS i1nterval could be a
different color, as well 2s the corresponding transformations.
This would delimit clearly one beat from the nevt. A third mod: -

ficetion would be to the selection portion of the systen. There



should be default va
select by s1mply bt
1ratiated the =vstem
syetem should show t

he wishes to modify.

luee to each ontion which the user could
ti1na the enter tey, Aleo, when the user ha
cnce and decides to select new options, the

he last choicee and as! the user which onec

This would reduce the need of having to

select all options each time.

These modifications woulcd be enhencementse to the system,

without altering 1te

mandate. It 15 very easy to get over ambi -

tious and include many features, how ever it 1s 1mportant to

remember the qoal o

form the becie of a

thie syetem. The fezstures developed here

low cont eyoetem. In 1ty present tormat ot

provides a si1mple off~line tool for i1nspecting ELG signels,
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APPENDIX A

LILT OF CONE FUNCTIONS AVAILABLE IN MATL AL .

Signal Processing Functions:

#*

abte: comple; magritude

angle: phece angle

cony: convelution

Ctnrvied: correlaiion cosfficaients

L vl COvVari anmce

e ooriy g decomvol vt o

fi{t: fact Fourier trarsform (FFT?

44t inver = dasl Fourier transform
frlier: digital fi1lter

+ftf1lt: overlap—edd method of filtering

epecirun: power spectrum 2stimaie o+ one
SeQUENC wE

Columnwise Data Analysis Functions:

-

MA ., M1 M amum and ainimun value
mediran: medran value

ztd: slandard deviation

mean: mean value

corrcoef: correlation coefficients

tfit4: difference function, approximate derivative

n-th difference function
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Various matrix manipulation functions

Various polynomial manipulation functions

Graphing Functions:
* plot: linear X-Y plot.
* mesh: Z-dimensioneal mesh surface
# contour plot
* title: plot tatle
* xlabel: x-aitis label

% ylabel: v-aui1s label
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