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1 GENERAL

The aim of this dissertation is to develop AN EXPERT SYSTEM FOR
‘G EVALUATION. The ECG has a lot of diagnostically important
formation about the condition of the heart. Visual system for
iterpretation of ECG has some inherent shortcomings. An automatic
wowledge based system would overcome these problems and produce a

yre objective evaluation.

This dissertation is organised in the following five chapters :-
Chapter 1., This gives a brief description of the physiology and
function of the source of the ECG - the Heart. This is followed by
an introduction +to +the ECG, method of recording and its
usefulness as a diagnostic tool. The various methods of
interpretation of ECG have been compared. Other investigation
techniques used to ascertain the condition of the heart have been
touched upon.

thp&g; 2. This chapter gives an overview of expert systems,
their  components, applications and development tools with
particular reference to systems for medical diagnosis.

Chapter 3, This describes the various methods adopted for
obtaining ECG data for evaluation.

Chapter 4. This chapter covers the selection and extraction of
various ECG parameters. The creation and application of knowledge
base for evaluation has been described.

Chapetr 5. The concluding chapter, it covers the problem areas

and the future extension of this work.



1.2 HEART PHYSIOLOGY AND FUNCTION

The heart is one of the most critical organs of the human body.
The function of the heart is the rhythmic pumping of blood. In fact
it functions 1like two pumps - one to move blood into the lungs and
the other to push it into the circulatory system of the body. This
function is performed by alternate contraction and relaxation of the
muscular structure of its walls. The walls are made of muscle fibres
which are the Dbasic functional unit of the muscular system
[Refl,7,12 }.

The heart consists of several layers (Fig 1). The endocérdium is
the innermost layer which consists of a smooth lining of cells. Such
cells are also found in the inside of the blood vessels of the body.
The layer next to endocardium is the myocardium which constitutes +the
mass of the heart muscle cells. It is their coordinated contraction
and relaxation which causes the chambers of the heart to pump the
blood. The myocardium is thinner in the atria than in the ventricles
and thickest in the left ventricle. The myocardium is covered by a
layer of fat called the epicardium. The coronary blood vessels that
supply blood to the heart itself run through this layer. The
pericardial sac which encloses the heart is formed by the outermost
two layers of +the pericardium which have a small amount of
lubricating fluid between them. Although the heart consists of several
layers, it is only the myocardium that generates currents large enough

to be detected and recorded on the surface of the body.
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The heart comprises of four chambers, namely the right and left
atria and the right and left ventricles (Fig 2 & 3). The right atrium
receives oxygen deficient and carbondioxide rich blood from different
parts of the body through superior and inferior vena cava. The blood
is passed from right atrium to the right ventricle which pumps it out
to the lungs for purification, that means rich in oxygen content. The
left atrium receives the purified oxygeﬂ rich blood from the lungs and
passes it to the left ventricle which pumps it out to the circulatory
network of the body through aorta, the network of arteries and
capillaries. Valves located between these chambers are made in such a
shape so that the blood can flow in only one direction. This prevents
the backward flow of Dblood when the blood filled chamber is
contracted.

Each cycle commences with the atrial systole which lasts about
0.1 sec. This is followed by the ventricular systole. During this
period the atria are in diastole, which lasts about 0.7 sec. The
ventricular systole lasts for about 0.3 secs, after which the
ventricles are in diastole which lasts about 0.5 secs. Before the end
of the ventricular diastole (0.1 sec), a fresh cardiac cycle
commences. The normal cardiac rhythm is about 75 cycles per minute
which falls to about 55 during sleep and can rise to over 100 during
intense activity or exertion.

1.3 THE ELECTROCARDIOGRAM
The stimulation and contraction of the heart is accompanied by

changes in the potentials of the cardiac cells. The normal resting



cardiac cell is polarised as a result of an ionic gradient across the
cell wall produced by a sodium pump which reduces the intra cellular
and increases the extracellular sodium concentration. The ionic
balance is preserved by a high intracellular and low extracellular
potassium concentration. It is the potassium gradient across the cell
membrane which is mainly responsible for the electrical potential
difference across it. This is known as the membrane potential and 1is
between 80 to 80 milivolts; the protoplasm being negatively charged
with respect to the external surface [ Ref 7, 13 ].

When the membrane is electrically stimulated, there is a sudden
onrush of sodium ions across the membrane and the cell becomes
depolarised. The protoplasm loses its negative charge and acquires a
positive <charge of 20 +to 30 milivolts. The +total wvariation in
potential is, therefore, of the order of 100 to 120 milivolts. After
some time, impermeability to sodium is rapidly restored and
repolarization of the membrane takes place. The membrane potential
once again reaches its initial preexcitation level of minus 80 to 90
milivolts with respect to outside of membrane. Cardiac cells are
connected by electrically conducting Jjunctions and membrane
depolarisation spreads as a wave through the entire myocardium . It is
the movement of this depolarisation wave and the ensuing wave of
repolarisation, which is detected on the surface of the body.

The Electrocardiogram (ECG) is a graphic representation of the
electrical activity of the heart. This electrical activity has a

waveform as shown in Fig 4. Its exact shape depends on the location
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of +the electrodes and the condition of the heart. Each cycle of
cardiac activity consists of three main components [ Ref 1, 7 ] :-

(a) Atrial depolarisation (contraction of the atria).

(b) Ventricular depolarisation (contraction of the ventricles).

(¢) Atrial and ventricular repolarisation (relaxation of the

heart muscles).

These three activities are shown in Fig 4. The first rounded
pulse, known as the P wave, corresponds to atrial depolarisation. The
steep impulse which follows this wave is known as the QRS complex and
corresponds to ventricular contraction. The T wave corresponds to the
repolarisation (relaxation) of the myocardium. The repolarisation of
atrium is very slow and can hardly be noticed since it is hidden in
the ventricular repolarisation. Sometimes another rounded wave, the U
wave, follows the T wave. The source of the U wave is uncertain. It is
sometimes recorded from normal hearts, but when large, it is often a
sign of drug effect or electrolytic imbalance.

The gaps between these waves, which usually appear as straight
lines, are called ’segments’. These segments are named after the waves
they separate, e.g., ST segment between the S and T waves. The
’intervals’ are also named after the waves at their beginning and end,
e.g., PR interval indicates the duration from onset of P wave
to end of R wave. Thus the measurement is from the beginning of the
first wave (unlike in the case of segments where measurement starts at
the end of the first wave). An interval ends with the start of the

wave at its end just like a segment does, with one exception that is
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QT interval which is measured from the start of the Q wave to the end
of the T wave [ Ref 7, 12 }].

The P wave may be positive,negative,notched or biphasic (Fig 5a).
The QRS complex has several components. The R wave is the first
upward deflection ; the Q wave is a downward deflection that precedes
the R wave ; the first downward deflection after the R wave is the S
wave. If the entire complex is negative, it is called QS. There may be
a second R wave which is desighated as R°. A second § wave, if
present, is called 8’ (Fig 5 b). To be separately labeled as part of
the QRS complex, a wave ﬁust cross the base line. Every wave changes
direction once, but a second change which does not cross the base line
is called a ’notch’. The end of the QRS complex is indicated by an
abrupt chnage in the direction of the wave. This is the beginning of
the ST segment. This point is called J point. The ST segment may be
’elevated’ (above) or ’depressed’ (below) the level of the base line.
The T wave may be positive, inverted, notched or biphasic (Fig 5 ¢).
1.4 ECG RECORDING

It is conventional to use a series of different electrode
positions to record the ECG. It helps to view the conduction of
electrical signal in the heart from different angles and directions.
Each pair of electrode positions is called a lead. The ECG consists of
12 leads representing 12 different electrical views of +the heart.
These are :-

(a) Erontal Plane Leads

(i) Bipolar Standard Leads (I, II, III).
(ii) Augumented Limb Leads (aVR, aVL, aVF).

11



~ao
>

-~

FIG NO 6

@ LN 200000000

RA LA
\\\\ \\\
\
\‘\
~ Ay
\

Ay

EXPLCR ING
ELECTRODE

.

TS INDIFFERENT
-/ ELECTRODE



(b) Tranmyarse Flsna Leads
Precordial (Chest) Leads (V1 to V6).

The 12 1lead ECG is recorded wusing five electrodes. Four
electrodes are attached to each one of the limbs and the fifth one is
a mobile electrode which is placed at different positions (V1 - V6)
on the chest to record potential in transverse plane. The electrode
attached to the right leg is used as an earth connection.
(Fig 8) [ Ref 7, 12, 13 1}.

The standard (bipolar) leads record the potential difference

between the two limbs :-

Lead I = LA - RA (Difference between Left arm and Right arm).
Lead II = LL - RA (Difference between Left leg and Right arm).
Lead II1 = LL - LA (Difference betwéen Left leg and Left arm).

The relationship between them is based on Einthovan’s egquilateral
triangle (Fig 7). |

Lead II = Lead I + Lead III

The relationship between standard leads and unipolar augmented

leads are as follows :-

aVR =I+11
2

aVL =I-III
2

aVF =II+I11
2

The augmented 1limb leads record the unipolar or independent
potential of the selected limb. The spatial relationship among the six

frontal plane leads is given in Fig 8.

13
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The precordial (chest) leads record the varitaion in the
transverse plane. The location and relationship between these six
leads (VI to V6) is as shown in Fig 9. a & b.

Unipolar 1leads, designated by the letter V, use an exploring
electrode placed on a chosen site and linked with an indifferent
electrode whose potential is close to zero. The indifferent electrode
is formed by connecting all three limb electordes (i.e., both arms and
left 1leg) in the case of chest leads, or in the case of augmented
unipolar 1limb 1leads (aVR, aVL, aVF) by connecting the +two 1limb
electrodes which are not being used as exploring electrodes.

Modern ECG equipment have a selector switch with +the help of
which all the 12 recordings are made without altering the 1lead
configuration. Typical recordings obtained of the various leads are
shown in Fig 10.

1.5 QTHER INVESTIGATION TECHNIQUES

Diagnosis of cardiac condition should not be made based on
evaluation of ECG alone. It should be viewed in totality alongwith
results of other investigations. Some of these techniques are
described below :-

(a) ECHOCARDIOGRAPHY. This technique uses ultra sound waves to

study the disposition and movement of valves and other structures

of the heart. Ultra sound waves get reflected from interfaces
between blood and other solid tissues. A narrow ultra sound beam
is rapidly osciliated back and forth over a sector and a two
dimensional map is obtained from the reflected waves. This image
accurately reproduces the movement of various structures of the

heart [ Ref 13 ].
16
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(b) RADIOGRAPHY. A X-ray picture is helpful in determining the
shape and size of the heart and the state of pulmonary blood
vessels. Sometimes a baruim swallow picture is necessary for
obtaining better results of specific éreas. [Ref 7, 13 ].
(c)RADIOSCOPY, An image intensifier is used to screen the heart
and detect disorders, such as abnormal cardiac pulsations and
valvular calcification. It is particularly useful during cardiac
catheterisation and pacemaker implantation. [ Ref 7, 13 ].
(d)ANGIOGRAPHY. This is an invasive technique . A catheter is
inserted into a vein and can be advanced into the right atrium/
right ventricle and the pulmonary artery. The catheterisation
normally +takes place under radioscope control. Catheters allow
radio opaque contrast medium to be injected into the chambers of
the heart to obtain better results. Angiography helps to check
ventricular function by making pressure measurements. Blood
samples are withdrawn from different sites in the heart and by
measuring the oxygen saturation shunts, if any, between the
right and left or left and right chambers can be detected. Also
pulmonary and systemic blood flow can be calculated; [Ref 7, 13]
(e)RADIONUCLIDE SCANNING, Radionuclides having short half life
are used in this technique. They emit gamma rays which can be
detected on the surface. Usually the radioisotope is introduced
into the blood stream and it mixes with the circulating blood
from where it can be detected with the help of a gamma camera.
This is particularly helpful in distinguishing between ischaemic

and non ischaemic myocardium. [ Ref 7, 13 ].

18



Vectorcardiography (VCG) is another method

of récording the electrical activity of the heart. In this
technique the spatial vectorcardiogram is recorded in all three
planes i.e., frontal,sagittal and horizontal, whereas the ECG is
a two dimensional representation recording the electrical
potential in one axis only. The VCG is achieved with the help
of the orthogonal (Frank) lead system. The recording is in the
shape of of a loop in each of the three planes, from which a
stereoscopic  three dimensional representation 1is  obtained.
Spatial VCG is not yet as common and popular as ECG. Its use is
restricted to a few medical establishments since the equipment is
expensive and definite diagnostic criteria have yet to be
formulated. [Ref 5, 7 ].
1.6 ECG AS A DIAGNOSTIC TOOL
Electrocardiography plays an essential role in the diagnosis and
investigation of heart disease. Nowadays ECG has becdme a diagnostic
tool almost as common as the stethescope and the BP instrument. Its
purpose 1is well known even in the non medical community. Its main
advantages are that it is a simple, painless, harmless, non invasive
technique which provides a faithfull representation of the condition
of ‘the heart. Its main value lies in the elucidation of cardizc
arrhythmias and conduction defects and in the diagnosis and
localisation of myccadisl infarction. It &lso provides important
information about problems such as digitalis toxicity, electrolytic

disturbances and hypertrophy of the various chambers of the heart.

18



The information that a physician obtains from an ECG is as
follows ;-

(a) The easiest to determine is the frequency of the heart beat.
Also, whether it is beating rhythmatically or not ? It helps to
determine  whether the heart 1is functioning 1like a single
integrated unit or portions of it are ’misfiring’ sometimes.

(b) Abnormalities, if any, in the heart are detected by studying
the ECG in terms of physiologically known relationship between
various heart events and their electrocardiographic
'manifestation. The absence or deviation from normal in respect of
any particular segment of the ECG helps to localize the disorder.
(¢} Diagnosis are based on empirically formulated criteria. An
ECG data bank and the physicians own experience{are of importance
in such diagnosis.

It should not be presumed that it is easy +to diagnose cardiac
disorders froﬁ ECG, There are enormous difficulties with the
interpretation. The ECG is always viewed in the light of the clinical
findings and the results of other investigation. Extensive use of ECG
over the lasf one century has shown that it 1is a very useful
diagnostic +tool. There are continual effortsto develop new tools and
techniques to make ECG diagnosis more accurate and reliable.[Ref 5,7].
1.7 METHODS USED FOR INTERPRETATION OF ECGs

The following are the three different methods used : -
(a) Visual.
(b) Semi automatic.

(¢} Fully automatic/expert system.

20



(a) YISUAL METHOD

The ECG was discovered in 1887 and'was put into experimental
use in the first decade of this century. By 1930s, its -
- usefulness was realized and it was put into general use. The
visual method was first adopted for interpretation of ECGs and
is still considered to be most reliable. Despite the expensive
research work in the field of automation of diagnosis of ECG, the
procedures are still far away from the state of perfection. Lot
of research effort is being put by many research groups and
individual workers to achieve the state of highly accurate and
reliable diagnosis. [Ref 5, 7, 24 ].

Diagnosis based on ECG are highly dependent on the quality
of recordings. It is, therefore, "essential that utmost care is
taken while recording the ECG. Before commencing interpretation,
the physician should check the com;lete ECG strip aﬁd ensure that
it has been recorded correctly. Then he should proceed <o
interpret the ECG in the following.manner :-

(i) The first step is to determine the heart rate and

rhythm.

(ii) The next step is to recognize the various curves of the

ECG by their amplitude, slope, duration and sequence. These

are then identified and named based on predecided criteria.

(iii) Having recognized and identified each curve, he then

compares the amplitude, slope and duration of each curve

with values which are considered standard. Those which are

outside the established normal range are identified.

21



(iv) The abnormal recordings are finally classified based on

an established set of rules as either :-

(aa) Typical of a particular condition.

(ab) Consistent with a number of different conditionms.

(ac) Abnormal but not specific to any condition.

In most cases when a simple or resting ECG is not
sufficient to diagnose or localize a heart condition, an exercise
ECG 1is undertaken. Treadmill test is the most extensively used
form of exercise +test for this purpose. The subject is put
through the +test in stages with the BECG being continuously
monitored. This is carried on till there is pain in chest or any
diagnostically significant changes appear in‘the ECG. The test is
terminated when the subject is éxhausted or complains of pain in
any part of the body or weakness. The ECG is monitored for some
period after the-test to observe any changes that may occur or to
Rnow how the heart 1is returning to its normal state of
functioning. [Ref 5, 7, 9, 16 1.

(b) SEMI AUTOMATIC METHOD.

As the knowledge of the usefulness of ECG as a diagnostic
tool has increased so has the work load in +the recording and
interpretation. The ECG being a relatively simple and
rythmatically recurring waveform is well suited for analysis by
automatic methods. The shortage of adequately trained personnel
for interpretation work has led to the application of computer
aided data processing techniques in the diagnosis of ECG. It has

also helped cardiologists to be relieved from routine work.

22



Computer helps to extract automatically, without human
intervention, clinically useful measurements of the ECG.
Computer interpretation of ECG involves the following three
stages: -
(1) Recording of ECG.
(ii) Analysis of the signal.
(1ii) Classification of the signal.
RECORDING OF ECG
The technique of recording ECG with the help of the electrocardiograph
has already been described. Some additional processing is required to
be carried out on the signal if it is to be used for computer
analysis. This includes amplification, transmission, filtering and
analog to digital data conversion. ECG for computer analysis should be
recorded with extreme care because, unlike the human brain, the
computer does not have the ability to discriminate between the ECG
signal and any artifacts that might creep in. ’‘Electrodes are properly
placed so as to ensure good contact with the skin. Noise and other
interfering signals must be avoided by adopting necessary precautions
while recording. The signal is in the range of milivolts and requires
amplification. Filtering 1is necessary to remove power line or any
other high frequency or +transients interference. For accurate
reproduction of ECG wave, a frequency response of 0.05 to 200 HZ is
required. The ADC should have a sampling rate higher than 500

samples/sec and an amplitude resolution of 0.1% [Ref 9. 20, 22 ].
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ANALYSIS OF THE SIGNAL

This  involves  extraction of +the diagnostically important
parameters of the ECG wave to include amplitudes, wave
duration/angles, zero crossings and wave areas. A number of different
methods have been used for the analysis of ECG wave ([Ref 15, 17, 21].
Frequency analysis of the wave pattern has been carried out by some
researchers [ Ref 10, 11, ]. Some other have adopted the technique of
resolving the waves into sine and cosine function components and
reconstructing the wave with fourier terms [ Cady at al 1961 7]. The
matched exponential functions technique was suggested by Young and
Higgins (1963). Natrajan and Padmanabhan (1973) resolved the ECG into
a fourier series. Other research workers have made use of data
compression techniques and recursive filters. The technique used
during the current work for the extraction of parameters is based on
amplitude, slope, duration and zero crossing. This is described in
detail in the next chapters of the dissertation.

CLASSIFICATION OF THE SIGNAL

After the parameters have been extracted, the following options

are open ;-
(1) The extracted data is presented to a cardiologist for his
diagnosis.
(11) Diagnosis 1s carried out automatically by the computer

based on predetermined criteria which are based on the knowledge
and experience of cardiologists.
Most of the computer based ECG analysis programmes available

today are semi automatic type. They help in extraction of

24



diagnostically significant features which are later on used by the
physicians for interpretation. Where the computer is connected to an
on line monitor, it can set off alarms when predesignated thresholds
are violated.
AUTOMATIC METHOD

In this method, the computer compares the informatioﬁ extracted
with criteria laid down by experts and than classifies the ECG wave in
different categories. Each classification is associated with a certain
degree of probability. Besides the information obtained from the ECG,
a large number of other factors are taken into consideration before
arriving at a conclusion. Some of these are :-

(a) Age of the gubject. There is considerable difference in the

ECG of children and adults.

{(b) Height. Weight and Body Structure, ECG of fat people have

reduced amplitudes.

(¢) Blood Pressure,

(d) Past Historv of Clinical Problems.

(e) Qther factors. Such as smoking, pulmonary disease, effect

of drugs etc.

Such a system would also include information obtained through
other investigations (described earlier) to help to formulate an

opinion [Ref 7, 12 ].
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2.1 INTRODUCTION

Artificial intelligence (AI) deals with comprehending and
creating human faculties which are regarded as intelligence. There is
no sacrosanct definition of artificial intelligence and it spreads
across a variety of disciplines. It has two broad objectives :-

(a) To discover how the human brain works by modelling human

intelligence.

(b) To build such intelligent machines that can assist or

replace humans resulting in one or more of +the following

advantages :-
(i) Reduced costs.
(ii) Improved efficiency.
(iii)Increased speed.
(iv) Undertake tasks which are too dangerous for humans.
(v) Multiplication of expert human capabilities.

The work in this field started with the advent of computers and
researchers have ever since tried to devise a machine which would have
human traits such as learning, reasoning, understanding language, game
playing etc. [ Ref 6, 18 }. Even after almost four decades, no
machine, has yet been built which possesses ’intelligence’ as humans
do nor does this goal appear achievable in the foreseeable future.
Some of the human traits in emulating which the researchers have met
with varying degrees of success are as follows :-

(a) Natural language understanding.

(b) Perception systems for vision, touch, speech.
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(c) Problem solving (Expert/Knowledge Based Systems).

(d) Game playing.

(e) Knowledge representation.

(f) Learning.

One of the most important gains of research in the field of
problem solving 1is the development of expert systems. These are
programmes that use human 1like reasoning processes rather than
computational techniques to solve problems. The expertise of a human
expert 1is obtained and encoded and then used to produce a computer
solution to the problem. A human expert who can solve the problem is
essential before an expert system can be designed and developed.

An expert system is capable of modelling the reasoning of a human
expert. It has explicit knowledge and provides a consultation faciiity
for users. The knowledge must be stated in a clear language. It is
generally iﬁ the form of rules which form the knowledge base of the
system. The system is interactive, permitting the user to access the
knowledge base in the manner of consultation. The user may supply
information to the computer or it may question the wuser till
sufficient information is available to reach a useful conclusion.

The knowledge base of an expert system is developed by a
knowledge engineer in consultation with a subject expert. A knowledge
engineer is a person who casts the knowledge of the expert in the
formal language used by the computer. The knowledge expressed in this
way should be understandable to the expert so that he can ensure that
his knowledge has been correctly interpreted and can be modified if

required.
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The reasoning of expert system is often associated with a degree
of uncertainity. This uncertainity is usually expressed by a
numerical probability. The reasoning can be designed to work either
forward or Dbackwards. It could work backwards from a number of
possible conclusions to fit the evidence available or work forwards
from the evidence +to produce likely conclusions.

The terms Expert Systems and Knowledge Based Systems are often
used interchangeably. There is very small difference between them.
Expert systems refer to a particular approach involving the acquistion
of knowledge from a human expert. A Knowledge Based System is more
general and does not emphasise a particular knowledge aquisition
process. [Ref 6, 18 1.

2.2 COMPONENTS OF AN EXPERT SYSTEM
The three basic components of an expert/knowledge based system
are as follows (Fig 12) :-
(a) Knowledge And Data Base.
(b) Inference Engine.
(c) User Interface.
2.2.1 KNOWLEDGE AND DATA BASE

A knowledge base is the basic component of an expert system. It
represents the knowledge of facts and other problem related
information &as alsc heuristics such as judgements, intution and
experience. The knowledge base 18 created through an  expert
knowledge acquistion process. A knowledge base differs from a data
base in as much that it contains probabilistic information and can be

modified by experts alone. A data base, on the other hand, stores only
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facts which are clear cut and definite. & data base can, therefore, be
modified by any operator familiar with data processing.
2.2.2 INFERENCE ENGINE
The inference engine iz & mechanism which is responsible for
interpreting the knowledge and carrying out logical deductions using
both data and knowledge base available with the system. It also
implements necessary modification to the knowledge base, if required.
It includes strategy component which organises and controls the
application of the inference process,
2.2.3 USER INTERFACE
This is responsible for establishing two way communication
between +the user and the system. The system obtainsé all reguired
information about +the problem through +this and 'provides its
conclusions to the user.
2.3  APPLICATIONS OF EXPERT SYSTEMS
Present day applications of expert systems can be dividéd into
the following three groups :-
(a) CLASSIFICATION
(1) Medical Diagnosis.
(ii) Chemical Analysis.
(iii)Equipment Fault Diagnosis.
(iv) Prospecting (0Oil/Minerals).
(b) EPLANNING AND RESOQURCE ALLOCATION
(i) Machine Shop Scheduling.
(ii) Route Planning.

(1ii)System Configuration.

(iv) Military Unit Deployment and Target Allocation.
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(c) SITUATION INTERPRETATION AND MONITORING

(i) Intensive Care Patient Monitoring.
(ii) Industrisl Plant Monitoring.
(iii)Technical Situation and Threat Assessment.
2.4 BUILDING AN EXPERT SYSTEM
The four major steps in building an expert system are.
[ Ref 18 3 :-
(a) Analysis of the problem.
(b) Designing the expert system.
(c} Building a prototype.
(d) Testing the prototype.
2.4.1 ANALYSIS
This involes firstly deciding thch problem we want to solve
with the help of the expert s&stem. Once the choice has been made it
is necessary to determine what are the benifits that will accrue
by using an expert system to solve the selected problem. The next step
is to decide on the expert(s) who have to be consulted to build the
knowledge base and then proceed to collect +the information to
formulate the knowledge base.
2.4.2 DESIGN
In this stage the knowledge that has been collected is
organised in a manner so that it can be utilised for problem solving.
If necessary, additional knowledge is acquired and added to the
exlisting knowledge base. A formal structure 1is created for the
knowledge base. The most commonly used Xknowledge representation

technique is the IF - THEN RULES (Fig 13). Another widely used
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method of implementing is the use of SEMANTIC NETWORKS (Fig 14).
Any queries that the user is 1ikeiy to have and their possible answers
'are incorporated in the program. This is an ongoing process with the
knowledge base and question answer bank being expemded as and when
more knowledge is acquired.

2.4.4 TESTING

In this phase the prototype is tested and modifications are
carried out if necessary. The sequence of actions is as given in the
flow chart (Fig 15).

2.5 EXPERT SYSTEM DEVELOPMENT TOOLS
2.5.1 LANGUAGRS,

New programming languages were developed fﬁr work in the
field of artificial intelligence since it was mainly concefned —;ith
symbolic processing rather than numerical processing. Scientific
programming languages such as FORTRAN were not suitable since they
dealt primarily with numbers. LISP and PROLOG are two such languages
developed.

LISP, This was the first language specially developed for
expert systems. Over the years it has improved into a highly flexible
processing environment. It has the following features :-

(a) List processing language ; program and data held in

lists.

(b} Declarative language ; action aﬁd objects are expressed

as functions.

(c) Interpreted language ; fully interactive programming.

(d) A code can be complied for efficiency.
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The above features facilitate rapid prototyping which is
desirable for work in a new field such as designing of expert systems.
PROLOG, This language has been developed more recently. It

is based on logic. Its features are :-
(a) Declarative language based on logic; programme expressed as
a set of true relationships in no particular order.
(b} ©Solves problems by back tracking; it has built in control
mechanism suitable for expert systems.
(¢) Interpreted and interactive.

(d) Can be partially compiled to improve efficiency.

2.5.2 EXPERT SYSTEM SHELLS

An expert system may be built by using a standard shell or
frame work [ Ref 18 1. A shell is a specially created software
package which permits data or knowledge to be entered and manipulated
in predefined ways. It has no knowledge base of its own. A designated
format is used to encode and enter the knowledge base into the shell,
which consists of an inference mechanism (engine), data base and
interfacing facility.

2.6 PROBLEMS OF VISUAL INTERPRETATION

Visual measurements are approximate and imprecise. They
suffer from inter observer variability. There are bound to be
differences in judgement between individuals. This is particularly
important in the recognition of diagnostically significant parameters
of the ECG wave. For example, there may be variances in identifying
the on set and off set of various waves by different individuals. This
would naturally cause a difference in the resulting interpretation.
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The work load of ECG diagnosis has increased tremendously in the
last few years. It is estimated that approximately 80 million ECGs are
recorded annually in the European Community. In a develo;ing country
like India too ECG facilities are now available even in small towns.
The availability of trained personnel to diagnose ECGs has not matched
the requirement. Only a small percenﬂage of recorded ECGs are analysed
by trained cardiologists. Others are liable to make incorrect or
misleading interpretation.

In large hospitals cardiologists are always very busy. It may be
quite some time before a cardiologist is available for interpreting
the ECG. This is not an acceptable situation for patients suffering
from serious cardiac disorders where time is very crucial.

2.7 EXPERT SYSTEMS FOR DIAGNOSTIC PUREOSES

Expert systems are designed to utilize the knowledge of
experts when they are not available. The purpose is not to replace
experts, but instead to 'capture’ their knowledge and experience which
they have gained over years by working in a particular field. Based on
this knowledge, expert sysiems allow their users to reach conclusions
which the experts themselves would have arrived at.

One of the earliest applications of expert systems was in the
field of medical diagnosis. Systems were developed with the aim of
assisting physicians. The physician provides to the computer details
of the patients medical history, results of laboratory tests, clinical
examination and other relevant information. The expert system is then
able to suggest possible ailments and their treatment. It also helps
them to check their diagnosis against that of proved experts. Details

of some medical expert systems are given in Table 1.
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An expert system for ECG evaluation would serve two purposes. It
would help in routine medical check up. A large number of people could
be screened in a short time for possible cardiac malfunctioning. In
addition it would be useful in near real time diagnosis of persons
suffering from cardiac disorders. Such a system would not suffer from
inter observer differences in interpretation. There would be no

variance in the extraction of parameters and their subsequent

analysis.
2.8 STEPS INYOLVED IN THE DEVELOPMENT OF AN EXPERT SYSTEM FOR ECG
EVALUATION

The procedure adopted for development of this expert system
is as follows :-

{a) Obtain ECG data for evaluation.

(b) ‘Decide which parameters of the ECG wave are to be

extracted.

(c) Develop and test an algorithm for extraction of

parameters.

(d) Create a knowledge base.

(e} Apply the knowledge base.

(f) Carry out modifications, if necessary.
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CHAPTER 3

ECG DATA
FOR

EXPERT SYSTEM DEVELOPMENT

3.1 Introduction
3.2 Actual Recording of ECG “
3.3 Synthetic Genefation of ECG Using Hardware

3.4 Synthetic Generation of ECG Using Software

3.6 Standardisation of ECG Data



ECG DATA FOR DEVELOPEMENT OF EXPERT SYSTEM

3.1 INTRODUCTION

The first step in the developmeﬁt of an expert system’is the
acquisition of raw ECG data. This can be obtained by the following
three methods :-

(a) Actual recording of ECG from various subjects.

(b) Generation of ECG using hardware.

(c) Generation of ECG using software.
3.2 - ACTUAL RECORDING OF ECG

Actual recording of ECG is the simplest of +the above
techniques. It 1is the most faithful representation of the electrical
activity of the heart and does not involve any approximation. However,
there is the possibility of undesirable interference and noise being
picked up which may prove to be a disadvantage during development
stage. Also since a large ECG data bank is required, the recording may
take considerable time and many times it may not be feasible to record
all the expected ECG wave variations due to the mnonavailability of
suitable subjects. 'The analog ECG data would have to be filtered,
amplified and digitised to be made suitable for processing by
computer.

The actual ECG data used for testing this system was acquired
with the help of a PC-AT supplemented by add on timer card and ADC
card. The set up is a shown in Fig 16. Selection of leads (I, II, III,
aVR, aVL, aVF, Vi1 - VB6) was carried out by an auto lead selector which
could select one lead at a time for a duration of 3 secs. The ECG

signal was amplified in two stages, total gain being 4000 ( 50 x 80 ).
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After amplification the signal was filtered to remove the power line
interference. This was followed by a low pass filter of 0.05 Hz to
100 Hz. The sampling rate of the ADC was set at 100 cycles per sec
with the help of suitable interrupts generated by the timer card. The
conversion +time of ADC was 42 micro secs. The digital data was
recorded in files on floppy disks for subsequent interpretation.
3.3 SYNTHETIC GENERATION OF ECG USING HARDWARE

Electronic circuits can be designed for +the synthetic
generation of wave forms resemblinglECGs. Such a circuit would include
multivibrators, filters, amplifiers and switches. However, it would be
a complicated circuit and would have limited flexibility in the
variation of various parameters. Some circuits are being éommercially
marketed for the calibration and testing of electrocardiographs but
these have limited utility in the design and development of a system
for analysis of ECGs due to few available variations.
3.4 SYNTHETIC GENERATION OF ECG USING SOFTWARE

This method provides the maximum flexibility in terms of the
parameters that can be varied. Another advantage is that this data
would already be in digitial form. Different types of ECG waves can be
generated and used for development and testing of +the system. A
software for generation of synthetic ECG wave was developed for the
testing of this system. The synthesiser is capable of generating three
main component wave of the ECG - P, R and T waves separately (Fig 17).
The complete ECG was obtained by combining these three components
(Fig 18). Provision was made for either generating these waves based

on data of predecided ’normal’ ECG wave template or alternately by

43



gL ON'9I4d

Y3114

HOLON

¥0SS3304dOHIIN

¥012373S.
aval

431714
-Jav
SSVd |
MO1T
%2018 d311id
d 2 EHUTdAY I TNV
INILYIANI

NOI LVINIWNAL SN

M2018 dHIIITdNY

vivad 923 40 9INIGM0I3d ¥0d dN 13S

oinyv

A




Hemased Ampltude

Noanaisod Ampddude

Nameses anpitude

Ly
o.1e
[
0.1 2
0.1
ocs

0.08 -

aNa
o2

-0z
~04
-0.006
-oLa

0.9
0.6
Q.7
a.4
c.z
0.4

2.3

0.6
o.a
a7
a8
a5
‘.4
.3
.2

o

~0.

P WAVE

°© @.2 ©-4 v'mo\?s'gn-:m o8 Io ha
fme ) ! ¥
R WAVE
-
-y
-
9 ©-2 Qe ’Was;gnd-l\ 0.8 0 1.2
Tirme
T WAVE
—4
o 0.2 . p o
o gmedifads °.g 1o 1.2

FIG NO 17



feeding modified data to generate ECG wave with various parameters of
our own choice. In addition to the P, R, T and normal ECG wave,
provision has been made to génerate four demostration waves
representing different cardiac disorders. Flow chart of this programme
is given in Fig 19. Programme listing is at Appx ’A’.

Some other important features of this software are as
follows :-

(a) Upto six ECG wave cycles can be generated.

(b) ECG rate can be selected from one of the following

values - 50, 60, 70, 80 or 90 beats per minute ( bpm ).

(c) The amplitide of the waves can be varied by feeding an

amplitide factor (0 - 1.2).

{(d) The frequency of the ECG can be varied by introducing a

frequency change factor (-.2 to +.2).

(e} The sampling rate of the waveform is 1200

samples/sec.

{(f) The data generated can be stored in a file for

subsequent use. ©OGample ECG waves generated with this

software are illustrated in Fig 20.
3.5 STANDARDISATION OF ECG DATA

There is &a need for standardization in  computerised
electrocardiography. This has been widely accepted and an
international project sposored by the European Commission was launched
in 1980 to establish common standards for quantitative
electrocardiography ( CSE ) [ Ref 23, 25 ]. This project has carried

out numerocus studies in the past decade. It is felt that we adopt the
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SYNTHETIC ECG WAVE (SAMPLE 1)
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SYNTHETIC ECG WAVE (SAMPLE 2)
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SYNTHETIC ECG WAVE (SAMPLE 3)
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same standards for the obvious advantages.Standardization should cover
the following aspects :-
(a) Common definitions of the various components of the ECG
wave e.g., the on and offset of the P, QRS and T waves etc.
(b) Common  standards for measurement to include
amplificationn factor, resolution and sampling rate of
analog to digital conversion.
(c) Standards for diagnostic classification should be
uniform. |
(d) Standards for transmission, encoding and storing of
computer processed data. This will help to 1link various
systems to each other and ensure that datz processed by oﬁe
system is compatible with another.
(e} Creation of ECG data banks.
Table 2 gives an overview of the areas of computerised

electrocardiography requiring standardization [ Ref 25 1].
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TABLE 2
Qverview of the Computerized Electrocardiography Reauiring Standardisation.
1. Signal acaulsition
(a) Patient factors - patient identificatidn, lead location,
preparation.
(b) Lead systems - 12 leads, Frank, hybrid, multiple chest, etc.
(c) Hardware standard - number of simultaneous channels, bandwidth,
A/D conversion rate, record length.

(d) Transmission of data.

2. Signal analvels

(a) Preprocessing - noise detection and suppression, rejection
criteria.

(b) Beat classification schemes - time domain features, correlation
coefficient, orthogonal functions.

{c) Analysis of dominant single beats versus composite beat, analysis
of single versus multiple beats, composite features versus composite
beat, construction of composite beat: modal versus median versus mean
composite.

(d) Wave recognition zlgorithms determining primary fiducial points
(onsets and offsets of P, QRS, T waves).

3. Feature extraction

(a) Reference leval (baseline) determination.

(b) Minimum wave requirements and wave labelling.

(c) Parameter extraction:

simple basic mearsurements, amplitudes and duration of waves,

intervals;

derived parameters: areas, ratios, axes, vectors, spatial

parameters, etc.

4. Interpretation - Diagnostic classification.
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4.1 SELECTION OF EARAMETERS

After review of existing literature and consultation with experts
it was established that Lead II of the ECG was the diagnostically most
significant. The following parameters of the wave were selected for

extraction (Fig 21) :-

(a) Amplitides
(i) P - segment.(t)
(ii) Q@ - segment.(2)

(iii)R - segment.(3)

(iv) S - segment.@)
(v) T - seg&ent.@»

(b) Durations |
(i) P - segment.(@®
(ii) Q - segment.(7)

(iii)R

segment .(3)

(iv) S - segment.()

(v) T - segment.(l0)

(vi) Relaxation period.({1)

(vii)Total cycle time. ({2

The segments can be identified as follows [Ref 15, 21 1 :-
(1) The 'first zero crossing after Rmax is onset of
S-segment.

(i1) The =zero crossing at the end of S - segment is the
onset of T-segment.If there is no zero crossing after Rmax
then S-segment is absent. The increase in the signal level

after few samples is the onset of T-segment.
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(1iii)The zero crossing at the end of the T-segment is the onset
of the relaxation period. The absence of increase above zero
level after S-segment indicates the absence of T-segment or that
the T-segment is inverted.

(iv) The increase in amplitide after relaxation period is the
onset of P-segment. The absence of increase after relaxation
period indicates the absence of P-segment or that the P-segment
is inverted.

(v) The zero crossing at the end of segment is the onset of
Q-segment. The absence of crossing is indication of missing
Q-segment. |

{(vi) The =zero crossing at the end of Q-segment is the onset
of R-segment.

In addition to the above the following were also considered
important from the point of view of evaluation and were to be
extracted/calculated :-

(a) ECG rate, This was to be calculated by finding the

average cycle time of a number of samples.

(b) ECG rhythm. By setting limiting values for

permissible beat to beat variation, it was to be established

whether the rhythm was regular or not.

(c) 8T Semement Elevation/Depression. The elevation/depre-

ssion of the ST segment with respect to the base line is an

important parameter in diagnosis of cardiac condition.
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First synthetic ECG (Fig 22.a) was subjected to frequency
analysis. The frequency spectrum of the wave was found seperately for
sample 540 to 1540 (excluding the QRS complex) and samples 660 to
1660 (including QRS complex). As can be seen from from Fig 22.b, the
inclusion of the QRS complex caused an increase in the relative
strength of higher frequencies (40 - 60, 80 - 100).

Similiarly an actual ECG wave (Fig 22.c) was analysed. Samples
taken were from 435 - 515 (excluding QRS) and 445 - 515 (including
QRS). Freguency spectrum is as shown in Fig 22.d.

Further experiments were conducted. However, no clear cut
technique could be envolved for the identification of segments based
én frequency analysis.

4.3 EXTRACTION OF PARAMETERS OF SYNTHETIC ECA WAVE

An alogrithm for extraction of parameters using a synthetic ‘ECG
wave was developed first (Fig 23). A normal ECG wave using stored
parameters was generated and a programme written +to extract its
parameters. The first QRS complex was identified based on threshold
values for the slope as also amplitide criterion. The other complexes
were identified based on their relationship with respect to the QRS
complex and amplitide and duration criteria. Once this programme had
been successfully tested on the normal ECG wave, it was modified to
cater for the following variations in the wave :-

(a) R - segment, upright of inverted.

(b}

()

(d)

(e)

- segment, present or absent.
- segment, upright, inverted or absent.

segment, upright, inverted or absent.

& ™" 3 w
!

- gsegment, present or absent.
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SYNTHETIC ECG WAVE

~0.2 -

-0.3 -

. 40 RO

s -

30 -

25 -

20 -

E e L i

o 20

|
A

(Frequency)
FIG NO 22 (b)

40

€0



ACTUAL ECG WAVE
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ALGORITHM FOR EXTRCTION OF PARAMETERS OF SYNTHETIC
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( START )
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( STOP )
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ALGORITHM FOR EXTRCTION OF PARAMETERS OF SYNTHETIC
ECG_WAVE ‘

( START )
!

IDENTIFY FIRST QRS COMPLEX

EXTRACT R,F

LOCATE G

EXTRACT S,H

LOCATE K

EXTRACT T,L
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EXTRACT P,A

LOCATE B,C

EXTRACT ECG RATE
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In the next step, the programme was modified to extract the ECG
rate, rhythm and the ST segment elevation/depression.
4.4 EXTRACTION OF PARAMETERS QOF ACTUAL ECG WAVE

Having successfully extracted the parameters of synthetic ECG
wave, the next step in the development process was the extraction of
parameters of actual ECG wave. The following differences in the two
types of ECG data resulted in addtional processing :;

(a) The start and end pionts of the actual ECG data recording

were not known.

(b} The base level of the actual data was not known.

(c) There was drift in the base level.

These problems were  tackled as described in subsequent
paragraphs. . . i

The first QRS complex was identified in the normal manner. Based
on the known duration of the cardiac cycle the'hext QRS complex was
located. However, the intervening period was checked for any QRS
complex that might have been missed due to either excessive base level
drift or an abnormally short cycle time. This check was carried out
using absolute amplitide criterion.

Having established the first and second QRS complex, subsequent
QRS complexes were then identified based on the now known cycle time.
The fluctuation of +the base level is a random fluctuation and,
therefore, no compensation could be applied to remove it. The next
best alternative available was to select for analysis that particular
wave where the base level drift was minimum. The absolute values of

the QRS complex were compared to identify the pair of waves where the
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base level drift was minimum. A threshold level for the drift was set,
and in case the best pair of waves violated this threshold, the user
was warned that the data quality was poor and the resultant analysis
would be unreliable. However, in case the drift was very large (beyond
a maximum permissible threshold) further prooéssing was to be
abandoned and the user informed accordingly. During this selection
process, the first eight or lesser number of complete waves (provision
was made to exclude the incomplete waves) were examined and the best
wave selected for further processing.

The next step was to ascertain the base level of‘the signal.
The value of signal during relaxation period (i.e., between the offset
of the T - segment and the onset of the next P - segment) was selected
as the base level. This value also varied considerably and some
technique had to be worked out to select the most representative value
of +this relaxation period. After considerable trial and error with
different methods, a statistical technique was adopted wh;ch gave
consistent and acceptable results. This involved finding out a block
of valuesjduring this period which had the maximuh frequency of occur
-rence. Having indentified this block, the average of all the values
in this block was calculated to arrive at the selected value of the
base level. Amplitides of all other segments were now to be extracted
with respect to this base level. The programme for extraction of ECG
rate, rhythm and ST segment elevation/duration remained unchanged. A
modified alogrithm for extracting parameters of actual ECG wave is
given in Fig 24. A sample set of various parameters extracted is given

in Table 3.
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ALGORITHM FOR EXTRACTION OF PARAMETERS OF

ACTUAL ECG_WAVE

( STA‘RT )

y

IDENTIFY FIRST QRS COMPLEX

A

EXTRACT SECOND QRS COMPLEX

CONFIRM SECOND QRS COMPLEX
CORRECT

IDENTIFY SUBSEQUENT QRS
COMPLEXES (3708)

Y

SELECT WAVE FOR EXTRACTION
OF PARAMETERS

b

OBTAIN BASE LEVEL FOR
SELECTED WAVE

EXTRACT R,F

FI1G.ND 24

LOCATE G

EXTRACT S, H

4

LOCATE K

EXTRACT T,L

LOCATE 'M,0

EXTRACT P,A

Y

LOCATE B, C

r

EXTRACT ECG RATE
AND RHYTHM

Y

EXTRACT SEGMENTST '
ELEVATION/DEPRESSION

— 3

STOP )
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TABLE 3 (CONID)

Y (5T) = &3 FRABT) ==

ST SEGIE/D)=~.79% num

ECG RATE

TC(1)= .7 secs
TC(2Y= .78 secs
TCLY= .9 secs
-TCi4)y= .81 secs
TCE) = .8 secs
TEAS)Y= .82 secs
TJC(T)= .72 secs
TCAMY = 779 seces

ECGE RATE= 7&.949346 BFM

el

e

YETO=: &334 - YBASE= 6254.5

I

ONTS= & CNT4= 4
ECG RHYTHM VERY IRREGULAR



4.5 CREATION QF KNOWLEDGE BASE

The purpose of this evaluation of ECG wave 1is to conclude
whether :-

(a} The ECG is normal or abnormal.

(b) If abnormal, whether it can be identified as being typical
of any particular disorder |
OR
‘(c) Abnormal, but cannot be specifically identified.

The knowledge base  for this system has, therefore,  been
structured in two parts. In the first part conditions for normality
are laid down. The second part lays down the features with the help of
which specific disorders can be identified. |
(a) RULES FOR NORMALITY

Normal values of the segments in the various leads have been laid
down by experts. One such set is given in Table 4 [ Ref 7 1 ECG of
all the leads should meet the criteria for normality before it can be
finally classified as such. In this system, however, we have used only
lead 2. A set of normal values for different segments of this lead has
been formulated from various literature and after consultation with
experts. This is given in Table 5. On the basis of these values ECG

waves can be classified as normal or abnormal.
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TABLE-4

NORMAL RAMNGES & VAP.I»\TIQNS IN THE ADULT

TWELVE-LEAD ELECTROCARDIOGRAM

A true understanding of the normal range and the normal variation of the ECG depends upon a basic understanding

of both normal and abnormal cardiac electrophysiology. It must be remembered that many of the configurations taby-
lated below may represent cardiac abnormalities when interpreted in the context of the entire tracing and in the light of
the clinical history and physical examination. Therefore, the information contained in the following table is intended 1o

be used only as a rough preliminary guide

’

Lead P Q R s T ST
| Upright deflec- | Smalt. < 0.04s |Dominant. Largest | < R, or none Upright deflection | Usually isoelzc-
tion and < 25% of R. |deflection of the tric; may vary
QRS complex. from +1 to
-0.5 mm.
i1 Upright deflec- | Small or none Dominant < R, or none Upright deflection | Usually isoelec-
tion tric; may vary
from +1 to
—0.5 mm.
1t Upright, flat, |Smal! or none, None to domi- None to domi- Upright, flat, di- Usually isoelec-

diphasic, or in-
verted, depend-
ing on frontal
plane axis

depending an
frontal plane
axis

or large
(0.04-0.05s or
> 25% of R).

nant, depending
on frontal plane
axis

nant, depending
on frontal plane
axis

phasic, or inverted,
depending on fron-

tal plane axis

tric; may vary
from +1 to
—0.5 mm,

aVR

Inverted deflec-
tion

Small, none, or
large

Small or none, de-
pending on frontai
plane axis

Dominant {may be

Qs)

{nverted deflection

Usually isoelec-
tric; may vary
from +1 to
-0.5 mm,

aVvL

Upright, flat,
diphasic, or in-
verted, depend-
ing on frontal
plane axis

Smail, none, or
}-rge, depending
an frontal plane
axis

Small, none, or
dominant, depend-
ing on frontal

. jplane axis

None to dominant,
depending on fron-

tal plane axis

Upright, flat, di-

phasic, or inverted,
depending on fron-

tal plane axis

Usually isoelec-
tric; may vary
from +1 to
—-0.5 mm.

aVF

Upright deflec-
tion

Small or none

Smali, none, or
dominant, depend-

None to dominant,
depending on fron-

Upright, flat, di-

phasic, or inverted,

Usually isoelec-
tric; may vary

ing on frontal tal plane axis depending on fron- | from +1 to
‘plane axis tal plane axis -0.5mm.
vV, Inverted, flat, |None (may be < §, or none {QS); | Dominant {may be | Upright, flat, di- 0 to +3 mm
upright, or di- | QS) small r’ may be Qs)- phasic, or in-
phasic present . verted*
Vo | Upright; less None (may be < §, or none (QS); | Dominant {may be | Upright; less com- | 0 to +3 mm
commoniy, di- |QS) small r* may be Qs) monly, flat, di-
phasic or in- present ' phasic, or in-
verted, ' verted.*
V3 | Upright Small or none R<, > o0r=8§ §$>, <, or=R Upright* 0to +3 mm
V4 | Upright Small or none R>S S<R Upright* Usually isoelec-
Vg | Upright Small Dominant (< 26 §<8Vy ‘Upright tric; may vary
. mm) from +1 to
Vg | Upright Small Dominant (<26 |S<SVg Upright -0.5 mm.

mm)

*Inverted in infants, children, and occasionally in young adults



TABLE 5

PERMISSIBLE DEVIATION

NORMAL VALUES

ECG PARAMETERS!
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(b) RULES FOR ABNOEMAL CONDITIONS

(1) ABNORMAL CONDITION 1 - COMPLETE HEART BLOCK
If number of P peaks »>> R Peaks (2:1)

OR
If QRS rate is slow (< 55)

(ii) ABNORMAL CONDITION 2 - RIGHT ATRIAL HYPERTROPHY
If P segment is tall, slender (Pamp > .25 mv, TP<.06
sec)

OR
If ST segment is depressed (Below - .5 mm)
OR
If T segment is inverted (Tamp <0)
(iii) ABNORMAL CONDITION 3 - LEFT ATRIAL HYPERTROPHY

If P segment is upright, broad and tall (Pamp> .25 mv,

TP> .10 sec.
OR
ST segment is depressed (Below - .5 mm)

(iv) ABNORMAL CONDITION 4 - NODAL ESCAPE
If QRS rate is slow < 55
OR

QRS rate is slightly irregular
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(v) ABNORMAL CONDITION & - HYPERKALAEMIA
If 7T segmént is tall, slender (Tamp > .6 mv, TT <.16
Sec)
OR

QRS interval is prolonged (QRS > .15 Sec)

(vi) ABNORMAL CONDITION 6 - ATRIAL TACHYCARDIA
If QRS rate is high (> 80)
OR/AND
P segment is inverted (Pamp < 0)
(vii) ABNORMAL CONDITION 7 - MYQCARDIAL INFARCTION
If Q segment is abnormal (Qamp > .3 mv or < .10 mv or
@ > .03 sec)
CR
ST segment is elevated (Above .1 mm)
OR
QRS interval is prolonged (QRS > .15 sec)
OR
QT interval is prolonged (QT > .40 sec)
OR
T segment is inverted )Tamp < 0)
OR
R segment is inverted (Ramp < 0)
(viii) ABNORMAL CONDITION & - LEFT YENTRICULAR HYPERTROPHY
If ST segment is depressed and T segment is inverted
(ST below -~ .5 mm, Tamp < 0)
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OR
If QRS interval is prolonged (.1 sec < QRS <.12 sec)
(ix) ABNORMAL CONDITION 9 - RIGHT VENTRICULAR HYPERTRPHY
If P segment is tall and T segment is inverted
(ST below - .5mm, T amp < 0)
OR
If R segment is tall and T segment is inverted
(Pamp > .25mV, Tamp < 0)
and ST segment is depressed
(ST below - .5mm)_
(x) ABNORMAL CONDITION 10 - ATRIAL FIBRILLATION.

If QRS rhythm is very irregular

The programme checks the extracted parameters of the ECG
wave against these rules to see if they conform to any particular
classification. The relevant condition is displayed. In case the wave
conforms to more than one classification, all are displayed. 1In the
event of the system being unable to classify the condition, this is
communicated. However, +the extracted parameters are available for

interpretation by the users.

72



4.6 TESTING THE SYSTEM

The system was continuously tested in stages as it was developed.
Initially the +testing was with the synthetic ECG data. This was
limited to extraction of parameters. Parameters extracted
automatically were compared by viewing the ECG data wusing LOTUS.
Subsequently the actual ECG data was used. In the first phase the
extraction of parameters was tested for correctness. In the second
phase the knowledge base was applied and the ECG evaluated. Disease
classification by the system was confirmed with already known
classification. The results were found satisfactory. However, due to
insufficient ECG data the testing was limited to the few recorded
samples available.

Listing. Programme listing is given at Appendix B.
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CHAPTER 5

CONCLUSION

| 5.1 Problems Faced

5.2 Future Extension of the Work



5.1 PROBLEMS FACED

In any_extensive work of this nature,problems are bound to arise.
Some of the major problems faced are briefly described.

The first problem was the nonavailability of adequate ECG data.
Though synthetic ECG data was generated for developing and to some
extent testing the system, the lack of actual ECG data remzined a
severe handicap throughout. No ECG data bank is as yet available in
India. American Heart Association and European Community (CSE Working
Group) have prepared their own data banks. Despite effort made by the
department to procure the latter, it could not be obtained in time for
this work.

Some actual data recorded at Military Hospital, Roorkee, was
available. The sampling rate of this data was 100 cycles/second. This
sampling rate was inadequate for extracting diagnostically significant
information from the ECG. Moreover the data recording was of poor
quality, suffering from extensive base line fluctuations.

As described earlier, nowadays expert system shells are
commercially available which help in the building of the system. Once

again, such a shell could not be procured by us.

LN
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5.2 FUTURE EXTENSION OF IHE WORK

Due +to the problems enumerated above and some other constraints,
gaps remain in +the system developed. Only lead 2 (which is
diagnostically most significant) has been evaluated. Other 1leads
require to be evaluated also. The choice of leads to be evaluated can
be decided by consultation with experts, +ill finally all 12 are
analysed.

The knowledge base requires to be extended to include patient
weightage factors such as age, weight, blood pressure, past medical
history etc. Results of other investigations (ref 1.5) and derived
inferences should be incorporated. As mentioned earlier, this would
become simpler after the expert system shell has been procured.

Once the above additions have been made it would result in a
comg%hensive and useful expert system for RCG evaluation. The present

work leads the way to that objective.
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APPEIDIX A
(SYN. ECG)

! PFH FROGRAMME TO GENERATE (DISPFLAY AND STORE SYNTHETIC ECG WAVE
dOt kAR ¥ WELOCOME TEXT ®xkkkk

YOLS skEY OFF SCREEN L RBEERF

DOLOCATE 12,14 2 PRINT "WELCOME TOY

YLOCATE 16, 12y PRINT "ECE SYNTHEBIDER

) -

)

)

)

2 LOCATE L2 PRINT "MAJ ARG CHANDELE"
POFER Tl TO 10000 MEXT 1

bOBCREEN 2

RIS AL Vf}ﬁﬁﬂ>qﬁil?$0)

My HBEREEN
LD LOCATE 2,
H0LOCATE 4,
BOL TE £
Y LOCATE
By OLOCOTE
B0 LOCATE
MOLOUATE
30 LOCATE
2 LOCATE
Y LOCATE
b LOTATE
20 CHOICE ;
BOROY s BOTO ﬂi“

SOIF CHOICE =4 HHQ £HﬁICE <5 THERN 240 BLOE O
OPRINT ”Wum;tr of les o he generated TH
Y OEF ONREPR =1 OMD HR P‘ FTHER 260 FLSE 240

B FRINT ”ﬁmptxtudr fantonr (- Py DRPUT AF
OOIF AF D AMD L, 2E=AF THEN TMSE ‘ﬁﬂ

30 FRINT "Freguenoy? (50
LS “ TR0 R FT=4A0 UP
THEMN FR

THEN F
THEM FR

FIMT T INDEY Y
INT "1.F WaveE ©
INT "20R WavE"
PFRINT “;uT WaNE "
SrPRINT 4. NORMSL. 206 WAVEY
FOONT "S.0DEMO WavE 1Y
PRINT "&, DEMD WeVE 20
PROIMT U7.DERD WaviE 30
' FRIMNT"E. BEMO WoaVE 47
Ao, BT PRINT e OUTTY

INFUT "PRESSE SELECTED NUMERAL & RETUHRN - "y ARG S
)0 I OHOICE <1 OR CHOICE % THEN BEEP:LOCATE 22

13

s INPUT NRER

INFUT FT
FT=90 THEN 300 ELSE 280

16 %actwv”f",ﬁ TO w337 TRPUT O7

',r_pi

50
(28]
30 R
0O iHU’LF GOSUR 400, &40, 900,
It kEkdkE SUR ROUTINE Y0 6 :
L fL i‘LH!E P2, e PRINT M

3 {3

L 1EED, 1900, 1920, 1940, 38405 BOTO 100
WEVE %k

WEWVE ™

EILE M
0 LOCATE 2r.h PIMPUT "ENTER
10 EF D$= 0 THEN 460

500 TF D#imrmt OF DE='m" THEN 2070

90 CLE:LOCATE 2, 25:PRINT "F WAVE (USING STORED DATA)®
70 GOSLE 3340

MOZIOFEN "I, B, Y. FRNY

=0)

Y0 FOR T=1 TO 1200

—

YOUR CHOICE AND PRESS RETURN - ", D%

o o) Library Universie of Kool
) ROGRERE

2, 251 PRINT

SPAC

TL,ﬁ SPRINT "FRESS <M> TO USE MODIFIED DATH FILE,ANY OTHER EEY TO UBE



LD Y Dk 00+ LD
: V”*—';l Y1}

LINE (X

MmN Vi

EE0 NEXT L

CLOSE

70 IF D$="MY DR Destm” THEN GOTO &30

a0 LOCATE 2, 25 PRINTYP WAVE (USING STORED DATA) "

IF FRs1 OMD AF=1 THEM LOCATE 16,6:FRIMTTE"

IF FRe=1 AND AF=1 THEN LOCATE 21, 28:FRINT "FL"

GOTE &30

LOCATE 2, 75: PRINT "F WAVE (UBING MODIFIED DATA)"

B0 GOTO 3470

Sgagkk SUBROUTINE TO GENERATE R WAVE #kuk

HED CLE 1 LOCATE 12,350

FRIMTUE WAVE"

70 LOCETE 20,5 sPRINT "PRESS <M> T0 USE MODIFIED DATA FILE,ANY OTHER
STORED DATA FILE ©

680 LOCATE 22,5 : INPUT "ENTER YOUR CHOICE AND PRESS RETURN - D4
nOWTLEN F10

MMY R DEstpt THEM 2020

CATE 2, 25 PRINT"F WAVE (USING STORED DATA) Y

a0
TOOOIFE L
PAREIRY
TR0 "
: O ZDFEN UIUL, 2, TYLRRNY
1200

ﬁ.&mh%ﬁP“““ﬂﬁFR

~CR D0+ 150

—~{¥1,¥1)

TU

=Mt THERN 880
S COMROWAVE (USTNG STORED DaT "
GND OFe=1 THEN LOCATE 23, 23« PRINTGY
IOAND aF=1 THEN LOCATE &, 27 s PRINTRY
Rl APD AF=1 THEM LOCAGTE 8, B0 PRIMT R
T
O LOCATE 2,280 FRINT "R WeVE (USING MODIFIED DaTert
Y GRTO E470
DOTRRERE SDUBROUTINE TO GEMERATE T WAVE ddokk
10 CLS LOCATE 13,7350
FRINT "T WaVEY
GED LOCATE 20,0 PRINT "PRESE <M> TO USE MODIFIED DT FILE,OMY OTHER
STORED DATA FILE
40 LOCATE 2,5  INPUT "ENTER YOUR CHOICE OND PRESS RETURN - ", D%
SE0IF DE=Y M THEM 970
Séad IR D=t OF D#s="m" THEN 2020
DF0 CLEBLOCATE 2,252 PRINT "T WAVE (USBING 8TORED DAT&H "
0y SUE AE40
B0 ‘LG ".{H “‘QPEN TIULHE, UYL TR
1o X

V
[ N

FEY T UBE

EEY TOUSE



t’)u” MEXT 1

1070 L

T0ED IF De="MY OR DE="m" THEN BOTD 113D

1090 LOCATE 2,25 FRINTYT WAVE (USING STORED DATAY ™

1100 IF FRs] HND GF=1 THEM LOCATE 14,53 PRINT"TY

10 IF FRe=1 AND AF=1 THEN LOCATE 17,7 LiPRINT"UY

1430 GOTO 1140

IR0 LOCGTE 2,25:PRINT "T WAVE USING MODIFIED DaTar

1140 GOTO 3470

LIS tddkRE SUBROUTINE TO GENERATE NORMAL ECHE WOVE dixw

1160 CLSLOCATE 12,350

70 PRINT Y WORMAL ECHG WaVE ¢

CLAE0 LOCATE 20,8 L"'F{ INT

CEOSTORED DATA FILE ©

190 LOCATE 22,5 :IHF‘U? "ERTER YOUR CHOICE ANMD PRESS RETURN - ", D%

L2050 IF Dd= v THEN 1220

.5 SRR ”‘ Dd="0" R DE="m" THEN 2020
i sl hiL . AN PRINT 'NUH’M‘ ECG WAaVE (USING STORED DATAY ™

R TOOUSE HMODIFIED DATA FILE, &MY OTHER EEY TO US

D CLS: GCREEN 2
1260 FOR N=1 TO NREP
1270 OFEN "IV, 81, Y. PRN
DOOPEN "IV, HD, UYL RRNY
1250 OFEN "1, #3,"Y. TRN"

PA00D Yi=150

THEMN X1=0
THEN X1=12004RFY.
THEMN X1=1 -

1 IF M=4 THEN Xi=12

5 | NS THEN X1=121
1 :
3 .f)ﬁkFF$ =

17O FOR I=1

|
O INFUT #1, 8, |
D INFUT %R,m,“.
1400 INFUT #3,3,K
~ (A0 ¥

I THEN )
THEN
THEN

1430 1F
L4400 TF
LA5S0 IF M=4 THEN ¥9=(Jx
TASD IF MNe=5 THEN X3= (8%,

"“'(Bt

wd

[R RS "‘I..h”{u'"{‘- 4‘ . '?*L“ )
. e CLEDGRRF R SRR 0CF )

\3"‘31)*&% ‘Kn ?H For+ {200 RF, SE0F-2Y+ 101

SOOMRRF kL E2%
1470 TF

f...
THEM M= {R%, B2) + {13
DODRRF Y, P LA00RRF R, B2%0C
= l IN" { SEEC U SN
[QEEL Y

1500 H[:. ?‘.f 3:

-
)

“ﬁ"‘iWFZ:F"* o SEY A CUPODRRF L BRRCF Y+ (L E00RRF R SERCF 2 {8
“4)




AR
;ﬁw
»OMEXT M

IF CHOIOE =4 THENM GOTO 1400
IF CHOICE =8 THEN GOTO 1720
IF CHOIOE =& THEM GOTO 17440
YETDOIF CHOICE= 7 THEN GOTO 1800
1ux IF CHOICE =8 THEN GOTO 1840
i;?m HOTE 1700

16H00 IF DE="M" OR DE="m? THEM GOTO 14690

ERr AR T
]

k)
LéaED IF
THA0 ]

AND GF=1 THEN LOCATE

b, FrPRINT P
A FRINT @
PRIMNT SRY

=1 AND AF=1 THEN LOCAT
HMD AF=1 THEM L TE 7,

Lo IF LoAND AF=1 THEM LOCATE 32,303 PRINT "8»
Labo AND E&F=1 THEN LOCATE 14,584 PRINT *T¢
La7o IF AMD AF=1 THEN LOCATE 17,74 PRINT "un

L1680 GOTO 1708
C1AT0 LODATE
LOCATE 1,2
GOTO 3470
LOCATE 2, 30:FRINT "DEMO WAVE 1v
Y LOCATE &, 301 FRINT “LEAD=2" :
LOCATE &,30:FRINT "4 V BLOCK™
TEG BOTO LTO0
760 LOCATE 2,30:PRINT "DEMO WAVE 2
O LOCATE 4, 30:PRINT "LEAD=2"

P LOCATE 6, 30:PRINT "LEFT BUMDLE BRANCH BLOCK®
BOTH 1700
300 LOCATE 2,303 PRINT "DEMD WAVE 20

0 OLOCATE 4,30:PRINT "LEAD=2"
Y LOCATE 01 PE "EFT
) BOTH 1708
340 LOCATE 2,303 PRINT "DEMO WAVE 40
1850 LOCATE 4, 50 T PLEAD=RY
LOCATE 6,30 FRINT "INFERIOR INFARCTION®
BOTO 1700

1.5 ATE 5, 30:FRINT "DEMO WOVE 1
RINERY 410
CLE:LOCATE 5,300 FRINT "DEMO WOVE 2

BOTO F340 ,
2 CLE:LOCATE 5,30:PRINT "DEMD WAVE 50

o0 BOTO 3340
40 CLE:LOCATE 5,301 FRINT "DEMO WAVE 4

0 GOTO 3540
BETEETTT JTﬁﬁPﬁ DATH ?***?#*
READ A, B, C 0, B, F B, Hyd, K L, Py P 6, R 8, T, T,

1980 RESTORE

1990 DETE 20, 160, 320, 360, 400, 440, 480, 600, B30, 1000, L1080, , 21, -
LTE L
2000 GOSUR 2470

*
e a)
e
o)
=
-

VENTRICULAR HYPERTROPY

A

1HE0 LOCATE 2, 25 PRINT "NORMAL ECE WAVE JUBING STORED Data "

S PRINT U"NMORMAL ECO WoVE {UQENG MODIFIED DATA M

T

SEEL L, 1T



2010 RETURN

O CLE: BOREERN 2aHEY OFF

50 LOCATE 3, 101 FRINT
K0 LOCATE 5, 103 PRINT “F
VOLOCATE 7, 10iFRINT "C
) LOCATE 9, 103 FRINT "De360
5090 LOCATE 11, 10:FRINT "E=400"
[nu lQ“&?n L, 1O PRINT "Feg400
E4E, 103 PRINT "B=480"
2120 LGLQI& 17, 10 FRINT "H=a0!
210 LOCATE 19, 10:PRINT "J=
140 LOCATE 21, 10:PRINT "k=i
2150 LOCATE 10 FRINT s
2160 LOCATE 7,36 PRINT ST
2970 LOCATE 3, S0:PRINT "R
LODATE 5, 50t PRINTE f=—, 07
YOLOCATE 7, B0 PRINT "Ree-, 15"
O LOCATE 9,50 PRINT "Re1"
O OLOCATE 11,50 PRINT "Gs-
LOCATE 173, 50: FRINT Te=, 35
LOCATE 15, 501 PRINT" T1=, 05
TE 17,503 PRINT U=, 1
Sy FRINTVENTER NEW
INFUT "6= "y
i M s 13
"Lr""' 1 : EM
"D= p )

TN M

) H}z” HF
D LOCATE
LOCATE
LOCATE

o LOCATE
LOCATE
LOCATE
I...AL}C(‘-) TE

‘:IHFUT . " H

O TNFLT M= vy

b INFUT "Ee Mgk

INFUT "= vl

S5 FRINT "ENTER NEW
b INPUT F= "y P

D INFUT "Fls MRl

T T INPUT "=
OOLOCATE 9, 7o INPUT MR ”.;:f';l
LOCATE 131,700 INFUT "8= 3B
LOCATE 1L PINPUT "= T
1

LOCATE PO INFUTY "Ti= "y
WoATE 17, 700 INPUT "= Vil

417

2460 GOSUR
AT IR CHOX
2480 IF CHOICE
AR GUSUR 24640
2E00 5TOR

=2 THEM GOBUR 2850
=3 THENM GOSUR B100

Ui UE

RERERR MODIFIED DATS $iokadk

D LOCATE 2, 6 PRINTYSTORED VALUES

VAaLLE®

13

H



"""U' J‘q-.,..
=-’-..\J.. o-—”"T»-"'.. 1aTi=0:

F.‘ BE A

!**H‘ 1’!-7} 3 FOR DEMO WAVE 2 fyfx«

B, QD000 TE-O2: T

LA IR A,

GOSUB 26
TRERKE De

E “::. '* 1_? a‘( " .,.

"ﬁ'h"« Ii'f”!Fi‘ L‘*h“(! Nf"’ r 4 % 2!<. Hﬂ
w4

C,ﬁLi.HL f”»‘{T}’UN OF P OWAVE SRdsd
YL RN

AT X
LR 2

"}"f} F
(LB AR~

MEXT X
FOR K=l
FRINT #1, f
NEXT X
CLOGSE
IF OHOTCE =1 THEN 480
Fiwgy CALCULATION OF R WAVE fagik

OFENM "Ov, 2,0y F i
FOR RK=10T U
YL

MEXT X
2ol FOR s
”(‘71 0N (X =08 000 A0~
NEXT ¥
FOR X=D TG E
Y (=B AAE-DY Y R LD ) 0
0 f"nm X1 X
'~’CN 0 FOR )
oY (X
MEXT ¥
R X e
YA

W d BT e,

=6HG0 L H=OG1 ]

=250 D=2751 E=400: F=440; G=450: H=650; J=

0]

Cuzdy i n (Bemdydy |

=54 g He

=G50 K= 1080,




CEEE ASTE OUBD MIML oHe=$Y dD oNe=$X 1

GTRE MAHL o Aus=EX MO wAe=gd AT

(T3S =5Y

dAMAAY A WANG FH0LS DL OLNSMLLNIMAAE T 309007
PaMLE

GL&T BNS08

GAPE HANSNH MEML LW s$d 8D aWessd 41

GORE 0408 Bs A0I0HD 41

PRI RN L HOTOHD A1

D.L08 I0HD H1
ML G H3I0MHD AT
o AMIMAITERT YRS HIYI0T
IMIMAR9 1S 2Ip007
INIsA9 9T 3iwanT
f ANIMJEETTE ALW007
T MEAEM0S

EREEE LNAL LIWUM RHER% .
4048
T8
TOHD 41
HEOMD
¥oLEEN

o O BRINMIN ST LNDEY ZEEL "M J0L000 w
HSOEE Gh MNYHL 8537 JIYITWD 0L G

o U TEEEHHE0MA NT BNOTIETINGTYD

n 1 T4

W0
ALY EN
E=OH A
GOET 0L TIEX 04
K LXEN
SO0% L= (X)) A
W DL D=X 04
¥ LYEN
COMM=D) A OO T-Hr =X YR (/20D T S INIS L= 00 A
P04 HeY HOd

X L¥EN

CiLm XA

M oOL 8 =X Hid

¥ LXEN

S(OHT A
noooL ¥ HO

aliEL A TE D MELD

AR BAYM 1 H0 NILETNOOWD dkwk .
GEL MEML ]

IR LT I

XL XEN

PO ATESR ANTHA
GOET DL T=X MO
K LEEN

e { X3 A

Lo omX HOA

Qost

EARE

ad

K LXAN O

1S5
(B
GAY
M
S TN
Cirdrs
O
GEy
RN 3

N
i
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10 PRINT "FILE NAME 7 - INFUT B
DOOPEN "1, H1, UYL PRNY
BFEN "T", 432, Y. RRN"

O OFEN "0, B3,V FRENY

D OFOR D=1 TO 1200

INPUT #1,A,8

INFUT #2,C,D

D E=AHC

) FRINT #3,E

b NEXT 1

4, HD, #E
) nO R, B
S OFOR M= 1 TO NREP
DFEN P19, 83, 1Y, PR
OFEN "37, 47, ", TRNY
FOR I=1 TO 13200
EETO O INPUT 43,81 E=ERAF
T&ED INPUT 3, B J=dRAF: B=RAFR
BEGD Y LTdm {E4T)
700 IF Nsl THEM X(I)=H
=2 THEN ¥ (1) =F+1200%
THEN X (1) =E+1200
THEN X (1) =R+ 20
THEN ¥ {1)=E+1]
THEM X {1)=R+i7

-4

ERF HC"‘_)'b"F""'%’LF +1 U’)%*RF”‘? A U’)‘RHFH"F "'~l PEOORRFROFS

D FRINT #1, (1), ¥Y4{D)
D MEXT I

EFED CLOBE

ST MEXY f\'

20, 26 PRINTYFRESS GMY EEY TO COMTINUE?
{HF’*H (132 G60TO 100

X SIGM OFF dddux

REEN 1:LO0ATE 13, 14 PFRINT "GOODREYE 'Y 1 BEEP
T8 10000 NEXT I

Ial

BEY0 END



APPENDIX B
(EVL. BAS)

10 REM PROGRAMME FOR EVALUSTION OF ECE WAVE
200 T kkdhwk DISPLAY MEMU kRkkk
Z0 EEY OFF:CLS:LOCSTE 4, 20:PRINMNT "EXPFERT SYBTEM FOR EVALUATION OF ECGY
40 LLOCATE 8,28:PRINT"1. &”QLUH[P ECGY
B0 OLOCATE 12,28:FRINT "2Z.DISPLAY AND AMEND RULES ©
HOLOCATE iﬁnEQ:PRINT”:«CiFENb FEMOWLEDGE RABEY
TOOLOCATE 20,28 PRINT "4.EXIT EXFERT SYSTEM"
80 LOCATE D IMFUT MENTER SELECTED MUMERAL AND RETURN-", ANSE
G0 CHOTCE=AVGL ahSE) o IF CHOICE <1 OR CHOICE >4 THEN BEEF:LODATE 22, 20:PRINT SPALE
90y s (OTO 80
100 0N CHOICE GOTO 350, 110,300, 5990
110 CLE:SOREEN 1:LOCATE Id,iﬂ sFRINTTDISFLAY AND AMEND RULESY
120 FOR I=1 TO B0O00:NEXT I
130 CLS: BCREEN 2:8CREERM O3 L0 e FRIMTYRULES GRE FROM 1 TO 1ov
140 LOCATE 203, 20: INFUT "ENTER = ERal. RULE NMUMBER AMD RETURN-", ANSS
150 CHOICE=VAL (ANS%) 2 IF CHOICE <1 ﬂﬁ EHH}LP 1R OTHEN BEEF:LOCATE 23, 20:FRINT BPA
CES# 20+ GOTO 140
160 CLS:LOCATE 1,38 PRINTYPRESSE F2 OTO COMTIMUE":LOCATE 1, 1:PRINTTGMEND RULE 4ND
SOVE IN FILE <DID.RASHY
170 O CHOICE GOTO 180,190,200, 210, 220, 230, 240, 250, 260, 270, 280, 8%0
CHATN"DO, BABY , 25, AL
CHAINDC. B&sY , 75, ALL
200 FHQTN”DPnHH““gIES,QLL
LD CHE TN DO, BASY , 215, ALl
1OCHAINTDD, BAEY 275, ALL
O CHAIN"DU.BAGY, A5%, Al
O DHAIN"DO. mﬁ?”q'wp AL
CHEIWN DO BASY 475, ALL
O DHESIM"DE. Bh’”'.b 15, Akl
D CHEIN'DC. BRESY, 605, alL
D CHATN"DC. Hﬁb”*&éﬁ,ﬁLL
0 CHETMDE. BagY, 725, ALL
FLsuﬁuwﬁﬁN 1o LOCATE 12,14 L PRINTYARFEND RULESY
F {3 O HODOHEYT 1
EEN 2 8CREEN O
Cl% LU ATE 1, EE:PRIMTYPRESE F2 70 COMTIMUE":LOUATE 1, 1:PRINT"ENTER RULE aAND
?ﬂ“h IN FILE <DC.BASHY
w’h) CHRIN"DO. BAGY, 665, ALL
b unh(FfEH 1 LOCATE 12,10 FPRINTUEVALUATION OF ECG"
S 18, PO PRINT "ECE WAVE -LEAD 2

i 'Mi TO BoOOOMERT I
It EN 2 BOREEN O
’WH CthHu.MUUH
400 T dEddE READING ELG WAVE DATEH iy
410 DIM X600, Y {H00) , FRAD0) , YRHD0) , TC {200}
430 CLSs PRINT ”FIP YSE ENTER ECE FILE MNAME ™ INFUT A%
A0 CLErPRINT "WHAT I35 THE SOAMPLING FREQUENCY " INFUT SR
440 QLB PRINT "TOTAL NUMEBER OF SAMPLES": INPUT SP
450 CLELOCATE 132,30 s PRINT “FLEASE WaIT...'
460 OFEN "IV #1, A%
470 FOR I=i TO §F
‘ﬁﬁD IMPUIT #1,%,¥
490 LET X{1) =X
SO0 OLET W{l)= JHHU -Y

.3




10
TR0
F RS
S0
S50
SR0
ST
SE0
S0
SO
&H10
&0
&80
&40
HE0
H&0
BT
F3:1
S0
PESIN]

an s..")
G810
HE0
A0
82440
250
BéH0
G0
8280
845910
200
910
GE0
=ty
FA
FEO
i, ‘7 IJ 0
2DF0
O
f.‘.} L’} {';

MEXT I
CLOBE #1

REM CHECE POLARITY OF FIRST ORB{SLOPE

FOR I=2 TO .8545H
IF ARSOY (I -V (1)) X350 THEM 570
MEXT I
IF Y OI+2) =Y (D) THEM 280 ELSE 590
GUTO GO0 REM GRS I5 UPRIGHT
DUTD L0 REM BRE IS5 INVERTED

EM EXTRACT FIRST ORE{AMP METHOD)
FDR =1 TGO BEEER
IF RO YD) THEN &30 ELBE &40
ROy =Y Dy s Fily=X4T s Rds=Y (D) e Fi=xX{1)
MEXT I
GOTO 720
FEM EXTRACT FIRDT GREMNEG)
FOR I= 1 T0 L 88%BR
PFORAOLY =¥ 41 THEM &90 ELEBE 700
Fod=Y i F (D =X{DsRi=Y {1} Fl=xX{D)
MEXT I

3OGOTO 73D
bOREM EXTRACT 5011 ,HID)

ERSRE RISRGR

FOR I=F{1} TO F{1)+, 155K

TE 800y s=Y (D) THEM 760 ELBE 770
Sllr=Y Ay s H {1 =X {1 e Bl i s HI=X 1)
MEXT 17

REM &BS VALUE OF Ri

A= {R1-513

XTRADT T4y,

TE1) =200

FOR I={H{1)+1) TO F{1)+.44ER

IF TSy 4Dy THEM 840 ELBE 830
Ty =Y (D)L {3y =XA{1)

MEXT I

REM EXTRACT RZ,F2

FOR IT=(F (1) +, LR8RY TO F{I1)+,9%8R
IF REY LD 'U-H—H 890 ELSE 900
Re=Y L) aFd=X {1}

MEXT I

REM CHECEING FOR ANY M}’.)’_\H} BRE7
FOR I=FL+{,1x8R) TO F2-(, LEBR)
IF RECY LY THEM 940 [..Lc:[‘., G50
RX=Y (D) e ¥=%{1)

MEXT I

FOR I=FX TO 1.2¥%FX

HX=Y (F”k’)

IF" SXF=Y 1) THEM 990 ELSE 1000
HX=Y '1‘ BHX=X (1)

F000 NEXT I

METHOD



1040 AFX=ARE (RI{-5X)

P20 TR {ARKAARL)Y ==, 6% THEN 1030 BELBE 1050

1030 IF Y AFX+1) Y AFX~1)) ==400 THEM L1040 ELSE 1050

1040 R{ZY=FRF {2 =FX2B0OTO 1080

1050 RO =R F{(2)=F2

1060 REM EXTRACT RO3) ,FL{5)

1070 IF (BP-F{2)y = (F {2 -F{1) ) THENM 1080 ELSE GOT0 Z270
1080 FOR I=1.18F {2 TO (1. LEFSEY e {F L8 -F {100

1090 IF ROZ)CY (D) THEM 1100 ELBE 1110

100 RO =Y{I):F(3r=X{1)

1110 MEXT I

1120 REM EATROGET R4O4)Y ,F 44

IBO IF AAGF-F {3y =={F {3 -F {2y THEN 1140 ELSE K=Z:80T0 1340
14490 FOR I=1.18F3) TO (L. 1EF )P (3 -FO2y 0

PAED IF R{OAYCY (DY THEM 1160 ELSE 1170

1160 Ridy=Y {1} sF4r=X{1)

PI70 MEAT I
TLIED IR ARS R4y ~RE3 ) F=RE0 THEM K=2:G07T0 1540

1E90 REM EXTRACT RS, FIE)

1200 IF {(BF-F {4) )3 v (F {4)~F (3)) THEM 1210 ELSE K=3:G0TO 1540
1210 FOR I=1.31%Fd4)y TO (L. iR 04y« (F {4y ~-F {3 )
DOIF RAE Y (I THEMN 1230 ELSE 1240

DORE Y Iy s F IS =X {1
1240 MEXT I
12580 IF ABSIR{E) ~R44)) F=EEC
1260 REM EXTRADT R{&),F )
YETOOIF AGP-F{S) ) »={F{Z~-F{4)) THEN 1280 ELSE E=4:G07T0 1540
1280 FOR I=1.1EF3E) 7O (LU 1F S+ FE -F {4 1)
1290 IF R{&)Y (1) THEN 1300 ELSE 1310
FT2AOD Ridd=Y{I)aF{&y=X {1}
L3100 NEXT I

AEOOIF ABBIRE) RS Y p=300 THEN K=d4:G0T0O 15490

3OREM EXTRACT R47),,FIT) .
»IF {EPmFiaibkmfFfé)m:Lu)) THEN 1350 BELSE W=U: 06070 1540
PRS0 IF (LLOERFAG)Y+F (&) -F {58 ) ==TE THEN 13480 ELSE 1370
1360 LET al=5F:607T0G 1380
SPATOOLET AC= {1,085 (&) +{F &) ~-F {51

L3800 FOR T=1,05%F (&) TO Al

1590 IF ROTYEY (D) THENM 1400 ELSE 1410

F400 RAZT =Y (I eF {(7)=X{D)

14310 MNEXT 1

1420 IF ARSIR7)~RI&Y )Y > )
1450 REM EXTRACT R, F({ ﬁ)
1440 IF (BF-F (7)) 5= (F\;)-Ff&)\ THEM 14530 ELSE K=& GUTO 1540
1450 TF (1028 0D+ F 7))y =F (&) ) ) F=5F THEM 14460 ELSE 1470
1460 LET aR=5F:GOTH 1480

1470 LET AR= {1 .025kF {70+ 0F {7 ~F (&) 1)

1480 FOR T=F{7)+.53%86R TO AR

1490 IF RyCSY D) THEN 1800 ELBE 1510

PEQD R =Y (1) s FAED =X 1)

THEM F=32607T0 1540

THEM K=5:6OTO 1540




1 14‘)
18

1560
1E70
1580
1590
1 H00
T&1D
1620
1AHED
T &40
1 &S0
160
f‘a/n

-

1 &80
1&90
iflh}

1780
1790
18D
i8i0
1TEZ0
1H3ED
1840
1850
b LEGD
1871
1880
1890
100
1710
120
1930
19450
1280
1960
1970
1280
1750

ialele]

L

720 FOR N=2: T
VES (RN -REN~1) 2 <MN THEN 1740 ELBE 1740
IF ABS(RNGL) ~R (N <100 THEN 1750 ELSE 1760

PEXT I

IF ABSORE) ~R7)) p=300 THEN K=

IF A{8F-F{8)) s, PHF (B -F{TF))

TEkdky SELECTION OF WAVE sk
LET MIN=3SO

FOR N=2 TO K

TF ARG CRORY -RON-1) ) CHIN THEN }“Hﬂ ELB
IF ABS RN+ ~ROMY )50 THEN 1590 E

MIN=EES (RN -RM-1) ) 5 V=N
NEXT N

IF MIM=50 THEN 1620 ELS
BEEF: KEY OFF CLELOCAT
LOCOTE 23, 18 PRINT"C=CONT™
LOCATE By PRIMT " Me=MENMLLY
LOCATE 23,54 PRINT"@=0UIT"
Fam=TMNPUTS (1)

I oFe=gn Uh Fa="r" THEN 1700
IF Fé="pt OR Féd="m" THEN 30

E 1970

IF Fe="@" OR ?%"“Q” THEN 5990 ELSE HttF
LS00 ﬁit L2, 28 PRINTYPLEABE WOIT...

LET M5

IF

*"ﬂ\l AHS (RN R AM-1) ) s V=l
MEXT N

IFOMMN=D50 THEM 1780 ELBE 1970
LET MM=100

FOR M=2 TO K

IF ABS{R M) ~RAN~-1) 2 <NM THEN 1810 ELBE
IF HUa'PfNit)~L’N}) E00THEM 18320 ELBE

Nﬂkf N

IF Mb=100 THEM 1850 ELSE 1970
LET MMN=100

FOR =2 TO K

IF SES (RN -R(N~12) <MN THEM 1880 ELSE
IF ARG IRNA1) RN DONM THENM 18%0 ELS

PN RS CFIMD R 1) ) 3 Ve
MEXT M

IF NM=100  THEN 1970 ELSE 1970

e

LET V!«1'!UP N=2 TO K
LET S55=50
IF arg (Hfﬂ}waﬁmi“ASQ THENM 19
SH=0EE (RN RN 1) ) 5 Vb

MEXT M

1540
fHH%FthHSF)*7

BL&0O0
1 &0

GOTH

LH0O0
1900

ey ELBE 1940

12, 24 PRINT"POOR QUALITY

LEE0

TRRRRY ENTRACT PARAMETERS OF SELECTED WAVE Rk

I ERY]

REM EXTRACT G4M) DN

MmINT(Fin1>+((F(N)wF(%Ql))/E))

F ECG RECORDING”



2010 FOR I=F N TO O STEF -1
2020 IF Y{I-1)<4v{D) THEM 2030 ELBE 2040
OOMEXT I
DGR =Y (LY DN =X
2080 FOR I= DN) TO DiM)-3 BTEF -1
060 TF GHNY F=Y (D) THEN 2070 ELBE 2080
S0T0 BAMY=Y (D) s DN =XAT)
2080 MEXT I
2090 REM EXTRACT PO, 818
DL00 PN =0
2140 FOR Is=H TO DM
QL0 TF POV DY THERM 2130 ELDBE 2140
ALEO PO =Y DA =XLD
2140 NEXT I
2150 FOR Is=A0M) TO DAMY -1
BLaE0 IF YOI+2) v+l THEN 2170 BELBE 2180
2170 ONTE=CNTE +1:60TO 2190
CNTE&=0NTES +1
MEXT I
DO IF CHNTE/ONTSX=. 4 THEN 22320 EBELBE 2210
O GOTH 2270:REM P OWAVE IS5 POSITIVE
D FAMY =3000: PRINMT "FP WAVE IS IRNVERTED!
FOR I=M TO DM~ 04858
IF FIMD s=Y (1) THEM 2850 ELBE 2260
FipdeY {3t s i) =X{1)
0 MEXT 3
270 REM EXTRADT SM) ,HION
O SN =Y AR (M) )
O FOR IT=F{N) TO FOO -+, LEBR
IF GO ==Y 1) THEN 2310 ELSBE 2330
S =Y {T aH M) =X{1)
REXT ¥
0 REM EXTRACT TN L (W)
3 T AR =200
0O FOR TI={H{M)+1) TO {88 F 0D -F iM-10) ) +H N
p IR TN YLD THEN B370 ELSE 2380
T =Y {1 L (M) =X {1}
MEXT I
REM CHECKINMG POLARITY OF T WAVE
FOR T=HM) TO LK) -—1
SAL0IF Y A{YAE) =Y OI4L) THEN 2420 ELSE 2430
2420 CNT7=0OMT7+1:6OTO 2440

~

HAL0 CNTB=CNTE+1

2440 MNEXT 1

24580 IF CNTEFCHTT THEN 2440 ELSE 2470
450 HTOFTT WAVE I8 NEGATIVE

2470 REM T WeVE I8 POSITIVE

2480 FEM EXTHRACT PARAMETERS OF (MN-1) WAVE
;A0 REM EXTRACT SOM-1)  HIN-1)

AE00 BIN-1) =Y (FAION~11)



FOR T=F (M=-1) TO Fib-1)+, 18R
TF Sip=-1) =Y 4I) THEN 2530 ELSE 2540
SN mY () s HIR-1=0{T)
MEXT I
FEM EXTRACT TAM-1) L 4N-1)
T ) 2200
aErgy FOR I=H{M-1) TO FAR-1)+ S0 F (M) ~F {N~1))
PEAQ I TOM-~1)<Y (D) THEN 25%0 ELSE 2600
SO0 TAN-L ) =Y {1 sl AN~ =XAT)
200 MEXT I
a0 Rkkdk DETERMIMGTION OF BOSE LIME fkikk
SE20 DFEMY T, H2, 0%
DOFOR I=1 TD AARD
IMPUT #2, X, We YRODY =INT {W/100)
HEED NEXT T
JHEAT LET Ofs= (AN~ (F (R —F {13 ) /2D
2HTD CLOBE #2
FEED CMNT =08
S2EHEF0 FOR J=AA TO &
CNTE=1
2 YAOMTL Y =YRA{D)
wER0 IF OONTL = 1 THEM 2760
BB OFOROE = 8/ TO OMTL-1
SEAD IR OYAONTIY = YR} THEM 2830
BEED MEXT K
FFEO FOR 1= J4+1 TO &4ph
DETOOIF Y (CHTLY=YR{L) THEM 2790
B0 GOTO 2400
0 CMTE = CNTZE+L
MEXT %
FRACNT L) =CNTZ
20 ONTI=CNTI+1
3ONEXT J
CHTL = CHT1-3
2HED YMAX = FROD
REHHD VAR =00
2EVO OFOR I = A8+l TO UNTL
Do IF OYMEK = FRODY THEN 2910
2890 YMaX =FR{D
200 YRR =1
APL0 MEXT I
DA YMEF =Y AYAR)Y
2RI OPREM "IV RS, 0%
o440 FOR I=} TO HP
D50 INPUT B, R, Y
260 LET X=X{I1)
270 OLET Y{I)=Y
2980 MEXT I
2990 DLOGE #3
Z0O00 LET SliMe=D

L




FOR I=AA TO AN)
O IF YD) s=(YMEEA00) AND Y (D)< (YMFKLOO+100) THEN GOTO 3030 ELBE 3040
A0F0 SUM=GUMEY (1)

,unu MEXT I
3050 YEASE=SUM/FR (YAR)

3060 T EREEE PRINT FARAMETERS fdkiy

IOTH CLE

ROGO FEM INFUT AMF & TIME CONVERSION FACTORS

090 AF =, 001

3100 TF=.01

3110 LET Z=8000-YRASE

3120 LOCATE 2,24:FPRINT "MAME OF ECE RECORD-  “3i%

""" 3 FRINT

3140 FOR T=1 TO 8

T1H0 IF O<F (D) THEM PRINT ° WAVE"T,, "RUI"="  (ROD =D FAF mv", 3" F'IM="F (D)
FLa0 NEXT 1
R0 PRINT

3180 FRINT'SELECTED WAVE =" N

BP0 PRINT

FROO FRINT "F=" (P () =20 $8F "mo, "O=" (0 (M) = I3 RAF "mv ", "Re" (ROND =) HAF "y, " B=" (5 ()
~Z)RAF e, T (T (M) -2 ) HAF
AZE0 FRINT "AstAONY, "D="D MY, "F="F (M), "He"H D), "L="L (1)

3220 PRINT
PRINT "DETERMINATION OF BASE LINE"

FRINT
PRINT"VMF="YME, , "FR="FR(YAR) , , "YEABE="YBASE

IF V=1 THEN 3270 ELSE 3320
LOCATE 23, 24:PRINT" QUALITY OF ECE RECORDING UNACCEFTAELE"
80 LOCATE 24,29:FRINT "PRESS ANY KEY TO ABANDON®

0 FOR I=1 TO 2:50UND 1000, 4

3 BOUND 1600, 81 NEXT 1
0 ANSH=INFUTS (1) : CLS: GOTD 30

D LOCATE 23, 18: PRINT C=CONT "
LOCATE 23, 361 PRINT" M=MENU"

LOCATE 23, 54: PRINT " O=0UIT"
Fo=INFUTS (1)

IF F&="C" OR Fe="c" THEN 3390

IF F="M" OR F$="m" THEN 30
O OIF Fe="RY OR Fe="g" THEN 5990 ELSE BEEF:G0TO 3320
R3P0H CLB

TA0O T RKNEE DETERMINE NORMALISED AMPE Xakiy
FALD NR= (RN 20 / (RN ~2) ¢ PRINT
RAZO = (PO =2) / (RIN) ~Z) s PRINT "SELECTED WAVE -NORMALISED AMPLITUDES"
TAZO NE= (N =Z) 7 (RO =) s FRINT
FAA0 NE= (5 () ~2) / (REN) -2)

FAED NT= (TN =23/ (RN ~2)
3460 FRINT "NE="NFE1O0" %L

F4TO PRINT "NG="NGK 100"
FABO PRINT "NFRs"NRE 1007

3490 PRINT "NS="NSK1007 %"
BEOO FRINT "NT="NTELO0" %"

L




IHL0D
JED2D
AN
DE40
RS TN
IBE0
EEHTO
3580
FEHQD
:‘,'{é){)f.:)
Z&H10
RIS
JHED

BG40

REED

BHGO

RYERS

3780
Sy Ll
IGO0
E8L0
3820

FRE0

aARTO
ZEE0
RGN

BN

AREO
ERHD
IGTO
EP80
AH90
G000

TERERY EXTRACT SEGMENT DURATIONS ki
REM EXTRAUT EN

FOR I= DD+ TO FOND

IF YRABE-Y ()= O THENM 3580 ELBE 3570
EAb) =X (1)

GOTO 33580

MEXT I

REM EATRACT G

FOR I=F()+1 TO HN) +]

IF YROASE-Y (1) <0 THEN 34610 ELSE 3830
EREEPED SN

GOTE 38650

MEXT I

REM EXTRADT MiN-1)

FOR T=L(N-1) TO &iN)

IF IYBGBE-Y (L) > <) THEN GOTO 3870 ELSE

2 PN ) =X 010

GOTO 3710

MNEXT 1

REM EXTRACT MM}

FOR T=L MY TO 1. 280D
FOAYRABE-Y 1)) <0 THEM GOTO 3730 ELBE
LY =0 (1)

GOTO 3770

MEXT I

3 REM EXTRACT G

FOR I=08{M) TO O STEP -1

P YBATE-Y (I ) <0 THEN GOTO 3770 ELEBE
iy =X 1)

BOTO 2540

MEXT I

REM EXTRACT B

IFE QM <O THEN 3840 ELSE 2890

FORD T= &0 +1 TO DD +1

IF AYBASE-Y(I1)<0 THEN GOTO 3860 ELBE
By =3 {1}

GATO E940

REXT 1

FOR I=04M 1 TO DM +4

YLD <Y (I+l) THEN
MEXT I

TR0 REM EXTRACT KN

FOR I=HMNY+1 TO LANY+1

IF (WBADE-Y (1)) b=0 THEN 39480 ELSE 3980
EAp =X A{1)

HOTO 3990

MEXT I

REM EXTRACT CYOLE TIME

TO=F (N ~F (1)

FET0

SFE0

AE10

2880



4010 REM EXTRACT P SEG
4020 TE=R O ~0 (W)
A0E0 REM EXTRALT & SEG
4045 TE=E () ~F )
40%0 REM EXTRGDT R SEG
4040 TR=G (M) ~E (M)
4070 REM EXTRACT T SEG
GOEHD TT=M M)~k (M)
4080 REM EXTRGCT & SEG
G100 TH=K (M) -6 (M)
4110 REM EXTRACT PROINTERVAL
4320 FR=D N -0
4136 REM EXTRACT GRS DURATION
G140 GRS=H N -0
4150 REM EXTRACT 67 INTERVAL
4160 G@T=H (N) -D (M)
CA4170 REM EXTRACT RELAYX BEG
AIB0 TO=TO~ CTRHTHTR+ATS+TT)
4190 PRIMT
4200 PRINT'SELECTED WAVE ~X a&XIS5 POINTS®
G210 PRINT .
SEO PRINT "0="00M), ”ﬁ“”H(N) CRmME MY, PDs D) TE=TE MY, FeF (M), TESTE Y, THHY
n»,"rw"%»w> sV LMY, T MET ()
AEE0 PRINT
4240 PRINT'SELECTED WaVE ~SEGHENT DURATIONMS"
4250 PRINT '
A2H0 ;hznr"?u~"sw$;+"5ec~“:" TR="TRERTF "secs " TER="TRATF"secs"s" TR="TRi{TF"se

TT="TT#TF gecs ;" TO="TCHTF"secs";" FR="FRETF;" ORG="

~ e CONT
LULQIP %, Bh PRINT ' M=MEMU"
LOCATE 22, 5S4 PRINT G=0UTTY
Fé=INEUTS (1)

IF F#="0" OR Fe="c" THEN 4340
IF Faé="M" OR Fé="m" THEM 30

OOIF FE=tQe OR Fes=tq THEN 5990 ELSE BEEF:GOTO 4270
540 LS
LOCATE 12, 28: PRINT"PLEASE WAIT,

RENKE ST SEG ANALYSIS KRk
CREN"IY, #72, &%
FOR =1 TO KO

INFUT 3, X, We YR O = TNT (i 100)

00 MEXT I

3410 CLOBE a7

4A20 CMT LM (M)

44750 FOR JmHiN> T KN

444ﬁ CNT e

445 v{cnra> YR T

441w IF ONTL = 1 THEM 4500

4870 FOR K = HIM) TO CNTLI-1

4480 TF Y IONTL) = YE) THEN 4570
Kiamo nNEXT b

4500 FOR = J+1 TO KD




4;4}"’

4 B0
4580
QT
4560
4570
4580
G0
A &40
Q410
Q&0
L&
4ﬁ4ﬁ

ﬂmmu
LGET0
B 80
,ﬂé\f})()
L7700
L} 113

IF YAOMTI)=YR(I) THEN 4530
GOTO 4540
CMTE = ONT2+1
NEXT 1
FROCNT L) =ONT 2
CNT L =0NT1+1
an1 J
CNTE = CMT1-1
YHAY = FR{1)
VAR =H (M)
FOR 1 = HOM +1
IF YMAY =
YMAY =FR{D
VAR =1
NEXT I
YHE =Y (YAR)
OFEM "I",#3
FOR I=1 TO }’N}
TMFUT #35,%.Y
LET X=X{D)
LET ¥{I)=Y

TO ﬁNT}

yOPEXT I

470
A7 &0
4770
4780
4790
4800
4810

GE40
48350
4B&D
4870

CLOSE #35

LET SUM=

FOR I=H{N)Y TO KN
IF YD) s={¥HF2100)
SUM=5UM+Y 1)

MEAT I
YaTO=0UM FR CYARG
REM PRIMT FPARAMETERD

CLES 2 kEY OFF

FRINT SEG AMALYSIB®
FRINT

ED= {YBARE-YET 7100

IF FRAYOGR)=0 THERN 4840 ELSE
LOCATE 5,20 PRINT "UNARLE T
FRINTUYMFAAST)="YMF, "FROET ) ="

oD YiI)<

“f"“

N ”ED“RI[’"{“

4E30
4870
A0
45110
LG5
G5 ED
4940
LEPEY
A5 &0
4570
4980
AF50
B0
Ei0

s Y
1R

IF THEM BT=1sPFRINT

o0 THEN ST=2:PFRINT

EDxud NET
IF EDC-

FRINT
FRINT
FRINT
FRINT
THkAAE DE
‘H‘“ Sy e

IF 00F G
IF O0F {3
IF Q<R (4)
IF O4F {5
IF 04Fé)
IF DCF 7
Thkkdk DE

Il::"l)

"ELG ROTE"

RSTE K4
THEN TC
THEM TC
THENM TC
THEM TCLC
THEM TC
THEM TO
THEM TC
FHY THIM

TERMINE ECG
AND DO O
AN ORIF ()
MDD DOF
AND OCF (5
BN OCF (&)
AND DR A7)
ARD DOF (D

TERMING ECG

3T BEE DEPRES

YRR OO+ 100 THEN GOTO

AETO
DETERMINE ST
FROVAR) , "YETO=

SEG
"YETO, Y
BEG ELEVATEDR":GOTO 4700
Ak DY

qo ek
(Ly=F {2 -F il TH
{2y (B () e T
Iﬁ\”r(ﬂ) SROLAY 2 TR FRINT

f\u el (Y s TS s FRINT
\w) G - () TS PRINT
() e fi“) (G 2 TR=G s FRINT
{7y = (8 ~F 07y o TE=7 s FRINT
ES-E 8N

=} PRINT
2u FRINT

ELEV/DEF": GOTO
YBAGE:=

AFTFH ELEE 4780

& ‘-?s‘)i’)
=YY RASE,

PTOAL =TI AT "secs”
“TP'J* T RTF "secs”
TRy =" TOAAY TR s
”TP'“)*”TC(#)*!E”v
”!f(b) MTCAE TR "sers

TTCAEY=TTO S HTF "eecs”
PTCAT Y ="TRAT YR TR "sece”




CSHORD FOR I=1 TO 7

mO40 IF TOME CTCLDY  THEN D050 ELBE 504D

SOE0 TCMMAXY=TCLL}

SAHD MEXT 1

SO70LET TOMMIM)Y =200

SO0 FOR I= 1 TO 7

090 IF TOAAINCTOMINY THERN 5100 ELBE HB120

SO0 TF T =0 THEN S1320

S110 TOMIMY=TOLD)

5120 NEXT I

EAAD TUAV={TC{IY+TCLZ) +TC LX) +TC ) +TOASY +TO A +TU LYY ATSs FRINT "TU AV =" TEAVETHY
Cemece

H1490 PRINT

150 E=L000/TCAV FRINT "ECE RATE="E"RFHM"

E1a0 IF B EH AND E<90 THEN ECG=1:REM BECG RATE 15 NORMOL
170 IF ECES THEN ECE=2:REM ECE RATE I8 SLOW

FIED IR EX90 THEN ECE=3:REM ECG RGTE I%5 FAasT

,adw0 LOCATE 12,30

FOR 1=7 TO 8
GEELTY AMD OSF{I-1) THEN =290 ELGE S50

0O LET J=I-1
POLET CRT =0
FOR I=2 T0O J-1
IF SGRSTOD -TOI~1) ) =4  THENM 3270 ELSE 5280
A0 OhTE=CMTI3+1

ME
FOR I=2 T4 J-t
(TOL) -TOALT-1 ) b= THEM 5310 ELSE 5320
ORT4=0NT4+1
20 OMEXT T .
LOCKTE 16, B2 PRIMNTYONTS="ONTE, "OMT4="0NT 4
IF OCONTE =3 THEM 83250 ELSE SE90
IF $e=0MT4 THEM 353860 ELBE &
ER=2 LOCATE 20,282 FRINT "ECG RHYTHM SLIGHTLY IRREGULAR":BOTO 5440
IF CMT4 =1 THEN 3380 ELSE TE90
R0 ER=50L0CHTE “UQTH FRINTTECG RHYTHM VERY IRREGULAR":GOTO 5440
IFOOTEOMAN) ~TCAV) =00 THERN 3
G40 TF (TCQV”TC(MIN)}' 30 THEN
DALO TF CTRAMEX) ~TOAY) =] THERN
HAR0 O (TOAV-TOMINY ) 5=20 THEN 8340
EAE0 ER=1sl Uﬁ?F eSr FRINT "ECH RHYTHM REGUL &R
5440 Lﬂﬁé'ﬁ dINT"F,ﬂDH1”
Sano LOCRTE v
460 LOCATE fdﬂuﬂnfﬁlﬂT"CwQJIi”
SAT0 FH=INPLUTESE L)
HAG0 IF Fa="0" OR Fé="c" THEN 3510
S490 IF Fe=Up" OR Fé$="m" THEN 30
SEHO0IF Fe=U@" OR Fe="q" THEM 3990 ELSE BEEF:GOTO 5440
EELD OLS
THEREE NORMALITY CRITERIA TRAELES xdaiy

O IF WO P M) -2 RAF AND (PO -2 kAR 2T THEN 5340 ELSE LOCATE 4, 256 PRINT"F W
AVE AMP SRNORMALY : GOSUR 5674
waﬂn PF L 080TRETF AND TRETF.
M ﬁHNUFMﬁ!““LIbUE HET0
EES0DOIF - 2800 ) RAF aMD (B - AGF I 08 THEN 5540 ELSE LODATE &, 26 FRINT
MO OWAVE AME i\H‘JUf"‘*’l(L T GOSUR BLTO
EE60 IR LOLCTONTE AND TORTFS .03 THEN SE70 ELSE LOUATE 7,26:FRINT "0 WAVE DURATIO
MOABNORMALY » GOSUR 38670

12 THEN B350 ELSE LOCATE %, 2&6:FRINT "F WAVE DURATIO



SH70OIF 1 JARAMY -Z QF AND (RN ~-ZrdaFdl. b THEM SE5E0 ELSE LOCATE 8, 2&8:FRIMT "R W
AVE AMP ABRNORMAL Y : GOSUR 38670

SEED IF JORITRETE HdU TRETF<. 06 THEN S590 ELSE LOCATE 2,26 FRINT "R WAVE DURATIO
MOABRMORMAL" 2 GOSUR G670

SEIDOIF ~ 30800 - RAF AND (5N -Z3EaF C-o 1 THEN Sa00 ELSE LOCATE 10,86 FRINT'S
WANE APt nﬂN)hMQi"=GG”!H S&ETD

BHO0 IF JOZITBETF AND THRTF<. 04 THEN S5610 ELSE LOCATE 11, 26:FRINT "5 WAVE DURATI

O ABRBNORMALY : GOSUR §&70

SE10 IF L 1E JATAONY -Z2AAF AND (TN -223aF 45 THEN 3420 ELSE LOUATE 12,262 PRINT
T WAVE &M ABMORMAL" : GOSUR 3470

SO0 OIF JI6CTTETF AMD TTRTFC, 246 THERN 5430 ELBE LOCATE 13,28 PRINT T WAVE DURATI

O AENORMAL Y GOSUR 3870

HOHI0 IF LH4CTORTE AND TORTFCL 04 THEM 5440 ELSE LOCATE 14, 26:FRINT "WAVE CYCOLE T
IME ABENORMAL." 1 GOSUR 3870

2640 IF OGE=1 THEN GOTO 2690

S6E0 LOCATE 16,26 PRINT "ECG WAVE NQHHQL"

SHG0 BUTO S690

SETOOLET GE=1:L00ATE 16,26 PRINT "EDG WAVE GBNORMAL

L G680 RETURN
&0 LOCATE

‘ Y A8 PRINT"C=R0NTY

G700 LOCATE 2%, 36 PRINT"M=MENU"

ST10 LOCATE 23, 54 PRINT O=GUIT"

H7R0 Fhs INEUTS (1)

S7E0OIF Fe="00 OR Fd="c! THEM 5760

FEAD TR Fe=UMYOOR F="m" THEN 30

IF F="0" OR Fi="g" THENM 3290 ELSE BEEF:GOTO D690
f i FHHIJ”DF.B&%”H?H A1

PR FRIN!”D“P?»FL&V WeVE"

5 S A0 PRINT Y MeMENI
S7R0 LQET}E S5, S PRINT " G=0UTT"
SEGD Fe=IMRFUTS 1)

810 IF F3="M" OR Fé="m" THENM 30O

IF Fe="0" 0OR Fé="d" THEN S840

IF Fe="0" OR F$="g" THERN 5990 ELSE BEEF:GOTO 5780
q84u SRRk DISPLAY ECE WAaVE fRkxx

=050 CLEs

SEeD BOREEM 2

SE7TO COPEM "IV, #1,.A%

eEEEs FOR I= 1 T0 599

BESD IMPUT #1,K,Y

BN LET X {i+1)=

“@iﬂ LET ”’Iii\“1WQ+IY ~YROSE) /15

FOLEME (X (Ie1) YD+l =X (D), YT

' 0 MEXT 3

””40 LOCATE 2,24 PRIMTVECS RECORD MAME-"o%

G730 LOCATE 23, 24 FRINT "PRESS AGNY KEY TO RETURM TO MENUY

SEHD ANSE=INPUTS L)

ST CLYS:50REEN O

BR800 6O0TO 30

S0 T Rkkgk QUIT KkkkE

HOHO RL?»S(YE%N LOCATE 135, 15ePRINT "GUODRYE " BEEPF
f“‘}() e 3 TO G000 MEXT I

t)L}u
&SN END

BUREREM



(DC.BAS)

LA CHATN DAT. BAS", 31, ALL
CLESGOTO 30
2% LOCATE 12, 1aLIST 3048
I0 OCRULE FOR ABNORMAL CONDITION 1{COMPLETE HEART ELOGKD
40 IF E=2 THEN &0 “ECG RATE 15 S.0W
=0 BOTO 90
&0 FRINT "COMPLETE HEGRT BLOCK"
70 DO
75 LOCATE 12, 11LIST 90-128
00 TRULE FOR ABMODRMAL CONDITION ZA{RIGHT ATRIAL HYPERTROFHY)
100 IF (RO -2 EAF =05 AND TRETFC.0&6 THENM 1407F PEAK 18 Tabl % SLENDER
110 IF 8T=7 THEM 140°5T SEG 18 DEPRESSED
L0 IR TN ~Z) $AFCD THEN 140°T WAVE 18 ITNVERTED
130 BOTO 160
140 FRINT "RIGHT oTRISL HYPERTROPHY"
LD D=
LOCATE 12, 120187 140-168
CRULE FOR ABMORMAL CONDITION TOLEFT ATRIAL HYPERTROFHY)
TF (PO -7 Y HAF . 25 AMD TPETF > 1 THER 200°F PEAK TabL & BROAD
DOIF BT=D THEN 2007687 SEG DEPREDSED
S0 GBOTO 220
200 PRINT "LEFT ATRIAL HYPERTROFHY"
210 D=3
5 LODATE 1%, LiLIST 290-748
TRULE FOR ABNORMAL CONDITION 4 (MODAL ESCAFED
: THEMN ZOO0'ECH RATE 16 SLOW
POTHEN Z&07ECH RHYTHM I8 SLIGHTLY [RREGULAR

1o f%M DISEASE CLASSIFICATION RULES
1E
20

i

: (70 2a0
O FRINT "RODAL ESCapEv

i LOCATE 12, 10 LIST 280-E08
TRULE FOR ﬂbﬂL%Mﬁi SONDTTION & (HYFERKALAEMIA)

IF AT -Z08AF > & AND TTETFC. 14 THEN 320°T WAVE TaLL AND SLENDER

PEOORSETF: 15 THEM Z20°6RS I8 FROLONGED

» BOTO D40

}FRIMT "HYFEREOLAEMIA"

D=5

L. {.;}(:’ ATE 12,1 1gT BAD- TG

A0 TRULE FOR QBNORMAL CONDITION &(ATRIAL TACHYCARDIA)

B0 IF E=3 THEN 380°ECE RATE 18 FAST -

du” TFfFfH‘ k)mﬁP{Q THEM 2807 F WAVE I8 INVERTED

A

.mU chNf "th}ml TECHYOARD T O
A T
FELUOCATE 12, 1s a7 LY RTRT. Joel
;ﬁ 1:”?&{%?P MHHUPM§- iﬂNﬁf!th TAMYOCARDIAL INFARCTION

N -2y kAl =3 (i BN = ZYKOF 1 THEN 46070 WAVE 1S ABRNORMAL
LTE) 11. ST=1 THEN 8&40°0T f,Ll; I ELEVATED
EOOIF ST THEM 440 B
4G IF OTx. 4 THEN 440
EOEOTO 48O




(DC.BAS)

" 10 REM RISEADE CLASSIFICATION RULES
18 CLS: CHAIN"DAT. BaG, 31, AlL
20 CLS: GOTO 30
2EOLOCATE 12, 1:LI8T 30-48
IO OCRULE FOR AENORMAL COMDITION 1(COMPLETE HEART ELOCK)
40 IF =R THEN &0 "ECHE RATE IS5 S5LOW
S0OGOTO 90
&0 PRINT "COMFLETE HEGRT RLOCE?
70 D=1
7EOLOCATE 12, 1101687 20-128
P0OTRULE FOR ABNORMAL COMDITION 2Z{(RIGHT ATRIAL HYPERTROPHY)
10 IF i@(N)“Z)ﬁﬁf~.*u AND TRETFC, D6 THENM 1407F PEAK 1B Tall & SLENDER
I0OIF ST=2 THEN 140°8Y BEG I8 DEFRESGRED
120 IF (T ~Z) RAFCD THEN 1407 T WAVE IE INVERTED
P30 GOTO 180
140 PRIMT "RIGHT ATRIAL HYPERTROPHY"
150 D0 :
1ES LOCATE 12, 10187 140188
140 "RULE FOR ABNORMAL. ONDI‘iUN FLEFT ATRIAL HYPERTROFHYS
PF0OIF (P -2 RAF =, LBOTHEM 200°F PEAK TALL & BROAD
180 IF 85T SHED
?“ﬁ BOTE 2240
L FFI’T "LEFT ATRIAL HYPERTROFHY"
", DL

~

l'iI*T ”“U*h4%

COMBITION 4 (NODAL ESCARE)
)’&QG RETE I8 S5L0W

2607ECE RHYTHM I8 SLIGHTLY IRREGUILAR

PHODAL ESCAREY

OCETE 17, 12 LIST 2HO-T08
} CRULE FOR ABNORMAL CONDITION 5 (HYPERKALAEMIA)
IF (TUN)-2)%AFD.6 AND TTHTFC, 16 THEN 320°T WAVE TALL AND SLENDER
Y OTF ORBETE =, 15 THEN 320 1§ FROLONGED
0 BOTO 340

b PRINT "HYPERKALAEMIA"
0 DE=S
; LOCATE 12, 1:LIGT 340-368
"RULE FOR ABNORMOL CONDITION &(ATRIAL TACHYCARDIA)

3 | 3E0TECE RATE 18 FAGT

TF AP (N 23 KOF<O THEN 3B0°F WAYE I8 INVERTED
GOTO 400

O FRINT "ATRIAL TACHYDARDIA"
390 DO=é
395 LOCATE 1%, 1:LIST 400-472
400 TRULE FOR ABNORMAL CONDITION 7 (MYOCARDIAL TNFARCTION)
A0 TF (BN =2 KAF 3.3 OR (BN ~T)KAFC. 1 THEN 46076 WAVE 15 ARNORMAL

[F 8T=1 THEM 460°5T SEG 15 ELEVATED

430 IF GRS, 15 THEM 460
440 IF ©T>, 4 THEN 440
450 GOTD 480




£
LA
T
£
S0
M0
R
S
PO
VAN
1440
$0)
%8
P
D)
1528}

WY

SR

T 15
Q00 IF D=0 THEN 1010 BELBE

10 CLELOCATE 12,28 PRINT ”(1‘4N( FiEAL COMDITION MOT IDENTIFIEDY
O30 CHAINYDAT. BakY, 8030

f-!:\ INT "HYOCARDIAL INFARCTIOM"

D=7

LOCATE 12, 1L I8T 480508

TRULE FOR AENORMAL CONDITIM B/LEFT VENTRICULAR HYPERTROFHY?

TF O8T=2 AND (TN ~Z)¥AF<0 THENM 320787 5EG DEFRESSBED & T WAME INVERTED
IF BRE>012 0F GRS, 1 THEN S2078RE PROLONEED

GOTD 540

FRINT “LEFT VENTRICUL AR HYFERTROPHY®

D=8

LOCATE 12,1:L187T 540578

TRULE F’CJF'{' AEMORMAL. COMDITION 9 RIGHT VENTRICULGR HYFERTROPHY

IF PO -2 FAF .25 AND (T -Z2) ¥AF<0 THEM S90°F FEAK TALL & T INVERTED
IF (ROND —Z)RAF. 1,25 AND (TN ~ZY AR THEN 5907 R PEAK TalL & T INVERTED
IF B5T=2 THEN B90°8T SEG DEPRELSHED

GUTE bHin

PRIGHT VENTRICULAR HYPERTROPHY"

L C"i( ATE 12, 1:L18T H10-438
E FOR ABNMORMAL CONDITION 1O(ATRIAL FIBRILLATION
THERN &H407ECE RHYTHM VERY IRREGUHL AR

" ’r TRIAL FIBRILLATION"

JERLIST &70-688
I AENORMAL CONDITION 11
mw I

0€ 1A, 1L EET FEO-T748
TRULE FOR ABMORMAL CONDITION 12
D
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