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ABSTRÀCT

Most diseases of the heart cause changes in the heart

sounds and additional murmurs long before other Symptoms ap-

pear, and hence heart sound anal-ysis by auscultation is the

primary test conducted by physicians. The heart sound signal

(or phonocardiogram), however, has much more information,

which, if analyzed quantitatively in a proper manner could

lead to important diagnostic results. A microprocessor-based

System is proposed to perform guantitative analysis of the

phonocardiogram. The heart Sounds are recorded from Ioca-

tions on the chest along with the electrocardiogram (nCC)

and carotid pulse signals. The phonocardiogram is segmented

into systole and diastole using the ECG and carotid pulse as

references. The phonocardiogram is quantified inbo four pa-

rameters representing the time and frequency domain charac-

teristics of the si9na1. Results of the application of the

methods to 47 phonocardiogram signals are presented' This

work shows that the parameters of phonocardiogram signals

with systolic or diastolic murmurs differ from those of nor-

mal signals and hence aid in the detection of murmurs'
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Chapter I

INTRODUCTION

Àfter a half-century of Steady increases in heart disease

f atal-ities in the United States, the rate novr appears to be

on the decline. Unfortunately, heart disease is StiIl by

far the nationrs leading ki1Ier. Cardiologists admit they

aren't sure why the death rates are falling. Most of them

agree, however, that technology is aiding in the process

t1l.

The advent of a new generation of early diagnostic tech-

nologies such as coronary angiography, digital radiography,

computed tomography, radio-nuclide emission imaging, nuclear

magnetic resonance (NUn) imaging, and ultrasound techniques

12) are partty responsible for the decline. Presently, cor-

onary angiography is the "9oId standard of coronary diagno-

sis" despite its invasiveness, its use of smaII but signifi-

cant radiation doses, and its slight (0.zeo or less) risk of

provoking a heart attack t1l. However, ôDgiography is not'

foolproof. The arteries may be obscured by other organs, and

image interpretation is sometimes difficult, especially of

the smaller vessels. Ultrasound techniques provide views of

the cardiac valves and chambers, and $¡ith its real*time ca-

pabilities, study of the heart valves in motion is possible'

1
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However, due to its persistent problems in resol-ution and

contraSt, Uftrasound has almost reached its Iimits as a car-

diac t,ool t1 l. NMR imaging provides images of the heart with

high clarity and resolution, álthough interpretation of the

images is stiIl quite difficult. NMR imaging is stilI in its

infancy thus it is still very expensive and is something of

a wildcard in diagnostic technology t1 l.

With the arrival of the early diagnostic technology, many

basic and fundamental techniques used in clinical practice

have been neglected and abandoned in Iess-than-perfect stag-

eS. In particular, the age-old art of heart sound analysis

by auscultation suffers from a lack of quantitative analysis

techniques. Much needs to be done in order to bring the

analysis of the phonocardiogram to a state comparable to

that of the electrocardiogram (eCe ) , the el-ectrcrnyogram

(euc), or the electroencephalogram (egc).

Frequently, murmurS or alterations in the heart sounds

are the only definitive signs of some types of heart dis-

ease, appearing Iong before stress on the cardiovascular

system is suificient to produce other signs and symptoms

l3]. Detection and recognition of heart murmurs is a valua-

ble source of information concerning the functioning of

heart valves. Auscultation of the heart is presently the

primary test performed by cardiologists to assess the condi-

tion of the heart. This technique provides beneficial infor-

mation to the clinician concerning the functional integrity
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of the heart. However, the technique is plagued by an insuf-

ficient understanding of lhe genesis of heart sounds and any

diagnosis based solely on auscultation is questionable and

is, in fact, sêIdom pracLised. This is due to the wide div-

ersity of opinion concerning the theories that attempt to

explain the origin of heart sounds and murmurs [4-20]. Fur-

ther, from a study of the physical characteristics of heart

sounds and human hearing, it is seen that the human ear is

poorly suited for cardiac auscultation, thus Iimiting the

capacity of the physician lZl1. In addition, auscuftation is

a subjective test and is prone to interpreter variations and

error s 122,23).

This has led to many attempts towards automated analysis

of the heart sound signal using the phonocardiograph. The

phonocardiogram (pcc), which is a graphic recording of the

heart sounds, allows the physician to compare the temporal

relat.ionships between the heart sounds and r.he mechanical

and electrical events of the cardiac cycle. While qualita-

tive descriptors used by physicians, such as 'muffled compo-

nent' of a sound, tmusical murmur', 'rumble', or 'whifft,
may be hard to measure or quantifi, other features of the

PCG can be measured more accurately by quant,itative methods.

The important f eatures of t.he PCG are:

1. Frequency content of murmurs and sounds.

2" Maximum intensity of sounds and intensity pattern of

murmur s .
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3 Timing sequence of murmurs and sounds.

Location of the maximum intensity point and

transmission pattern of murmurs and sounds on

precord i um .

4 the

the

The need for noninvasive methods has always been present'

and phonocardiography could be of great use in achieving

this goa1. Er¡en though phonocardiography has been available

for more than 60 years it has been mainly used by physicians

in a qualitat,ive manner. The PCG contains valuable informa-

tion, which, if analyzed. quantitatively in a proper manner'

could lead to important diagnostic results. The PCG is cur-

rently used in the diagnosis cf cardiac malformations and

pulmonary hypertension in infants. Noninvasive and paSsive

methods are needed in pediatric cardiology. The small size

of the thorax and the presence of fewer intervening struc-

tures aids heart sound analysis in infants"

A few automatic diagnostic Systems for the PCG have been

developed. Presently, the PCG is being used to test the

functional and structural integrity of cardiac prost'hetic

valves. However, there still exists the need for a simple

and efficient method to quantify the PCG signal into parame-

terS aiding the detection of murmurs. À system performing

such a task would be extremely useful for screening purposes

as well as in routine diagnosis. Such a system would also be

useful for further heart sound research.
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1.1 PROPOSED T¡IETHOD

Since only short segment.s of the PCG are usually exam-

ined, and few real time constraints are involved in process-

ing the data , a microcomputer based system could adequately

perform the time and frequency domain analysis techniques

encountered in phonocardiographic studies. Furthermore' be-

cause of its low cost, the System could be dedicated entire-

Iy to PCG applications. In this work, a three-channel pro-

totype system, designed to process the PCG, ECGf and carotid

pulse signals, is presented. The microcomputer system, here-

after referred to as the PCG analysis system, is used to

perform quantitative analysis of the phonocardiogram for the

deiection of murmurs.

The Motorola 4 MHz MC68000 microprocessor is the central

processing unit (CpU) of the PCG analysis system. The system

includes 32K bytes of random access memory (netq), 32K bytes

of read only memory (ROU), and'input/output ß/O) facilities

to provide interfaces to a terminal and host computer.. Sys-

tem hardware is also comprised of a three-channel data ac-

quisition system, âD Intel 8231À arithmetic processing unit

(apU), and a signal display section using three digital-to-

analog (n/A) converters. The O/L converters can be connect-

ed to an oscilloscope or strip chart recorder. The approxi-

mate cost of this prototype system is $1500.00. The system

can be easily expanded if additiónal analog channels or in-

creased processing capabilities are required. The syst'em

software is written in MC68000 macro assembly language.
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The PCG analysis system is used to implement methods for

the time and frequency domain analysis of the systolic and

diastolic segments of the PCG signal. À technique for the

segmentation of the PCG into systole and diastole using the

ECG and carotid pulse aS timing references is carried out.

Using a QRS-complex detection algorithm based on a smoothed

difference of the ECG and a transformation based on a

smoothed second difference of the carotid pu1se, the PCG can

be segmented into systole and diastole. QuanLification of

t,he time and frequency domain characteristics of each PCG

segment is conducted by first computing the energy curve.

Àn important point involved in the design of a dedicated PCG

analysis system is the implementation of a FFT algorithm in

assembly language in order to provide the basic core of

spectral analysis techniques. Using the FFT routine, the

energy spectrum of the PCG is computed. A quantity known as

the Energy Distribution Coefficient (eOC) is used to quanti-

fy the energy curve and energy spectrum. The PCG signal can

t,hen be represented by the systol ic and diastol ic t ime and

frequency EDC parameters which give an indication of the 1o-

cation of murmurs in time and the frequency content of the

signal.
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1.2 THESIS OUTT,INE

Following a brief description on cardiac physiology and

the production of heart sounds and murmurs' the characteris-

tics of the phonocardiogram are outlined and a review of the

various signal processing techniques that ha'.¿e been applied

to the analysis of the PCG, ECG, 'and carotid pulse signals

is then given. The system hardware and the signal process-

ing techniques developed for this work are then discussed in

detail. Following these, a discussion of-the results ob-

tained is given along with conclusions and recommendations

for further research. Details of hardware used and program

Iistings are given in the appendices.



Chapter II

HEÀRT SOT'NDS ÀND PHONOCARDIOGRÀPHY

2.1 CÀRDIÀC PHYSIOLOGY

2.1.1 The Electrocardiooram

The electrocardiogram (eCe) is a manifestation of the

electrical activity within the heart. The ECG signal may be

recordeO by measuring the potential difference between two

points on the body. These two points constitute an ECG lead.

The triangular lead arrangement known aS Einthoven's trian-

gle is normally used, whereby electrodes are placed on the

right arm (Re), the lef t arm (r,e), and the lef t leg (ll).

Àn electrode is also placed on the right leg (nr) and is

grounded or used as the reference voltage. The resulting

three leads are lead L, LÀ to RA; lead II, LL to RA; and

Iead III, LL to LA. Figure 2"1 shows a normal ECG lead

along with Ehe conventional terms used in describing the de-

flections and intervals in the tracing.

I
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2.1.2 The Cardiac Cvcle

To understand the physiological aspects of heart sound

production , a brief review on the phases of the cardiac cy-

cle is given 124). Figure 2.2 is an anterior view of the

heart showing the cardiac chambers and valves. The human

heart has four chambers. The atria are the receiving cham-

bers of the heart. The systemic veins empty into the right

atrium and the pulmonary veins empty into the left atrium.

The ventricles are the pumping chambers of the heart. The

ventricles receive blood from their respective atria and

pump it int,o the major arteries of the pulmonary and system-

ic circulations. The right ventricle pumps into the pulmo-

nary artery and the Ieft ventricle into the aorta. The atria

and venLricles are separated on the right side by the tri-

cuspid valve and on the lef t, side by the mitral val-ve. To-

gether, the tricuspid and mitral vaiues are referred to as

Lhe atrioventricular (ev) valves. The valves situated at

the ventricular outflows are the semilunar valves. The pul-

monary val-ve opens int,o the pulmonary artery and the aort ic

valve opens into the aorta.

The period of ventricular relaxation, during which the

ventricles become filIed with bIood, is called diast,ole and

the period of ventricular contraction is calIed systole'

The P wave of the ECG, which occurs during late diastole,

represents electrical excitation of the atria. In approxi-

mat.ely 100 msec atrial contraction commences' causing a
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slight rise in both atrial and ventricul-ar pressures. At.

this Stage the ÀV valves are open. Ventricular depolatíza-

tion then occursf marked by the onset of the QRS-complex of

the ECG, and ventricular contract,ion begins shortly. Às the

ventricles contract, the intraventricular pressure riSes,

closing the AV val-ves. The semilunar valves are also closed

at thi s t irne. Thi s phase, t€rmed the the i sovolumic con-

traction phase cont,inues for about 50 msec. The intraventri-

cular pressure increases until this pressure is greater than

the pressure in the pulmcnary artery and aorta. Àt this

point the semifunar valves open and blood is ejected from

the ventricles

Ventricular systole lasts approximately 300 msec; the

ventricles then begin to relax and their pressures drop rap-

idJ-y, closing the semilunar valves. After semilunar valve

closure, the isovolumic relaxation phase continues for about

80 msec and ends with the opening of the AV valves' occur-

ring when ventricular pressures faIl below atrial pressures.

The phase of rapid f i Il ing begins when the ÀV val,ves open.

During Systole, blood accumulates in the atria and the atri-

al pressures increase . !.7hen ventr icular pressures become

less than atrial pressures, blood moves down from the atria

to the ventricles. This process lasts for 100 msec. The

final phase of the cardiac cycle is the phase of slow fill-

ing or diastasis. This phase lasts about 200 msec and is

caused by continued venous return and is terminated by atri-

aI sysËole.
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2.1 .3 Norma1 Heart Sounds

Heart sounds

acceleration or

t3l. There are

sequence of one

are generally believed to be caused by the

deceleration of blood in the heart chambers

two major heart sounds that occur during the

complete cardiac cycle (nigure 2.3).

The first heart sound (51) can be divided into four com-

ponents. The first component arises at the onset of ventri-

cular contraction when blood is accelerated in the ventri-

cle, surging blood toward the atrioventricular valves t3].

The frequency and intensity of the first component are very

Iow since the ventricles are relaxed and the acceleration of

blood is not high. This movement of blood closes and applies

tension to the atrioventricular valves before ventricular

pressure r i ses.

The second component of the first heart sound begins with

abrupt tension of the closed ÀV valves decelerating the mov-

ing blood t3l. The frequency of these vibrations is greater

than that in the iirst component. The intensity of the vi-

brations is dependent upon the velocity of the blood and t,he

abruptness with which it is decelerated.

The third component of the first heart sound occurs dur-

ing ventricular contraction" The pressure in the ventricle

rises above that in the corresponding arter¡t and blood moves

toward the semilunar valves [3]. The frequency and intensity

of these vibrations is similar to those produced in the sec-
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ond component. The fourth component probabllz represents vi-

brations due to turbulence in blood flowing rapidly through

the ascending aorta and pulmonary artery I 3 ] .

The closure of the semilunar valves gives rise to the

second heart sound (S2). Although the primary vibrations

occur in the arteries, they are also transmitted to the ven-

tricles and atria by movement of the blood, valves, and

valve rings t3l. The frequency of the second sound is usu-

ally higher than t,hat of the f i rst sound and i s normally

split into two components (À2 ,PZ) , reflecting the fact that

the aortic valve normally closes before the pulmonary valve.

Pathological condit,ions may cause this gap to widen, or rnay

also reverse the order of occurrence of AZ and P2"

In some cases a third heart sound (Sg) may be heard' cor-

responding to sudden termination of the ventricular rapid

filling phase. These vibrations are of low frequency and

t,he sound is generally inaudible in the normal adult, but is

frequently heard in children. In late diastole, a fourth

heart sound (54) may be sometimes heard, caused by atrial-

contractions displacing blood into the distended ventricles.

In addition to these soundsr Vâlvular clicks and snaps are

occasionally heard
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A. COt'lPO}¡El{TS OF FIRST llEART SOUl'lD

3

B. SECOllO llEAR ,/ T|lIRD HEART
SOUNDs0 D

Figure 2.3¿ The Etiology of Heart Sounds

of the causes of various components of the heart sounds
that the vibrations are induced by acceleration. or

urããa within elastic chambers. (r'rom reference [ 3 ] ,

2

4

c.

\
.|f

Schematic drawing
based on the concept
deceleration of the
p.42a).

A. The first heart sound can be divided into 4 components. Tltu initial
vibrations occur *rfr"n ttr. first myocardial contractions in the ventrícIe shift
blood toward the âtrium to seal tÈe AV valves. The second component begins v¡ith
ãËi"pt-i.nsion of closed Av valves decelerati.nq thg blood. The third component
in.roiu"s oscí1]ations of blood between the distending root of the aorta and the
ventricular waIIs. The fourth componenÈ represents vibrations due to turbuÌence
in blood flowing rapidly through the ascending aorta and pulmonary artery'

B. The second heart sound begins nith cLosure and tensing of the semilunar
vafvås.- Ãfiito,rgh primary vibraIions occur in the arteries, they are also
trânsmitted to ientiicles and atria by movement of blood, valves, and val,ve
rings.

C" The third heart sound occurs at the end of
Sudden bermination of this phase may throw the entire
which have ùery low frequencY.

the
AV

rapid filIin
system into vi

pha se .
rations

I
b
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2.1 .4 Murmurs

The intervals between 51 and 52, and 52 and 51 of the

next cardiac cycle (corresponding to ventricular systole and

diastoie) are normally silent. Murmurs, which are caused by

certain cardiovascular defects and diseases' occur in these

intervaLs. Murmurs are high freguency noise-like sounds

which arise when the blood velocity becomes high in the

presence of an irregularity through which the blood flows.

Typical conditions in the cardiovascular system which cause

blood fiow turbulence include valvular stenosis and valvular

insuf f ic iency.

Systolic murmurs (SM) are caused by conditions such as

ventricular septal defect (VSp), aortic stenosis (eS)' pu]-

monary stenosis (pS), mitral insuf f iciency (l¡f ), and tricus-

pid insufficiency (tf ). While semilunar stenosis (eS,pS)

causes an obstruction in the path of blood being ejected

during systole, AV valvular insuff iciency (tUt,fl) causes re-

gurgitation of blood to the atria during ventricular con-

traction. Diastolic murmurs (ÐM) are caused by such condi-

tions as aortic and pulmonary insufficiency (eI,pt) and

mitral and tricuspid stenosis (tqS,fS). Other conditions

causing murmurs are atrial septal def ect (eSO) 
' pat'ent duc-

tus arteriosus (poa), as weIl as certain functional condi-

tions due to vigorous exercises, which increases cardiac

output and blood velocitY.



Although murmurs are

distinguishing between

causes a Ciamond shaped

a decrescendo-crescendo

See Figures 2.4 and 2.5
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noise-like, c€rtain features aid in

different causes. For examPle, AS

midsystolic murmur, while MS causes

type diastolic-presystolic murmur.

for tracings of such signals.

2.1 .5 The Caro id Pulse

The carotid artery in the neck is the point of the ar-

terial sysLem closest to the heart where external sensing

can be performed. The carotid pulse tracing (nigure 2.6)

begins to rj.se abruptly with aortic ejection and reaches its

initial peak at the time ejection is probably at its maximum

t251. The f irst peak, called the percussion l¡tave (p) ' is

usually fol-Iowed by a plateau or secondary wave, câlled the

tidal wave (t), lat,e in systole [25]. The pulse then f a]1s

smoothly to a point in which the dicrotic notch (o) is in-

scribed. The tidal wave represents primarily the reflected

pulse returning from t.he upper body. The dicrotic notch is

produced by abrupt completion of aortic valve cfosure [25].

In early diastole a small positive wave designated es the

dicrotic wave (OW) occurs, which represents the reflected

pulse from the lower body 1251. Figure 2.7 shows the impor-

tant intervals of the carotid waveform.
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Fisure 2-4¿ i3:lî:"li::3:?i "t Patient with severe

The ECG signal is also shown. Note the systolic murmur
with peak intensity in midsystole (diamond shaped en-
velope) . (erom reference 125), p.1 32) .
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t, .t .t

l"
lrf

APTX

Figure 2.5¡ PCG of Patient rith Mitra1 Stenosis

The ECG
Note the
murmur.

signal and apexcardiogram are al-so shovtn.
pre-systolic accentuation of the diastolic

(From reference l25l , p. 1 52 ) .

l-¡O4 ,sEc
I
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ri)

Figure 2.62 Typical Normal Carotid Pulse

l
I

Tracing

Percussion wave P occurs approximately at maximum car-
otid ejection. Tidal wave T follows late in systole.
Dicrotic notch D indicates closure of aortic vaIve. In
diastole the dicrotic wave DW occurs.
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I SEC

PCG ]

.ECG

CAROTID PEP

ET

Figure 2.7z NormaL Phonocardiogram, ECG'
Pu1se Tracíngs

and Carotid

The pre-ejection period PEP is measured from the Q wave
of the ECG to the onset of carotid upstroke. The ejec-
tion time ET is the interval from the start of carotid
upstroke to the dicrotic notch. Note that the first
hêart sound occurs at the end of the QRS complex. The
second heart sound occurs just before dicrotic notch.

=li:l:r.::
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2.2

2.2.1

PHONOC¿BD :I_OGBA :PIII

Àr¡ditorv Perception of HearÈ Sounds

Due to the varying threshold of audibility of the human

auditory system with frequency of sound presented, and the

low frequency nature of heart sounds, only a portion of the

cardiohemic vibrations is audible i3l. The maximum sensitiv-

ity of human auditory perception lies in the '1 000 Hz to 2000

Hz region, which is above the usual range of cardiac sounds"

Normal heart sounds usually lie in the 20 Hz to 200 Hz range

while the maximum frequency of murmurs is 600 Hz t3l.

From a study of. Lhe physical characteristics of heart

sounds and human hearing, it is seen that the human ear is

poorly suited for cardiac auscultation 121). Certain de-

tails such aS the presence of murmurs' which are of much

higher frequency than the normal soundsi can be detected

easily by auscul-tation. However, it has been shown that

auscultation is a subjective test and is prone to interpret-

er variations and errors 122,231.

ÀIthough the training and experience of the cardiologist

do improve results attained by auscultation, Lhe heart sig-

nal has much more information. This has led to many at-

tempts tovrards automated analysis of the heart sound signa1

using the phonocardiograPh.
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Relationship Between Heart Sounds' ECG' and Carotid
PuIse

The phonocardiograph 126), which consists of microphones'

selective filters and amplifiers, and a recording unit,

gives a graphic recording of heart sounds and murmurs

(called a phonocardiogram or PCG). It is valuable in that it

eliminates the subjective interpretation of these sounds.

Àdditional channels are also provided for the recording of

reference tracings So that the evaluation of heart sounds

and murmurs with respect to the electrical and mechanical

events in the cardiac cycle can be conducted.

The relationship between the PCG, ECG, and carotid pulse

can be seen in Figure 2.7. The ECG can be used as a refer-

ence in identifying the first heart sound. The beginning of

the QRS-complex provides a sharp reference which can be used

to accurately determine the onset of ventricular conLrac-

tion. Thus the R wave can be used to determine the start of

the first heart sound.

Although variabl-e, the beginning of the steep ascent of

the carotid pulse usually coincides with t,he fourth compo-

nent of the first heart sound t251. The dicrotic notch fol-

lows A2 (aortic component of the second heart sound) by the

time required Lo travel to the recording site in the neck.

This usually amounts to 10 50 msec and is dependent upon

the distance of the recording site from the heart and the

pulse-wave velocity [25].
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2.2.3 PCG and PuIse Recordinq Procedures

Since heart sounds and murmurs are of low amplituder €x-

traneous sounds must be minimized in the vicinity of the pa-

tient. Thus it is a standard procedure to record the phono-

cardiogram in a room that is as quiet as possible. The

patient is placed in a supine position with t.he head on a

pi)-Iow. ECG leads are placed on aII four extremities and a

standard Lead I I is recorded throughout the procedure.

There are optimal recording sites for various heart sounds,

sites at which the intensity of sound is the highest because

the sound is being transmitted through solid iissue or

through a minimal thickness of inflated lung lZl1. An

HP210504 contact sensor is strapped firmly to the patient at

one of the heart sound pickup areas on the chest shown in

Figure 2.8. These locations are as follows:

1. Aortic area: second right intercostal space.

2" Pulmonary area: second left intercostal space.

3. Tricuspid area: fourth left intercostal space.

4. Mitral area: near the apex of the heart.

The HP210504 contact sensor has a relatively flat response

from 0.05 Hz to 1000 Hz with an equal attenuation of about 5

dB over the entire range. This makes it equally suitable to
record the first and second heart sounds (below 2OO Uz) and

high frequency murmurs (up to 600 Hz).
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The HP21 281A pulse transducer kit is used to record the

carotid puIse. A trained technician locates the site where

the carotid pulsation in the neck is the strongest and the

pickup pressure cup is applied firmly. This transducer has

a frequency response of approximately dc to 1000 Hz.

A three-channel HP15148 ECG/Phcno system is used to ob-

tain an amplified and filtered phonocardiogram with simulta-

neous ECG and carotid pulse reference signals. Channel 1

records a f i ltered heart sound. I n thi s work, the PCG vras

obtained using a highpass f ilter (cutof f. f.requency of 25

Hz). Channel 2 is used to record a Lead II ECG as a timing

reference. Àny lead could be used as long as a suitabLe ref-

erence QRS-complex is obtained. Channel 3 is used to re-

cord a highpass filtered carotid pulse with a cutoff fre-

quency of 1 Hz. Figure 2.9 shovrs a block diagram of the

HPl5148 ECG/Phono recording system as it is used to record

the PCG and carotid pulse in this project.

A four-channel HP3960

to simultaneously record

waveforms. The signals

seconds. 1

FM instrumentation recorder is used

the PCG, ECG, and carotid pulse

are recorded for a duration of 10

The recording time of 10s is Sufficient to diagnose heart
diseases from the PCG. It is desirable to reduce recording
time to a few seconds, especially for children' since the
patient's breath is held during recording.
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Figure 2.82 Locations For Surface Heart Sound Pickups

À, aortic area: second right intercostal space;
monary area: second left intercostal space;
pid area: fourth Ieft intercostal space;
area: near apex of heart. (From reference t
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2.3 REVIET{ OF PCG SIGNÀL PROCESSTNG TECHNIOI'ES

Many signal processing techniques have been tried to

quantify the PCG signal. The time-envelope of energy of the

PCG signal is clinically significant as murmurs of specific

envelope shapes occur in certain parts of the cardiac cycle.

For example, aortic stenosis causes a diamond shaped systol-

ic murmur, wh'ile mitral stenosis leads to a decrescendo-cre-

scendo type diastolic-presystolic murmur. Early techniques

to extract the sound envelope employed demodulation and syn-

chronized averaging of the envelope of the cardiac sounds

1291. Complex demodulation and povrer spectrum estimation

techniques have been conducted to extract the 'envelogram'

of the PCG signal [30]. In another method, the averege power

in contiguous 10 msec segments was plotted to obtain a'pow-

er curve' [31]. Maximum amplitude and zeÍo crossing meas-

urements of the PCG signal have been attempted 1321. The

use of wave analyzers and bandpass filter banks to improve

detection of aortic stenosis in the presence of mitral in-

sufficiency has â1so beeri reported [33]. In addition, car-

diac screening systems have been designed based on measure-

ments of frequency cont,ent, amplitude' energy, and timing of

heart sounds Ig¿-36].

Analysis of the PCG signal in the frequency domain has

also been extensively researched 137-52J. A sound spectro-

graph, in which sound intensity is displayed in gray shades

against time and frequency coordinaÈes is discussed in ref-
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erence [:21. Three dimensional contour plots of the PCG in-

volving contours of equal intensity against time and fre-

quency coordinates have been conducted t381. Fast Fourier

transform analysis of PCG signals has been attempted

142-491. Other techniques of spectral analysis on the PCG

are discussed in references ISO-52]..

Linear predictive analysis has been used to extract the

spectral patterns from the PCG signal [53]. These parameters

are used as features for pattern classification. The linear

predictive method was also used to derive an algorithm for

detection and segmentation of the first and second heart

sounds based on the frequency domain characteristics of the

heart sounds [54]. A spectral analysis technique using se-

lective linear prediction coding to determine the spectraL

distribution of the second heart sound is described in ref-

erence [55].

In addition, images of sound distribution produced from

mul"tiple PCGs recorded on the chest waIl have been used to

compute chest wa11 maps showing the varying distribution

patterns of sounds and murmurs over the passage of time

t561. Statistical analysis of heart sounds has been per-

formed using the first two statistical moments to classify

the heart sounds into deterministic and nondeterminist,ic

sounds and to segment the heart sound components [ 57,58 ] .



The phonocardiogram has also

tional and structural integrity

I Sg-68 ] . Parametric pole-zero

quency domain feature extraction

spectral analysis ll0,zll have

valve sound analysis.

¿7

been used to test the func-

of cardiac prosthetic valves

modelling methods for fre-

t69l and FFT techniques for

been reported for prosthetic

oigital signal processing techniques such as homomorphic

filtering have been applied to the PCG with limited success

llZ-75]. Pole-zero modelling by Shanks' method was also at-

tempted with some success 172,74-761. Procedures for quanti-

tative anaiysis of the PCG in the time and frequency domain

have been proposed using the energy curve and power spectrum

177 ,78,791. The application of speech signal processing

techniques to the analysis of the PCG has been discussed in

reference t801.

An overview of the methods tried illustrates that Lhere

have been many attempts at the analysis of the PCG. However,

there still exists a need for a simple and efficient method

io quantify the subjective features of the PCG and,"Iussify
the various types of murmurs. À system performing such a

task, realizable for online analysis, would be extremely

usefuL for screening purposes, as well as in routine diagno-

sis and further heart sound research.



28

2.4 REVIEW OF ECG AND PT'LSE SIGNAT, PROCESS

The ECG and carotid pulse can be used as reference sig-

nals for the identification of features in the PCG. In par-

ticular, the QRS-complex of the ECG provides a sharp refer-

ence which can be used to identify the first heart sound

(start of systole). The dicrotic notch in the carotid pulse

can be used to approximate the onset of the Second heart

sound ( s+-art of diastole ) .

The application of signal processing techniques to the

analysis of the ECG has been quite exLensive; see, for exam-

ple, references [81-86]. À thorough review of the digital

analysis of the ECG can be found in reference [87]. Reporied

techniques have used a transform based on the first differ-

ence of the ECG signal as a reference for the PCG [88'89]. A

singJ-e peak corresponding to the QRS-complex is found and

used to identify the first heart sound.

The waveshape f or t,he carot id pulse i s essent iaJ-ly the

same as for Ehe aortic pulse and, as such' many of the ar-

ierial pulse wave analysis techniques report'ed can be ap-

plied directly to the carotid pulse. Reviews of some of

these methods are given in references [87] and t901.

The use of specially designed filters that selectively

exaggerate the feature sought, as welI as minimize noise,

has been reported tSt3. An application of the AZTEC prepro-

cessing program l92l has been used to initiate the search
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for important points, such as systolic upstroke and onset of

dicrotic notch, in the central arterial pressure !ùave 193].

Pattern recognition techniques have also been used to

identify the features of arterial pulse waves. An algorithm

for the automatic identification of the important points in

brachial pulse waves is described in references [94,95]. A

wavef orm parsing technique has been .used to detect and meaS-

ure Structural variations of the carotid pulse \'¡ave t 96 ] .

A real time pressure algorithm has been developed using

data reduction analysis and specific seLectable thresholds

to filter noise and detect critical points 1971. A method

for the processing of the arterial pressure wave involving a

series of algorithms to identify the major events of the

aort ic pressure vtave i s reported in t 9e ] .

Most reported pulse analySis techniqueS have been for

real-t.ime analysis and are concerned with data reduction

techniques and the identification of all major events in the

pressure cycIe. In this study, real-time processing of the

carotid pulse is not necessary. One cardiac cycle of the

carotid pulse, in which t,he dicrot.ic notch is localized,

need only be extracted. A transform based on the second de-

rivative of the carotid pulse is computed to provide a ref-

erence point for the identification of the second heart

sound.
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SYSTEM HÀRDWARE

III

DESCRIPTION

3.1 INTRODUCTION

The Motoroia MC68000 microprocessor is the central pro-

cessing unit of the prototype PCG analysis system. A de-

tailed operational description of the MC68000 processor is
avairable in the Mc68000 user's Manual 1991. The analysis

system consists of two computer boards; the Motorola Educa-

tionar computer Board (ecn) and a signar Acquisition and

Ànarysis Board (seeg). The EcB consists of the microproces-

sor, memory, timer, and input/output (t/O) facilities. The

user interface to the ECB is provided by connecting the

board to a terminal via an RS-232 interface. À second serial
port is provided to connect the ECB to a host computer sys-

tem. A complete hardware description of the ECB is provided

in the ECB User's Manual [ 1 00 ].

The SÀAB,

consists of

designed to be directly interfaced to the ECB,

the following:

I
I À three-channel data acguisition system

anti-aliasing filters, sample/hoId units,
multiplexer, and an analog-to-digitaL (A/D)

including

an analog

convert-

er.

30
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An arithmetic processing unit (apu) to provide ex-

tended signal processing capabilities.

Three digital-to-analog 6/l') converters to display

the various outpuÈ signals on an oscilloscope or

strip chart recorder.

Figure 3.1 shows a

The SAAB schematic

block diagram of the PCG

diagrams are included in

analys i s

Appendi x

system.

A.

This chapter provides a brief description of the MC68000

Educational Computer Board hardware including the MC68230

Peripheral Interface/Timer and ECB interfacing techniques.

Following this a detailed description of the signal acquisi-

tion and analysis board will be given including t,he data ac-

quisition system, the APU and the o/n circuitry. Tn this

discussion, âctive low signals are designated by an asterisk
(*) following the signal name.

3.2 MCGSOOO EDUCATIONAL COMPUTER BOÀRD

The ECB includes a 4 MHz MC68000 16-bit microprocessor,

32K bytes of dynamic random access memory (neu), 16K byLes

of firmware read-only memory (nOu), two serial communication

ports (ns-Z3z compatible), a parallel port, a 24-bíl pro-

grammable timer, and a wire-wrap area.
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ECG/PHONO
SYSTEM
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HP 148D

PCG

ECG
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I NSTRIJMENTÀTI ON

RECORDER
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12_BIT À,/D CONVERTER
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FI
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SYSTEM
( A¡{DÀHL 58 O )

TERMI NÀL

Fígure 3.1: Block Diagrarn of PCG Analysis Systen
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The ECB memory map is shown in TabLe 3.1. The RAM is ad-

dressed at the bottom of the memory map (S000007-$007FFF)

and consists of sixteen MCM41168 devices. The user area of

RÀM extends from $000900-$007FFF. The firmware ROM is locat-

ed at S008000-$00BFFF. The system firmware is stored in two

MCM68A364 devices. AII î/O devices are mapped into the same

64K byte page at $010000-$01FFFF. Redundant mapping occurs

since the address is not fully decoded (i.e. the same device

appears at several addresses).

Two MC6850 asynchronous communications interface adapters

(eCl¡s ) provide the bus interf ace f or the tr+o serial ports.

One of the ÀCIAs is used for connecting a terminal to ECB

Port l and the other ÀCIÄ is use.d to connect, a host computer

system to ECB Port 2. A baud rate generator provides the

transmit and receive clocks for both ACIÀs. Both serial

ports are RS-232 compatible.

The ECB includes an MC6823O peripheral interf.ace/timer

Gt/t) device. This device consists of two parallel inter-

face ports, I general purpose r/o pins, and a 24-bít pro-

grammable timer. Table. 3"2 shows the address map for the

MC6823O timer. For complete details regarding the timer

registers and programmable options available to the timer,

ref er to the MC68230 PI/T Dat,a Sheet [ 101 ].
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TÀBI.E 3.1

Educational Computer Board Memory I'fap

Func t i on Àddress

System Memory
Vector Table

User Memory
Tutor Firmware
r/o Devices

P|/'1
ÀCIAs

Not Used
M6800 Page
Not Used

$0c0000-$0008FF
$000000-$0003FF
$000900-$007FFF
$008000-$00BFFF
$01 0000-$01 FFFF
$010000-$01003F
$01 0040-$01 0043
$020000-$02FFFF
$030000-$03FFFF
$040000-SFFFFFF

TÀBLE 3.2

MC68230 Timer Address Map

Address PI/T Register

$010021
$010023
$01 0027
$010029
$010028
$01002F
$010031
$010033
$01003s

Time
Time
Coun
Coun
Coun
Coun
Coun
Coun
Time

r Control Register (tgn)
r Interrupt Vector Register (fIvn)
ter Preload Register High (CPRH)
ter Preload Register Midd1e (Cpn¡a)
ter Preload Register Low (CPnf,)
ter R
ter R
ter R
r Sta

egister High (cHrnu)
egister Middle (cNtnu)
egister Low (c¡¡rnr,)
tus Register (tSn)
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3.2.1 I nterfac ino to the ECB

À smal-I wirer{rap area is provided directly on the ECB. In

addition to the wire \.¡rap area, the ECB has a connection

area which gives access to 46 of the MC68000 bus and system

timing signals and has provision for an auxiliary 50 pin I/O

header.

Five connections on the ECB, denoted E1*-85*, are provid-

€d, giving active-low enable signals for unused areas of the

MC68000 memory map. Figure 3.2 shows the decode logic for

these enable signals and Table 3.3 shows the memory map for

the signals.

!.lhen interf ac ing to the ECB, spec ia1 care must be taken

with the Data Transfer Àcknowledge signal (otacn*). This

input. indicates that the data transfer between the processor

and a device is completed. It may be used as a handshake

line when the MC68000 is used in asynchronous operations.

The processor DTÀCK* is generated by ÀNDing DTACK PIT*,

DTÀCK RAM'k, and DTACK ROM*, âs shown in Figure 3.3. The pro-

cessor DTACK* goes low whenever any of these go Iow. Ànother

signal can not be added to the processor DTACK* since the

signal is not an open collector output. The USER DTACK* is

connected to the system via ECB connection 87. The ÐTACK

PIT* is turned off when not used and the USER DTACK* can be

bussed at this point. The USER DTACK* must be an open-coI-

Iector or three-state driver.
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E1

12
es
eq
E5

Figure 3.2¿ MC68000 Memory Enable signal Decode togic

TABLE 3.3

MC68000 Memory EnabLe Signa1 Address Map

Enable Signal Address Segment

E1*
E2*
E3*
E4*
E5*

$020000-$02FFFF
$040000-$04FFFF
$050000-$0sFFFF
$060000-$06FFFF
$070000-$07FFFF
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3.2.2 ECB-to-SÀÀB Interface

Individual wirewrap pins are soldered into the connec-

tions provided on the ECB. Signals from these pins are wire-

wrapped to a 50-pin right angle header, which is inserted

into Èhe auxiliary I/O header location on the ECB. The SAê.8

has a similar 50-pin header. The interface between the ECB

and the SÀAB is provided via a SO-conductor ribbon cable.

Four exLra signals are connected to the header, these being

the memory enable signals E1*, E2*, E3*, and the USER DTACK*

connection F,7.

The MC68000 data bus and address bus are buffered using

74L5245 and 74L5241 devices, respectively. These buffers are

enabled only when devices on the SAAB are addressed and when

the MC68000 ADDRESS STROBE (eS*) is asserted, indicating

there is a valid address on the aCdress bus. The MC68000

READ/WRITE G/w*) signal is used to def ine the dat.a bus

transfer as a read or write cycle.

The SAAB USER DTÀCK* is provided by ANDing the respective

DTACKs* from the data acquisition system, arithmetic pro-

cessing unit, and digital-to-analog conversion circuitry.
This signal goes low indicating completion of data transfer,

The MC68000 microprocessor can handle seven levels of in-

terrupts. Interrupt requests to the ECB are restricted to

an M6800 type aut,ovectored priority level 4 interrupt. The

ECB provides an autovectored interrupÈ request designated



38

6800 IRQ*. The 6800 IRQ* signal is generated by ÀNDing the

interrupt request signals from the data acquisition system

(eorRQ*) and the APU (epurRQ*). tlhen either of these signals

goes low the 6800 IRQ* Iine is asserted, generating the lev-

eI 4 interrupt on the MC68000.

The ECB wirewrap area is used to provide 16K bytes of

user ROM, using two 2764 devices. The ROM is mapped into

memory segment $070000-S07FFFF. Connection E5* from the ECB

is used in the decoding scheme. The USEROM DTACK* signal is
generated using a 74.;5175 device. Schematic diagrams of the

ECB-Io-SÀÀB interface and the ROM circuitry are found in Àp-

pendix À.

5V
E7

4K7

DTACK PIT

DTACK ROM DTACK

DTACK RAM

Fígure 3.3: ECB DTACK* Signal Generation
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3"3 DÀTA ACQUISITTON SYSTEM

À block diagram of the data acquisition system is shown

in Figure 3.4. In this system, data is taken from the analog

inputs at the same instant of time, requiring a sample-hold

unit per channel ahead of the analog multiplexer" AlI sam-

ple-ho1ds are given the hold command simultaneously. The

multiplexer then sequentially switches to each sample-hold

output while the analog-to-digital (e/O) converter converts

the signal into digital form"

The data acquisition system is mapped into memory segment

$020000-S02FFFF" Data acqu.isition control is accomplished

using a 74LS138 3- to 8-Iine decoder. Connection E1* from

the ECB and MC68000 address lines À1-43 are used in the de-

coding scheme¡ âs shown in Figure 3.5. Table 3"4 shows the

address map for the data acquisition control signals.

The PCG, ECG, and carotid pulse signals are directed
lhrough anti-aliasing filters usíng the active Iowpass But-

terworth filter shown in Figure 3.6, These lowpass filters
(one per channel) are constructed using MC741 operational

amplif iers. The lowpass f ilter cutof t f.requency (fc ) for
the PCG signal is 500 Hz. The cutoff frequency for the EeG

signal and the carotid pulse is 100 Hz"
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TO MC68000
DÀTÀ BUS

Figure 3.4: BLock Diagram of Data ecquísition System
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A1 ffiGI
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TABLE 3.4

Data Acquisítion ControL Signa1 Àddress Map

Func t i onAddress

$020001
$020003
s020oos
$020006
$020008
$02000A
$02000c
$020008

SeIect E
Select P
Se1ect C
Not Used
Not Used
Not Used
Read arlD
Initiate

Itiplexer (aocu1 )

Itiplexer (aocu2 )

f multiplexer (eocHg)

Converter (eoReeo)
hold state of s/H devices (uor.o)

CG
CG
ar

hannel of
hannel of
id channel

mu
mu

o
c

ot

c2

R

R1 R2 vo
vl

Ic1

Figure 3.6¡ Àctive Lowpass Butterrorth Filter

designed such that R = Rr = RzrRf = 2R,
= .707 /c't"n.

Lowpass f
Cz = 2Ct

ilter
and C 1

MC741
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Three National Semiconductor LF398 Sample and HoId

Circuits are used to hold the three signais at the same in-

stant of time. Figure 3.7 shows a schematic diagram of a

sample/hold unit as it is configured in the data acquisition

system. The hold mode is initiated by taking the logic input

of each device high. This is accomplished by asserting the

HOLD* signal. The MC555 timer is set up in monostabLe mode

result ing in a 5. 0 volt , 30 . 0 ¡.¿sec pulse whenever HOLD* i s

asserted. with a hold capacitor of 0.01 þF, typical acqui-

sition time is 20.0 psec.

A NationaL Semiconductor CD4051 device is employed in

this system as a 3-channel multiplexer with three control
inputs A, B, and C. The three control signals select 1 of 3

channeis to be turned rrONrr and connect the input to the out-
put. The function table for the three select inputs is shown

in Table 3.5. À schematic diagram of the multiplexer as it
is configured in Lhis system is shown in Figure 3.8. To sim-

plify multiplexer control the filtered ECG, PCc and Carotid

pulse signals are connected to the multiplexer input chan-

nels 6, 5, and 3, respectively. Control of channel selec-

tion is accomplished using a 74L5175 device in conjunction

with the ADCHl *, ADCH2*, and ÀDCH3* signals and the

CONVERSION COMPLETE (CC*) signal from the a/n converter.



LF398
+12 -12

rNPUT Incc, pcc,cnnotro] ourPUT I sHecc,sHPcG,sHcenJ

cH

2K7

HOLD

nFr
SH

Figure 3.7¿ Schematic Diagrarn of LF398 Sample-Hold
Unit

555

3

tt

7

na

rABLE 3.5

E'unction Table for Multiplexer Control Signal.s

Input States
CBA rrONrr Channels

0
0
0
0
1

1

1

1

0
0
'1

'1

0
0
1

1

0
1

0
1

0
1

0
1

0
1

2
3
4
5
6
7
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cp4051
NC

NC

SHCÀR
NC

SHECG.
SHPCG

NC

11

AOCHI
ADCH2

ADCH3

cc
5V

Figure 3.8: Schenatic Diagram of CD4051 Ànalog
MuJ.tipIexer

OUT

INH

1C o

T
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2Q
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D
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CK
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The National Semiconductor ADC1210 is a CMOS device used

to perform 12-bit successive approximation (Se) ana1o9-to-

digital conversion. The e/O converter operates at a clock

frequency of 125 KHz. This clock is derived by dividing the

ECB IMHZ CLOCK signal by I using a 74LS93 4-bit binary

counter. The A/D is configured to convert analog inputs in

the + 2.5 volt range. The outputs of the ADC1210 are buff-

ered using 74C901 hex inverting TTL buffers and are then

connected to the inputs of 74L5373 latches.

A schematic diagram of the A/D converter is shown in Fig-

ure 3.9. To start conversion, the START CONVERSION (SC*)

pin is taken low by asserting ÀDCH1*, ÀDCH2*, or ADCH3*.

This causes the SÀ register to reset synchronously on the

next clock cycle 1ow-to-high transition. Conversion begins

on the next low-to-high transition of the clock pulse. After

completing the conversion, the CC* si9na1 is asserted. This

output, together with a 74121 monostable multivibrator, gen-

erates the ADIRQ* signal. The timing diagram of the A/D op-

eration is shown in Figure 3.10. Àssert,ing ADREAD* Iatches

the A/Ð output data to the MC68000 data bus.

The ADTACK* signal is generated using the circuit shown

in Figure 3.11. There are two cases in which this signal is

generated. The first case arises when the HOLD* or ADREAD*

signals are asserted. These signals operate synchronousLy

with the processor. Using the 74L5175 device, a delay corre-

sponding to 4 clock cycles of the ECB EMHZ CLOCK signal is
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incurred before ADTÀCK* is sent to USER DTACK*. The second

case arises as a result of the asynchronous operation of the

e/O converter and the processor. The AÐTÀCK* signal is as-

serted only when the e/o converter SÀ register has been re-

set and the converter is about to start its conversion pro-

cess. The timing diagram for this case is shown in Figure
a 1a
J.IL.

I

1

A

RO

R1

oa Qc
B

COMEOUT

IN

R26

oo
oil

A1 n/c

A2

c

õ

1

NC

ì
I

TO MC68000

DATA BI.JS

ANALOG IN

FESET 68K

1OO pF

START

Fígure 3.9: Schematic Diagram of ÀDC1210 A/D
Converter
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A/D CLK

sõ

õõ

ADIRO

Figure 3.10. A/D Operational Tíming Diagram

74LS1 75

10

D

D

D

PRESET

CLR

LK

8 MHz

5V
ADTACK

START

ADCLK

Figure 3.11 ! AX,TACK* Signa1 Generatíon
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Figure 3.12: ADTACK* Tíming Diagram
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3.4 INTEL 82314 ARITHMETIC PROCESSING T'NIT

The 4 l4llz Int,eI 8231À (aIso Advanced Micro Devices

4m9511) arithmetic processing unit (epU) performs fixed and

floating point arithmetic and floating point trigonometric

and mathematical operations. All transfers take place over

an 8-bit bidirectionaf data bus. Operands are pushed onto an

internal stack and a command is issued to perform operations

on the data in the stack. Results are then available on the

stack or additional operations may be performed. Transfers

to and from the APU are handled by the MC68000 over data

lines D0-D7. These data lines are buffered using a 74L5245

device.
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The APU is mapped into memory segment $050000-$0SFFFF.

ECB connection E3* and MC68000 address line A4 are used in

the decoding scheme. The resufting addresses generated are

$50001 for the operand entry address and $5001 1 for the com-

mand entry address.

À schematic diagram of the APU is shown in Figure 3.13.

The C/D*, RD*, and 9lR* lines are used to determine the type

of data transfer to be performed over the data bus. Table

3.7 describes the functions available and the corresponding

signals on the C/D*, RD*, and wR* Iines needed to provide

these functions. A command may be issued after the required

operands have been positioned on the stack. Upon completion

of command execution, the END* output goes low. This signal

is used to generate the APUIRQ* signal, informing the

MC68000 that execution of the command is completed. The

MC68000 sends an interrupt acknowledge signal to the APU by

asserting ÀPUEACK*. This signal resets the END* output on

the APU.

The APUDTACK* signal is generated using a 74L5175 and

74L574 device, shown in Figure 3.14. The READY* output

is used as a handshake signal during read or write trans-

actions. À low on this output indicates the APU has not yet

completed its information transfer with the MC68000. For

read operations I after RD* and CS* go 1ow, REÀDY* will go

low and remain low until the data bus contains valid data,

then goes high. The READY* pulse low duration (fppwn) can
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be a minimum of 0.9 /,¿sec and a maximum of 3.05 ¡¿sec. For

write operations, after wR* and CS* go low, READY* goes low

for a very short duration. The READY* pulse low duration is

a minimum of zero and a maximum of 50 nsec. This signal may

not go low at all for very fast devices. The APUÐTACK* cir-

cuitry handles these cases. The timing diagrams for the APU

read and write operations are shown in Figure 3.15.

RESET 8231À APU

4 ltúlz
Às*

APUEACK

R/w"

A4

E3

DO

D7

Eã

4K7

APUI RQ*

I

PÀUSE*

R/w"

Figure 3.13¡ Schematic Diagram of INTEL 8231A APU

RD*

wR*

c/D*
cs* END*

READY*

EACK

RESET
CLK

19

A1

A7 t5
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TÀB[,E 3.7

APU Funclion Table

C/Ð* RD* wR* Func t i on

L
L
H
H
X

H
L
H
L
L

L Push data byte onto stack
H Pop data byte from stack
L Enter command byte from data bus
H Read status
L Undefined

5V

D1

ù2
Erít

D4

or

Q2

o3

oi D

5V

EMHZ

1

R/w*
e-3

PÀUSE*E3 LSOO

R/w" ÀPUDTÀCK*

Figure 3.14 3 ÀPIIDTACK* Signal Generation
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read:

APUCLK

R/w

Eã

PAUSE
@

@

lszq o
APUI}TÀCT

wr i te:

APUCLK

nlW-

PAUSE
@

t-srzs o¿
ÃffitrR

Figure 3. 15: ÀPÌ]DTÀCK* Tining Díagrams
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3 . 5 DTGITAT,..TO-ANALOG COITVERSION CIRCUITRY

The digital-to-analog 6/e) convert,ers are mapped in mem-

ory segment S040000-$04FFFF. Control of the g/e converters

is provided with a 74LS138 3- to 8-line decoder. Connection

E2* from the ECB and MC6g000 address lines A1-43 are used in

the decoding schemer âs shown in Figure 3.16. Table 3.8

shows the o/e control signal address map.

Three National Semiconductor DAC121O 12-bit D/A, convert-

ers are interfaced, directly to the MC680O0 data bus. These

devices are ccnfigured to appear as one-word addresses in

the r/O space. Conversion of a 12-bit digital word to an

analog signal is performed by writing the data to D/e memory

Iocation DACHx (where x = 1, 2, or 3). The output of the

O/e convert,er is a current (fOUt1 ); thus a current-to-volt-

age converter circuit using an MC741 operational amplifier

is used to provioe an output voltage in the range 0.0-5.0

volts. À schematic diagram of one of O/X converters as it is

configured in this system is shown in Figure 3.17.

The DADTACK* signal is generated using the 74L5175 con-

figuration similar to that shown in Figure 3.11. The E1*

signal is replaced by E2* and a delay corresponding to 4

clock cycles of the ECB SMHZ CLOCK signal is incurred before

the DADTACK* signal is sent to the USER DTACK* circuitry"
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74L 138

A1 õAõgi

DACH2

DACH3

+

ÀPUEACK

Figure 3.16¿ oA Circuitry Decode Logic

G2A

cea
G1

A

B

c
Y1

Y

TÀBLE 3.8

Orla Control Signal. Àddress Map

Address Func t i on

$040000
$040002
$040004
$040006
$040008
$04000A
$04000C
$04000E

Perform D/a conversion on channel 1 (pac¡rl )

( DACH2 )

( oecug )

Not
Per
Not
Per
Not
Not
APU

u
fo

U
fo

u
u
I

sed
rn o/e conversion on channel 2
sed
rn o/e conversion on channel 3
sed
sed
nterrupt Acknowledge (ePun¡Cx)
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MC741
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mR
wnt
WR-z

to

Itr

vcc

Rpg

loutt
lot-ltzvner

AGND

DGND

12V

DACH{

Rrw

DO

D11

UT
-5V

rigure 3,17: SchemaÈíc Diagram of DÀC1ZlO O/a,
Converter



Chapter IV

STGNAL PROCESSTNG TECHNTQI'ES AND SOFTWARE
DESCRIPTION

4.1 INTRODUCTION

Frequently, murmurs or alterations in the heart sounds

are the only definitive signs of some types of heart dis-

ease, appearing long before stress on the cardiovascular

system is sufficient to produce other signs and symptoms

Ig:. Presently, auscultation is the primary test performed

to assess the condition of the heart; however, this test is

prone Lo interpreter variations and errors [22,23], The pri-

mary aim in automated PCG analysis is the quantification of

the subjective features of the signal. The important fea-

tures of the PCG signal are the intensity and tirning se-

guence of murmurs and sounds, and the location, frequency

content, and envelope shape of murmurs' if present. Cur-

rently, there exists the need for a simple and efficient

method to quantify the PCG signal into parameters aiding the

detection of murmurs. Such a system would be extremely use-

fuI for screening purposes and routine diagnosis.

In this chapter, methods for the time and frequency

main analysis of the systolic and diastolic segments of

phonocardiogram (pCC) signal are presented, A technique

do-

the

for

56
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the segmentation of the PCG into systole and diastole is

also discussed. The electrocardiogram (eCC) and the carotid

pulse signals are used as timing references for the first

and second heart sounds. Using a QRS-complex detection al-

gorithm based on a smoothed difference of the ECG signal,

the RR interval, corresponding to one cardiac cycIe, can be

established. The beginning of the cardiac cycle coincides

with the start of the first heart sound (start of systole).

A transformation based on a smoothed second difference of

the carotid pulse is applied to locate the dicrot,ic notch in

the carotid pu1se. Using the location of the dicrotic notch,

the beginning of the second heart sound (start of diastole)

can be determined.

Upon segmenting the PCG into systole and diastole, quan-

tification of the time and frequency domain characteristics

is conducted. The energy curve and energy spectrum of each

segment are computed and are then quantified using the con-

ceþt of an Energy Distribution Coefficient (eoC).

The signal processing software is written in MC68000 as-

sembly language using the MC68000 two-pass Cross Macro Às-

sembler resident on the Àmdah1 580/5850 computer system"

This assembler provides access to the host computer's re-

sources including the text editor and filing system. For a

complete description of the assembler and an instruction set

summary refer to the assembler reference manual I t OZ 1 ,
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For debugging purposes, the software can be downloaded

from the host computer system into the Educational Computer

Board (eCg) memory. The ECB operates under control of

"TUTOR" firmware. TUTOR is the system monitor which controls

communication with the terminal and host computer and pro-

vides debug capabilities, line assembly/disassembly, and r/O

control. Upon completion of the debugging processf the soft-

ware can be programmed into an erasable programmable read

only memory (ePnou).

The signal processing software

following major categories (rigure
can be divided into the

4.'1 ) :

1.

a

aJr

4.

tr

6.
,7

8.

System tnitialization
Analog-to-Digital Conversion

Detection of the QRS-Complex in the ECG

Detection of the Dicrotic Notch in the Carotid PuLse

Segmentation of the PCG into Systole and Diastole

Comput,ation of the PCG Energy Curves

Computation of the PCG Energy Spectra

Computation of the Energy Distribution Coefficients

This chapter provides a detailed description of the signal

analysis theory and techniques and the signal processing

software. À program Iisting is included in Appendix B. In

this discussion numbers in hexadecimaL form are represented

with a preceding '$'.
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ECG PCG CÀROTI D

A/D coNvERsioN: lKHz FoR 1.5 sEcoNDs
QUANTTZED T0 12-BrTS

TOWPASS FILTER

SYSTEM INITiÀtIZATION

COMPUTE ENERGY CURVE OF FIRST DiFFERENCE
0F ECG. DETECT SUCCESSTVE QRS PEAKS.

COMPUTE ENERGY CURVE CF SECOND DIFFERENCE
OF CÀROTID PULSE.DETECT DICROTIC NOTCH.

SEGMENT PCG INTO SYSTOTE AND DIÀSTOLE
USTNG ECG ÀND CAROTID AS REFERENCES
ÀND USING STANDARDIZED S2-D DELÀY.

COMPUTE ENERGY CURVE ÀND ENERGY SPECTRI t'l
OF PCG SYSTOLE AND DIÀSTOLE

COMPUTE TIME ÀND FREQUENCY EDC VÀtUES

Figure 4.1: Signa1 Processing Florchart



60

4.2 SYSTEM INITIALT ZÀTION

The MC68000 microprocessor contains a 16-bit status reg-

ister (nigure 4.Ð which contains the interrupt mask as we1I

as the following condition codes: extend, negative, zeÊol

overflow, and carry. AdditionaL status bits indicate that

the processor is in a trace mode and in one of two states of

privilege: the supervisor state or the user state. The ini-
tialization procedure begins with selecting the supervisor

state for the MC68000. The supervisor state is the higher

state of privilege in which all instructions can be execut-

ed. The interrupt mask of the status register is initialized

to al1ow level 4 interrupts or higher.

.Since the processor is in the supervisor state, the

32-bit supervisor stack pointer is set to a valid RÀM ad-

dress. The seven 32-bit address registers and eight, 32-bit
data registers a.re initialized as necessary throughout the

pro9ram.

Initialization of the starting address of the a/D and APU

interrupt service routines (tSn) is also required. Interrupt
vectors are memory locations from which the processor fetch-
es the address of a routine wh.ich wiII handle Èhe interrupt,
À vector number is an 8-bit number which, when multiplied by

four , gives the address of an interrupt vector. When the

M6800 IRQ* signal is asserted a level 4 interrupt acknowl-
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T s\\ l2 t1 lg X N z V c

TRACE MODE INTERRTJFT
MASK NEGATIVE

STATE ZERO

OVERFLOW
CARRY

Figure 4.22 MC58000 Status Register

edge cycl-e from the MC68000 causes an autovectored response

with the vector number equal to 28. Àutovectoring is used

when the interrupting device can not provide the processor

with the vector number. The address of the e/O and the APU

interrupt service routines is thus stored in the interrupt
vect,or at address S000070.

4. 3 ANALOG-TO-DIGITÀT, CONVERSION

The PCG, ECG, and carotid pulse signals are sampled at a

rate of 1024 Hz. The sampling period is controlled using the

timer in the PI/T. The timer is initialized by writing the

sampling period to the Counter Preload Register (Cpn). The

timer is set up to load the Counter Register (Cn) from the

CPR and to begin decrementing the CR. At the start of the

sampj-ing period, the S/H device hold state is initiated by

performing a 'dummy' write to address HOLD. During each sam-

pling period, data from the three analog channels are digi-



tized and stored in RAM. A

shown in Figure 4.3. The

for each analog channel:

flov¡chart of the x/O
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process I s

carried outfollowing events are

A 'dummy' write to address ÀDCH1, ÀDCH2, or ADCH3 is
conducted to ccnnect the analog multiplexer input to

the output and to start the e/O converter

The processor stops fetching and executing instruc-
tions until the CONVERSION CoMPLETE* signal is re-

ceived from the A/D converter (via the M6800 fn9*

leveI 4 interrupt).
The e/o ISR address is fetched from the level 4 in-
terrupt vector and the program enters the ISR: The

digitized dat.a is read from address ADREAD and stored

in the system memory.

After the three analog signals have been digitized, the

processor waits until the sampling period is over (Cn equals

zero). Upon reaching zero, the CR is loaded from the CPR and

resumes counting and the sampling process continues. Àpprox-

imately 1.5 seconds of data are acquired and stored in RAM,

upon which the timer is disabled.

1

2

)
J
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SET ADDRESS POINTERS

LOÀD PT/T TIMER WTTH SÀMPLING
PER]OD & START TIMER

INITTATE S,/H DEVICE HOLD STATE
BY WRITING TO ÀDDRESS HOLD

DUMMY WRITE 1O ADCH1,ÀDCH2, OR ÀDCH3

WÀIT FOR A,/D INTERRUPT

READ A/D DATÀ 6. STORE ]N RAM

ÀLL
CHÀNNELS

DONE?

TI MER

0?

N ALL
SAMPLES

DONE?

HALT TIMER

Y

I

Y

Figure 4.3: Ànalog-to-Digital Conversion Flowchart



64

4.4 DETECTION OF THE ORS-COMPLEX IN THE ECG

The digitized ECG signal is first downsampled to an ef-

fective sampling rate of 256 Hz by taking every fourth sam-

ple. À QRS-complex detection routine based on a smoothed

difference of the digitized ECG signal is used to determine

the RR interval 188,891. with x(n) representing the digi-

tized ECG signal, the following transformation is applied to

compute the smoothed energy curve of the first difference of

the ECG signal:
M2

g(n) = ¿ lx(n-¡¡+1 ) x(n-k) l w(k) (4,1 )

k=1

Here w(k) is a weighting seguence or window which sefects a

segment of x(n), M is the number of samples in the window,

and n is the running index of the signal and its transform.

The purpose of the window is to attach lower weight to sam-

ptes which occurred further back in time. Thus w(k) tends to

zero monoÈonically as k increases. we def ine w(k) = (l¡-k+1),

where þ = 1,2...!'tl. This process, in effect, convolves the

ECG difference signal with a decreasing weíghting sequence"

The ECG transform g(n) yields a single positive peak for

each cardiac cycle with maximum value occurring near the end

of the QRS-complex. Àn ECG signal and its corresponding

transform g(n) with M=16 are shown in Figure 4.4" In this

figure note that the ECG signal is corrupted with low ampli-

tude 60 Hz noise. This noise vras picked up during the re-

cording procedures. The low level noise, however, does not



affect g(n). Since Èhe amplitude of the noise is

comparison with the amplitude of the QRS-complex,

is effectively smoothed out during the convolution
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minimal in

the noise

process.

A simple peak detecting routine is used to detect succes-

sive QRs end points (01 ,Q2) f rom g(n). The EcG t,ransf orm is

scanned and a threshold is set at half the maximum transform

value. The transform data is scanned a second time to search

for the ORS end points. A sample in g(n) is considered a

QRS end point peak if the sample value at Èhat point is
greater than the threshold and is greater than the ten pre-

vious sample values and the ten following sample values.

This search is continued until two peaks are found, repre-

senting the start and end of one cardiac cyc1e.

Figure 4.5 shows the carotid pulse and the ECG transform

g(n). After detecting two successive peaks in g(n), denoted

Q1 and Q2, point C1 is identified on the carotid puIse. This

point corresponds to the start of the cardiac cyc1e. The di-

crotic notch is searched for in a region starting at C1.
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The 32-bit
1 2-bits for

g (n) sample values have been truncated to
display purposes.
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Fígure 4.4¿ ECG and ECG Transform g(n)

Note that the ECG transformation g(n) yields a single
positive peak for each cardiac cycle with maximum
value occurring near the end of the QRS-complex.
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Figure 4.5: Carotid Pulse

the carot id
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The 3z-bit
12-bits f or

I (n) sample values have been truncated to
display purposes.
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4.5 DETECTION-oF_THIT DICROTIC NOTCH IN THE CAROTID PULSE

The carotid pulse can be characterized by measuring the

important intervars of the waveform. The pre-ejection period
(pep) is the period from the beginning of the eRS-complex of

the EcG to the onset of the carotid upstroke as indicated in

Figure 2.7. The following equation may be used to approxi-
mate the true PEP interval I ZS ] :

PEPC PEP + 0.4(HR) (4.2)

Here PEPC is the rate-corrected pre-ejection period (normar-

ly 131+13 msec), PEP is the actual pre-ejection period, and

HR is the heart rate in beats per minute (bpm). rt shourd

be noted that this is onry an approximate relation which de-

pends oñ, among other factors, â9€, sex, and physiological

condition of the heart.

Another indirect measurement is the ejection time (nt),
which is the interval from the onset of carotid upstroke to
the dicrotic notchr âs indicated in Figure 2.7. In the nor-
mal resting individual, this interval is dependent upon

heart rate. using the following equation, the true ejection
time (et) can be approximated by [25]:

ETC ET + 1.6(HR) (4"3)

Here ETC is the rate-corrected ejection time, ET

tual ejection time, and HR is the heart rate in

normal value for ETC is 395+13 msec for males

is the ac-

bpm. The

and 41 5+1 1



msec for females "

equations yield only

used to local ize t,he

It should be noted that although

approximate time intervals, they

dicrotic notch in a general area.
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these

can be

Using equation (4.2), the maximum interval- between the

end of the QRS-complex and the onset of carotid upstroke can

be determined. Using a maximum PEPC of 144 msec and a mini-

mum heart rate of 60 bpm, the PEP is 120 msec. It should be

noted that equation (4.1) yields a peak near the end of the

QRS-complex, therefore the interval between the S-wave of

the ECG and the onset of carotid upstroke is 90 msec (using

a minimum QRS width of 30 msec). The ejection time of the

carotid püt". is the time interval from the onset of up-

stroke to the dicrotic notch. Equation (4.3) can be used to

approximate the region in which the dicrotic notch will

faII. Using a minimum heart rate of 60 bpm and a maximum ETC

of 425 msec, the ET is 325 msec. Using the PEP and ET inter-

vals, the maximum interval between the QRS-complex and the

dicrotic notch is 380 msec. To take into account variational

factors, such as abnormal PEP or ET intervals and formula

approximations, it was decided to search for the dicrotic

notch in an area between C1 and a point 500 msec after C1.

This point is designated C2 on Figure 4.5.

The digitized carotid pulse is first downsampled to 256

Hz. The dicrotic notch is defined as the point of minimum

pressure occurring after the percussion rrave, in the region

of the maximum second derivative. A least squares estimate

of the second derivative [98] is obtained from



p(n) l2y (n-2) y(n-1)
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2y(n) y(n+1) + 2y(n+2)) (4.4\

where y(n) represents the digitized carotid pulse waveform,

and p(n) is Lhe second derivative evaluated at the nth data

point. The following transformation is then applied to ob-

tain a smoothed energy curve of the second derivative of the

digitized carotid pulse:

M
s(n) = E

k=1

Here w(k) is a window

the number of samples

dex of the signal and

lected such that w(k)

2
p (n-k)w(k) (4.s)

which selects a segment of p(n), M is

in the window and n is the running in-

its transf orm. The window w ( k ) vras se-

= 1Y-¡ç+1), as f or the ECG.

This transformation yields two positive peaks with local

maxima occurring at points corresponding to the onset of

carotid upstroke and the dicrotic notch. The carotid pulse

and its corresponding transform with M=16 are shown in Fig-

ure 4.6. -. The f irst peak (T1 ) represents the onset of up-

stroke. Af ter T1 is detect,ed, the search f or T2, the peak

corresponding to the dicrotic notch, is undertaken. À peak

detecting routine, similar to that presented in the previous

section, is used to locate both peaks" To locate the di-

crotic notch, t\e local minimum which occurs on the carotid

pulse within a + 20 msec region of the maximum second deriv-

ative (tZ) is determined.
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The carotid transform s(n) results in two relative
max ima . Peak T'1 corresponds to the onset of carot id
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4.5

4.6.1

PCG SIGNAL PROCESSING

G,atrrnan È ¡ ù aF Dt'ê i nla (rre{-¡"r I à nå ni.qa{-al a].

The ECG transform g(n) is used to identify the start and

end of one PCG cycle. Figure 4.7 shows the PCG signal and

the corresponding g(n). The peaks in g(n) provide a sharp

reference which can be used to determine the start of the

first hearL sound and thus the start of the cardiac cycle"

The PCG cycLe ends at the beginning of the next first heart

Sound. The Start and end poini,s of one cardiac cycle are la-

belled P1 and P3, respectively, oll the PCG signal.

The dicrotic notch in the carotid pulse is used to iden-

tify the st,art of the second heart sound (S2). With the

start of S2 determined, segmentation of the PCG into systole

and diastole is possible. Figure 4.8 shows a PCG signal and

the corresponding carotid transform s(n). As can be seen in

the figure, there is a time delay between the start of Sz

and the dicrotic notch ßZ on carotid transform - this in-

terval will be referred to as the S2-D delay). This time

delay must be properly determined in order to correctly

identify the start of 52.

The S2-D delay is dependent upon the distance of the re-

cording site from the heart and the pulse-wave velocity'

Since the recording site of t,he carotid pulse is kept rela-

tively constant, it was decided to use a measurement based

on a standardized S2-D interval in order to correctly locate
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the start of 52 [ I Oa,1 04 ] . For the cases tested the S2-D

delay $¡as initially measured from a strip chart recording of

the signals. This delay is reflected in column 1 of Table

4.1. Column 2 contains the heart rate of the patient. The

range of the S2-D delay is quite sma1l, ranging from a mini-
mum of 35 msec to a maximum of 54 msec. For the signals an-

alyzed in this study the mean delay was found to be 42.6

msec with a standard deviation of 5.0 msec. The mean delay

and the standard deviation of the S2-D delay are used to

compute the standardized S2-D interval.

The mean S2-D delay is subtracted from the computed loca-

tion of the dicrot,ic notch. To prevent the likelihood that
any portion of 32 is included in the systolic segment I a

value equal to two standard deviations of the mean delay (in

this work 10 msec) is further subtracted. This point, which

identifies the start of 52, is labe1led P2 on the PCc signal
(rigure 4.8 ) .

To summaríze, t,he standardized S2-D interval is egual to
the mean delay plus two standard deviations of the mean de-

Iay. In Lhis work the interval is 53 msec. This value is
subtracted from the computed location of the dicrotic notch

to give the location of the start of the second heart sound.

Figure 4.9 shows a PCG signal separated into its systolic
and diastolic segments. Qualitatively, the PCG segmentaLion

is quite accurate, âs can be seen in this figure. Minor

problems which may result in this method and an analysis of



the PCG quant i f icat i on er ror resulting from

chapter.
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this procedure

are discussed in the following

we believe this procedure to be quite accurate for quan-

tifying the time and frequency domain characteristics of the

systolic and diastolic segments of the PCG. This method is
comput,ationally simpler than other methods presented for pCG

segmentation and analysis of the first and second heart

sounds 140,42,45,54,55,57,58,671. The minimal computation

time makes it very usefuL for online analysis using a dedi-

cated microcomputer system. In most reported cases, the ex-

act location of the start of 52 is not used; rather, a win-

dow which selects the approximate location of 52 is used in

the analysis 140,42,45,67). Other reported met.hods involv-
ing linear prediction coding [52,58] are not suited for this
type of microcomputer system, white statistical methods

[52,581 require many cardiac cycles to perform pCG segmenta-

tion and are thus time consuming.

The procedure proposed in t,hi s work requi res a thi rd sig-
na1 the carotid pulse, which is a useful diagnostic tool
recommended to be recorded with the PCG and ECG signals

[105]. The use of the st,andardized 52-D interval simplif ies

the problem of accurate 32 location. This procedure has

been successively implemented on the PCG analysis system and

is used to segment the PCG into systole and diastole in or-
der that time and frequency domain analysis can be performed

on both PCG segments.
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The 32-bit s(n) sample values have been truncated to
12-bits for display purposes.
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TABLE 4.1

Delay Between Second Heart Sound and Dicrotic Notch

PatÍent S2-D Delay (msec ) Heartrate (bpm)

À
B
c
'1a
'1b

tc

45
46
44
42
43
44
53
53
54
41
39
38
43
44
38
39
40
44
52
50
41
39
41
47
45
47
46
48
42
44
35
44
39
35
36
35
41
41
35
41

61
73
70
77
76
76
75
75
1a

87
8s
83

111
117

82
84
83
83
62
60
92
94
77
82
93
82
80
80
74
78

130
76
90
67
82
45
51
51
54
58

2a
2b
2c
3a
3b)-Jg

4a
4b
5
6
7a
7b
8a
8b
9a
9b
10
11a
11b
13
14a
14b
15b
15c
16a
I ta
18a
20
21
¿¿a
22b
¿¿c
24a
24b
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4.6.2 PCG Enerqv _]e¡¡¡¡lg

The pattern of energy distribution of the PCG signal is

very important in the diagnosis of valvular and septal de-

fects, which cause murmurs of characteristic envelope shapes

in particular locations of the cardiac cycIe. This vrork em-

ploys the method of computing energy covered by a moving

window, which is commonly used in speech signal processing

1106I .

The energy of

ier. In the case

energy is defined

E

a signal is

of a real

in general

@2
I x (n)

an easily extractable parame-

discrete time signal x(n), the

as [106]

(4.6)
n=-@

For nonstationary signals such as the PCG, a time-varying

energy cal-culat ion can be used as f ollows:

M2
E(n) = I x (n-k)w(k) (4.7)

k =-1

where w(k) is a decreasing weighting seguence which select,s

a segment of x(n) and M is the number of samples in the win-

dow. The seguence E(n) displays the time-varying energy

characteristics of the signal x(n). The selection of a suit-

able window w(k) and appropriate window width l¿ is very im-

portant in obtaining useful energy measurements. The window

w(k) is taken as a decreasing function so that PCG samples

which occurred further back in time will have lower weight

attached with them. The choice of M depends on the nature of
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the signal and the sampling rate used. If M is too small

there wiIl be many ripples in e(n) making it appear noisy;

however, if M is too large e(n) will become featureless

[106]. I^lith a sampling rate of 1024 Hz, M is chosen to be 32

and the window function is defined as w(k) = t¿+1-k"

This method is used to obtain the time-varying amplitude

characteristics of the systolic and diastolic segments of

the PCG signal for one cardiac cycle. The significance of

e(n) is that it provides a good measure for separating the

heart sounds and murmurs from the silent periods during the

cardiac cyc1e. Thus, the presence of murmurs is indicated

when significant energy appears after the first heart sound

in the systolic segment or after the second heart sound in

the diastolic segment.

4"6.3 PCG Enerqy Spectrum

The frequency content of the PCG is one of the easiest

features that can be assessed by auscultation. IL is also an

important factor in Èhe detection of murmurs. A normal PCG

lies in the 0 - 200 Hz frequency band. The frequency content

of murmurs may be as high as 600 Hzì however the frequency

content depends upon the pressure gradient across the de-

fect, which depends upon the extent of the defect. The ener-

gy spectrum of the signal, which is the square of the Fouri-

er transform, gives useful information by providing the

distribution of energy versus frequency.
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PhysicaIly, the Fourier transform X(k) represents the

distribution of signal strength with frequency. The fast

Fourier transform (f'f't) is a method for computing the dis-
crete Fourier transform (ont). with x(n) representing the

signal, the ÐFT is defined by IlOZ]

N-l nk
x(k) = E x(n) w (4.8)

n=0 N

f or þ = 0,1,...,N-1. The term X(k) is the kth coef f icient of

the DFT and x(n) is the nth sample of the time series, con-

sisting of N samples. The term W¡ = exp(-¡Zr/N). The inverse

discrete Fourier transform (rpFr) is given by

1 N-1 -nk
x(n) = E x(k) w (4"9)

Nk=0 N

A typical FORTRAN source code of a radix-2 decimation in

time FFT is shown in Figure 4.10. The FFT subroutine imple-

mented in MC68000 assembly language is based on this algor-
ithm [108]. To facilitate understanding of the assembly lan-
guage version, each FORTRAN statement is reproduced in the

comment field of the corresponding block of MC68000 instruc-
tions (See Appendix B).

The first part of the program, which is equivalent to the

DO 3 loop, p€rforms the in-place bit reversal shuffling of

the input vector. The second part, êguivalent to the nested

DO loops, performs the actual FFT computations. Loop DO 4

I=JrN,LE evaluates the butterflies which have the same coef-

ficient Wtr in a given stage. Loop DO 5 I,LE1 computes and
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given

Ãè
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track of which coefficient w[ is being evaluated in a

stage, while loop DO 5 L=1,LN runs through all M stag-

The 82314 APU performs 16- and 32-bit fixed-point opera-

tions, as weLl as 32-bit floating-point arithmetic. In addi-

tion to the basic arithmetic operations (add, subtract, mul-

tipIy, divide) the APU also evaluates logarithmic and

trigonometric functions. The APU commands operate on oper-

ands located at the top of the APU stack (TOS) and next on

stack (NOS) and results are returned to the stack aL NOS and

then popped to TOS. Operands are entered into the stack

least significant Èyte first and most significant byte last
by writing to the APU operand entry address APUOPER. The APU

stack can accommodate four floating-point quantities. Àfter
the operands are posiÈioned on the stack, a command can be

issued by writing to the APU command entry add,ress APUCOM.

An interrupt request from the APU signals the current com-

mand execution is completed. At this time, the result from

an operation can be read from TOS or a new command can be

given.

The time required to compute a 1024-point FFT is approxi-

mately 4.3 seconds" All calculations are done in floating-
point arithmetic to eliminate scaling and rounding of val-
ues, and to provide a greater dynamic range. Figures 4.11

and 4.12 show examples of typical time signals and their re-

spective transforms computed using Èhe PCG analysis system.
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the data is

the spectral

the Fourier

equation is

w(n)
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digitized PCG segment x(n) is of finite length,

multiplied by a Hamming window w(n) to improve

quality of the output. This process convolves

transforms of x(n) and w(n). The Hamming window

as follows [109]:

= 
.54 + (.qî)cos(Zrn/N), lnI <

(4.10)
0 , otherwise

Here N is the number of samples in the segment.

The FFT routine is used to compute the Fourier transform

of the systolic and diastolic segments of the PCG signal

over one cardiac cyc1e. The energy spectrum, which is the

square of the Fourier transform, is computed for both seg-

ments to obtain the distribution of energy versus the fre-

quency. This method is used to obtain the frequency domain

characteristics of the PCG for one cardiac cycle. Àn indi-

cation of the presence of high frequency murmurs is obt.ained

when the energy spectrum displays significant energy beyond

200 Hz.



84

SUBROUTINE FFT(F,LN)
CoMPLEX F ( 1 024),U,W,T,CMPLX
PI=3.141593
|i[= I * *¡¡q

c
c
c

START BIT REVERSAL

ñv2=N/2
NM1 =N- 1

J=1
DO3I = 1,NM1

GE. J) GO TO 1IF ( I
T=F
F(J)
F(i)
K=NV21

2 IF (It .GE.
J=J-K
K=R/2
GOTO2
J=J+K

J)GOTO3

3
c
c
c

FF'T COMPUTATTON

4
5

DO 5 L=1,LN
LE=2**L
LE1=LE/z
U=(1.0,0.0)
w=CMpLX (cos (n /r-,øl ), -SrN ( pr /r,ø1 ) )
DO 5 J=1 ,LE1
DO 4 I=J'N'LE
IP=I+LE1
T=F(IP)*U
F(rP)=r(r)-r
F(r)=F(l)+r
U=U*91
RETURN
END

Figure 4.10: FFT FORTRAN Source Code
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4.6.4 PCG Enerqy Distribution Coefficient

To quantify the energy curve, a quantity which depends on

the distribution of energy over the duration of the signal

is used. This quantity is the Energy Distribution Coeffi-
c ier¡t 177I and i s def ined as

EÐC t a(n)n(n)/ E(n) (4.11)
n

where e(n) is the energy curve, L is the number of samples

in e(n), a(n) is a nondecreasing weighting sequence, and the

subscript t denotes the time domain. In this workr we de-

fine a(n) = n. Additional subscripts s and d denote the

systolic and diastolic segments, respectively. À similar
quantity EDCf is defined for the frequency domain with E(n)

in the above equation replaced by the energy spectrum. The

denominator is a normalization factor.

From the above equation, it is apparent that due to the

progressively heavier weighting PCG signals with systolic
and/or diastolic murmurs will have Iarger EDC ¡, anð./or

EDCtd values than a normal PCG signal with no murmurs.

Also, signals with higher frequency components can be ex-

pected to have higher EDCfs and EDC fd talues as their energy

spectra wiIl have larger values at frequencies av¡ay from the

origin. Thus the PCG signal can be represented by the four
quantities EDC ¡rr EDCùd, EDC ¡r, and EDCfd which give an in-
dication of the location of murmurs in the cardiac cycle and

the frequency content of the signal. To compare different

L
E

L
t

n=1
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reccrds cf varying durations' a correction factor must be

applied to the quantity EDC. In this work, the EDC È values

are corrected by dividing by the number of samples and mul-

tiplying by a factor of 1024. A correction factor is not

necessary for EDCf as the duration L of the energy spectrum

is common to all signals, equal to one half the number of

points used for the computation of the FFT.

4.7 SttlrMARY

To summarize, êD MC68000 microprocessor based system has

been designed to analyze the time and frequency domain char-

acteristics of the PCG signal. The ECG and carotid pulse

signals are used as timing references for the PCG to identi-

fy the first and second heart sounds and to segment Èhe PCG

into systole and diastole. The systolic and diastolic energy

curves and energy spectra are computed and quantified using

the Energy Distribution Coefficient. Typical computation

times for the PCG analysis system routines are shown in Ta-

b1e 4.2. These times could be coRsiderably reduced with a

faster microprocessor. Upon completion of the analysis rou-

tines the EDC values are available to tha operator. A rou-

t ine to di splay the results i s then invoked allowing t.he op-

erat,or to view the various output signals on an oscilloscope

or strip chart recorder via the ph convert,ers.
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TÀBLE 4.2

Typical. Execution Times of the PCG Analysis Systen
Routines

SignaI Processing Routine Typical Execution
Time (seconds)

e/o conversion
ECG Processing-QRS Complex Detection
Carotid Processing-Dicrotic Notch
PCG Processing-Time Domain;

Systolic Energy Curve and EDC
Ðiastolic Energy Curve and EDC

PCG Processing-Frequency Domain:
Systolic Energy Spectra and EDC
Diastolic Energy Spectra and EDC

1

1

0

5
I
6

2.2
3.s

6"4
6.4

TOTAL: 22 "3



Chapter

DISCUSSION OF

v

REST'LTS

Phonocardiogram signars of 5 hearthy, norrnal subjects and

20 patients with valvular and other cardiovascular defects
vrere taken up for study using the proposed techniques. For a

majority of the patients, PcG signals were obtained from

various recording sites on the chest walI. This provided a

greater number of signal-s to be tested using the pCG analy-
sis system. The EcG signal and carotid purse were used as

references for selection of the PcG signal over one cardiac

cycre and for the segmentation of the PcG into systole and

diastole. The energy curves and energy spectra of the sys-

t,olic and diastoric segments of the pcc signals were ob-

tained, and using these, EDC¿s, EDCÈd, EDC¡s, and EDCfd were

computed

An important aspect of PCG segmentation is to
imal error results in the computation of the

Possible errors in the segmentation procedure

f ollowing:

ensure min-

EDC values,

include the

1

2

3

Portion of 52 included in systole.
Portion of systole included in diastole.
Portion of systole, with a systoli"c murmur, included

in diastole.

90
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The use of the standardized 52-Ð interval ensures that a

portion of 32 is not included in the systolic segment, al-

though the two other cases mentioned above are still possi-

b1e sources which may affect the EDC values. Figures 5.1 and

5.2 show a normal PCG and a PCG containing a systolic mur-

mur, respectively, with various magnitudes of PCG segmenta-

tion error. The PCG signals were initially viewed on a strip

chart recording and the exact S2-D delay was used to segment

the signal into systole and diastole. Segmentation errors

v¡ere then introduced by varying the standardized S2-D inter-

vaI. Referring to Table 4.1 it can be seen that Lhe minimum

S2-D delay is 35 msec. Using the standardized 52-Ð interval

of 53 msec, the maximum error which could be expected in

segmenting the PCG is .18 msec, i.e., 18 msec of systole will

be included in the diastolic segment. This is one of the

cases shown in Figures 5.1 and 5.2. The EDC, and EDC t val-

ues are compuLed for the case with no error and for the cas-

es with segmentation errors. The results are reflected in

Table 5.1. Note that the errors in the EDC values are rela-

tively small, confirming the accuracy of this method. The

PCG segmentation method proved to be quite accurate for the

PCG analysis performed in this work.
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TABLE 5.1

EDC Errors Incurred From Segmentation Errors

PCG Error EDCts EDCtd EDC fs EDC fd
Norma I

(rigure 5.1 )

no error
1 0 msec
1 I msec

160
163
170

82
80
80

123
128
132

77
77
77

SM(rigure 5.2)
no error
1 0 msec
1 I msec

119
122
130

410
416
420

120
131
133

77
?tr

75

Figure 5.3 shows a PCG signal, segmented into systole and

diastole, and the energy curve and energy spectrum of each

segment. It can be seen that the energy curves display peaks

corresponding to the first and second heart sounds. From the

energy spectra it is seen that there is practically no ener-

gy beyond 120 Hz. The energy spectrum of the systolic seg-

ment contains peaks at approximateJ-y 25 Hz, 42 Hz, 58 Hz,

and 74 Hz. It is interesting to note that a previous study

for spectral decomposition of the first heart sound revealed

it consists of a number of peaks in the frequency range 10

140 Hz 1441. In the present analysis, the peaks have ap-

peared in the same frequency range. Similarly, the diastol-
ic energy spectrum contains peaks at approximately 35 Hz, 54

H2,83 Hz, and 106 Hz, which agree with results attained in

[45], in which spectral decomposition of the second heart

sound hras perf ormed.
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The segmented PCG of a subject with ventricular septal

defect (VSD) is shown in Figure 5.4. The corresponding ener-

gy curves display peaks corresponding to the first heart

sound and a split second heart sound. The systolic energy

curve shows the presence of a systolic murmur. The systolic
energy spectrum indicates significant energy up to approxi-

mately 330 Hz, indicating Lhe presence of a high frequency

murmur. The diastolic energy curve and energy spectrum show

a normal diastole with no murmurs and no significant energy

beyond 120 Hz.

PCG signals of subjects with pansystolic ejection murmur

(peu), mitral insufficiency (ur ), and aortic stenosis (eS)

with corresponding energy curves and energy spectra are

shown in Figures 5.5, 5.6, and 5.7 . The systolic energy

curve and energy spectrum shown in Figure 5.5 indicate the

presence of a sltstolic murmur with energy up to approximate-

ly 200 Hz. The diastolic energy curve and energy spectrum

indicate normal diastole. The systolic energy curve and the

diastolic energy curve shown in Figure 5.6 display peaks

corresponding to a syst,ol ic and diastol- ic murmur . However ,

these murmurs are of low frequency (be1ow 120 t+z) and thus

the energy spectra do not indicate significant energy at

higher frequencies. The systolic and diastolic energy curves

and energy spectra of the patient with AS, shown in Figure

5"7, exhibit the presence of a low frequency systolic murmur

and a normal diastole.
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To take into account variations of the PCG signal during

inspiration and expiration, the average of a minimum of five

sets of EDCts, EDCld, EÐCfs, and EDCrU values, obtained from

PCG cycLes picked up at random from the recordings, were

computed for each subject. The average EDC t and EDC, values

obtained for the 47 signals tested are shown in Table 5.2.

The diagnosis of the cardiologist (co1.2) , the recording

site of the PCG (col.3), and the observed features of the

signal (col.4) are included in the Lab1e. From this table

it can be seen that in general, signals with systolic mur-

murs and/or diastolic murmurs have greater EDC¡, and/or

EDCtd values than for normal cases. AIso the EDCf values for

the cases with high frequency murmurs are greater than those

for normal cases. À definite classification scheme could

not be developed due to the nonavailability of an adequate

number of cases belonging to âo1z particular disease catego-

ry. However, the signals vrere divided into systole and dias-

tole and further grouped into normal signals and signals

with murmurs. The mean and standard deviation of the EDCt

and EDC f values of each group are computed and reflected in

Table 5.3" Here it is seen that the signals with systolic
murmurs or diastolic murmurs have largers EDCts or EDCtd

vaLues, respectively, than those for normal signals. Murmurs

are often graded depending upon their intensity. However, in

this work the murmurs were not graded and murmurs of varying

intensity are present within a group. This explains the

considerably high standard deviations (particularly in the



ca ses

tions

heart

sound

with murmurs). Other factors

in the EDCÈd values include

sound and the presence of

in late diastole.

which could

a large or

a third or

i nduc e

split
fourth
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varia-

second

heart

For systole it can be seen that the EDCfs values are

greater for cases with systolic murmurs than for normal cas-

es. However, many of the signals of the pathological cases

did not have apparent energy beyond 120 Hz. À few signals

had energy extending up to 330 Hz, these resulting in large

EDCfs values and thereby increasing the EPCt, mean. For the

EDCfd val-ues none of the pai:hological cases had diastolic
murmurs with significant energy over 120 Hzl. i"e. all cases

had low frequency diastolic murmurs.

with an adequate training set having a sufficiently large

number of cases in each category and gradation of murmurs, a

pattern recognition technique could be developed with the

EDC- and EDC" values as parameters for detection and clas-tl
sification of murmurs.
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TABLE 5.2

Average EDCt and EDC¡ Values

Patient Ðiagnosis Site Observed
f eat ures

EDCts EDCtd EDCfs EDCçd

1 2 3 4 5 6 7 I
À
B
c
1A
'18

2A
2B
2c
3À
3B
4A
4B
5
6
7A
7B
8A
8B
9À
9B
10
11À
118

N
N
N
MI

MI

P
P
P
P
T
P
T
M
P
T
P
T
P
P
P
T
À
T
P
T
T
P
c
P
P
M
T
P
A
À
M
P
P
T
T
T
T
P
T
A
P

N
N
N

SM, MDM

198
169
181
223
207
379
205
2s8
540
520
327
205
262
259
469
390
340
330
245
204
200
356
403
31s
3s0
326
412
170
175
454
381
360
430
458
421
253
168
490
433
230
346

149
154
151
180
172
154
188
273
120
188
180
190
196
138
172
142
148
130
197
.1 s6
173
144
200
230
230
230
196
160
145
186
181
143
176
143
1s9
266
149
237
183
144
318

61
75
50
qq

55
52
50
50

104
108

54
56
80
70

116
125

80
69
74
65
60

118
95
74
80
86

103
50
54
74
74
60

109
103
10s

82
56

112
108

68
58

67
80
60
56
56
54
tr¿)
JL

52
100

96
56
54
68
65
70
68
74
70
56
60
69
80
66
89
62
61
trtr

48
50
56
56
58
75
60
65
80
54
70
68
75
69

SM, DM
SPLS2

VSD SM, SPLS2
S3
SMMR

ÀSD
PAV
VSD

sM, SPLS2
SM
sM, sPLS2

AS SM

VSD SM

VSD
PEM

SM
SM

12A
12B'
12c
13
14A
148
15A
158
15C
16À
168
16c
17
18
19A

VSD, PS sEM, RÀ
RESP

VSD
N

SM
N

AS SM

VSD PSM

ASD, PS
N
VSD, PS

sM, DM
N
SM

198
20
21

PS
PDA

MSM
SM, DM



1 2 3 4 5 6 7 I
22A
228
22C
23A
24A
24P.

N P
T
M
A
P
M

N 205
187
179
416
224
246

148
166
157
364
'1 55
263

80
76
75
76
84
73

82
80
78
80
76
82

TA, PS
AR

SM
SM

I DM
DMI

Legend: col.2:

co1.3:

co1.4:
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N-normal, AS-aortíc stenosis

ÀSD-atrial septal defect

M.I-mitral insuffici.ency, MR-mitral regurgitation
PAV-prosthetic aortic valve

PDA-patent ductus arteriosus
PEM-pulmonary ejection murmur

PS-pulmonary stenosis, TA-tricuspid artesia
VSD-ventricular septal defect

P-pulmonary area A-aortic area

T-tricuspid area M-mitral area

C-c lav i c u]a r

N-normaI, SM-systolic murmur

DM-diastolic murmur

¡{DM/SM-mi ddias tol íc / systol i c murmur

PSM-pansystol ic murmur

RESP-respi rat ion pulse

SPLS2-split second heart sound

S3-t,hi rd heart sound
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TABLE 5.3

Mean and SD of EDC t and EDC ¡ Val"ues

Number
of cases

EDC ts SD EDC¡' SD
Systole

Normal
SM

9 181.3
338.6

12.4
97 .4

64 .1
90.7

11.6
21 .638

Number
Diastole of cases

EDC¡6 SD EDCfd SD

Norma I
DM

37
10

164 "7233.2
24 .5
69.8

67 ,6
65,7

1 2
2

1

21



Chapter VI

CONCLUSIONS ÀND RECOMMENDATIONS FOR FURTHER
STT'DY

5.1 CONCLUSTONS

In conclusion a prot,otype MC68000 microprocessor-based

system has been designed to provide quantitative analysis of

the phonocardiogram. The system includes 32R bytes RAM, À

three-channeL data acquisition section, an arithmetic pro-

cessing unit, and a set of o/e converters. The system has

the provisions to be dedicated to phonocardiographic appli-

cations. A detection algorithm for the first and second

heart sounds, which is one of the most important problems in

an automatic phonocardiogram diagnosis system, has been de-

veloped. The ECG and carotid pulse signals are used to seg-

ment the phonocardiogram into systole and diastole. À method

has been presented to quantify the systolic and diast,olic

segments of the phonocardiogram into four parameters repre-

senting their time and frequency domain characteristics.

Tests on 47 phonocardíogram signals show that the method can

lead to an interesting and potentially useful method for de-

tection and classificat.ion of murmurs, Studies with a large

number of signals could lead to an elaborate classification

scheme, À system performing such classification would be ex-

tremely useful for screening purposes and routine diagnosis"

106
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6.2 RECOMMENDÀTIONS

A large number of signals in each disease category

should be tested using the PCG analysis system and

the methods presented in this work. To improve clas-

sification the murmurs should be graded according to

their intensity. Furthermore, when recording the PCG

signals, the transducer should be placed on the area

of the chest at which the intensity of the murmur is

maximized. The signals should be recorded in an

acoustically quiet room , if possible. A pattern

classification technique could then be developed us-

ing the EDC values as parameters for the detection

and classification of murmurs.

1

2 The PCG analysis system could be used to investigate

other areas of heart sound research such as:

a) applying passive sonar techniques to PCG signals

recorded at multiple locations on the thorax to

estimate the location of heart sounds in 3D. This

work would involve identification of corresponding

events in the different signals by cross-correla-

tion and coherence techniques; estimation of time

delay between arrival of the events at different

locations; and, ranging to determine the locations

of sources.



b) testing the functional and

cardiac prosthet ic val-ves

duced by the vaLves.

structural

using the

108

integrity of

sounds pro-

)
J Modifications Lo the hardware could be undertaken to

increase the efficiency of the PCG analysis system.

In particular, a -direct memory access controller

could be added to increase the speed of ÀPU opera-

tions" In addition, t,he system RÀM could be increased

in order to store longer durations of signal. The

added RAM would also provide the additional memory

required to allow t,he signals to be digitized at a

higher sampling rate.
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TABLE A.1

Device Reference

Reference Type GND +5V -5V +12Y -12v

U1
U2
U3
U4
U5
U6
U7
U8
U9
u1 0
u1 1

u12
u1 3
u14
u1 5
u1 6
u17
u18
u1 9
u20
rJz1
v22
u23
u24
v25
rJz6
tJ27
v28
u29
u30
u31
rJ32
u33
u34
u35
u36
ÍJ37
u38
u39
u40

7 4L520
74LS05
74LS00

7 4L5245
7 4L5245
7 4L5241
7 4L5241
7 4L537 3
7 4L537 3

7 4C1 09
7 4C1 09

7 4L517 5
7 4c1 09

74LS1 38
7 4L520
7 4L593

ADCl 21 0
7 4LS7 4

LMs55
7 4L504

74121
r4c17 41

MC140518
7 400

7 4:.,517 5
LF398
LF398
LF3 98

MC17 41
MC17 41
MC17 41
MC17 41
MC17 41
MC17 41
7 4L504

7 4L5175
74LS1 38

DACl2lOLCD
DACl 21 OLCD
DACl2lOLCD

7
7
7

10
10
10
10
10
10

7
7
I
7
I
7

14
14
14
20
20
20
20
20
20
14
14
16
14
16
14

5
22
14
I

14
14

10
21

7
1

7
7

20

7 14
I
7
I
7
7

1 6
4
5

7
1

1

1

1
.1

7
7
7
7
7

4
4
4
4
4
4
4
4
4

7
I
I
2
2
2

1

1

1

4
6
6

3,1
3,1
3 r1

24
24
24
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TABLE À.2

Device Reference

Reference Type cND +5V -5V +.1 2V -12v

u41
ü42
u43
tJ44
u45
u46
u47
u48
u49
u50
u51
u52
u53
u54

I,IC17 41
t4c17 41
MC1 7 41
7 4LS7 4

7 4L517 5
7 4L593

8231A
7 4L5245

74LS04
74LS00
74LS00

74LS1 75
27 64
27 64

a
J

3
3
7
I

10
1

'1 0
7
7
7
I

14
14

7
7
7

4
4
4

14
16

5
2

20
14
14
14
16
1,
1,

16

27 ,28 -

27,28
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MC6BOOO ÀSM REV:1 .51 _ COPYRIGHT MOTOROLÀ 1 978 PAGE 1

PROJECT, YOU KNOW! !
$0900 START OF RÀM
SsFFE END OF RAM
s0900 STÀRTTNG ÀDDRESS OF ECG SÀMPLES
$1500 ENDING ADDRESS OF ECG SAMPLES
$1500 STÀRTING ADDRESS OF PCG SÀMPLES
$2100 ENDING ÀDDRESS OF PCG STGNÀLS
S21OO STARTTNG ÀDÐRESS OF CÀROTID SAMPLES
$2DOO ENDING ÀDDRESS OF CÀROTID SÀMPLES
SlBOO STÀRTING ADDRESS OF TRANSFORMED ECG
$2OFC ENDING ÀDDRESS CF TRÀNSFORMED ECG

$2100 STÀRTING ÀDDRESS OF ?RÀNSFORMED CÀROTID
$2300 ENDING ÀDDRESS OF TRANSFORMED CÀROTID
S23OO STÀRTING ADDRESS OF PCG ENERGY CURVE
$3700 TEMPORÀRY STORAGE OF CONVOLVED SAMPLES
S37OO STARTTNG ÀDDRESS OF REAL PART OF PCG

$3EFC HALFWAY POINT REAL ÀRRÀY
S47OO ENDING ÀDDRESS OF REÀL PART OF ECG
$4700 STARTING ADDRESS OF IMAGTNÀRY PART OF PCG

$5700 ENDING ÀDDRESS OF IMÀGINARY PART OF PCG

$5700 TEMPORÀRV STORÀGE OF POWER SPECTRUM DÀTÀ
$sEFC END OF TEMPORÀRY STORÀGE
$4700 STÀRTING ÀDDRESS OF POWER SPECTRUM COI-V"

T/O DEVICE ADDRESSES

I

3
4
5
6
7

I
9

10
11
12
13
14
15
tb
17
18
19

J¿

33
34
?tr

36
37
3B
39
40
41
42
43
44
45

20
21
'.))
23
24
.E

26
,1
28
,q
30
31

46
47
48
49
50
51
ca

53
54
trt

56
57
58
59
50
61
62

00007F08
00007F0À
00007F0C
00007F08
00007F1 0
00007F1 2

00007F1 6
00007F1 I
00007F1À

00000900
00005FF8
00000900
00001500
00001500
00002100
00002100
00002D00
00001 800
00002oFC
00002100
00002300
0û002300
00003700
00003700
00003EFC
00004700
00004700
00005700
0000s700
00005EFc
00004700

00007F06

* NAM THESIS
MEMST EQU
MEMEND EQU
ECGSTRT SET
ECGEND SET
CARSTRT SET
CÀREND SET
PCGSTRT SET
PCGEND SET
TRECGST EOU
TRECGEN EQU
TRCARST EQU
TRCAREN EQU
PCGENST EQU
TMPSTÀ EQU
XRST EQU
XRENH EQU
XREN EQU
XIST EQU
XIEN EQU
TMPSTB EQU
TMPENB EOU
TMPSTC EQU

00010021
00010025
0001002D
00010035
00020001
00020003
00020005
0002000c
00020008
00040000
00040004
00040008
00040008
00050001
00050011

$10021
$10025
s1 002D
s10035
s2000-l
$20003
$20005
s2000c
s2000E
s40000
$40004
s40008
s40008
$50001
$s0011

TCR
CPR
CNTR
TSR
ÀDCH1
ÀDCH2
ÀDCH3
ADREÀD
HOLD
DÀCH1
DACH2
DÀCH3
ÀPUEACK
ÀPUOPER
ÀPUCOM

EQU
EQU
EOU
EQU
EQU
EQU
EQU
EOU
EQU
EOU
EQU
EOU
EQU
EOU
EQU

PI/T TIMER CONTROL REGISTER
PI/T COUNTER PRELOÀD REGTSTER
PI,/T COUNTER
PITT TIMER STÀTUS REGTSTER
À/D CHÀNNtsL 1

À/D CHANNEL 2

À/D CHÀNNEL 3
READ À/D CONVERTER
STÀRT SÀMPLE_HOLDS
D/À CHANNEL 1 WR]TE ÀND LATCH
D/À CHÀNNEL 2 WRTTE ÀND LÀTCH
D/A CHÀNNEL 3 WRITE AND LÀTCH
ÀPU INTERRUPT ACKNOWLEDGE
COMMAND TO W/R OPERÀNDS TO/FROM ÀPU
SEND COMMÀND TO ÀPU

*
*
*

VARIOUS DÀTÀ REGISTERS USED BY ROUTINES

AREA OF MEMORY USED FOR DÀTA REGISTERS

VDR+6

NUMBER OF BYTES TO ORSI
NUMBER OF BYTES TO ORS2
NUMBER OF BYTES TO DICROTIC NOTCH USING
T2 PEAK OF CÀROTID TRANSFORM.
NUMBER OF BYTES TO DICROTTC NOTCH USING
CDCRTC ROUÎINE.
NUMBER OF BYTES TO 51
NUMBER OF BYTES TO SECOND 51 (QRSz)
NUMBER OF BYTES BETWEEN 51 AND 52
END OF SYSTOLIC PCG ENERGY CURVE
END OF DIÀSTOLTC PCG ENERGY CURVE

000000 0oFF
00007r00
00007F00
00007F02
00007F04

DS.B 255
VDR EQU
QRS1 EQU
QRs2 Eou
T2PEÀK EQU
*
DCRTC EOU
*
PCGSlÀ EoU
PCGSlB EQU
PcGs2 Eou
PCGENSE EQU
PCGENDE EQU
SEQNUM EOU
EDCTSYS EOU
EDCTDIÀ EQU
EDCFSYS EQU

$7F00
VDR
VDR+2
VDR+4

VDR+8
vDR+ 1 0
vDR+'1 2
vDR+1 4
vDR+ 1 6
VDR+ 1 B

vDR+22
vDR+24
vDR+26

TIME] DOMÀIN EDC FOR SYSTOLTC SEGMENT
TIME DOMAIN EDC FOR DIÀSTOLTC SEGMENT
FREQ DOMAIN EDC FOR SYSTOLTC SEGMENT
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OUANTÎTATTVE ÀNÀLYSTS OF PCG,ECG, ÀND CAROTTD PULSE PÀGE 2

63
64
65
66
67
6B
69
70
71
72
73
74
75
76
77
7B
79
80
B1
B2
B3
84
85
B6
B7
BB
B9
90
91
92
93
94
95
96
97
9B
99

100
101
102
103
104
105
106
107
108
109
110
111

00000900
00000c00
00000c00
00000r00
00000F00
00001800
00000008
00000008
00000002
0000001 0
00000010
00000020
00000098
00000018
0000000À
00000400
00000200
000003FF
008À3D70
7FEBB51 E

00007118
00007F2A
00007F2C
00007128
0û007F30
00007F32
00007F34
00007F38
0000713c
00007F40
00007F44
00007148

EDCFDT A
t
LE
LE1
I
J
WR
wÌ
UR
UT

QUOT
COUNTER

EQU
EQU
EQU
EQU
EOU
E8U
EQU
EOU
EOU
E8U
E8U
EQU

VDR+30 FREO DOMÀ]N EDC FOR DTASTOL]E SEGMENT
vDR+42
vDR+44
VDR+46
vDR+49
vDR+50
vDR+52
vDR+55
vDR+60
VDR+64
vDR+68
vDR+72

A,/D ÀND ÀPU CONSTANTS, coMMÀNDs, ÀND REGTSTERS

0000007A
00000188
00000001
00000000
00000070
00000070

122
488
s01
s00
$70
$70

ADSMPL
ÀDWNSMP
STRTTMR
HLTTMR
ADEXÀDD
APUEXAD
*
*
* ECG,
*
*

EOU
E0u
EOU
E8U
E8U
EQU

CAROTT D,

COUN?ER VÀLUE
COUNTER VÀLUE
STÀRT TIMER
HALT TIMER
À/D ExcEPTroN
APU EXCEPTION

_ 1024 HZ SAMPTING RATE_ 256 HZ SÀMPITNG RATE

ÀDDRESS
ADDRESS

ECGSNETí EQU
ECGENEW EQU
CÀRSNEW EoU
CARENEI'I EOU
PCGSNEW EQU
PCGENEW EQU
ECGDWN EOU
CARDT.TN EQU
PCGDWN EOU
ECGCNV EQU
CARCNV EQU
PCGCNV EQU
T1TOr2 EQU
DS2DEL EQU
LNN ,EQU
N EQU
NV2 EQU
NM1 EQU
HAM54 EQu $
HÀM46 EQU S

PCG ÀDDRESSES ÀND FFT CONSTÀNTS

$O9OO NEW ECG START ÀÐDRESS
NE!{ ECG END ADDRESS
NEW CAROTTD START ADDRESS
NEI{ CÀROTÏD E¡{D ADDRESS
NEW PCG STÀR? ÀDDRESS
NEW PCG END ADDRESS
EcG DOWNSÀMPLE FÀCTOR (/2't
CÀROTTD DOWNSÀMPLE FACTOR
PCG DOWNSÀMPrE FÀCTOR (/2)
ECG CONVOLVE WTNDOW WTDTH
CÀR CONVOLVE WTNDOW WTDTH
PCG CONVOLVE WTNDOW WTDTH
MOVE AHEAD ?HTS MANY BYTES TO LOOK FOR T2
DELAY BETWEEN 52 ÀND DICROTIE NOTCH (53 MS

$0c00
$0c00
s0F00
s0F00
s1 800

$08
s0B
s02

16
'16

32
152

27
10

1 024
N/2
N-1

0 0 8À3D7 0
7FEB8 5 1 E

N=2* *LN¡t
Nvz=N/2
NM1 =N-1
.54 FLOåTTNG POTNT
.46 FLOATING POTNT

*
*
*A
*
*

12
13
14
'15

16
17
18
19
20

PU COMMÀNDS

121
122
123

00000006
00000005
00000007
00000034
0000001 5
00000074
00000003
0000002c

Àeos
ÀsfN
À?AN
CHSD
CHSF
cHss
cos
DADD

EQU S06
EQU S05
EQU S07
Eou s34
EQU $15
EQu S74
EQU $03
EQu $2C

3 2-BT T
32_BTT
32-BTT
32-BTT
32-BIT
1 6-BTT
32-BTT
32..Brr

FLOÀTING-POT}qT TNVERSE COSTNE
FLOATING.POINT TNVERSE SINE
FLOATIT.IG_POTNT f NVERSE TÀNGENT
FTXED_POTNT STGN CHÀNGE
FLOÀTÍ NG_PO]NT SIGN CHÀNGE
FIXED_POINT STGN CHÀNGE
FTOATTNG-POIN? COSTNE
FTXED-POINT ADD
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124
125
126
127
128
129
130
131
132
133
134
135
136
137
138

0000002F
0000002E
00000036
0000002D
0000000A
00000010
00000013
00000018
0000001F
0000001c
0000001D
00000012
0000001 1

00000008
00000009
00000000
00000038
00000018
00000078
00000037
00000017
00000077
0000001A
00000008
0000006c
0000006F
00000002
00000068
00000076
00000001
0000006D
00000004
00000039
0000001 9
00000079

DDTV
DMUL
DMUU
DSUB
EXP
FADD
FDTV
FT XD
FIXS
FLTD
FLTS
FMUL
FSUB
LOG
LN
NOPÀPU
POPD
POPF
POPS
PTOD
PTOF
PTOS
PUPT
PWR
SADD
SDTV
STN
SMUL
SMUU
sSRT
SSUB
TÀN
XCHD
XCHF
xcHs
*
*
*
,.
*
LT NKIT
OUTCH
INCHE
OUTPUT
HEX2DEC
PUTHEX
PNT2HX
PNT HX.
PNTSHX
PNTSHX
STÀRT
TUTOR
OUTlCR
GETNUMA
GE?NUMD
ERRORl
*

E8U
EQU
EOU
EQU
E8U
EQU
E8U
E8U
EQU
E8U
EQU
EOU
EOU
E0u
E8U
EQU
EQU
EOU
EQU
E8U
EQU
EOU
EOU
E8U
EQU
EOU
EOU
EQU
E0u
EQU
EQU
E8U
EQU
EQU
EQU

$2F
s2E
$36
s2D
s0A
$10
$13
$18
$1F
s1c
$1D
$12
s11
$08
s09
s00
s38
s1B
$78
$37
$17
s77
$1À
s0B
$6C
$6r
$02
$68
$76
s01
$6D
$04
$3e
$1e
$79

32_BIT FIXED-POTNT DIVÍ DE
32-BIT FTXED_POINT MUITIPLY, LOWER
32_BTT FIXED-POTNT MUtTTPLV, UPPER
32-BTT FTXED-POTNT SUBTRACT
32-BTT FLOÀTTNG POTNT EXP(X)
32-BIT FLOATTNG POTNT ADD
32-BTT FLOATTNG_POINT DTVTDE
32-BTT FTOATTNG_POTNT TO 32_B]T FTXED POTNT
32-B1T FLOATING_POINT TO 16-8]T FTXED_POINI
32_BTT FTXED-POTNT TO 32-B]T FLOÀTING_POTNT
16_8TT FTXED-POINT TO 32-B]T FLOATTNG-POII'¡T
32-BTT FLOÀTING-POTNT MULT]PLY
32-BIT FLOATTNG-POTNT SUBTRACT
32_BIT FLOAT]NG-POINT COMMON LOG
32-BTT FLOÀTTNG-POINT NÀTURAL LOG
NO OPERAT]ON
32-BIT STÀCK POP
32-Brr srÀcK PoP (sn¡¿e ¡s popn)
16-81T STACK POP
PUSK 32-BTT TOS ONTO STAEK
pusH 32:BIT Tos oNTo srAeK (sar¿n as prop)
PUSH 1 6*8ÌT TOS ONTO STACK
PUSH 32-BIT FLOATTNG_POINT PT
32-Brr FLoÀTrNG-Poinr x(v)
16_BTT FTXED-POINT ÀDD
1 6*8TT FIXED-POINT DIVSDE
32_BTT FLOAT]NG_PO]I{T STD{E
1 6-8TT FTXED-POTNT MULTIPLY"LOWER
1 6-81T FIXED-POINT MUTTTPLV,UPPER
32-BTT FLOÀTTI,IG-POTNT SQUÀRE ROOT
1 6-8IT F'TXED-POTNT SUBTRACT
32_BIT FLOÀTING-POTNT TANGENT
EXEHANGE 32_BTT STÀCK OPERANDS
E:(CHANGE 32-BIT srÀcK opgRe¡¡ps (sÀME Às xcHD
EXCHÀNGE 16_811 STÀCK OPERANDS

139
14C
141
142
143
144
'145

146
147
148
149
150

156
157
158
159
160
161
162

1s1
152
153
.154

155

163
164
165
156
167
168
169
170
171
172
173
174
175
176
177
178
179
180

00000oFD
000000F8
000000F7
000000F3
0000008c
0000008A
00000089
00000088
00000087
00000086
00000085
000000Ë4
00000083
00000082
00000081
00000000

TRAP 14 FUNCTION CODES

EQU 2s3
EQu 248
EQU 247
EQU 243
Egu 236
Eou 234
Eou 233
EQv 232
EQU 231
EQU 230
EQv 229
E,QïJ 228
EQv 227
88u 226
ESLJ 225
EQu 0

APPEND USER TABLE TO TRAP 14 TÀBLE
OUTPUT STNGLE CHARACTER TO PORT 1

]NPUT STNGLE CHARÀCTER FROM PORT '1

OUTPUT STRTNG TO PORTI
CONVERT HEX TO ÀSCIT
CoNVERT 1 HEx DTGTT --> ASCTI

,t 2 rf 9r __>
îî4ern__>
* 6 w il __>
" 8 w n -_>

RESTART TUTOR
GO TO TUTOR
OUTPUT STRTNG PTUS'CR"'IF'TO PORT
CONVERT ASCTT ENCODED HEX TO HEX
CONVERT ÀSCÎI EODED DECTMAL TO HE¡{
ERROR #1 MESSAGES QRS COMPTEXES
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182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
.t 

98
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242

t, # # ## ### # ########### ## # ######### #############*################* MACRO LIST
* ######### # ### # # # #### # ## # # ### ##### # ##### # ####### ##############
,r

CALLCNVT MACRO
*

" SETS POINTER FOR ÀND CÀLLS CONVOLVE ROUTTNE FOR ECG AND

'' CÀROTID TRANSFORMS AND PCG ENERGY CURVE"* MÀCRO CÀLL TS 'TRÀNSFORM STÀRT,CONVOLVE FACTOR,TRANSFORM END
tr

MOVE.W #\1 "ÀO STÀRTTNG ÀDDRESS OF TRANSFORMED STGI{AL
MOVE"W #\2"D0 CONVOVTE WINDOW WTDTH
MOVE.W #\3,À1 ENDTNG ÀDDRESS OE TRANSFORMED STGNÀL
JSR CNVLV GOTO CONVOLVE SUBROUTINE
ENDM

r, # ## # #### ## # # *# # # ## ########### # # # ## ## # # ## ###*# ### ### ##########
CLDATÀ2 MÀCRO

* CIEARS TWO DATÀ REGISTERS
*
crR"\o \1
crR"\0 \2
ENDM

,'######### # # # ## ### # ########### # # ### #### ### ######## ############
CLDÀTÀ3 MACRO*
* CTEARS THREE DÀTA REGTSTERS
*
crR"\o \1
cLR"\o \2
crR"\0 \3
ENDM

't, # ## # # # # ## ## # # #### # # ## ### # ##*## ## ## ##### # ######### ############
CLDATÀ8 MÀCRO*
* CLEARS EIGHT DATÀ REGTSTERS
,.

* ## # # # ### ## # ##### ####################### # ## ##### ##############
CONVERT MAERO

* USED FOR À/D CONVERSION. DUMMY WRTTE TO TTE PROPER MUX ]NPUT
't CHANNEL TO OUTPUT EHANNET ÀND TO START À,/D EONVERTER. THEN* þ¡ÀTT FOR INTERRUPT" AFTER TNTERRUPT TNEREMENT EHÀNNEL EOUNTE* MAERO CAtt IS 'À/D EHANNET, EÀ,EOUNTER DATA REGI
*
MOVE.B #0,\1 MUX 'J¡¡<-->oUT AND Sranr a,/O
STOP #$2300 WÀTT UNTTL CONVERSTON TS FINISHED.* PUT PROCESSOR TN SUPERVTSOR STÀTE WITHdT TNTERRUPT PRIORITY LEVEL O.
ADDI "B #1,\2 INCREMENT A,/O CNEMNUL COUNTER
ENDM

*######### # # # # ### ## #### # # ## # # ###### ###### ### ##################

cr,n"\o no
cr,n.\o nt
cLR.\0 D2
cLR"\0 D3
ctR.\0 D4
cr,n"\o ns
cr,n"\o ne
crn"\o oz
ENDM

:
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243
244
245
246
247
248
249
250

DÀT.AMV MACRO

MOVES À BLOCK OF DATÀ FROM ONE LOCÀT1ON TO ÀNOTHER W/DOWNSAM
MÀCRO CÀLL TS 'ORIGINAL STÀRTING ÀDDRESS,ÀDDRESS REGISTER,
ORIGINÀL END ÀDDRESS'ADDRESS REGISTER'NEI,I START'NEW END¡
ÀDDRESS REGISTER,DOT^¡NSÀMPLE FÀCTOR'

*

*

tr

251
srPorN2 \1 ,\2,\3,\4\r sur \s\s snr \e
MOVE.w #\1,\7

\G r¿ovs.w (\2),(\7)+
ADD.w #\8,\2
cMP. r^r \¿ , \z
sLr.s \e
ENDM

OLD ECG DÀTA POINTER

SET NEW STÀRT AND END ADDRESSES
NEw DATA poINTER (oow¡rseMpr,eÐ DATA)
MOVE ÐATÀ
DOWNSAMPLE

CONTINUE UNTIL ÀLL DATA MOVED

COUNTER, PRELOÀD ADDRESS
SAMPLING PERIOD; NO?E THÀT THERE IS
PRESCALER (/32); WITH THE CLK= MHZ,
À COUNTER VALUE OF 1 EQUALS B US.
SAMPLING PERIOD --> PRELOAD REG]STE
RESET TSR
STÀRT TIMER USTNG TCR RUN CODE

252
)c7
254
1qtr

256
257
258
,tro

260
261
262
263
264
265
266
267
268
269
270
2?1
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303

* ## # # # ### # # # # # # # # * # # # # # # # # # # # # ## # * # # ### ##### ## ###### ####### ## #
DÀTIMER MÀCRO
*
*
*
*
*

rNITrÀLIzt, et/r REGISTERS ÀND srÀRT couNTrNG. ÀLL PÀRÀMETERS
HÀvE BEEN sET up non o/e RourINEs. NEED SAMPLING PERIoD IN
D0.

sTPOtN2.L CNTR,À5,CPR,A6
MOVE"L D0,D7

*
*
MOVEP.L D7,0(A6)
MOVE.B #1,TSR
MOVE.B #STRTIMR,TCR
ENDM

* ## # # # ## # ## # # ## # ## # ## # # # # # # # # ### # # # # # ## # # # # #### ## # #########*##
DELAY MACRO
*
J. CÀUSES À TIME DELAY. A DELÀY VÀLUE OF ''1'CORRESPONDS TO
* ÀPPROXIMATELY 4"5 USEC.* MÀCRO CÀLL IS 'DELÀY VÀLUE IM,DÀTÀ REGISTER'
*
Move.w #\1 ,\2

\@ DBRÀ \2,\e, 
ENDM

* ### # # # # # # # # # # ## # # # # # # *# # # # # # # ## # # # # # # # # # # # # ## # ### #### #######*
DSPLOPT MACRO

* DISPLÀY n/a oetrons oN TERMINÀL.
* MACRO CALL IS'STÀRT ÀDDRESS OF MESSÀGE EÀ,ENÐ ÀDDRESS EÂ'

Le¡ \1,e5
lpe \2,a6
TRP14 OUTICR
ENDM

* ### ### # # # # # # # # # # # # ########### # # # ### # # # #### # ## # ### # ###########
GETÀDD MÀCRO
t(
*
*
*
*

COMPUTES ÀDDRESS FROM NUMBER OF BYTES ÀND STÀRTING ADDRESS"
MÀCRO CÀLL ]S 'NUMBER OF BYTES EÀ,ADDRESS REGTSTER,STARTING
ÀDDRESS'

MovE.w \1 ,\2
ÀDD.w #\3,\2
ENDM
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304
305
306
307
308
309
310
311
all

313
314
315
316
317
318
319
320
321
aan

323
324
?,8

326
327
328
329
330
331
aa)
333
334
335
335
337
338
339
340
341
342
343
344
345
346
347
348
349
3s0
351
352
353
354
355
356
357
358
359
360
Jb I

362
363
364

* ######## # # ### ## # # ### # # ## # # # # # # ## # ## # #### # # # # # # # # # ## ## # # # # ####
ML321 6 MÀCRO

THIS MACRO MULTIPLIES À 32 BIT NUMBER BY À 16 BIT NUMBER.
RESULT (48 B]TS) IS RETURNED IN MULTIPLICÀND (LOWER 32 BTTS)
ÀND TEMP DR2 (UPPER 16 BITS).
MACRO CÀLL IS 'MULTIPLIER (16 BITS) EE,MUT,TIPLICÀND (32 BITS
TEMP DR1,TEMP DRz,TEMP DR3'

clR.r, \¿
Movn.w \2,\¡ LowER woRÐ oF MULTrpLrcÀND INTo rEMp
MULU.w \1,\3 MULTTPLY TEMP BY MUL?IPLIER
sw¡p \z uppgR woRD oF MULTIpLIcANÐ INTo Lot^lER t,¡o
MULU.w \1,\? MULTIPLY LOWER WORD BY MULTIPLIER
MOVE.B #15,\5

\o r,sr,.r, #1.,\z
ROXL.L #1,\4
osn¡ \s,\c
ADD.L . \3,\2 ADD ro cur LowER 32 Brrs
CLR"L \5
ÀDDx.L \s,\¿ ÀDD To cET uPPER 16 Brrs
ENDM

* ######### # ### # # # # ## # # ## # # # ## # # #### # # ## # ##### ######### # ### # ###
SPÀCE MACRO

* OUTPUTS BLANK LTNE TO TERMINAL.

LEA SPÀC,À5
LEA SPCE,À6
TRP14 OUTICR
ENDM

* ###### # ## # # # # # # # # # # # # ### # # # ## # # ## # ## # # ## ### # ### ### ## #### # # ## #
STPOTN2 MÀCRO

SETS TWO POINTERS. MUST TNDTCATE WHETHER B
MÀCRO CÀLL IS 'VALUE IM.ÀDDRESS REGISTER'

, w, Lw.*2

MOVE.
MOVE.
MOVE.
ENDM

* ######### # ### # # # ## ## # # # ### ## # # ## ##### # ########### # ######### ##
SQUÀRE MÀCRO

* THTS MACRO SQUÀRES A WORD AND STORES TT ÀS À LONG WORD.* MAcRo cÀLL IS 'DÀTÀ REGISTER (woRÐ).DÀTA REGIstnn (r,w),
* ADÐREss REGISTER (¡,tsl.,toRv polNTER)'

MOVE.
MULS "
MOVE.
ENDM

MOVE
MOVE
ENDM

* # ## # ### ### ########### # #### ######### #####*### ### ##############
STPOIN3 MACRO

* SETS THREE POINTERS. MUST INDICATE WHETHER B,W,LW.* MÀCRO CÀLL ]S 'VÀLUE IM,ADDRESS REGISTER' * 3

.\o #\1,\2

.\o #\3,\4

\o #\1,\2
\o *\s,\¿
\o *\s,\e

w \r,\z
w \r,\2
r, \2,(\¡l*

SOUÀRE NUMBER
STORE QUAIITITY è.S LONG WORD
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365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
3BB
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404

408
409
410
411
412
413
41 4
415
e16
417
4lB
419
420
421
422
423

* ######### ### # ###### ####### # # ## ## # # # ## ## # # # # ## ## # ### # # #### # ## #
TEMPMOVE MACRO
*
* MovES DÀTA FRoM TEMpoRÀRy MEMoRy (rnou cowvor,vn s,/n) to* ÀCTUÀL TRANSFORM MEMORY"* MACRO CALL TS ITRÀNSFROM START,MEMORY POINTER'
{a

srPoINz \1,Ào,TMPSTÀ,A1
\G MovE.r (a1)+,(e0)+ MovE FRoM TEMP ro TRANSFoRM

cMP"r.¡ #\2,Ào
sr,r \0
ENDM

t ################### ####### # ############ # # ## ## ## # # ## # # # ## # ### #
TIMER MÀCRO

rNITIÀLrzn m/r REcrsrERS AND srÀR? couNTING.
MÀCRO CAtt IS ICOUNTER ÀDDRESS REGTSTER,PRELOAD ADDRESS
REGTSTER¿SÀMPLING PERTOD,PERTOD DATA REGISTER'

å\,1\To'\' 'ePR'\2

*
*
*
*
*

STPOTN2
MOVE.L

*
*
MovEP"L \4,0(\2)
MOVE"B #1,TSR
MOVE"B #STRTTMR,TER
ENDM

* ###################### # #### # # # ## # # ## #### ### ### ###############
TRP14 MÀCRO
l<

i. USED TO TNVOKE TUTOR TRÀP 14 HÀNDLER.* MAERO CALt TS 'FUNCTTON NUMBER TM'"*
MOVE
TRÀP
ENDM

* ############ ########### ## # ### # ## # # ########## ## # # # # # # ### # # # # ##
TRUNEAT MÀCRO

EOUNTER, PRELOÀD ADDRESS
SAMPLTNG PERTOD' NOTE THAT THERE TS
pREscÀLER 1¡sz)t wrrH THE crK=4MHZ,
À COUNTER VALUE OF 1 EOUALS 8 US.
SAMPLTI.IG PERTOD -_> PREIOÀD REGTSTE
RESET TSR
STÀRT TTMER USTNG TCR RUN CODE

" B #\1 
"D7#14

405
406
407

*
*
*
*

THTS MACRO TRUNCÀTES A 32 B]T LONG WORD TO 12 BTTS.
MAERO CALL IS 'SIGNÀL POINTER REGISTER,DATÀ REGTSTER'

MovE"L (\1)+,\z
s!.lAP \2
r,sn"w #¿,\z
ENDM

*######### ############## ### # # # # ## # # ### ## # ## # # ## # # # # ## ### # # ## ##
TSTTMR MÀCRO
*
* TEST TSR TO DETERMINE IF TTMER HÀS COUNTED ÐOWN TO ZERO.* AFTER COUNTTNG DOW}¡ DETERMINE IF ALL DATÀ HÀS BEEN PROEESSED* MÀCRO EÀtt TS OEND ÀDDRESS REG]STER,SIGNAI POTNTER REGISTBRi*
\@ e¡sp"n #0,TsR
spo \e
MOVE"B #1,TSR
cMP.w \1,\2
ENDM

*
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425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485

*######### ### ##### ############## ################ ##############
*################### ##########################################*##*##
*# APU & FFT MÀCROS #*##*##
* # # # ## # ## ### # #### # ############################################
* # # ### ############## ##################################### #####
*
*
APU MACRO
*
* TSSUE À COMMAND TO MÀNIPULATE DÀTA ON ÀPU STACK.* MACRO CÀLL TS ¡COMMÀND IM'
*

MOVE
STOP
ENDM

* # # # # # # # # # ## #* # # # # #### # # ### ## ########### # ## # # # # # # # # ## # ### # # ## #
APUSGRD MÀCRO
*
* READ 32_BTT WORD FROM ÀPU TO SIGNÀL ARRAY* MACRO CALL 'SIGNÀT ÀR,ÀRRÀY SCRIPT DR,ÀPU ADÐRESS AR'
*

#$3
#$(\¡

.\o
D6, o (\1 ,\2 )

r, # ## ## #### # ## ########## ################# ### ### # # # ##### ###*####
ÀPUSGWR MÀCRO

s #\1
#$230

, APUCOM
0

MOVE"W
\o nor " r,

MOVE"B
DBRÀ D7
MOVE"I
ENDM

,D7
B 

"D5) oD6

MOVE"L o (\1 
"\2 ) ,D6

MOVE.T^¡ #$3,D7
\@ movn"a D6,(\3)

ROR"L #S8"D6
DBRA D7,\G
ENDM

*######### ## # # ## ## # ########### # *# # ## # # # * ### # ## # ## ####f ########
ÀPURD MACRO

*
*
*

*
*
*
*

*
*
*
*

MOVE A 32-B¡T NUMBER FROM STGNAL ARRAY TO ÀPU
MÀERO CALL ]S 'STGNÀL POTNTER ÀR,ARRÀY SCRTPT DR,APU ÀDDRES

READ 32-BIT NUMBER FROM APU.
MÀERO CÀLL ]S 'APU OPERAND ADDRESS AR,DATA DRI

MOVE "W\o nor,. r,
MQVE " B
DBRA D7
ENDM

D7
\2
\2

#$3,
#sB(\1)

,\G
* ## ####### ## # ## # # # ############ ########## ### ####### # # ### #######
ÀPUWR MACRO

MOVE A 32-BIT }TUMBER FROM MEMORY TO ÀPU
MÀERO CALt IS IVALUE DR,APU ÀDDRESS ARI

MOVE.b? #$3,D7
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486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
s03
504
505
506
507
s08
509
510
511
512
s13
514
El tr

516
517
518
519
520
521
q)')

523
Éa 

^

\o Move.B \1,(\2)
RoR.L #s8,\1
oaR¡ o7 , \r3
ENDM

* ## # # ## # # # # # # # # ## # # # # # # # ## ### # ## # ## # ## ##### * ### ####### # # ######
/àPUWR.1 6 MÀCRO

*

*

*

MOVE.w #S1,D7
\e movn.n \1,(\2)

ROR.L #$B,\1
DBRÀ D7,\G
RoR"L #S8,\1
RoR.L #S8,\1
ENDM

* ######### # ## ## #h # # # # # # ########### #### # #### # # ### # ## # # # #*# ### # #
POW2TOA MÀCRO

* CÀLCULATES 2**A. MACRO CÀLL IS 'A EA'

laove"w \1 ,
SUBI.W #1,
MOVE.W #1,

\G uur,u.w #
bsn¡ oz,\G
ENDM

* ######## #### # +## # #### lt ###t # ## # # ## ## # # # # *# # # # # # * # # # # # # # # # # # # # #
REORDER MACRO

MOVE A 16_8IT NUMBER FROM MEMORY TO APU
MÀCRO CALL IS 'VÀLUE DR,ÀPU ÀDDRESS ÀR'

MÀCRO CÀLL IS ADDRESS AR,J ÐR,T DR,I DR

D7
D7
D6
2,D6

\;
\1

MoVE.L O(
MOVE"L O(
¡¿ovu. r, \¡
ENDM

*

\2

,o(\1,\2)
\4)

1

1

0
\
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526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
s50
551

552
553
554
555
556
557
557
557
557
557
557
558
558
558
559
560
561
562
s63
564
565
566
567

*
*

*
*
*
*

dr

*
*

*######### #### # ## ## *# # ############################ ######### ###* MATNLINE
* # ## # # # # # # # # # # # # # # # ## ## # # # # #*# # # ### # ### # ## ## # # ## # # # # # # ####### #

MÀTNI]NE CATLS THE FOLLOWTNG SUBROUTTNESS
USRFNCS: SET UP USER TRÀP .14 TÀBLE
ADCONVS PERFORM À/D CONVERSION
ECG: PERFORM ECG PROCESSING
CAR! PERFORM CÀROTTD PROCESSTNG
PCGTS PERFORM PCG PROCESSING (TTME DOMÀIN)
PCGFS PERFORM PCG PROCESSING (FREO DOAMT¡{)
DAFTXå DTSPLAY STGNALS USING D/À CONVERTERS
FÏNB END PROGRÀM

### # ## ### ##################### ########### ####################

00006000 oRc $006000
006000 4280 cLR"r D0
006002 307c0900 MovE.I^¡ #MEMST,À0
006006 20c0 MEMCTR MoVE"L D0,(A0)+ CLEÀR MEMORY
006008 B0FCSFFE CMP"W #MEMEND,A0
OO6OOE 6FTB BLE.S MEMCTR
006008 343C0018 MOVE"W #30"D2
006012 4EBB72D4 MATN JSR BLANK ELEAR SCREEN
006016 5'lCAFFFA DBRÀ D2.MÀrN
00601A 4EBB6OCE JSR USRFNCS
006018 48886126 JSR ÀDeONv
006022 2'1FCo0006240

0070 MOVE"t #APISR,APUEXAD
00602A 4888624A JSR ECG
006028 4EBB63CÀ JSR CÀR
006032 488865A0 JSR PCGT
006036 48886F02 JSR PCGF
OO5O3À 488872D4 JSR BLANK

DSPLOPT QUIT"OUI?E
006038 48F86064 LEÀ oUTT,A5
006042 4DF8608C LEÀ ourrE"A5

TRP14 OUTICR
006046 183C0083 MOVE.B #OUT'ICR,D7
00604À 4E4E TRÀP #14

TRP14 INCHE
00604C 183C00F7 MOVE.B #INCHE,D7
006050 4E4E TRAP #14
006052 0c000051 cMP"B #$51,D0
006056 6704 BEg.S GOFÏN
006058 4EBB72O6 JSR DAFTX
OO6O5C 4EBB72D4 GOFIN JSR BLANK
006060 4EB87A8E JSR FTN
005054 4F pulT DC"W 'OprION: ourr (0) OR DISpLÀy RESUtTS <R>'
00608c 20 QUITE DC.W ' ,

t
L

136



QUANTTTATTVE ÀNÀLYSTS OF PCG,ECG, AIiID CAROTTD PUISE PÀGE 11

569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
607
607
607
607
607
607
607
607
607
607

* sr * * * * * * * * * * * lr * * * t * * i. * * i. * * * * * * * * * * * * * * * * * * * * * * * * rr * * * * * * * * * * * * *
* CONVOLVE SUBROUTTNE*" CALLED BY: ECNVL, CCNVL, PTCNVS, PTCNVD
*************L*****tr********************Cr*******Cr*************

AO ==> h2 <.-> TRANSFORMED S]GNÀI POINTER
A1 <--> END OF TRÀNSFORMED S]GNAL
A3 <_-> CONVOLVE POINTER
A4 <--> TEMPORARY RESULT POTNTER

CONVOLVE W]NDOW W]DTH (M)
C(¡¡) = SUMMÀTIoN ". " ".
WTNDOW W]DTH DOWN COUNTER
TRANSFORM VÀLUE

<-_> TEMPORARY DÀTA STORAGE
*************dr****rú****d.******Jr******tr******rr*****************
* CÀLL FOILOWTNG MACROS:d( ML3216
**********rr*******rrt(****rr*****r{******rri.******rrlr{r**************

EONVOLVE SUBROUTTNE USED BY EEG AND CÀROTID TO SMOOTH EEG
AND CAROTTD TRANSFORM. USED BY PEG TO SMOOTH THE ENERGY EUR
SET POTNTERS" BLOCK OF MEMORY STARTTNG AT TMPSTÀ IS USED ?O
STORE THE CONVOLVED SIGNAL"

D0 <-->
D1 <-->
D2 <-->
D3 <.*->
D4,D5,D6

*
*
*
*
*

005088 3448 CNVLV MOVE"W A0,A2
006090 387c3700 MOVE.vs #TMPSTÀ,A4
006094 584A ÀDDO.Í{ #4,A2

TRANSFORMED STGNAL POINTER
TEMPORARY MEMORY POTNTER
]NCREMENT BY ONE IONG WORD

COI{VOLVE TNNER tOOP PO]NTER
c(N)=0
NUMBER OF SAMPLES TN ${]NDOW

DECREMENT, THEN LOAD DÀTÀ

ENSURE THAT THE I^IINDOW DOES NOT
E'<TEND BEFORE THE START POTNTER
x(N-K)w(K)

e(N) su$0{ATroN
CONTTNUE UN?It ENTTRE W]NDOE{ EOMPUT
E(N) COMPUTED FOR SPEETFTE N

COMPUTE E(N) FOR ÀLT N

t
,r
*

Jr

*

SET POINTERS FOR TNNER LOOP CALCULÀTTONS

006096 364A
006098 4281
00609À 3400

00609c 2623
006098 B6c8
0060À0 6D22

cNvtvl MovE.w À2,À3
CLR.L D1
MOVE.W D0,D2

coMpurE c(N) FoR spEcIFIc N ,r.8., c(N)=SUMMATION.

cNvLvz MovE.L -(A3),D3
cMP.W À0,A3
BtT.S CNVLV3

*

0060A2
0060À4
0060A6
0060A8
0060ÀÀ
006oAC
006080
006082
006084
006088

ML3216 D2,D3"D4,D5,D6
4285 CLR"r D5
3803 MOVE"ç.7 D3,D4
c8c2 MULU.W D2"D4
4843 SwÀP D3
c6c2 MULU.W D2,D3
1c3c000F MovE.B #15,D6
E3BB G003 LSr.L #1 

"D38395 ROXL.L #1 
"D5SlCEFFFÀ DBRA D6,GOO3

D684 ÀDD.L D4,D3
4286 CLR.L D6
DBB6 ÀDDX,t D6,D5
D2B3 ADD.L D3,D1
SlCAFFDÀ DBRÀ D2,CNVLVz
28e1 cNvLv3 MovE"L n1,(a4)+
584A ADDQ.W #4"À2
B4C9 CMP.W A'1 ,A2
6DCA BLT.S CNVLV1
4875 RTS

*
*

607 00608A
607 00608e
608 006088
609 0060c0
6'10 0060c4
61 1 0060c6
6'12 0060c8
51 3 0060CÀ
614 0060CC
615
616
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,,######### ## ## ## # # ##### # # ## # # #################################
* #################f # ## # # # ## # # ## # # # # # ### ## # ### #### ########lt####
dr

* DEFTNE TÀBLE FOR TRÀP 14 USER FUNCTTONS
tt
* ###### # # # # ## ###### ## # #### # #### # # ## ## # ############ ############
*
* AO <--> START OF NEW TÀBLE, AFTER TRP14 AO CONTÀTNS
* THE POINTER TO THE OLD TABTE
*
* ###*############### ## # ### # # # # ##### # ############## ############
*
* CALL FOLLOWTNG MACROS:o TRP14
*
* ############### # ################################# # # ##########
* # # ########################### ### # ### ## ### # ## ## # *######### ####
*
*
* THIS SUBROUTT¡¡E SETS UP THE LOOKUP TABTE OF THE STARTTNG
* ADDRESSES OF USER-DEFTNED FUNCTIONS CATLED BY THE TUTOR TRA
* 14 HÀNDLER. THE FORMAT FOR ENTRIES TN THIS ?ABLE ]S SUUSSSS* WHERE $UU TS THE FUNCTION NUMBER Ab{D SSSSSSS TS THE STARTTN
* ADDRESS OF THE FUCNT]ON.
*
*

41F86ODE USRFNCS tEÀ NEVITBL.AO REGTSTER AO POTNTS TO NEW TA
TRP14 LTNKIT

1E3C0oFD MOVE"B #LINKIT,DT
4E4E TRAP #14
21c86082 MOVE.L À0,ENDTBL À0 POINTS TO OtD TÀBLE
4875 RTS
0000 NEI^¡TBL DC.w $0000
6OE5 DE.W UTRERI ERROR #1-QRS PEAK DETEET ERROR
0000 ENDTBL Dc.w s00000000 Dc"w s0000*

*######### ####### ## ##################### ### # # ## # # # ### #########

618
5'19
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
539
640
641
642
543
644
645
645
645
646
647
648
649
650
651
652
653
554
655
656
657
658
659
560
661
662
663
663
663
663
663
663
664
664
664
665
666
667
668

006ocE

0 0 60D2
0060D6
0060D8
006oDc
0060ÐE
0 0 6080
0 0 6082
0 0 6084

ERROR HANDLTNG ROUTINES
CÀILED BY TRAP 14

########## ## # ## ### # # # #### # # ##t ### ## # ### ## # ####################

ERROR #1: UNSUCCESSFUL ATTEMPT AT FTNDING TWO CONSECUTIVE
QRS PEÀKS" OUTPUT ERROR MESSAGE TO TERMTNÀL, THE
GO TO TUTOR.

*
*
*
*
*
*
*
,r

OO6OE6 4F,8872D4 UTRERI JSR BLÀNK
DSPLOPT E1,E1E OUTPUT ERROR MESSAGE

00608A 48F86100 LEA El,A5
006088 4DF86124 LEÀ E1E,A6

TRP14 OUT1ER
006012 183e0083 MoVE"B #oUT1cR,D7
OO6OF6 4E4E TRÀP #14

TRP14 TUTOR CONTROI TO TUTOR
0060F8 183c0084 MoVE.B #TUTOR,D7
OO6OFC 4E4E TRÀP #14
0060F8 4875 RTS
006'100 45 E1 DC"W 'ERROR #1: 2 9RS COMPLEXES NOT FOUNDT
006124 20 E18 DC"W ' '*
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670
671
672
673
674
675
676
671
678
679
680
681
582
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702

d,######### ###### # #### ### ######################################
* # ### ## # * ###### # # ## ## # # #### ###### ### # #### ### #### t# ### #########

A/D CONVERSTON

ÀO <--> ECG POINTER
A1 <_-> PCG POINTER
A2 <--> CAROTÎD POINTER
À3 <--> PI/T COUNTER ADDRESS
À4 <--> PIIT PRELOAD ADDRESS
A5.À6 <--> USED BY TRÀP 14 HANDLER
DO <_-> SAMPLING PERTOD
D1 <-*> S,/H DELÀY
D2 <-.-> A/D CHÀNNEL COUNTER REGISTER

################ ################################## ###########

CAIIS FOLLOWING MACROS:
CONVERT "' DELAY
STPOTN3 TTMER_>STPOIN2
TRP14 ''

# # # # # # # # # # * ## # # # # # # # ## # ## ### ##### # # ## # # # # ## # # # # ## # # # ## # # # # ## #

SET ECG, PCG, CÀROTTD PO]NTERS AND TSR, COUbITER, PRETOAD
ÀDDRESSES" NOTE: INTERRUPTTNG DEVICE TS THE M6BOO TYPE TRQ
ISR fS ÀUTOVECTOR 28.

DrsPrAy STÀRT OE A/Ð

*
*
*
*
*

*
*
*
*
*
*
*
*
*
*

*
dr

*
*
*
tr
*
*
*
,(

*
*
*

703
703
703
703
703
703
704
705

0061
0051

0061
006'1

264
2A4

28 1

324

c3
03
43

ÀDCONV DSPLOPT ÀDST,ÀDSTE
BF861EA LEA ÀDST,Às
Dr86202 LEÀ ADSTE,À5

TRP14 OUT1CR
E3C00E3 MOVE.B #OUT1CR,D7
E4E TRÀP #14*

006134 21FCo000621e
0070 MovE"L #ÀDersR¡ÀDEXÀDD

706
706 0061 3
706 0061 4
706 0061 4
707
708
799
710
711
712
713
714
715

sTpoIN3 "w ECGSTRT"À0 
"PCGSTRT.AI,CARSTRT,À207C0900 MOVE.W #ECGSTRT,À0

27C2100 MOVS.W #PCGSTRT,À1
47C1 500 MOVE"W #CÀRSTRT"A2

TTMER A3,À4,ÀDSMPL,Ð0
sTPOrN2 "L CNTR,A3 

"CPR,A467C0001 002D MOVE"L #CNTR,A3
87C0001 0025 MOVE"t #CPR,À4
07A MOVE.L #AÐSMPL,D0
1cc0000 MovEP.L D0,0(A4)
3FC0001

0001 0035 MOVE.B #1 ,TSR

]NITTALIZE TIMER. THE COUNTER TS SET WTTH THE SAMPLTNG PER]
AND ]S ÐECREMENTED. WHEI.¡ THE COUNTER REÀCHES ZERO, THE ZERO
DETECT BTT TN THE TSR WTtI BE SET. ÎHIS TNDTCATES THE END O

À SÀMPLTNG PERTOD.

715
715
715
715
715
715

0061 48 2
006148 2

0061 54 7

0061 56 0

00615A 1
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715 006162 13rC0001
00010021 MovE.B #srRTfMR,TcR

716
717
'718
719
720
721
722

t¿6
727
728
729
730
731
732
733
734
735
736
736

736
736
737
738
739
739

739
739
740
741
742
742

742
742
743
744
745
746

PERFORM A DUMMY WRTTE TO TNTTTATE THE HOID STATE TN THE
S,/H DEVICES. A DELÀY TS THEN TNEURRED TO ÀLLOW THE S,/H
DEVTCES TO ACQUTRE THE STGNÀLS"

723 00616A 4202 ÀDCONT CLR.B D2
724 00616C 13rC0000

00020008 MovE"B #0,HOLD
725 DELÀY I,D1
725 006174 323C0008 MOVE"W #8,D1
725 006178 51C9FFFE G010 DBRA D1,G010

CLEAR SIGNAT COUNTER

DUMMY WRITE -_ START HOLD STATE
DEtÀY FOR SAMPLE-HOID (37 USEC)

CONVERT ECG

CONVERT CAROTTD

COMSERT PCG

t
*
*
*
*
*
*
*

DTG]TTZE THE ECG" PCG, CAROTTD" A DUMMY WRITE fS PERFORMED
To rIE THE pRopER MUx INPUT To rHE ourPUT ÀND To'SteRr r¡¡n
arln cowvnnruR. A watr srATE Is rHEN ENTERED UNTIL THE
PROCESSOR RECETVES AN ]NTERRUPT TNDTCATTNG THE END OF

,CONVERSTON. D2 ]S USED ÀS À SIGNAL COUNTER TO TND]CATE WHÎC
STGNÀL TS CURRENTLY BETNG DTGTT]ZED.

col{vERT ÀDeH1 
"D20061 7c 1 3Fc0000

00020001 MovE"B #0,ADcHl
006184 4E'722300 srOP #$2300
006188 06020001 ADDT"B #1 

"D2*

CONVERT AÐCH2,D2
0061 Bc 1 3Fc0000

00020003 MovE.B #0,ÀDcH2
006194 48722300 STOP #$2300
0061 98 06020001 ÀDDI .B #1 ,D2

*
*

coNvERT ADCH3,D2
0061 9c 1 3FC0000

00020005 MovE.B #0 
"ADCH30061A4 48722300 SroP #S2300

0061À8 06020001 ÀDDr.B #1,D2

WATT UNTTT THE SAMPLING PERTOD HAS TERMTNATED. WHEN THE ZER
DETECT BTT TN THE TSR EOUALS ONE THE PERTOD TS OVER"

747
748
749 0061Àe 0e390000

OOO1OO35 AÐWATT CMP"B #$O,TSR
750 006'1 84 67F6 BEQ AÐ?ÛÀIT
751 *
752 *
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754
755
756
757
758
759
760
761
762
763

771
772
773 0
774 0
775 0
776 0
777
778
778
778
778
778
778
779
780
781
782
783
784
785
786

ÀFTER THE PER]OD TS OVER, THE CONTENTS OF THE CPR ÀRE
TRÀNSFERRED TO ?HE CNTR ÀND THE CNTR STARTS DECREMENTTNG
ÀGÀIN" RESET THE TSR BY WR]TTNG À $1 TO THE REGTSTER. THEN
DETERMTNE WHETHER 1"5 SECONDS OF DÀTÀ HAS BEEN ÀCOUTRED. IF
ALL THE DÀTA HÀS NOT YET BEEN ACQUIRED CONTTNUE T^7ITH THIS S

764
765
766

767
768
769
770

0061 86 1 3FC0001
0001 0035 MOVE.B #1 ,TSR

00618E 80FC1500 CMP.W #ECGEND,A0
OO61C2 6FÀ6 BLE ADCONT
0061c4 1 3FC0000

00010021 MOVE.B #HLTIMR,TCR

RESET TSR

DETERMTNE IF ALL DÀTÀ ACAUTRED

HALT TÍMER USING TCR HÀtT CODE

CLEÀR MOST SÎGNÍFTCÀNT NIBBTE IN EÀEH F¡ORD. THE RÀNGE OF
VÀLUES Iss -2"5v = 0000; 0.0V = 0800; 2"5V = 0FFF"

ce 307c0900 MovE.w #ECGSTRT,A0
D0 02580FFF ADCNVRT AND].W #$orFr,(A0)+ CLEAR MOST SIGNTFICANT b{IB
D4 B0FC2D00 CMPI "W #PCGEND.Ao
D8 6FF6 BLE"S ADCNVRT

*
DSPTOPT ÀDFIN,ÀDFINE DTSPLÀY END OT A/D

48F86204 LEA ÀDFIN"A5
4DFB621À LEÀ ÀDFTNE"À6

TRP14 OUTIER
183C0083 MOVE,B #OUT1CR.D7
4E4E TRAP #14

*
4875 RTS
53 ÀDST DC.W 'START OE A/D CONVERSTON'
20 ADSTE DC"W '
45 ÀDFrN DC.W tEND OF A/D COb¡VERSION'
20 ADF]NE DC.W '*

*

*
*
*

*
061
061
061
061

0051DA
0 0 51DE

006182
006186

006188
00618A
006202
005204
00621A
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788
789
790
791
792
793
794
795
796
797
798
799
800
I 0.1

802
803
804
805
806
807
BOB
809
810
811
812
Bl3
814
815
816
817
818
819
820
821
822
823

* ###################* A/D
########## ##########
fI{TERRUPT SERVTCE NE

824
825
826

* APU TNTERRUPT SERVTCE ROUT]NE
x #### ######################### ############### #################

N AO <*-> ECG POTNTER* A1 <_-> PCG POINTERO A2 <--> EAROTID POTNTER
*

. * ############################*###########################*####*
*
* ?HIS ISR SERVICES THE INTERRUPT CAUSED BY THE END OF CONVER* sIoN SIGNAL FRoM THE a,/o coHvnRTER. THE sÀMpLE vALUE Is REA* FRoM tHu arln BUFFER, THEN sroRED IN sysruM RAM" tuu s/n arsd. KEEPS TRÀCK OF WH]CH SIGNAL ]S BETNG DTGTTIZED ÀND INCREMEN* ?HE ECG,PCG,CÀROTTD POTNTERS. ECG=SrGNÀt#0, PCG=SIGNAt#1,* CÀROTID=SIGNÀt#2"
*
L

00621c 0c020000 ADcrsR cMpr"B #0,D2
006220 6808 BGT.S AD1
006222 30F90002000c MovE.I.¡ ADREAD,(À0)+ sroRE EcG DATA AND TNCREMENT
006228 6014 BRÀ"S ADEND
00622A 0C020001 AD1 cMPr "B #1,D2
006228 6808 BGT"S AD2
006230 32190002000c MovE.þr eBnueB,(e1)+ sroRE pec DÀTÀ AND TNCREMENT
006236 60O6 BRÀ"S ADEND
006238 34F90002000c ÀD2 MovE"ç.? ÀDREAD,(A2)+ sroRE cÀRorrD DATA & TNCREME
OO623E 4873 ADEND RTE

* THTS TSR HÀNDLES THE ]NTERRUPT RECETVED FROM THE APU. ÀN* ]NTERRUPI ACKNOWTEDGEMENT TS SENT TO THE ÀPU BY WRTTING TO* ADDRESS APUEÀCK.
*

006240 33FC0oFF
OOO4OOOE ÀPISR MOVE.W #$FF,APUEÀCK DI,JMMY WR]TE_SEND INTERRUPT ACKNOWIE

005248 4873 RTE
*
,.
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828
829
830
831
432
833
834
83s
836
837
838
839
840
841
842
843
844
845
846
847
848
849
850
851
852
853
854
855
856
857
858
859
860
861
862
853
864
865
865
865
865
865
865
866
867
868
869
870
871
872
873
874

*######### ######### ##################### ## ### # ##* ## ###########
* ### ########+### # # # #### ## ### # ### ## #### # # # # # # ### ## #############

ECG PROCESSTNG

############################## ## # # # # ### ######## ##############

THE ECG PROCESSTNG ROUTTNE IS COMPRISED OF THE FOLLOWTNG
MODULES s

EMOVE: DOWNSAMPLE ECG,CÀROTID AND MOVE DATÀ 1O BOTTOM OF
MEMORY.

EDFSSU: DIFFERENTÎATE AND SOUARE ECG STGNAT
ECNVL: CONVOLVE ECG
EORS; FTND CONSECUTÍVE QRS PEAKS

########## ## # # # # ### ### # ###*### # ## # # ## ############# ###########
########## ##### # # # ############ ### # # # # #### ### # ################

A ORS COMPLEX DETECTÎON ROUTINE BASED ON À SMOOTHÊD DTFFEREN
OF THE DTGTTTZED ECG STGNÀL TS USED TO DETERMINE THE RR
TNTERVAL. T,¡TTH X(N) REPRESENTING THE DTGITIZED EEG, THE FTRS
D]FFERENCE TS COMPUTED USTNG

D(¡{)=x(N+1 )-x(¡c) .
THE FOLLOWÌNG TRÀNSFORMÀTION TS THEN ÀPPIIED TO SMOOTH THE
ENERGY OF' THE DTFFERENCE STGNAL

M2
e(¡q)= E D (N-K)r,?(K)

K='1
WHERE W(K) TS A WEÎGHTTNG SEOUENCE WH]EH SELECTS A SEGME}TT O

D(N) ÀND M TS THE ¡{UMBER OF SÀMPtES TN T{INDO}I, ÀND N TS THE
RUNNÎNG TNDEX OF THE SIGNAL ÀND ÍTS TRANSFORM.

*

*
*
*
*
*
*
*
*
*
*
*
*
*

*
*
*
,r

*
*
*
*
*
*

*
*
*
*
*

00624À

006248
006252

488872D4 ECG JSR BLÀNK
DSPLOPT ECST,ECEN

4BFB626E tEA ECST¡45
4DF86294 LEA ECEN"A6

TRP14.OUT1CR
183C0083 MOVE"B #OUT1CR,D7
4E4E TRAP #14
48886296 JSR EMOVE
4EBB62D4 JSR EDFSQU
4E'BB62F2 JSR ECNVL
4EBB 6 3'l 4 JSR EQRS
4875 RTS
45 ECST DC.W 'ECG PROCESSTNG - oRS COMPTEX DETECTIOI{'
20 ECEN DC.W ' '

*
*

006256
00625A
00625c
006250
006264
006268
00626c
006268
006294
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876
877
B7B
879
880
881
882
883
884
BB5
BB6
887
BB8
889
890
891
892
893
894
895
896
897
898
899
899
899
899
899
899
899
899
899
899
899
900
900
900
900
900
900
900
900
900
900
900
901
901
901
901
901
901
901
901
901
901
901
902
903
904
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***************************lr**********************************
*
o EMovE
*
***************J.*****rr******cr*ir*rr****ir****ir******r.************

* AO <--> SIGNAL POTNTER* À1 <--> END OF S]GNAL DÀTÀO A2 <__> NEW SIGNAL POINTER
*
**rr************rr*********t*******rrCr*******C(**********dr********
*
* CALL FOLLOWTNG MÀCROS:* DÀ?Atrg->srPoIN2 u "*
**********C.*******************r.**tr*lrC(******t ***d.**********r****

THTS MODULE DOWNSAMPLES THE EEG A¡{D EAROTTD BY 4 TO GÍVE ÀN
EFFECT]VE SAMPITNG RÀTE OF 256 HZ. AtL DATÀ TNELUDTNG THE P
ÀRE THEN RELOCÀTED TO THE BOTTOM OF USER MEMORY"

EMOVE DATÀMV ECGSTRT"A0,ECGEND,AI,ECGStitEW,ECGENEW,À2,ECGDWN
srPolN2 ECGSTRT,A0, ECGEND,À1

006296 307c0900 MovE #EcGsrRT,A0
00629À 327c1500 MOVE #ECGEND,AI
OOOOO9OO ECGSTRT SET EEGSNEW
OOOOOCOO ECGEND SET ECGENEW
006298 347C0900 MOvn"w #ECGSTRT,À2
0062À2 34D0 G016 MovE"w (A0)"(À2)+ MovE DATÀ
0062À4 5048 ADD"W #ECGDWN,A0
0062A6 B0C9 CMP"W À1,A0
0062A8 6ÐF8 BLT.S @016

DATAMV CARSTRT, À0,CÀREli¡D"A1,CARSNEW, CÀRENEW"A2 f CÀRDI,¡N
STPOIN2 CARSTRT,A0,CÀREND,À1

0062AÀ 307C1500 MOVE #CARSTRT,Ao
0062ÀE 327C21A0 MOVE #CAREND,AI
00000c00 CÀRSTRT SET CÀRSNEW
OOOOOFOO CAREND SET CARENEW
006282 347C0C00 MOVE"W #CÀRSTRT,A2
006286 34D0 G017 MovE.w (À0), (A2)+ MovE DATA
006288 5048 ADD,w #CARDT{N,À0
00628A B0C9 CMP,W A1 

"A000628C 6ÐF8 BLT,S @017
DATAMV pcGsTRT,A0, PCGEND"A-l o PCGSNEFI, PCGENEW, À2,PCGD!{N
srPorN2 PcGs?RT,À0,PCGEND,À1

006288 307C2'100 MOVE #PCGSTRT,A0
0062c2 327C2D00 MOVE #PCGEND,À1
OOOOOTOO PCGSTRT SET PCGSNEW
OOOOIBOO PEGEND SET PCGENEW
0062c6 347C0r00 MOVE"W #PCGSTRT,A2
0062cA 34D0 @018 MovE"w (À0),(A2)+ MovE DATA
0062cc 5448 ADD.W #PCGDWN,A0
0062c8 B0e9 cMP.W A1,À0
0062D0 6DF8 Brr.S @018
0062D2 4875 RTS

*
*
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906
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908
909
910
911
912
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OUANTTTÀTTVE ÀNÀLYSTS OF PCG"ECG. P,ND CAROTTD PUTSE PÀGE 19

******************d.**********t<Cr*******rr*******t(******tr********

- * EDFSOU
ir**********Cr******rr*******i.*r.**rr****************rr*************
* AO <_-> ECG POI}¡TERN A1 <--> TRÀNSFORMED ECG POINTERo D0 <--> No D1 <--> x(N+1)-x(w)o D2 <--> X(N+1)-X(N)**z
***************tr******rr*********t' ******lr**L*******************
* CALLS FOLLOWTNG SdÀCROS:* STPOIN2 SQUARE
****tr*****************tr*****rrJr*****t(L*******lr*******r(*********
*
* TAKE FIRST D]FFERENCE OF DIGTTIZED ECG SIGNAL ÀND SOUARE.
*
EDFSQU STPOTN2 ECGSTRT,AO,TREEGST,À1

307c0900 MOVE #ECGSTRT,À0
327C1800 MOVE #TRECGST,Al
4299 CLR"t (A1 )+ SET '1ST TRÀNSFORMED ECG SÀMPLE TO O

301B EDFse MovE.w 1¿Q)+,Do
321 o MovE.r,ü (Ào),D1
9240 SUB"W D0,D1

souÀRE D1 ,D2,A1
3401 MOVE"w D1,D2
c5c1 MUts"w D1 ,D2
22e2 MovE"L D2,(À1)+ MOVE DATA
BoFC0C00 cMP.W #ECGEND,A0
6DEE BLT.S EDFSO CONTTNUE TTt ÀIL SAMPLES TRÀNSFORM
4875 RTS

C.

d.***d.******rr*********9r****t(*rr*i(*******tr**********rr************
* EeNvt
*******************{r*lr**rr*****************d.*******************
* ÀO <_..> TRANSFORMED ECG STARTO À1 <-_> TRANSFORMED ECG SNDO DO <--> CONVOLVE WINDOW W]ÐTH
* À1 <--> TEMPORÀRY STORGE POÍNTER
,r * * * * * * * * * * ir * * * * * * * J< * * * * * d, * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* CATLS FOLLOWTNG MACROS: SUBROUTTNES:* CALLCNVT TEMPMOVE CNVLV
********************************dr****r*************************
*
* CALL CONVOLVE ROUTINE TO SMOOTH TRANSFORMED EEG
*
ECNVL CALLCNVL TRECGST,EEGCNV,TRECGEN

307C1800 MOVE.W #TRECGST,A0
303c001 0 MovE.l.t #EcGcNV"D0
327c20TC MOVE.W #TRECGEN,Al
4EB86O8E JSR ENVLV

TEMPMOVE TRECGST, TRECGEN
STPOIN2 TRECGST"Ä0 

"TMPSTÀ,41307c1 800 MOVE #TRECGST"A0
327C3700 MOVE #TMPSTA,A'1
20D9 G022 MovE.L (A1)+,(A0)+ MOVE DATÀ
B0FC20FC CMP"W #TRECGEN,A0
5DF8 BLT @022
4875 RTS

,r
*

91s
916
917
918
919
920
921
921
921
922
923
924
925
926
926
926
926
927
928
929
930
931
932

936
937
938
939
940
941
942
943
944
945
94s
945
945
945
946
946
946
946
946
946
946
947
948
949

0062D4
0062D8
0062De
0062D8
0 0 6280
0062F'2

ô22

934
93s

0 0 6284
0062F.6
0 0 6288
00628A
0 0 52EE
0 0 62F0

006282
0 0 62F6
0062FÀ
0 0 62FE

006302
006306
00630A
00630c
0063 1 0

006312
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951
951
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967
968
969
970
971
972
973
974
975
976
977
978
979
980
981
982
983
984
985
986
9.87
988
989
990
991
992
993
994
995
996
997
998
999

1 00û
1001
1 002
1003
1 004
1005
1006
1 007
1 008
1 009
1010
1011

* * * * * * * * * * * * * * rr * * * * * * * * * Jr * * * * * * * * * * * * * * rr * J. * * * * * * * * tr * * * * * * * * * * *

" Eons
******rr**********t *************tr**rr**rr****rr*******lr***********

********lú*************Jr*****d.********tr********r.ir**rr***********
FIRST SET POTNTERS. THE PEÀK LOCATTON COUNTER TS FTRST SET
36 (BYTES). rr¡rS IS DONE SINCE THE SEÀRCH FOR THE FIRST ORS
PEÀK STÀRTS ÀT THE TENTH TRANSFORM SÀMPI,E. THE ORS PEAK
COUNTER TS SET TO ONE" ONEE THE COUNTER REACHES -1 BOTH QRS
COMPTEXES HAVE BEEN FOUND"

006314 4281 EQRS CLR"L D1 CLEAR CURRENT MAXIMUM
006316 383C0024 MOVE"W #36,D4 COUNTER
00631A '153C0001 MOVE"B #1,D3 SET QRS PEAK DOWN COUNTER
OO531E 3O7C1BOO MOVE.W #TRECGST,AO STARTTNG ÀDDRESS OF SEARCH FOR MAXT

* THE TRANSFORMED ECG VALUES ÀRE SCANNED ÀND A THRESHOLÞ IS SE
* ÀT THREE QUÀRTERS THE MÀXIMUM VÀLUE"
*

À0 <-->
A1 <-->
D0 <-->
D1 <-->
D2 <-->
D3 <-->
D4 <-->
D5 <-->
D6 <-->
D7 <-->

006322 8290 E8RS1 CMP.L (A0),D1
006324 6c02 BGE"S EQRSz
006326 2210 MOVE"L (A0),D1
006328 5848 E0RS2 ADDo"w #4,A0
000020r0 TRECGCHK EQU TRECGEN-12
00632A B0FC20F0 eMP"w #IRECGCHK,À0
006328 6DF2 Brr.S EoRS1
006330 8489 LSR.L #2"D1
006332 2001 MOVE.L D1 

"D0006334 D0B1 ÀDÐ"L D1,D0
005335 D081 ADD"L D1,D0

307C1800 MOVE"W #TRECGST,A0
Ð0FC0024 ADD.W #36"À0
5848 EQRS3 ADDO"W #4"A0
B0FC2oFe CMP"W #TRECGEN,A0
6846 BGT"S EEGERR

5844 ADDo.W #4 
"D48290 CMP"L (A0),D1

6EE2 BGT EQRS3*
*

TRÀNSFORMED ECG PO]NTER
TRÀNSFORMED ECG SUBPOINTER FOR PEÀK DETECT LOOP
TEMPORÀRY DÀTA STORAGE
MAXTMUM TRANSFORMED ECG VALUE, THEN THRESHOLD
COUNTER FOR PEAK DETECT tOOP
NUMBER OF PEÀKS DETECTED COUNTER
PEAK LOEATION COUNTER
EURRENT TESTING FOR PEÀK VALUE
NUMBER OF SÀMPtES TO ORS PEAK #1
NUMBER OF SAMPTES TO QRS PEÀK #2

*
L
*
ir
dr

dr

*
*
,(
,r
*
*
*
*

*

SET THRESHOLD AT 3/4 ù MAX

THE TRÀNSFORMED VALUES ÀRE SCANNED A SECOND TTME" IF THE SAM
VALUE ]S BELOW THE THRESHOTD, THE SAMPTE TS THROT^¡N OUT. NOTE
TF THE ENTIRE TRÀNSFORM HAS BEEN SCANNED WTTHOUT THE DETEETI
OF TWO QRS COMPTEXES, ÀN ERROR MESSAGE 1S DÍSPLAYED. TF ?HE
SAMPLE VALUE TS GREÀTER THAN THE THRESHOLD, THEN CHECK FOR A
PEÀK, CORRESPONDTNG TO ORS COMPLEX"

COMPÀRE CURRENT MÀXTMUM TO NEW VAL
IF (A0)<D1, NO MAXIMUM
D1<(À1) tgUS STORE NEW CURRENT MATT

SEARCH ENTTRE DÀTA

STARTTNG ADÐRESS OF TRANSFORMED ECG
START LOOKTNG FOR PEAKS ÀT IOTH tW
TNEREMENT POINTER TO NEXT LONG WORD

IF ENTTRE TRANSFORMED EEG BURFER HA
BEEN EHEEKCN W/O 2 PEÀKS THEN ERROR
PEÀK LOCATTON COUNTER (TN BYTES)
coMPARE (ao) ro THRESHoLD. IF LEss
THEN GO TO NEXT SAMPTE

006338
00633C
006340
006342
006346

006348
00634À
00634c

* A PEAK IS FOUND BY COMPÀRING THE SAMPLE VALUE I.¡TTH THE TEN
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1012
1013
1014
1015
1016
1017

* PREVIOUS ÀT{D TEN NEXT SAMPLE VÀtUES. IF THE SAMPLE VÀLUE TS* GREATER THAN THESE TWENTY SÀMPLES, A PEAK, CORRESPONDTNG TO* THE END OF THE QRS COMPLEX, HAS BEEN FOUND" THIS TS CONTTNUE* UNTTL TIIO PEÀKS ÀRE FOUND"
*
*

1018
1019
1020
1 021
1 022
1023
1 024
1 025
1026
1 027
1 028
1 029
1030
1 031
1 032
1033
1 034
1 035
1036
1037
1038
1039
1 040
1 04'i
1042
1043
1 044
1 045
1 046
1 047
1 048
1 049
1050
1 051
1 052
1 053
1 054
1 0s5
1056
1057
1058
1 059
1059
1 059
1060
1 061

006348
0063s2
006354
006356
006358
00635A

0063s8
006362
005364
006366
006368

00636C
006368
006372
006374
006376
00637A
006378

006380
006382

006386
006388

00638c

006388
006392

343C0004 MOVE.[,? *10,D2
3248 MOVE"W À0,À1
2À1 0 MOVE"t (À0 ) ,D5
BAAI EQRS4 CMP"r -(A1 ),D5
6DE5 BLT EQRS3
51CÀFFFÀ DBRA D2,E8RS4

*
*

343C000A MOVE,W #10,D2
3248 MOVE A0"A1
BA99 E8RS5 eMP.t 1¡1)+,Ð5
5DD8 BLT EQRS3
51CÀFFFÀ DBRA D2,EQRS5

3804 MOVE"T4T D4,D7
0403000'1 SUBI "B #1 ,D3
6D0C BLT.S E0Rs6
3c07 MOVE"W D7 1Ð6
064401 90 ADD.W #400,D4
D0FC01 90 ÀDD.W #400,A0
60c0 BRA EQRS3

E24E EORS6 LSR"W #1,D6
31c67F00 MOVE,W D6,QRS1

*
E24E LSR.W #1,D7
31C77F"02 MOVE.r,l D7 

"QRS2*
4875 R?S

ECGERR TRP14 ERRORI
183C0000 MoVE"B #ERROR1,D7
4E4E TRAP #14

*

LOÀD COUNTER FOR PEAK DETECT LOOP
TRÀNSFORM ECG POINTER TO SUBPOINTER
CURREN? VÀLUE BEING TESTED FOR PEÀK
USTNG PREDECREME}TT
COMPÀRE VÀLUE IN (AO) TO IO PREVTOU
SAMPLE VALUES.

LOAD COUNTER
TRÀNSFORM ECG POTNTER TO SUBPOTN?ER
AS PREVTOUS ROUT]NE. TF VALUE <
10 NEXT SÀMPLES, GO TO NEXT SAMPLE.

STORE PEAK LOCATTON IN D7

fF =-1, THEN 2 PEAKS HÀVE BEEN FOUN
D6 CONTAINS FIRST PEAK LOCATION

JUMP AHEAD TO SEAREH FOR NEXT PEAK
SEÀRCH FOR NEXT PEAK

NUMBER OF BYTES rO ORSI (2 SvrnS=
1 SÀMPLE)

NUMBER OF BYTES rO 0RS2 (2 BYTES=
1 SÀMPLE)

ERROR-TRÀP 14

*
*
*
*

*

PEAK FOUND! DETERMTNE TF BOTH ORS PEAKS HAVE BEEN FOUND.
TF bIOT, EONTINUE SEÀRCH FOR NEXT ORS PEAK.

*
*
*
*
*
*

BOTH QRS PEAKS HAVE BEEN FOUND. THE ECG HÀS BEEN DOT^INSAMPIED
BY FACTOR OF 4" TÀK]NG TNTO ÀCCOUNT THAT THE TRANSFORM
IS REPRESENTED BY LONG WORDS (4 BYTES), THE NUMBER OF BYTES
TO QRSI AND 8RS2 CÀN BE FOUND BY DIVTDING D6,D7 BY 2.
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070
071
072
073
074
075
076
077
078
079
080
080 006394
080 006396
080 006398
081 00639A
082 00639c
083 006398
084 0063A0
085 0063À2
086 0053A4
087 0063À6
088 0063À8
089 0063ÀA
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******************************************¡t*******************
* FTNDMÀX SUBROUTTNE* CÀLLED BY: CT.l T2
*********t *****************************rr****Jr***********dr*tt***

AO <_*> SIGNÀL POINTER
A1 <--> .END OF SIGNÀL
DO <--> CURRENT MAXIMUM
D1 <--> LOCATION OF MÀ:(TMUM TN BYTES
D2 <--2 COUNTER

* * * * * * * * * * * * * tr * * * * * * * * * * * * * * * * * * * i. * * * * * tr * * * * * * * * * * * * * * lr t * * * * * *
* CALLS FOLLOVITNG MÀCROS:* CLDATÀ3
******L********************d.******i.*****t ******lr**********Cr***
*
* FTNDMAX SUBROUT]NE. FÌNDS MAXTMUM VALUE TN A SET OF DATA* AND COUNTS THE NUMBER OF BYTES TO THAT MAXTMUM"
*
FINDMAX CTDATÀ3"t D0.D1 .D2

4280 CrR.r D0
4281 CLR"L D1
4282 CrR"r D2
BO9O TTNDMX CMP"L (AO),DO COMPARE TRANSFORM VÀIUE þITTH CTIRRENT
6CO4 BGE"S FMÀX IF MAX>VALUE <--> NO NEW MAX
2O1O MOVE"L (AO),DO TF VATUE>MÀ:I <_-> NEW CURRENT MAX
3202 MOVE.W D2,D1 LOCATÍON OF CURRENT MÀX rN BYTES
5B4B FMÀX ADDO"!^? #4,40 INCREMENT SIGNÀL POINTER
5842 ADÐQ"W #4,D2 INCREMENT COUNTER
B0C9 CMP"W A'1 "A0 ÀtL TRÀNSFORM VÀLUES CHECKED?
6DFO BtT FTNDMX fF NOT CONTINUE
4875 RTS

*
* * * * * * * * * * * * * * * * * Cr * * * * * * * * * dr * rr * L ir * d. * * * * * * * * * * * * * * * * * * * * * * * * * * *
* TWOIS COMPLEMENT SUBROUTINE* CÀLLED BY: C2DFSo,PTSoU,PFMSYS
***********************************************drrr*rr*******Cr***
* AO <--> STÀRTING ÀDDRESS ÀND STGNAT POISITER* À1 <--> ENDTNG ADDRESS OF STGNAL* DO <--> SAMPIE VÀLUE TO BE CONVERTED
*************************lr************tr***********************
*
* CONVERTS 12-BTT NUMBER TO 16-B1T TWO'S COMPTEMENT REPRESENT
*

301 0 TwocoMP MovE"w (A0 ) ,D0
06400800 ÀDDr .er #$800,D0
0880000c BCLR #1 2 

"D008000008 BTsr #1 1 ,D0
67000006 BEo TllocoMA
0040F'000 oR.w #$F000,D0
30c0 Tt¡ocoMA MovE"rr¡ D0, (e0)+ MovE DATÀ
B0C9 CMP"W A1 

"A0

1 063
1064
1 065
1 066
1 067
1 068
1069

090
091
092
093
094
095
096
097
098
099

00
01
02
03
04
05
06
07
08

0063Àc
0063ÀE
006382
006385
00638A
006388
0063c2
0063c4
0063c6
0063c8

09
10
11
12
13
14

6FE4
487 5

BLE"S TWOCOMP
RTS

*
*
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22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
3B
39
40
41
42
43
44
45
46
47
48
49
s0
51
trt

53
54
55
56
56
56
56
56
56
57
58
s9
60
61
62
63
64
65

11
11
11
11
11
1'1

11
11
11
11
11
11
.11

11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
1'1
11
11
1'l
.l 

1
.1 

1

11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11

6
7
B

9
0
1

## ### # ## ## # ## # ## ### # # # # # # # # # ############ ###### ###############
########## # ##### ## # # # # # # # # # #### ####### ############ # ##### # ## # #

CÀROT]D PROCESSING

## ## # # ############# ### # # ######### ##### ######### ##############

THE CAROTTD PROCESSING ROUTTNE IS COMPRTSED OF THE FOLLOWTN
MODULES:

*
*

*
*
*
*
*
*
*
*
*
*
*
*
*
*

*
*
*
*
*
dr

*
*
*
*
*
*
*

*
Cr

*
*
*
*

C2DFS0s
CCNVL:
CT1T2 s

SECOND DERTVATTVE AND SOI,JARE CAROTID
CONVOTVE CÀROTID
FfND PEÀKS TN CAROTTD TRÀNSFORM CORRESPONDING TO
ONSET OF EJECTION ÀND DICROTTC NOTCH
FIND DTCROTIC NOTCH TN CAROT]D PULSE

0053cÀ

0063c8
0063D2

0063D6
0063DA
0063DC
0 0 6380
0 0 6384
0 0 63EB
00638c
006388
00641c

CDERTC:

#### # # ##### # ## # # #### ## ################## ###### # ##############

THE DTCROTTC NOTCH OF THE CAROTTD PULSE TS SEÀRCHED FOR ]N
REGTON STARTTNG AT 8RS1 (p1 ON CÀROrrD PUrSE) TO À PO]¡{T 50
MSEC ÀFTER P1 " THE DTCROTTE NOTCH TS DEFTNED ÀS THE POTNT O
MTNTMUM PRESSURE OECURRTNG ]N THE REGTON OF THE MAXTMUM SEE
DER]VÀT]VE" À LEAST SQUARES ESTÍMATE OF THE SECOND DETVATTV
IS OBTÀTNED FROM

p(N) = 2y(N-2)-v(¡l-t )-2y(N)_y(N+1 )+2y(N+2)
T.THERE Y(N) TS ?HE DTGTTTZED CÀROTTD PUTSE AND P(N) IS THE
SECOND DERIVAT]VE EVALUATED AT THE NTH DÀTÀ POINT. THE
FOLTO?¡TNG TRANSFORMATTON TS ?HEN USED TO OBTATN A SMOOTHED
ENERGY CURVE OF THE 2ND DERTVÀTTVE

M2
s(N)= E P (N-K)r,?(K)

K=1
WHERE W(K) TS A WINDOW WHICH SELECTS À SEGMENT OF P(N), M T

THE NUMBER OF SÀMPtES TN WTNDOW ÀND N TS THE RUNNING INDEX
THE SIGNÀL AND TRANSFORM. THE WINDOW W(K) WÀS SELECTED SUEH
THAT ç1¡¡=1¡a_x+1),

488872D4 CAR JSR BTANK
DSPLOPT CAST"CAEN

4BF863EE LEA CÀST"À5
4DF8641C LEÀ CAEN"À6

"RP14 
OUTIER

183C0083 MOVE"B #OUT1CR,D7
4E4E ?RAP #14
48886418 JSR C2DFSQ
4EBB547O JSR CENVT
4EBB64AO JSR CT1T2
4EB864CÀ JSR CDCRTC
4875 RTS
43 CÀST DC.I,I 'CAROTID PROCESSING - DTCROTIC NOTCH DETECTIONI
20 CAEN DC.W '! '

*

149



67
68
69
70
71
72
73
74
75
76
77
78
79
BO
B1
B2
B3
84
B5
86
87 006418
B8 006422
89 006426
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*tr***rr*rú*******dr**************************************L*******
** . C2DFSo
*
********************************************rr*****************

TRANSFORMED CAROTÏD PO]NTER
STÀRT OF CAROTTD PULSE CORRESPONDTNG TO ORSI
SUBPOINTER TN CAICUTÀTTON OF SECOND DIFFERENCE
END OF TRANSFORI,fED CÀROT]D PULSE
TEMPORÀRY DATA REGTSTER
TEMPORÀRY DÀTÀ REGTSTER

******ir********Cr*********************************************
CÀLL THE FOTLOWTNG MACROSs

GETÀDD STPOTN2
SSUARE

00642A
006428

***************dr*****************rr*********r.******tr******ir**dr*
* TAKE SECOND DIFFERENCE OF CAROTTD PULSE, SQUARE TRANSFORMED* VÀLUES ]N À REGTON STÀRT]NG ÀT ORSI AND CONTAT¡{TNG 5OO MSEC* OF DÀTA"
*

307C0C00 C2DFSo MOVE"W #CÀRSTRT"À0
327C0F00 MOVE"W #CAREND"Al
488863ÀC .]SR TWOCOMP CONVERT CAROTID TO TWOS COMPIEMENT

sTPOrN2 TRCÀRST,A0.TRCÀREN,À3
307C2',l 00 MOVE #TRCÀRST"A0
367C2300 MOVE #TRCÀREN,À3

GETADD ORSI,A1 "CARSTRT32787F00 MOVE.w gRSl,A1
D2FC0C00 ÀDD.W #CÀRSTRT,À1
4298 CIR.L (ÀO)+ ELEAR REGTSTER
4298 CLR.L (AO)+ F]RST TWO LOCÀTTONS ÀRE ZERO
4293 CrR"L (A3)
42à3 CLR,L -(A3)
42A3 CLR"L -(A3) LAST TWO LOCATIONS ÀRE ZERO
3449 C2DFSQ'l.MOVE À1"A2 USE À2 ÀS SUBPOINTER

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

2

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

90
90
90
91
91
91
92
93
94
95
96
97
9B
99
00

210
211
212
213
213
213
213
214
215
216
217
218

*
*
*
*
*
*
*
*
*

À0 <-->
À1 <-->
A2 <-->
A3 <:->
D1 <-->
D2 <-->

64 3E
6440
6442
6444
6446
6448
644À
644C
64 4E
64 50
6452
6454
6456
64 s8
645À
645C
64 5E
6460
6462

201
202
203
204
205
206
207
208
209

5449
321 A
5C4À
834 9
9254
5C4À
341 À
5C4À
E34A
9242

006432
006435
00643A
00643C

006464
006466
006468
00546A
00646C
005468

834À
D242

34 01
c5e1
20e2
BOCB
6ÐD6
487 5

925À SUB"W 1¡2)+,D1

SUBROUTT NES å

TWOCOMP

TNCREMENT CÀROTTD POTNTER

COMPUTE 2 * Y(N-2)
- v(N-1)

-2 * Y(N)
-- Y(N+1)

+ 2 * y(h{+2)
P(N)**2

MOVE DATÀ

CONTTNUE UNTTT 5OO MSEC OF PUTSE

5e4A ADDo.Î,t
3412 MOVE"I^7

ADDo"W #2,A
MOVE"w (À2)
ÀDDO"W #6,A
LSL"W #1,D1
suB"f^r (A2)+
ADDo"W #6,A
MOVE"T'¡ (A2 )
AÐDo"V{ #6,A
LSt"W #1 ,D2
suB"ç.¡ D2,D1

#
(

1

+,
2

,D
2

2

D1

1

D2

6,h2
A2l ,D2

tsl"ç.i #1 ,Ð2
ADD"ï'? D2,D1
souÀRE D1,Ð2,A0
MOV8"W D1 ,D2
MULS"W D1 ,D2
MOVE"T D2, (A0)+
cMPÀ"r{ A3"A0
BLT C2DFSQI
RTS

*
t4
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122A
1 221
1t)')
1223
1224
1 225
1226
1 227
1228
1229
12.30
1 231
1232
1233
1 234
1235
1236
1 237
1238
1239
1240
1 241
1242
1243
1244
1245
1 245
1245
1245
1245
1246
1 247
1248
1248
1248
1248
1248
1 248
1248
1249
1250
1 251
1252
1253
1254
1255
1256
1257
1258
1259

***************x****************************lr*****************

* CCNVL

************************************************Jr*************
*
* ÀO <__> TRANSFORMED CAROTID STÀRT* À1 <__> TRANSFORMED CAROTID END* DO <--> CONVOLVE WINDOW WIDTH* A1 <_-> TEMPORÀRY MEMORY STORÀGE
*
*****************************dr********************************

CALLS FOLLOI^¡ING MÀCROS:
CÀLLCNVL
TEMPMOVE

CALLS FOLLOWING SUBROUTINES!
CO}¡VOLVE

CALL CONVOLVE ROUTINE TO SMOOTH TRANSFORMED CÀROTTD

ccNVL CÀLLCNVL TRCARST,CÀRCNV.TRCÀREN
006470 307c2100 MovE.w #TRcÀRsT.À0
006474 303C0010 MOVE"W #CÀRCNV,D0
006478 327C2300 MOVE.w #TRCÀREN,A1
00647C 4888608E JSR CNVLV

*
*

TEMPMOVE TRCÀRST.TRCÀREN
STPO]N2 TRCARST,AO,TMPSTA, A1

307C21 00 MOVE #TRCARST,À0
327C3700 MOVE #TMPSTÀ,A1
2oD9 @o30 MovE.r, (À1 )+. (Ao)+
8oFC2300 CMP.W #TRCÀREN,À0
6DFB BLl @O3O

006480
006484
006488
00648À
006488

MOVE DATÀ

*
*
*
*

CONVERT CÀROTTD SAMPLES BÀCK ?O 12-BTT REPRESENTÀTION FOR
DAC ROUTINES

006490 307C0C00 MOVE.w #CÀRSTRT,A0
006494 0€;580800 ccNVLÀ ÀDD,w #$800, (¡0)+
006498 BoFC0F00 CMpr.W #CÀREND.A0
00649C 6FF6 BLE.S CCNVLA
006498 4875 RrS

*
*

CONVERT TO 12-BTT
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**********lr*****r.*tr*rr***t ****************************dr********
*o cr1T2
*
* * * * * * * * * * r. * * * * * dr * * * * * * * * * * * * * * * * * * * lr rr * * * * * * * * * * * * * * * * * * * dr * * * *
*
* AO <-_> TRÀNSFORMED CAROT]D POTNTER* À1 <_-> END OF TRÀNSFORM* DO <--> CURRENT MÀX]MUM* D.l <_-> OUPEÀK, DNPEÀK (T1 & T2)* D2 <_-> COUNTER
*
**********************************rr************ik*************dr
,.
* CÀLLS FOLLOT.IING MÀCROS:
* GETÀDD '' STPOI}q2
*
* CÀLLS FOLLO$,¡TNG SUBROUTINES:* FTNDMA:{ 'O*
******tr******dr*************tr*************Jr********************
*
*
* FTND PEAK TN CÀROTID TRANSFORM CORRESPOND]NG TO OÌ{SET* oF EJECTION ÀND DICROTIC NOTCH, I.E"o T1 & T2"
dr

¡t

cr'l T2 sTporN2 TRCÀRST"A0 
"?RCÀREN,À1307C21 00 MOVE #TRCARST,A0

327C2300 MOVE #TRCÀREN"A'1
48886394 JSR FTNDMÀX FIND MAXIMUM VATUE ]N TRÀNSFORMED CARO

1 261
1262
1263
1264
1265
I ¿6b

1 267
1268
1269
1270
127 1

1272
1273
127 4
1275
127 6
1277
127 B

127 9
1280
1281
1282
1283
1284
1 285
1286
1 287
1 288
1 288
1288
1289
1290
1291
1292
1293
1294
1295
1296
1297
1297
1297
1298
1298
1298
1299
1300
1301
1302
1303
1 304
1 305
'1306

0 0 64A0
0 0 64A4
0 0 64À8

*
t
*
*
*
Jr

THE MAXTMUM IN THE CÀROTÎD TRANSFORM CORRESPONDS TO THE ONS
OF EJECTTON" SET À POTNTER TO A POINT 150 MSEC (39 SAMPLES.I5O BYTES) AHEÀD OF T1. THEN SEÀRCH FOR T2 IN THE AREÀ FROM
THIS POTNT TO THE END OF THE TRANSFORMED CAROTTD.

D3 CONTAÎNS NUMBER OF BYTES ?O À POINT
GETADD Dl,D3,T1Tor2 200 MsEc (T1Tor2) eFrsn 11"

0 0 6482
0 0 6484
0 0 64BB
0 0 64Bc
0 0 64BE
0064C0
0 0 64C4
0 0 64C8

0064AC 3601 MOVE.W D1 
"D30064A8 06430098 ADD.W #T1TOT2"D3

GETADD D3,ÀO,TRCARST POINTER FOR SEARCH OF T1
3043 MOVE.W D3 

"À0D0FC21 00 ADD.W #TRCARST,A0
48886394 JSR FINDMÀX
D243 ADD"W D3,D1
8249 LSR"W #1,D1
D2787F00 ADD.w QRSI ,D1
31c17F04 MOVE.W D1,?2PEAK
4875 RTS

*
*

BYTES TO T2 FROM BEGINNTNG OF E

ByTES FROM P1 TO T2
DTVIDE BY 2 TO CONVERT LW TO W

152



1 308
1 309
1310
1311
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******************************rr**************************r(****
*
* CDERTC
*
****************r(****Jr***************rr**trtr*i.******************
*
* AO <--> CÀROÎ]D PO]NTER STARTTNG 10 SAMPLES BEFORE T2
* À1 <-_> POTNT '10 SAMPLES AFTER T2
* DO <--> CURRENT MTNTMUM* D5 <--> STÀRT OF 52
*
*****************r(***********t ***rr***{r**dr********************È
*
d. EALLS FOLLOWTNG MACROS:* GETÀDD .'
*
* * * * * * * * * * * * * * * * r. * * * * i. * * * * * * * * * cr * * * * * f. * * t * * * {r * * * * * * * * * * * * * * * * *

DEFTNE A REGTON ON THE CAROTTD PULSE CORRESPOND¡b¡G "¡9+* 10
SAMPLES OF THE T2 PEÀK" IN THTS REGTON SEARCH FOR A LOEAL
MINTMUM CORRÊSPOND]NG TO THE ÀCTUAL DICROTTE NOTCH

0 0 64CA
0 0 64CE
0 0 54D2

CDCRTC GETADD TzPEAK,AO,CARSTRT
30787F04 MOVE"W TzPEÀK,A0
DoFCoC00 ADD"r{ #eARs?RT,A0
90FC0014 SUBA.T{ #20,A0 POINT 10 SAMPTES BEFORE T2 ON CAROTID

GETADD T2PEAK"À1,CÀRSTRT
32787F04 MOVE"W T2PEAK,A1
D2FC0C00 ADD.W #cARsrRT,Al
Ð2FCOO14 ÀDD.W #20,À1 POTNT -10 SAMPLES ÀFTER T2 ON CAROTTD

*
3O3C7FFF MOVE"W #$7FFF,DO CURRENT MIN]MUM VALUE
BOSO CDCRTCI CMP.W (AO)"DO COMPÀRE PULSE VALUE 9¡ITH CURRENT MTNT
6DOOOOO6 BtT CDCRTE2 IF VALUE>MTN,THEN NO CURREN? MTNTMUM
3O1O MOVE.W (ÀO),DO TF MTN>VALUE.THEN A NEW MINIMUM
3À08 MOVE"W A0.D5 LOCÀTION OF CURRENT MINIMUM
5448 CDCRTC2 ADDQ"ï,¡ #2,40 INCREMENT PUTSE POINTER
BOC9 CMP.W A1 ,AO CHECK ÀLL 1 O SÀMPLES FOR MTNIMUM
6DFO BLT CDCRTCI
04450C00 SUB.W #CARSTRT"D5 SUBTRACT CARST ?O GET NUMBER O* DICROTTC NOTCH IN CÀROTTD PULSE
3.1c57F06 MOVE.W DS,DCRTC
04450018 SUB.W #DS2DEL,Ds SUBTRÀCT DELÀY TO GET STÀRT OF 52
9A787F00 SUB.}í 0RS1,D5 CÀLCULATE NUMBER OF BYTES BEWTEEN gRS

* ÀND S?ART OF 52
E54D LST.W #2,D5 MULTTPLY BY 4 (PCG SAMPLED AT RATE 4

* CAROTTD
31c57F0C MOVE"W Ds,PCGS2 NUMBER OF BYTES BE?WËEN 51 ÀND 52
4875 R?S

*
*

0 0 64D6
0 0 64DA
0064D8

'13

13
13
13
13
13
13

5
6

3
4

7

1319
1320
1321
1322
1323
1324
1325
1326
1327
1328
1329
1 330
1 331
1332
1332
1332
1333
1334
1 334
1 334
1335
1 336
1337
1338
1339
1 340
1 341
1342
1343
1344
1345
1346
1 347
1348
'1349
1350
1351
1352
1353
1354
1 355
1356

0 0 6482
0 0 6486
006488
0 0 64EC
0 0 64EE
0 0 64F0
0 0 64F2
0 0 64F4
0 0 64F6

0 0 64FA
0 0 64FE
006502

006506

0 0 6508
00650c

'l53
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1358
1359
1360
1 361
1362
I 363
1 364
1 365

* * * * * * * * * * * * * * * * * * * * * * * * * * C. * * * * * * dr * * * rr * * * * * * * * * * * * * * d. * * * * * * * * *
* ENERGY DTSTRTBUTION COEFFTECIENT CC'MPUTÀTTON S/R
* * * * * * * * * rr * * * * * * rr * * * * * * * * * * * * * r. dr * * * * * * * * dt * * * * * * * * * * * * * * * * * * * * *
* AO <-_> START OF SEGMENT* A1 <-:> END OF SEGMENT* D3,D2 <-_> EDC DENOMÍNÀTOR* D1,DO <--> EDC NUMERATOR* D5"D6,D7 <-_> TEMP DATA REG]STERS FOR MULTIPLÌCATTON
********************dr*****************************************
* CATLS FOLtOgfING MACROS: SUBROUTINES:
* CLDATAS ML321 6 DVD6464
***J<*r(*******rr**C.******tr******lr***************r.***************
*
* COMPUTE ENERGY DTSTRIBUT]ON COEFFICIENT" PERFORM PRECORRECTT
* ON EDC BY MULT]PLYTNG BY 1024"
*
EDC ELDÀTA8.t
CLR.L DO

366
367

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1
'1

1

1

1

1

1

1

1

1

368
369
370
371
372
373
374
374
374
374
374
374
374
374
374
375
376
377
378
379
379
379
379
379
379
379

1379
1379
1 380
1 381
1 382
1 383
1 384
1 385
1 386
1387
1388
1389
1390
1391

0 0 6508
00651 0
00651 2
00651 4
00651 5
00651 B

006s1À
00651 C
00651 E
006522
0 0 6524
006526

4280

379
379
379
379

0 0 6528
00652À
00652C
006530
006532
006536
00653À
00653c
006538
006542
006544
006546
006548
0 0 654À
0 0 654C
006552
006554
006556
00655À
006558
006560
0 0 6562

4281 erR"t D1
4282 CrR"L D2
4283 CLR"L D3
4284 CLR"r D4
4285 CrR"t D5
4286 CLR"r D6
4287 CLR"L D7
42887812 CLR.L SEQNUM
28'1 I EDCl MOVE"¡ 1¡Q)+,D4
D484 ADD.t D4,D2
D787 ADDX"L D7,D3

ML321 6 SEQNUM,D4.D5,D6,D7
4286 CLR"L D6
3À04 MOVE"W D4"D5
cÀF87F12 MULU"W SEoNUM,D5
4844 SWAP D4
CBFB7F12 MULU.W SEONUM"D4
183C000F MOVE"B #15,D7
E3BC G037 LSL"L #1,D4
8396 ROXL"L #1,D6
5lCFFFFÀ DBRA D7,@037
DB85 ADD"L D5,D4
4287 CtR"t D7
DD87 ADÐX.L D7,D6
D0B4 ADD"L D4,D0
D386 ADDX"L Ð6,D1.
057800017F12 ÀDDI "r.¡ #1 ,SESNUM
B0c9 cMPÀ"h? À1 ,À0
6DCC BLT EDCI
48886564 JSR DVD6464
20387F44 MOVE"t QUOT,D0
EB88 LSL.L #5,D0
EBBB LSL"L #5,D0
4875 RTS

*

EDC ÐENOMINATOR
E(N),,H(N)

EDC NUMERÀTOR
]NCREMENT SEQUENCE

MUtT]PLY BY 1024 (PRE_EDC EORREE?T

r54



399
400
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* * * * * * * * T( * * * C. tr * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * i. * * * * rr * * * * * * * * *
* DvD6464
*****************Cr*************************t(******************
o D1 uDo <--> DIVIDEND* D3,D2 <--> DIvIsoR* D5,D4iD7 "D6 

<--> PÀRTIÀL DIVTDEND' TEMP PÀRT DTVIDEND
*********L****************************************************
* THTS ROUTTNE PERFORMS 16 BTT BY 16 BTT DTVTSTON. RESUTT TS 3* BTT QUOTIENT.
*

42887F44 DVD5464 CLR.L SUOT CrEÀR QUOTTENT
4284 CLR.L D4
4285 CLR.t D5 CLEÀR PARTIAL DIVIDEND
1'1 FC00407F48 MOVE"B #64,COUNTER NUMBER OF BYTES IN DmDEND
E3B8 D6464À LSr.L #1,D0
8391 ROXL"L #1,D1
8394 ROXL"L #1,D4
8395 RO)ß"t #1 ,D5 SHTFT DIVTDEND IN?O PARTTÀL DIVIDEN
28387F44 MOVE"L SUOT¿D7
E38F LSL"I #1,D7 SHTFT QUOTIENT
21e77844 MOVE"L D7,QUOT
2c04 MOVE"L D4"D6
2EO5 MOVE"L D5,D7 MOVE PARTTAT DIVIDEND FOR SUBTRACTÍ
9c82 suB"L D2,D6
9FB3 SUBX"L D3,D7
6DOOOOOA BLT Þ64648
2806 MOVE"t D6,D4
2AO7 MOVE.L D7,D5 SÀVE NEW PÀRTTÀL DIVTDEND
52887F44 ADDQ"L #1,QUOT ]NCREMENT QUOTIENT
53387F48 D64648 SUBQ"B #1 "COUNTER DECREMENT COUNTER
66D4 BNE D6464À
4875 RTS*

*

393
394
395
396
397
398

418
419
420
421
422
a.t ?,

424
425
426

1 401
1 402
1 403
1 404
1 405
1 406
1 407
1408
1 409
1410
1411
1 412
1413
141 4
1415
1416
1 417

0 0 6564
006568
00656À
00656c
006572
006574
006576
006578
00657À
006578
006580
006584
006586
006588
00658A
00658e
006590
006592
006594
006598
00659c
006598
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*######### ################ # # ###################### # # # ## # # # # ## #
* ### ### # # ### # ## # # # #### ##{t############### ### ###################

PCG PROCESSING - ÎTME DOMATN

###### ##########+### ### ##### ## # ## # # ## ## ##############f #######

THE PCG PROCESSTNG ROUTTNE IS COMPRTSED OE THE FOILOWING
MODUTES:

PTSQUS SQUARE PCG SÀMPLES TO OBTAIN PCG ENERGY CURVE
PTCNVSå SMOOTH SYSTOLIC PCG ENERGY CURVE
PTCNVD: SMOOTH DIÀSTOLIC PCG ENERGY CURVE
PTEDCS COMPU?E PCG SYSTOTTC AND DTASTOLIC EDC

0 0 65A4
0 0 65A8

* ### ### ### #### ## # # ## # # ## # ## # # ## # ## # # ## ####### # ### #############
*######### # # # # # # # # # # # # # ## # # # # # ## ## # ## # ## ##* ## ##### ####### #### #
*
*

4EBB72D4 PEGT JSR BLANK
DSPLOPT PCST,PCEN

4BF865EE LEA PCSTfÀ5
4DFB66OA LEÀ PCEN"A6

TRP14 OUl1CR
183C0083 MOVE.B #OUT1CR,D7
4E4E TRAP #14
48886660 JSR PTSSU

DSPLOPT PCSST,PCSEN
48F8660C LEÀ PCSST,AS
4Dr86626 LEÀ PCSEN,À6

TRP14 OUT1CR
183C0083 MOVE.B #OU?1eR.D7
4E4E TRAP #14
4EB866AE JSR PTCNVS

DSPLOPT PCDST,PCDEN
48F86628 LEA PCDST,AS
4DF86644 LEÀ PCDEN,A6

TRP14 OUl1CR
183C0083 MOVE"B #OUTICR"D7
4E4E TRAP #14
4EB856DC JSR PTCNVD.

DSPLOPT PCEST,PCEEN
48F86646 LEA PCEST,À5
4DF86658 LEÀ PCEEN,A6

TRP14 OUTICR
183C0083 MOVE.B #OUT1CR,D7
4E4E TRAP #14
4EBB66FE JSR PTEDC

1 428
1 429
1430
1 431
1 432
1433
1 434
1435
'1436

1 437
1 438
1 439
1 440
1 441
1 442
1 443
1 444
1 445
1 446
1 447
1 448
'1 448
1 448
1 448
1 448
1 448
1 449
1 450
1 450
1 450
1 450
1 450
1 450
1 451
1 452
1 452
1 452
1 452
1 452
1 452
'1453
1 454
1 454
1 454
1 454
1 454
1 454
1 455
1 456
1 457
1 458
1 459
'1460
1 461
1 462
1 463
1 464
1 465
1 466

05A006

006sAc
00 6 580
00 6 582

006586
00658À

006588
0065c2
0065c4

0065c8
005scc

0065Ð0
0065D4
0 0 6sD6

0065DA
0065D8

0 0 6582
0 0 6585
006588
00658c
006588
00660A
00660e
006626
00 66 2B
0 0 6644
006646
006658

4E.75
50
20
20
20
20
20
20
20

RTS
PCST DC.T.¡
PCEN EC"W
PessT Dc"þl
PcsElq Dc"r.¡
PCDST DC"E{
PCDEN DC"W
PCEST DE"W
PEEEN DE"W
*
*

'PEG PROCESSING - TTME DOMAINI

SYSTOLTE ENERGY CURVË.

DTASTOIIE ENERGY CURVE,

COMPUTE EDE VÀLUES'
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1 468
1 469
1470
1 471
1 472
1 413
147 4
1 475
147 6
1 477
1 478
1 479

**************J.**r.*****ir******tr**r.****L*t dr********************
* PTSQU
*tr**t L*****************************r.*******{.****************tl*
* ÀO <_-> PCG POTNTER STÀRTTNG ÀT 8RS1O A2 <--> PCG ENERGY CURVE POINTER
* À1 <-_> PCG END CORRESPONDING TO 8RS2t Do <--> x(¡q)o D1 <--> x(N)**z
*********lr********************t' **r.**************************rt*
* CALTS FOILO}ITNG MÀCROS:* GETÀDD II'I SOUÀRE
***********t **********************t ***************************

SQUÀRE ENTTRE PCG SIGNAL TO GET ENERGY CURVE OF STGNAL" USE
TWO'S COMPLEMENT REPRESENTATTON" OB?ÀTN START AND END OF ON

cYcl,s oF PccG CoRRESPoNDING TO QRSI AND 8RS2.

480
481
482
483
484
485
486
487
488
489
490

006660
0 0 6664
0 0 6666
00666À
006668
006670

3o387Foo PTSOU MovE"w QRsl "DoE548 LSt"9¡ #2,D0
31c07F08 MOVE"W D0,PCGSlA
30387F02 MOVE.W 0RS2,D0
8548 tSL.W #2"D0
31c07F0A MOVE"r,t D0 

"PCGSlB*
*

F]ND START ÀND END OF PCG EYCLE
CORRESPNDTNG TO 8RS1 AND 8RS2" TAKE
INTO ACCOUNT PCG SAMPLING RATE.

1 491
1 492
1 493
1 494
1 494
1 494
1 495
1495
1 495
1 496
1 497
1 497
1 497
1 498
1 498
1 498
1 499
1500
1 501
1 501
'1501

1 501
1502
1503
1 504
'1505
1 506
1 507

006674
006678

00667c
006680
0 0 6684

GETÀDD PCGSlA.AO, PCGSTRT
30787F08 MOVE,tJ PCGSlÀ"À0
D0FC0F00 ADD"[{ #PcGsrRT,A0

GETÀDD PCGSl B,À1 
" 

PCGSTRT
32787F0À MOVE"W PCGS1B,A1
Ð2rc0F00 ÀDD,W #PCGSTRT,Al
4EB863AC JSR TWOCOMP CONVERT PCG ?O TT'¡OS COMPIEMENT

GETADD PCGSl A,AO 
" 
PCGSTRT

30787F08 MOVE.W PCGS1A,A0
DoFCoF00 ADD"l.7 #PcGsrRT,A0

GETADD PCGSl B,Al,PCGSTRT
32787îOA MOVE.?¡ PCGSlB,A1
D2FCoF00 ÀDD"W #PCGSTRT,Al
347C2300 MOVE"}I #PCGENST,A2 PCG ENERGY CURVE POINTER
3018 prsol MovE"tg 1¡g)+,D0 GET PCG SAMPLE

SQUÀRE D0,D1,42
3200 MovE.w D0,D1
c3c0 MUts "w D0 ,D'l
24c1 MovB.t D1"(À2)+ MovE DÀTA
B0c9 CMP"W A1,40 CHECK IF ÀLt VÀLUES SQUARED
6DT4 BLT PTSOI ]F NOT" CONTTNUE WTTH THTS ROUT]NE
31CÀ7F10 MOVE À2"PCGENDE END OF DÍÀSTOLTC ENERGV EURVE
4875 RTS

*
*

006688
0 0 668c

006690
006694
006698
00669e

006698
0066A0
0 0 66A2
0066A4
0066A6
0 0 66A8
0066AC
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* * * * * * * * * * * Cr lr * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * dr * r. * * * * * * * * * * *
* PTCNVS
*lr**lr*********t CrJr****tr*****lr********************lr*tr**J.*lr******
* ÀO <--> START OF SQUÀRED PCG STGNÀLO A1 <_-> END OF SYSTOLTC SEGMENT* DO <*-> CONVOLVE WINDOW WIDTHO À1 <__> TEMPORÀRY STORAGE POINTER
*****lr***********r(*******trt(**********r.******tr*****************
* CÀLLS FOLLOWING MACROSS
* GETADD STPOIN2 ''* CALLS FOLTOWING SUBROUTINES3* cNvLv
************L**rr**************.****r.**lr**tr****************ir****
* CALL CONVOLVE ROUTINE TO SMOOTH ENERGY EURVE OF SYSTOLÎC* SEGMENT OF PCG SIGNAL
*
prcNvs sTPoIN2 PCGENST,À0,PCGCNV,D0

307C2300 MOVE #PCGENST,À0
303c0020 MovE #PcGcNv,D0
32387F0C MOVE.W PCGS2,D1
8349 tst.W #'1 ,D1

GETÀDD D1,A1,PCGENST
3241 MOVE.W D1,A1
D2FC2300 ADD"W #PCGENST,Al
31c97F08 MOVE A1 

"PCGENSE 
END OF SySTOLIC ENERGV CURVE

4EB86OBE JSR ENVLV GOTO CONVOLVE SUBROUTTNE
STPOIN2 PCGENST"AO,TMPSTÀ,À1

307C2300 MOVE #PCGENST,A0
327C3700 MOVE #TMPSTA,AI
2OD9 PTCSI MOVE"I (À'1)+"(AO)+ MOVE CONVOLVE TEMP TO PCG ENERGY
B0F87F0E eMP.W PCGENSE,A0
6DF8 BLT PTESI
4F.75 RTS

*
*rt***************************************rt******t *************
* PTCNVD
**********************************************ir****Cr*****+<****
* AO <--> STÀRT OF DTÀSTOIC SEGMENT OF PCG SfGNAtO À1 <_-> END OF DIASTOLTC SEGMENT* D0 <--> CONVOLVE r,¡lNDOW WID?HO À1 <_*> TEMPORÀRY STORAGE POINTER**r,***********************************************************
* CALTS FOLLOWING SUBROUTTNES:* CNVLV
*****Cr*J.******drrr**{.************************C.*****lr*lr***dr**dr***
* CALL CONVOTVE ROUTTNE TO SMOOTH ENERGY CURVE OF DTASTOLTE* SEGMENT OF PCG SIGNAL
*

1509
15'10
151 1

1512
'1513
1514
1515
1516
1517
1518
1519
1520
1521
1522
1523
1524
1525
1525
1525
1526
1527
1 528
1528
1 528
1529
1530
1 531
1531
1 531
1532
1533
1 534
1535
1536
1537
1 538
1 539
1540
1541
1542
1 543
1544
1545
1546
1 547
1 548
1549
1 550
1 551
1552
1 553
1 554
1 s55
1 556
1 557
1 558
1 559
1 s60
1 561
1562

0066A8
006682
006686
00668A

00668C
005688
0056c2
0066c6

0066cÀ
0066cE
0066D2
0066Ð4
0 0 66D8
0 0 66DÀ

0066Dc
006680
006684
0 0 66EB
0 0 66EC
006610
0 066F4
0066F6
0066rA
0 0 66Fc

30787F'08
303C0020
32787810
4EB8 6 OBE
3 0 78 710E
327e37 0A
2OD9 PTCD'1
80F878 1 0
6DF8 BLT
4875 R?S

,r
*

PTCNVD MOVE,W PCGENSE,À0
MOVE"W #PCGCNV,Do CONVOLVE Ï^¡INDOW Ï,¡IDTH
MOVE"W PCGENDE,AI END OF DTÀSTOITE SEGMENT
JSR CNVLV GOTO CONVOLVE SUBROUTTNE
MOVS"W PCGENSE,A0
MOVE"W #TMPSTA,Al

MOVE.L (¿1)+,(a0)+ MovE CoNvOLvE TEMP TO PCG ENERçY
cMP.W PCGENDE,À0

PTCDl

158



QUANTTTATTVE ANATYSTS OF PCG,ECG, AIi¡D CAROTTD PULSE PAGE 33

1 564
1 565
1 566
1 567
1 568
1 569
1570
157 1

1572
1573
157 4
1575
151 6
157 7
1 578
1579
1580
1 581
1582
1583
1 584
1 585
1 586
1 587
1 588
1589
1 590
1 s91
1592
1 593
1 594
1 595
1 596
1597
1 598
'1599
1600
1 601
1 602
1603
1604
1605

0066F
00670
00670

E3
23
64

**************************************************lrJúJr****tt****
* PTEDC
* * * * * dr * * * r. * * * * * * * r( * rr * * * * r. * * * * * * lr * * * * C( * * * * * * *r * * Jr r. * * * * * tr t( * * * * * * *
* ÀO <--> START OF SEGMENTN A1 <_*> END OF SEGMENT
* D0 <--'> EDC - RETURNED FnoU Unc srln
* D2 <--> NUMBER OF SAMPTES TN SEGMENT
tr***Cr***************rr*Cr****rr********rr*************S(***********
* CALLS FOLLOWING SUBROUTTNESS* EDc
*************t *******tr*C.********************lr*****************
*
*
*

07c2300
27B7FOE
EB865OE

*
*
*
*

COMPUTE EDCTSYS

323C2300 MOVE.W #PCGENST,Dl
34387F08 MOVE"W PCGENSE,D2
9441 SUB.W D1,D2
E44A LSR"r.¡ #2,D2
80c2 Drvu D2,D0
31c07F16 MOVE.W D0,EDCTSYS

*
* COMPUTE EDCTDTÀ
*

30787F08 MOVE.W PCGENSE,A0
32787F10 MOVE"W PCGENDE,Al
4EB865OE JSR EDC

DTÀSTOIIC EDC ]N DO. CORRECT DIÀSTOLIC EDC BY DIVIDTNG BY TH
NUMBER OF SAMPLES TN SEGMENT.

32387F0E MOVE.W PCGENSE,Dl
34387F1 0 MOVE.W PCGENDE,D2
9q41 suB"I{ D1 ,D2
844À tSR"W #2,D2
B0c2 DI\ru D2,D0
31C07F18 MOVE.W D0,EDCTDIA

GETADD PCGSIA"AO,PCGSTRT CONVERT BÀCK TO 12-BTT NUMBER
30787F08 MOVE.W PCGS1A"A0
DoFCoF00 ÀDD.W #PcGsrRT,A0

GETADD PCGSlB"Al,PCGSTRT
32787F0A MOVE.W PCGS1B"A1
D2FC0F00 ADD"W #PCGSTRT,Al
06580800 prEDclADD"r,¡#S800,(À0)+ ADDDATÀ
B0e9 CMP.tf, A1oA0
6FF8 BLE"S PTEDCI
4875 RTS

*
*

PTEDC MOVE.W #PCGENST,A0
MOVE"W PCGENSE,Al
JSR EDC

SYSTOLTC EDC IN DO" CORREET THE gDE BY D]VTDTNG BY THE NUMBE
OF SAMPLES TN THE SYSTOLTC SEGMENT"

00670À
006708
006712
00671 4
00671 6
00671 I

0067 1 c
006720
006724

006728
00672c
006730
006732
006734
006736

00673À
006738

0067 e2
006746
00674A
006748
006750
0067s2

*
*

1 606
1 607
1 608
1 608
1608
1 509
1 609
1 609
1610
1611
1 612
1613
161 4
1615

15e
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1 617
1618
1619
1 620
1 621
1 622
1 623
1 624
1 625
1626
1 627
1 628
1 629
1630
1 631
1 632
1633
1 634
1 635
1 636
1 637
1 638
1 639
1 640
1 640

1 640
1 641
1 642
1 642
1 642
1 642
1 642
1 642
1 642
1 643
1 643

1643

*
ta

*
*
*
*
*
*

t' ***************************************************lr*********
* ÀPU/FFT SUBROUTINES
*****************L*******r(***********************t *********lr**

T!¡E FOLLOWING SUBROUTINES ARE USED BY FFT:

cArcwå coMpuTE !{=cMpLx(cos(pt/LE1 ),-sr¡¡(pr/r,e1 ) )
CÀLCT: COMPUTE T=F(]P)*U
CALCFTMÊ COMPUTE ÌMAGTNARY F( TP)=F( T )-T;T( T )=T( I )+t
CALCFRL: CoMPUTE REAL F( rp)=r'(r )-r;r'( I )=F(I )+T
CÀLCUB COMPUTE U=U*r.i

{.***i ************C(****dr************dr**tr********C¡*rrJ.***t **rt****
*
* CÀLLS FOLLOWING MACROSS+. ÀPU ÀPURD APUWR APUWRIS
*
****************************cr*********************t(******dr****
,r
da

,r

*

cår"u=u w=cupL)r(cos @t/r.vl) , -srts(n:,/r,ut )
REÀLå Vf,R=COS(PT,/LE1 )
]}4AG ã ç.?] =_STN( PT/tE1 )

1644 APU FDÎV
1 644 006780 1 3rC001 3

0005001 1 MOVE"B #FDrv
1644 006788 48722300 SroP
1645 ÀPU PTOD
1645 00678C 13FC0037

CALCþ¡ APU PUPT
005754 1 3FC001À

00050011 MOVE.B #PUPI,APUCOM
00675c 48722300 srOP #S2300
006760 3c387128 MovE.r.7 LEl .D6

ÀPUWR16 D6,A0
006764 383C0001 MOvE.w fS1 

"D7006768 1 086 G053 MOVE"B D6 
" 

(À0 )
00676A E09E ROR"L #$8"D6
00676C 5lCFFFFÀ DBRA D7,@053
006770 E09E ROR"L #98"D6
006772 E09E ROR"L #58,D6

APU FLTS
006774 1 3Fe001D

0005001 1 MOVE"B #FLTS,APUCOM
00677e 4F'722300 STOP #92300

PUSH PI O}ù 1O STACK -> TOS

MOVE LE1 TO ToS

CONVERT IE1 TO 32-BT? FLOATTNG POINT

et/unt -> Tos

PUSH TOS _> NOS' TOS UNCHANGED

cos(PT/LE1 ) -> ros

EXCHANGE TOS ÀND NOS

sru(e:,/r,n1 ) -> tos

-srH(pr/r,s1) -> ros

ÀPUCOM
$2300#

1 645
1 646
1 646

1 646
1 647
1 647

1 647
1 648
1 648

1 648
1 649
1 649

0005001 1 MOVE"B #PToD"APUCOM
006794 48722300 STOP #$2300

APU COS
006798 1 3Fe0003

0005001 1 MOVE.B #COS,APUCOM
0067A0 48722300 STOP #S2300

APU XEHD
0067À4 1 3Fe0039

0005001 1 MOVE"B #XCHD,ÀPUCOM
0067AC 48722300 STOP #$2300

ÀPU STN
006780 1 3FC0002

00050011 MOVE"B #STN,APUCOM
006788 48722300 STOP #$2300

APU EHSF
00678C 1 3FC001 5

00050011 MOVE"B #CHSF,APUCOM

I60
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0067c41649
1 650
1650
'1650
1 650
1 650
1 651
1 652
1 652
1 652
1 652
1 652
1653
't 654
1 655
1 656
1 657
1 658
1 659
1 660
1 660
1 660
1 660
1 660
1660
1 661
1 661
1 661
1 661
1 661
1 661
1 662
1 662
1 662
1 662
1 662
1 663
1 663

0067c8
0067cc
0067CE
0067D0
0067D4

0067D8
0067Dc
0067D8
0 0 6780
006784
0067E8

4F722300 SroP #$2300
APURD À0,D6

383C0003 MOVE.W #$3 
"D7E19E @061 ROL"L #$8,D6

1c'l 0 MovE.B (À0 ) ,D6
SlCFFFFÀ DBRA D7"@061
21c67F38 MOVE"t D6¿VlI

ÀPURD AO"D6
383C0003 MOVE.W #$3,D7
E19E @062 ROL"L #S8"D6
1c1 o MovE.B (¡o) 

"n65lCFFFFA DBRÀ D7,@062
21c67834 MOVE.t D6,WR
4875 RrS

STORE ç{R ÀND WT 32-BIT FL-P VÀLUES

I

*
*
*
*
*

COMPUTE ?=F(IP)*U:
REAL: TR=(FR(TP)*UR)-
I¡4ÀGå TT=(Ff ( TP)*UR)+

]P

EXCHANGE TOS ÀND NOS

MOVE UI TO APU STACK

(nr (
(rn(

*ut )
*un )P

00678À
006788
0467F2
0067F4
0067F6

0067rÀ
0067F8
006802
006804
006805

00680A
006808
00681 0
00681 2

CÀLCT ÀPUSGT.¡R A3,D1 ,ÀO F{OVE FT(IP) ç T'N(TP) TO APU STAEK
2c331000 MovE"L 0(A3"D1 ),D6
3n3c0003 MovE"þ.r #s3"D7
1 086 @063 MOVE.B D6, (A0 )

E09E ROR"L #$8,D5
SlCFFFFA DBRÀ D7 

"G063APUSGI.¡R A2,D1 
"402c321000 MOVE.L 0(A2,D1 ),D5

383C0003 MOVE"w #$3,D7
1086 G064 MOVE.B D6, (À0)
Eo9E ROR"t #$8 

"D6SlCFFFFÀ DBRÀ D7,G064
ÀPUWR Ð2,ÀO MOVE UR TO APU STAEK

383C0003 MOVE"w #$3,D7
1082 @065 MOVE.B D2,(À0)
E09A ROR"L #$8,D2
5lCFFFFA DBRÀ D7,G065

APU FMUL (FR(IP)*UR) -> TOS

66
66
66

1

1

1

3
4
4

006816 13Fc0012
00050011 MovE.B #FMUL"ÀPUCOM

006818 4E,722300 srOP #$2300
APU XCHD

006822 1 3Fe0039
00050011 MovE.B #xcHD,ÀPUcoM

00682À 48722300 STOP #$2300
APU[^7R D3 , A0

006828 383c0003 MOVE.w #$3"D7
006832 1 083 @068 MOVE"B D3, (A0 )

006834 E098 ROR"L #$8"D3
006836 SlCFFFFA DBRÀ D7,@O68

(nr (rp)*ur ) -> Tos

,ÀPUCOM
#$2300 (nn(ip)"uR)-(FI (Ip)*ur )=TR -> Tos

00050011 MovE"B #FsuB"ÀPUcoM
006848 4E'722300 STOP #S2300

ApusGIdR À3,D1 ,A0 MovE FI(rp) c rn(rp)
006852 2C331000 MOVE"T 0(A3,D1),D6
006856 383C0003 MOVE"w #$3,D7
00685A 1086 @071 MOVE.B D6, (A0)

TO APU STACK

1 664
I bb5
1665
1 665
'1665
1 665
1 666
1 665

APU FMUL
00683À 1 3FC001 2

00050011 MovE.B #FMUL
006842 48722300 STOP

APU FSUB
006846 1 3FC001 1

1 666
1 667
1 667

1 667
1 668
1 668
1 668
1 668

l6l
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1 668 00685c
1 668 0068s8

006862

E09E ROR"L #$8,D6
5lCFFFFÀ DBRA D7,@071

ÀPUSGWR 42,D1,40
2c321 000 MOVE,t 0 (A2 

"D1 
) ,D6

383C0003 MOVE"w #$3,D7
1 086 @072 MOVE"B D6, (À0 )

EO9E ROR.L #$8,D6
5lCFFFFA DBRA D7,@072

ÀPUWR D3"40 MOVE UI TO APU STÀCK
383C0003 MOVE.W #$3.D7
1 083 @073 MOVE"B D3, (A0 )

EO98 ROR.L #$B,D3
5'1 CFFFFÀ DBRA D7,G073

ÀPU FMUL (FR(TP)*UT) -> TOS

9
9
9
9
9
9
0
0
0
0
0
1

1

66
66
66
66
66
66
67
67
67
67
67

06856
0686À
0586c
05868

0
0
0
0

0
0
0
0

06872
06876
06878
O6B7A

167 4
1 675
1675

1 672
1673
1673
167 3
1 673
167 3
167 4
167 4

1675
167 6
167 7
1 678
1679
1 680
1 681
1 681

'1 681
1 682
1 682
1 682
1 682
1 682
1 682
1 683
1683

167
167

1671
1 672
1 672

1683
1 684
1 684

1 684
'1685
1685

006878 '13FC00.12

0005001 1 MovE"B #FMuL,ÀPUCOM
006886 48722300 SToP #$2300

APU XEHD
00688A 1 3Fc0039

00050011 MOVE"B #XCHD"ÀPUCOM
006892 4E'722300 SToP #$2300

APUI.IR D2,40
006896 383c0003 MOvE.w #$3,D7
00689À 1082 @076 MOVE.B D2. (A0)
00689c E09À ROR"L #$8"D2
006898 5lCFFFFÀ DBRÀ D7.@076

APU FMUL
0068A2 1 3Fe001 2

0005001 1 MovE"B #FMUL"APUCOM
0068ÀA 4E,722300 STOP #$2300

ÀPU FÀDD
006BAE 1 3Fe001 0

0005001 1 MovE"B #FÀDD,APUCOM
006886 4r,722300 STOP #s2300
OO6BBA 4875 RTS

*

EXEHANGE TOS AND NOS

MOVE UR TO APU STÀCK

(ni (rp)*uR) -> Tos

(FR(Ip)*uI ).+(rt (IP)*uR)=Tr -> Tos

. * coupuru IMAcrNARY PÀRr oF r(rp)=r(r)-r;r'(r)=r(r)+r:* Fr (rp)=rr (i )-rr rrr (r )=Fr (r )+rr
*
CÀtcFIM APU PTOD PUSH TOS->NOS' ToS UNCHÀI{GED

00688C 1 3FC0037
0005001 1 MOVE"B #PToD"APUCOM

0068c4 4F,722300 STOP #52300
ÀPUSGWR À3,D0,À0 t'Íove F ( r ) ro gpu srÀcK

0068c8 2c330000 MOVE.t 0 (43,D0 ) ,D6
0068cc 383c0003 MOVE.W #$3"D7
0o6BD0 1086 G080 MOVE"B D6. (A0)
0068D2 E09E ROR.L #$8,D6
OO68D4 SlCFFFFÀ DBRA D7,@O8()

ÀPU XCHD EXCHÀNGE TOS AND NOS

0068Ð8 1 3FC0039
0005001 1 MovE"B #xcHD,APUcoM

006880 48722300 STOP #$2300
APU FsuB rt (t )-tr=r: (rP)

006884 1 3FC001 1

0005001 1 MovE"B #FsuB,ÀPUcoM
00688c 48722300 STOP #$2300

ÀPU XCHD E:{CHANGE TOS AND NOS
0068F0 1 3FC0039

00050011 MovE.B #xeHD,APUCOM
0068F8 48722300 STOP #$23001 685

16?
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6 ApuscwR A3.D0,À0 MovE F(r) ro Apu srÀcK
6 006BFc 2c330000 MovE"L 0(À3,D0),D6
6 006900 383C0003 MOVE"W #s3,D7
6 oo6904 1086 Go84 MovE"B D6,(Ao)
6 006906 E09E ROR"r #$8,D6
5 005908 5ICFFFEÀ DBRA D7,@084
7 APU FÀDD nr(r)+rr=Fl(r)

00690c 1 3Fc001 0
00050011 MOVE"B #FADD,APUCOM

006914 48722300 STOP #$2300
ÀPUSGRD 43"D0,À0

006918 383C0003 MOVE.þl #$3,D7
00691c E19E @086 ROL.L #SB"D5
oo691E 1c1o MovE"B (Ao),D6
006920 5'ICFFFFA DBRA D7,G086
006924 27860000 MOVE"L D6,0(A3,D0)

APUSGRD À3,D1,A0
006928 383c0003 MovE"$7 f$3,D7
00692c E19E G0B7 ROL"L #$8,D5
oo692E 1c1 o MovE"B (Ào ) ,D5
006930 SlCFFFFÀ DBRA D7,G087
006934 27861 000 MOVE"t Ð6,0 (A3,D1 )
006938 4875 RTS

*
* coupurg REAL pART oF F(rp)=F(r)-r;r(r)=n(r)+r:* FR(IP)=FR(I )-rn;rn(r )=r'n(I )+TR

CALCFRL ÀPU PTOD PUSH TOS_>NOS' TOS UNCHÀNGED
00693A 1 3FC0037

0005001'1 MovE.B #PToD"APUCOM
006942 4F,722300 STOP #$2300

168
168
168
168
158
168
168

695
696
696
696
696

1 687

1 687
1 688
1 688
1 588
1 688
1 588
1 688
1689
1589
1589
1689
1689
1689
1 690
169'i
1 692
1693
1 694
1 695
1 695

1

1
'1

1
'1

ApusGwR A2,D0,A0 ¡¿ovs rR(I) 
"o 

Apu srÀcK
2c320000 MovE.L 0(A2,D0) "D600694

00694
00694

6
À
E
0
2

383C0003 MOVE.W
1086 @089 MovE"B D6,

#s3,D7
(eo)

1 695 00695
1 696 0069s
1 697

E09E ROR"r #$8 
"D65lCFFFFA DgRÀ D7,G089

ÀPU XEHD EXCHANGE TOS AND NOS
1 697

1 697
1 698
1 698

1 698
1 699
1 699

1 699
1700
1 700
1 700
1 700
1700
1700
17 01
17 01

17 01
17 02
17 02

006956 1 3Fc0039
00050011 MOVE"B #XCHD,ÀPUCOM

005958 4r.722300 STOP #S2300
APU FsuB rn(r )-rn=rn(rp)

006962 1 3FC001 1

0005001 1 MOVE"B #FSUB,APUCOM
00696À 4E722300 STOP #$2300

APU XCHÐ E:(CHANGE TOS ÀND NOS
006968 1 3FC0039

00050011 MOVE"B #¡{CHD,APUCOM
006976 4F722300 STOP #$2300

ÀpuscvüR À2,D0,À0 t¿ovs rn( I ) To Apu srÀcK
00697A 2C320000 MOVE"L 0 (A2 

"D0 
) ,D6

006978 383C0003 MOVE"w #S3,Ð7
006982 1086 G093 MOVE"B D6,(A0)
006984 E09E ROR"r #$8,D6
006986 SICFFFFA DBRÀ Ð7,G093

APU FÀDD rn(r)+rn=r'n(t)
00698Ã 1 3Fc001 0

OOO5OO1l MOVE"B #FADD"APUCOM
006992 48722300 SrOP #$2300. APUSGRD A2,DO,AO
006996 383C0003 MOVE"w #$3,D7

I

I

163
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1702
1702
17 02
1702
1703
1703
1703
1703
1703
1703
17 04
1 705
1 706
17 07
1708
17 09
17'10
1710
1710
1710
171t
1711
17 12
17 12
1712
1712
1712
1713
1713

00699À
00699c
006998
0069A2

0069A6
0069ÀÀ
0069Àc
0059ÀE
0 0 6982
006986

0 0 6988
00698e
0 0 69BE
0 0 69C0
0069C4

006988
00698C

0059F0
0069F4
0069F6
0 0 69F8

E19E @095 ROL.L #SB,D6
1c1 0 MovE.B (À0) ,D6SlCFFFFA DBRA D7 ¡G09525860000 MOVE"L

APUSGRD À2,D1
383C0003 MOvE"r,¡
E19E G096 ROL.r #$8
1c1 0 MovE"B (A0 ) ,DSICFFFFÀ DBRA D
25861 000 MovE.r
4875 RTS

#

D6,0(À2,D0
À0
#s3,D7
D6

@096
6,0 (À2,D1 )

6
7

D

cÀLcu APUWR D2,A0
383C0003 MOVE.w #$3,D7
1082 G097 MOVE"B D2, (A0)
809À ROR"r #$B 

"D25ICFFFFA DBRA D7,@097
2c387F34 MOVE"L WR"D6

ÀPUWR D6,À0
0069c8 383c0003 MovE.r'? #$3
0069cc 1086 @098 MovE"B D6.(À0
0069c8 E09E ROR"r #$8,D6

D'7

OO69DO 5lCFFFFA DBRÀ D7,@098
APU FMUI

0069D4 1 3Fc001 2
0005001 1 MOVE"B #FMUL,APUCOM

0059Dc 48722300 STOP #92300
APUWR D3"AO

006980 383C0003 MovE"w
006984 1083 @100 MOVE"B D3,
006985 E098 ROR.L #$8"D3

COMPUTE U=U*ç.]
REÀL3 UR=(UR*WR) - (UT *WI )
TMÀGå UT=(UI*WR)+(UR*WI )

#s3,D7
(Ào )

MOVE UÏ & WT TO ÀPU STÀEK

(ur*wr) -> tos

MOVË UR & WR TO APU S?ACK

(uR*wR) -> Tos

(URitwR) - (UI *Wr ) =UR->TOS

MOVE UÍ & WR TO APU STAEK

*

*
*
*

17 13
1714
1714
1714
1714
1714
1715
1716
1716
1716
1716
1716
17 17
17 17

5lCFFFFA DBRA D7,@100
2c387F38 MovE"L r,¡I 

"Ð6APUWR D6,AO
383C0003 MOVË.W #93,D7
1086 G101 MOVE"B D6"(A0)
E09E ROR"r #SB"Ð6
5lCFFFFA DBRA D7,G1O1

17 17
17 1B
1718

ÀPU FMUL
0069Fc 1 3FC001 2

0005001 1 MOVE"B #EMUL
006A04 4E.722300 SToP

APU FSUB
006A08 1 3FC001 1

ÀPUCOM
$2300

1718
17 19
1719
17 19
17 19
1719
1720
1721
1721
1721
17 21
1721

0005001 1 MOVE.B #FSUB.ÀPUCOM
006A10 4F.722300 STOP #S2300

APU!¡R D3 
"A0006À14 383e0003 MOVE,w #s3"D7

006À1 B 1 083 @1 04 MOVE"B D3, (À0 )
006A1A E098 ROR"L #S8"D3
006A1C 5lCFFFFA DBRA D7,@104
005À20 2c387F34 MOVE.r wR,D6

APUWR D6,AO
006A24 383C0003 MOVE.W #93,D7
006A28'1086 @105 MOVE.B D6,(A0)
OO6A2A EO9E ROR.L #$8,D6
006À2c'51CFFFFA DBRA D7"@105
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1722
1722

APU FMUI
006A30 1 3FC001 2

0005001 1 MoVE.B #FMUL.APUCOM
006A38 48722300 STOP #$2300

APUWR D2"AO
383e0003 MovE"w
1082 G107 MOVE"B Ð2,
809À ROR"L #$8,D2
51 CFFFFA DBRÀ D7 , G 

'1 0 7
2c387F38 MOVE"L WI,D6

ÀPUWR D6,A0
006A4C 383C0003 MOVE"W
006A50 1086 @'l 08 MOVE"B D6,
006A52 E09E ROR"L #$8,D6
OO6A54 5'ICFFFFA DBRA D7, @108

APU FMUL
006À58 1 3FC001 2

OOOSOOl 1 MOVE.B #FMUL,APUCOM
006A60 4F'722300 STOP #$2300

APU FADD
006A64 1 3FC001 0

0005001 1 MOVE"B #FADD,APUCOM
006A6C 48722300 SToP #S2300

ÀPURD À0,D3
006À70 383C0003 MOVE"
006A74 E198 @11'1 RoL"L #$
006A75 1 51 0 MOVE"B (À0 ) ,
O06A78 SlCFFFFÀ DBRA

APURD AO,Dz
006A7e 383c0003 MovE.w #$3,D7
006A80 E1 9À G1 1 2 ROL.r #SB,D2
006À82 1410 MOVE"B (A0),D2
006À84 SICFFFFA DBRA D7,@112
006À88 4875 RTS

(uI*llR) -> Tos

MOVE UR & WT TO APU STACK

(un*wt ) -> ros

(UI *WR) + (UR*WT ) =UI ->TOS

h¡EW UR E UT VALUES

1722
1723
1723
1723
1723
1723
17 24
1725
1725
1725
1725
1725
1726
1726

0 0 6À3c
0 06À4 0

006A42
005À44
006A48

#$3,D7
(Ao )

#$3,D7
(Ao )

w #93,D7
I,D3
D3
D7,G11.1

1726
17 27
17 27

1727
1728
1728
1728
1728
1728
1729
1729
1729
1729
1729
1730

t65
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* * * * * * * * * * * * * * * * * * tr rr * * * * * * * * * * * * * * * * rr * * * * * * * * * * * * * * * * * * * * * dú * * *
* FFT SUBROUTTNE
**************t *************rr*********************************
* AO <_-> ÀPU OPERAND ÀDDRESS* Ai <--> Apu couuaNo,/stATus ÀDDREss
******************tr*t rr*Crrr*********rr*******lr***dr***C(***********
* CALÍ,S FOLT,OWING MÀCROS: STPOIN2**************************************************************

FFT DSPLOPT HAM,HÀME
4BF86E9C LEÀ HAM,As
4DF86EB4 LEÀ HAME¡46

TRP14 OUT1CR
183C0083 MOVE.B #OUTICR,D7
4E4E TRÀP #14

STPOIN2 "t APUOPER,À0,APUCOM,À.1
207C00050001 MoVE.L #APUOPER,A0
227C0005001 1 MOVE"L #APUCOM.À1

*
* CONVERT VATUES TN REAL AND TMÀGTb¡ARY ÀRRÀYS FROM 'I 6*8IT
,( FTXED PO]NT TO 32-B]T FIOÀTTNG POTNT" MULTTPLY S]GNAL
* By HÀMMTNG WTNDOW w{N), wrlERn w(W)="54+"46(COS(2*Pl*N/M))

STPOTN2"}I XRST,A2,X]ST,A3 STÀRT OF REÀL AND TMÂGINARY
347C3700 MOVE"W #XRST"A2
367C4700 MOVE"W #XIST,A3

*
* CONVERÎ 16-8IT NUMBERS TN REÄL ÀND ÎMAGINÀRY ARRAYS
* TO 32-BTT FTOATTNG POTNT
*

1732
17 33
17 34
1735
1736
17 37
1738
17 39
17 40
17 41
17 41
17 41
17 41
17 41
17 41
17 42
17 42
17 42
17 43
17 44
17 45
17 46
17 47
17 48
17 48
17 48
17 49
1750
17 51
1752
1753
1754
1754
1754
1754
1754
1754
17 54
1755
1 755

1755
'1756
1756
1756
1756
1756
17 57
1758
1759
1760
17 61
17 62
17 63
17 64
17 65
17 66
17 67
17 67

006A92
0 0 6À96

0 0 6À98
006A98

0 0 6AA4
0 0 6AA8

0 0 6ÀBÀ
0 0 6A8E

006ÀAc 2012 FFTo MOVE.L (A2)"D0
APUWRI6 D0,40

006AÀE 383C0001 MOVE"W #s1,D7
006À82 1080 G116 MOVE"B D0, (À0)
006À84 8098 ROR.L #$8.D0
006À86 5ICFFFFA DBRÀ D7,@1 1 6
006À8À 8098 ROR.L #S8,D0
006ABC 8098 ROR"L #S8,D0

ÂPU FLTS
006ABE 1 3rc001D

0005001 1 MovE.B #FLTS,APUCOM
006Àc6 4F,722300 STOP #S2300

APURD AO,DO
006ÀcÀ 3E3c0003 MovE"I.t #s3,D7
006ACE 8198 G1 'l I ROL"L #$8,D0
006ÀD0 1 01 0 MovE.B (À0 ) ,D0
005ÀD2 SICFFFFA DBRÀ D7,G118
006ÀD6 24C0 MOVE"T D0, (A2)+
006ÀD8 84FC5700 CMP.w #XIEN,À2
OO6ADC 6DEE BtT FFTO

¡APUCOM
#$2300

PUT 16_8TT NUMBER INTO DR
T,¡RTTE NUMBER TO STACK

CONVERT TO FLOATING POTNT

READ CONVER?ED NUMBER

STORE BACK T}.¡TO ARRÀY

EONT]NUE UNTII ENTTRE ÀRRÀYS EONVERTE

IN S]GNAL

17 67

*
* MUITTPTY BY HÀb4}4TNG WTNDOW
*

006ADE 2A3C00000400 HÀ!4M MovE"L #1024,D5 NUMBER OF SAMPLSS
006AE4 223CFFFFFE01 MOVE.L #-511,D1 STÀRT OF HÀMMING WINDOW
006ÀEÀ 263C008À3D70 MOVE.T #HAM54,D3
006ÀF0 283c7rEB851E MOVE"t #HAM46,D4

APU PUPT
006AF6 1 3FC001À

0005001 1 MOVE.B #PUPI
006AFE 48722300 STOP
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1 768
1769
17 69
17 69
17 69
17 69
177 0
177 0

006802 7002 MovE"L #$2,D0
ÀPUWR D0,À0

006804 3E3C0003 MOVE"r.¡ #$3,D7
006808 1080 @120 MOVE.B D0,(A0)
00680À 8098 RoR.L #sB.D0
OO6BOE 5lCFFFFÀ DBRÀ D7,@120

APU FLTD
00681 0 1 3Fc001c

OOOSOOl 1 MOVE"B #FLTD,APUCOM
006818 4F,722300 SrOP #$2300

APU FMUL
00681c 1 3Fc001 2

00050011 MOVE"B #FMUL,ÀPUCOM
006824 48722300 srOP #$2300

ÀPUr.iR D5 , A0
006828 383C0003 MOVE"w #$3,D7
00682c 1085 @123 MovE.B D5, (À0)
OO6B2E EO9D ROR.L #$8,D5
006830 SleFrrFA DBRA D7,G123

ÀPU FLTD
006834 1 3FC001e

000500'i 1 MovE"B #FLTD
00683c 48722300 STOP

APU FD]V
006840 1 3FC001 3

177 0
177 1

177 1

771
772
772

17 73
1774
177 4

1

1

1

1

1

1

1

1

77
77
77
77
77

#
APUCOM
$2300

APUCOM
$2300

177 4
1775
1775
1775
1775
1775
177 6
177 6
177 6
1 777
1777
1 777
1 777
1777
177 B

177 B

000500'1 1 MOVE"B #FDrv,APUcoM
006848 4F,722300 SroP #$2300

APURD À0,D2
00684e 383e0003 MovE"vt #$3"D7
006850 E19A @126 ROL"L #S8,D2
006852 1410 MOVE"B (À0) 

"D2006854 SICFFFFÀ DBRA D7,G126
srPoIN2 "r^? xRsT,A2,XREN,A3

006858 347C3700 MOVE.W #XRST"À2
00685c 367C4700 MOVE.w #XREN"À3

HAMMI ÀPUWR D1,À0
006860 383c0003 MovE.w #s3,D7
005864 1081 @128 MOVE.B D1, (À0)
006866 8099 ROR"r #$8,D1
OO6B68 SlCFFFFÀ DBRÀ D7,G'1 28

ÀPU FLTD
00686e 13FC001C

000500-1 1 MovE.B #FLTD,APUCOM
006874 4F.722300 STOP #$2300

APUWR Ð2,À0
006878 383C0003 MOVE.?t #$3,D7
00587C 1082 G130 MOVE.B D2, (A0)
006878 809À ROR.r #$8"D2
006880 SICFFFFA DBRA D7.@130

ÀPU FMUL
006884 1 3FC001 2

0005001 1 MovE"B #FMUL
006BBc 48722300 STOP

APU COS
006890 1 3Fc0003

D2 = 2*Pt/1024

2PT./1024 * N

cos ( 2Pr "N/102e)

1778
1779
1 779
1 779
177 9
1779
I 780
1 780

1 780
1 781
1781

1781
1782
1782
1782
1782

t
#

0005001 1 MovE"B #cos,APUcoM
006898 4F722300 SroP #$2300

APUWR D4,À0
00689c 383C0003 MOVE.w #$3.D7
0068À0 1084 G'133 MOVE.B D4,(A0)
0068À2 E09c RoR.r #s8,D4
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1783
17 84
17 84
1784
1784
17 84
1 785
1785

1782
1 783
1?83

787
7BB
788

806
807
BOB
BOB

1 788
17 89
1789
17 89
1789
1789
1790
17 91
1792
1793
1794
1795
1796
1797
1798
1799
1800
1801
1802
1803
1 804
1 805

O O 68A4 51 CFFFFA DBRÀ D7 , @-1 3 3
ÀPU FMUL

0068A8 1 3FC001 2
0005001 1 MOVE"B #FMUT,APUCOM

006880 4g.722300 STOP #$2300
ÀPU9¡R D3 , À0

006884 383C0003 MOVE.w #$3.D7
005888 '1 083 G135 MOVE"B D3, (À0 )
00688A E098 ROR"r #S8,D3
006BBC SICFFFFA DBRÀ D7,G'l35

APU FADD
0068C0 1 3FC001 0

0005001 1 MOVE.B #FADD,ÀPUCOM
0068c8 4E722300 SToP #$2300
006Bcc 2012 MovE.L (À2),D0

ÀPUWR D0,A0
006BeE 383C0003 MOVE.W #$3,D7
0068D2 1080 G137 MOVE"B D0,(A0)
0068D4 8098 ROR"r #$8.D0
0068D6 SlCFFFFA DBRA D7.@137

ÀPU FMUI
006BDA 1 3Fc001 2

0005001 1 MOVE.B #FMUL,APUCOM
006882 48722300 STOP #S2300

APURD AO,DO
006886 3E3C0003 MOVE"w #$3,D7
006BEA 8198 @139 ROL.L #S8"D0
006BEC 1010 MOVE"B (e0) 

"n0006BEE 5lCFFFFA DBRÀ D7"G139
oo6BF2 24co MovE"r D0, (À2)+
0068F4 5281 ÀDD.L #91,D1
0068F6 BACB CMP"W A3,A2
OO6BF8. 6FOOFF66 BtE HAMM1

.4 6cos ( 2Pf'.N/1024)

" 54+( .46COS ( 2PI *Nr/1 024 )

x(N) * w(N)

MOVE DÀTÀ

785
786
787
787
787
787

BOB
BOB
BOB
808
809
810
811

0 0 6BFC
005c00

*
* * * * * * * * * * * * * * * * * * tr C. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * Cr * * * * * * dr * * *
O A2 <--> START OF REAL PART OF STG¡{AL* À3 <--> START OF ]MAGTNÀRY PART OF SIGNAL

D0 <--> Ji D1 <--> Iî D2 <--> Tt D3 <--> KO D4 <--> (J-'1 )*4 ARRAY POTNTER* D5 <__> (T-1)*4 ARRÀV POTNTER***************************tr****cr*****************************
* CÀLLS FOTLOWING MACROSS
* STPOIN2 '' EIDÀTA2 REORDER O'
****************rt*****lr***************************************
t
* FFT SUBROUTTNE DO 3 IOOP
*

DSPLOPT FFTM"TFTME
4BF86EB6 r,EA FFTM,Às
4DFB6EC4 TJEA FFTME,À6

TRP14 OUTICR
1E3COOE3 MOVE"B #OUT1ER,D7
4E4E TRÀP #14
207c00050001 MovE"r #APUOPER"A0
347e3700 MOVE.W #XRST"Az STÀRT OF REAL ARRÀY

CLDATÀ2.W D4,D5
4244 CLR"W D4
4245 CLR.vr D5

STPOIN2 '1 ,D0,1 oD'l J=1 ; f =1
303c0001 MovE #1,D0
323c0001 MovE #1,D1

006c04
0 0 6c0B
0 0 6c0A
006c1 0

811 006c14
B1 1 006c1 6
812
812
812

006c1 I
005c1c
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B

*
* DO 3 I = 1'NM1
*

8240 FFT3LP CMP.W D0,D1
6C1C BGE"S FFTI TF (] "GE. J) GOTO 1

REoRDER A2,D4,D2,D5 T=F(J);r(¡)=r(r);F(¡)='¡¡*pp¡5*
24324000 MOVE"L 0(A2,Ð4),D2
258250004000 MOVE.L 0(A2,D5),0(A2,D4)
25825000 MOVE.L D2,0(A2,D5)

REORDER 43,D4,D2,D5 3*TMAGINARY*
24334000 MOVE"L 0(A3,D4) 

"D2278350004000 MOVE.L 0(À3,D5).0(À3,D4)
27825000 MOVE"L Ð2,0(À3,D5)
363C0200 FFTI MOvE.r,? #NV2 'D3 K=NV2
8640 FFT2 CMP"W D0,D3
6CO6 BGE"S FFT3 TF (K "GE" J) GOTO 3

9043 SUB.W D3,D0 J=J-K
E24B LSR"W #1;D3 K=K/z
6OF6 BRÀ.S FFTz GOTO 2

D043 FFT3 ADD"vt D3.D0 J=J+K
5241 ADDQ"W #1 "D1 1=l+1
5845 ADDo"W #$4,D5 I ARRÀY POI¡{TER
3800 MOVE"ç,¡ D0,D4
5344 SUBo"w #$1,D4
E54C LSL.W #82,D4 J ÀRRAY POINTER
0c4103FF cMP"${ #NM1 ,D1
6FCO BtE.S FFT3LP 3 EO!{TTI{UE

*

*
***********Cr*************************************:l*****rr******

5
B

I
6 006c20

006c22

oo6c24
0 0 6c28
0 0 6c2E

006c32
006c36
005c3c
006c40
0 0 6e44
006c46
006c48
0 0 6c4À
0 0 6c4c
0 0 6c4E
0 0 6c50
0 0 6c52
0 0 6c54
0 0 6c56
0 0 6c58
0 0 6c5À
006c58

dr

*
*
*
*
*
*
*

347C370
367C470

*
* DO 5 L=1 rLN*

006c68 31Fc00017F2A MOVE.vt #1,L
FFTOLPS POT2TOA t

006c68 38387F2À MOVE"W t,D7
006c72 04470001 sUBr.ç'¡ #1 ,D7
006e76 3c3c0001 MovB"!{ #1 

"D6006c7A ecFe0002 G146 MUtu"w #2,D6
006e78 SICFFFFA DBRA D7,G146

006c86 E24E LSR"W #1.D6
006c88 31c67F28 MOVE D6,tE1
006c8c 42BB7E3C CrR.t UR
006c90 068800000001

7E3C ADDT.I, #1,UR
006c98 42887F40 Cr,R"t UI

7

B I
B I

1 859

1B1B
1818
1819
'1819
1819
1819
1 820
1821
1822
1823
1824
1825
1826
1827
1 828
1829
1 830
183'1
1832
1833
1834
1 835
1 836
1 837
1 838
1839
1840
'1 841
1842
1843
1 844
'1845
1 846
1847
1 848
1 848
1 848
1 849
1 850
1 851
1852
1 853
1 853
1 853
1 853
1 853
1 Bs3
1 854
1 855
1 856
1 857
1858

006c60
0 0 6c64

À0,À.1 <--> APU OPERÀND ADDRESS, APU COMMAND ÀDDRESS
A2,A3 <--> REAL ÀND TMÀGINÀRY STGNÀL START
DO;D1 <--> I ÀRRÀY SUBSCRTPT (LW), TP ÀRRÀY SCRIPT (LW)
D2,D3 <--> UR,UÍ 32-BIT FLOATING POINT VÀLUES
D6,D7 <--> SCRÀTCH

* * * rr * * * * tr * * L * * * * * * * * * * r. * * * lr * * * * * * * * * * * * * * * * tt * * * * * * * * * * * * * * * * *

DO 5 OUTSTDE LOOP

STPOIN2 XRST,A2"XIST,À3 START OF REÀL AND IMAGTNÀRY SIGNAL
0 MovE #xRsT,Az0 MovE #xtsr,A3

L=1

tE=2**t

:-,E1=LE/2

u=(1"0,0"0)
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'r861
186'1
1 861
1 861
1 861
1862.1863
'1863
1863
1863
1 863
1864
1 864
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006c9c 2c387F3C MOVE"L UR"D6 MOVE UR & UT TO APU STÀCK
ÀPUWR D6,À0

383C0003 MOVE"W #$3,D7
1086 @147 MOVE.B D6, (A0)
EO9E ROR.L #SB,D6
5lCFFFFA DBRÀ D7,@147
2e387F40 MOVE"L UI nD6

APUWR D6,À0
3E3C0003 MOVE.T{ #s3,D7
1086 G148 MOVE"B D6,(À0)
E09E ROR.r #$8,D6
5lCFFFFA DBRA D7,G148

ÀPU FLTD
006cBc 1 3Fc001c

OOO5OOl 1 MOVE"B #FLTD
006cc4 48722300 srOP

APU XCHD
006ccB 1 3Fc0039

0005001 1 MovE"B #xcHD
006cD0 4F"722300 STOP

APU FLTD
006eD4 1 3Fc001c

EONVERT UI TO 32-BIT FTOATING POINT

006cA0
0 0 6cA4
0 06cA6
0 0 6cA8
0 0 6cÀc

006c80
0 0 6cB4
0 0 6cB6
0 0 6cBB

0 06cDc

0 0 6cE0
0 0 6cE4
0 0 6cE6
0 0 6cE8

1 864
1865
1865

1 865
1 866
1 866

48722300 STOP
APURD AO,D2

383C0003 MOVE
E19A @152 ROr"r #'1410 MOVE.B (À0)
5lCFFFFA DBRA

APURD À0,D3
006cEc 383c0003

EXCHANGE TOS & NOS

CONVERT UR TO 32-BTT FLOÀTTNG POTI.IT

UR & UI 32-BTT FI_P VATUES

ï=J

CONVERT TO IÌ{ ARRAY POTNTER

I P=I +LE1

CONVERT TO tW ÀRRÀY PO:Ì{TER

0005001 1 MovE.B #FrrD

, ÀPUCOM
#$2300

"ÀPUCOM#$2300

,APUCOM
#s2300

D7

,G152

MOVE"lii #93,D7
$8,D3
.D3

1 866
1867
1867
1 867
1867
1 867
1868
1868
I 868
1 868
1 868
1 869
1 870
187 1

1872

187 7
'1878
1879
1 880
1 881
1882
1 BB3
1 884
1 BB5
1 886
1BB7
1 888
1 BB9
1 890
1 891
1892
1 893
1 894
1 895

s
w
B
Ð
D

#$3,
D2

2
7

006eF0 E198 Gl53 ROL"L
006cr2 1610 MOVE,B (À0

#
)

1873
187 4
1875
187 6

006cF4 51CFFFFÀ DBRÀ D7, @1 53
*
* coMpuTE w=cMpLx(cos(pI/LE1 ),-s1N(pr,/rE1 ) )
*

006cFB 48886754 JSR CÀter^¡
*
* DO 5 J=1,LE1

006cFc 31Fco0017F32 MovE"w #1,J J=1
*
* DO 4 I=JoN,tE
*

006D02 3

006D08 3

006D0c 0

006D10 E
006D1 2 3
006D16 D
005D1A 0
OO6D1E E

1î87F327F30 FFTLPS MOVE"W J,f
0387r'30 FFTLPA MOVE"l.¡ I,D0
440000'1 suBr.w #1,D0
548 LSL"W #2,Ð0
2387F30 MOVE"W I,D1
278782E. ÀDD"${ tE1 ,D1
441 0001 SUBÏ "w #1 ,Dl
549 tSL"W #2,D1

006D20 4EB867EA JSR CALET

COMPUTE T=F(TP)*Us

TI -> TOS' TR -> NOS
CoMPUTE r(rp)=r(r )-r

F(T)=F(I)+T

*
*
*

*
*
*
*
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1896 *
1897 006D24 4EB868BC

1911
1912

898
899
900
901
902
903
904
905
906
907
908
909
910

913
914
915
916
917
918
919
919
919
919
919
919
920
921
921

JSR CÀLCFttl
006D28 4888693À JSR CÀLCFRL
006D2C 3C387F2C FFTA MOVE.W LE,D6
005D30 DD787F30 ADÐ.w D6"l I=I+tE
006D34 0C7804007F30 CMP,w #N,l
OO6D3A 6FCC BLE FFTLP4 CONTINUE UNTIL tOOP 4 UNTIL I>N

*
* CoMPUTE U=U*W:
*

OO6D3C 48886988 JSR CALEU
*

006D40 067800017F32 FFTS ÀDDI"W #1¡J J=J+1
006D45 3C387F32 MOVE.W J,D6
006D4A BC787F2E CMP"W LE1 

"D6OO6D4E 6FB2 BtE FFTLPS CONTINUE TNNER LOOP 5 UNTIL J>tE1
006D50 067800017F2A FFTOS ÀDDr"W #1,L
006D56 0C78000A7F2A CMpr "!{ #LNN,r
OO6D5C 6FOOFFIO BIE FFTOLPS CONîÎNUE OUTER LOOP 5 UNTIT L>tN

*

rt
COMPUTE POWER SPECTRUM BY SQUARTNG POST?IVE PART OF
MÀGNTTUDE

DSPLOPT PS,PSE
006D60 4BF86EC6 tEA PS,A5
006D54 4DE86EDE tEÀ PSE,À6

TRP14 OUT1CR
006D68 1E3C0083 MOVE.B #OUT1CR,D7
OO6D6C 4E4E TRAP #14
006D68 207C00050001 MOVE"L #ApuOpER¿A0

STPOIN2 "W XRST"A2 
":(I 

S?,A3
006D74 347C3700 MOVE"W #XRST"A2

1921 006D78 367C4700 MOVE"w #XrST,A3
1922 006Ð7C 303C0000 MOvE"þt #S0,D0
1923 F8T6 ÀPUSGWR À2,D0"À0 WRITB REÀL PÄRT TO STACK
1923 006D80 2C320000 MOVE"L 0(À2,D0),D6
1923 006D84 3E3C0003 MOVE"W
1923 006D88 1086 G156 MOVE.B Ð6,
1923 006D8À E09E ROR"r #$8,D6

#s3,D7
(Ao )

1923
1924
1924

1924
1925
1925

1925
1926
1926
1926
1926
1926
1926
1927
1927

1927
1928
1 928

006DBe SICFFFFA DBRA D7,G156
APU PTOD PUSH TOS

006D90 1 3Fe0037
0005001 1 MOVE"B #PTOD,APUCOM

006D98 4r.722300 SToP #S2300
APU FMUL SOUARE REÀL PART

006D9C 1 3FC001 2
0005001 1 MOVE.B #FMUL,APUCOM

006DÀ4 48722300 STOP #$2300
ÀPUSGWR À3,D0"ÀO WRTTE TMAGTNÀRY PART TO STACK

006DÀ8 2C330000 MOVE"t 0(À3,D0),D6
006DÀC 383e0003 MOVE"W #$3,D7
006D80 1086 G159 MOVE"B D6, (A0)
OO6DB2 EO9E ROR"L #$8,D6
006D84 SlCFFFFÀ DBRA D7,@'159

APU PTOD
006D88 1 3FC0037

0005001 1 MOVE.B #PTOD,ÀPUCOM
006De0 4F.722300 STOP #S2300

APU FMUL SOUÀRE IMAG]NÀRY PART
006DC4 1 3FC001 2

OOOSOOl 1 MOVE"B #FMUL,APUCOM
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006Dcc 4E'722300 STOP #$2300
APU FÀDD ADD XR**2 TO XI**2

006DD0 1 3FC001 0
00050011 MOVE.B #FADD,APUCOM

006DD8 48722300 STOP #$2300
ÀPUSGRD A2,DO"ÀO STORE POWER SPECTRUM SÀMPLE IN XREAL

006DDC 3E3C0003 MOVE"w #$3,D7
005DE0 E'l 9E G163 ROL.r #$8.D6
006D82 1C1 0 MOVE.B (A0 ) .D6
006D84 5lCFFFFÀ DBRA D7,@163
006D88 25860000 MOVE"t D6,0(A2,D0)
006DEC 06400004 ADDT"W #$4,D0
006DF0 0C401 000 CMPI .W #4095,D0
OO6DF4 6D8À BLT FFT6
006DF6 4875 RTS SKIP CONVOLUTION ROUTINE FOR NOr,l

CAN USE ROUTTb¡E BY REMOVING THTS RTS.

CONVOIUTION ROUTTIIE TO SMOOTH POWER SPECTRÀ

1929
1930
1930
1 930
1 930
1 930
1930
1931
1932
1933
1 934
1 935
1 936
1 937
1 938
1939
1 939
1 939
1 939
1939
1939
1 940
1 941
1942
1943
1944
1945
'1946
1 947
1 948
1949
1 950
1 951
1952
1 9s3
1 954
1954
1 954
1 954
1 954
1 955
'1955
1 9s5
1 955
1 955
1 956
1 9s6

1928
1929
1929

1 956
1957
1957

1957
1 958
1 958
1 958
1 958

*
*
*

DSPLOPT SMPS,SMPSE
006DrB 4BFB6EE0 LEÀ SMPS¡À5
006DFC 4DF86F00 LEÀ SMPSE,À6

TRP14 OUT-ICR
006800 183C0083 MOVE"B #OUT1CR,D7
OO6EO4 4E4E TRAP #14
006806 207C00050001 MoVE"L #APUOPER,A0
00680C 7008 MOVE.L #B,Do COI{VOLVE WINDOW r,rIDTH
006808 347C3700 MOVE"W #XRST,A2 START OF POWER SPECTRUM
006812 387C4700 MOVE"W #TMPSTC,A4 TEMPORARY STORAGE POINTER
006816 584À ADDo.W #84,A2 TNCREMENT POWER SPECTRA POTNTER

*
*

006818 364À FLCN1 MOVE.W À2,A3 CONVOLVE INNER LOOP POINTER
00681À 4281 CLR"L D1 C(N)=O
006E1C 2400 MOVE"L D0,D2 # OF SÀMPLES IN WTNDOW

*
006818 2623 FLCN2 MOVE"L -(À3),D3 DECREMENT, THEN LOAD DATÀ
006820 86FC3700 CMP"W #XRST,À3
OO6E24 6DOOOO5À BLT FtCN3 ENSURE WÍNDOT.I NOT BEFORE XRST.

APUWR D3"A0 X(N-K)
006828 383C0003 MOVE"w #$3,D7
00682C 1083 G165 MOVE"B D3,(À0)
006828 E098 ROR.L #$8,D3
006830 SlCFFFFÀ DBRÀ Ð7,@165

ÀPUWR D2¡A0 W(K)
006834 383C0003 MOVE.w #$3,D7
006838 1 082 G1 66 MOVE"B D2, (À0 )
00683À E09A ROR.L #$8"D2
OO6E3C SlCFFFFÀ DBRÀ D7,G166

APU FtTD
006840 1 3Fe001C

00050011 MOVE.B #FLTD,ÀPUCOM
006848 48722300 STOP #$2300

APU FMUI X(N_K)W(K}
006E4C 1 3rC001 2

00050011 MOVE.B #FMUL,APUCOM
006854 4r.722300 STOP #$2300

APUWR D1.À0
006858 383C0003 MOVE.w #$3,D7
00685C 1081 @169 MOVE.B Ð1. (A0)
006858 8099 ROR.L #98,D1
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19
19
19

5B
59
59

006860 SlCFFFFÀ DBRÀ D7,@169
APU FÀDD

006864 1 3Fc001 0

0005001 1 MovE"B #FÀDD,ÀPUCOM
00586c 4E'722300 STOP #$2300

APURD AO,Dl
006870 383c0003 MovE"r{ #$3,D7
006874 8199 @171 ROr"L #S8,D1
006876 1210 MOVE.B (a0),D1
005878 SlCFFFFA DBRÀ D7"@171
00687c 51CÀFFA0 DBRA D2"FLCÌq2

*
CONTTh¡UE FOR ENTTRE }¡INDOW

c(N) FoR SPEcIFIC N
TNCREMENT POINTER

c(N) sul&retroN

FLCN3 MovE"L D1, (À4)+
ADD9.W #s4,A2

EFC CMP"W #XRENH,A2
BtT FtCNl

*
* MOVE DATA BÀcK To XRST
*

307C3700 MOVE.W #XRsr,A0
327C4700 MOVE.!{ #TMPsrc,Al
20D9 FLCNE MovE"L (e1)+,(40)+ MOVE DATA
BOFC3EFC CMP.ç'7 #XRENH'40
6DF8 BTT FTENE
4875 RTS
20 HAM DC.w I HAMMING wTNDOr4Ir

20 HAME De .9.? I '
20 FFTM DE.W ' FFT'
20 FFTME DC.F¡ ' I

20 PS DC"[,r ¡ POÏ,¡ER SPECTRUM'
20 PSE De"W ' '
20 SMPS DC.W ¡ SMOOTH POWER SPEETRUM'
20 SMPSE DC.W '*

*

1 959
1 960
1 960
1 960
1 960
1 960
1 961
1962
'1963
1 964
1 965
1966
1 967
1 968
1 969
197 0
197 1

006880
006882
006884
006888

28c1
584À
B4FC3
6D8E

1972
197 3
197 4
1975
197 6
197 7
1 978
1979
1980
1 981
1982
1983
1984
1 985

0 0 6E8A
O O 6EBE
006892
0 0 6894
0 0 6E98
0 0 6E9A
0 0 6E9c
0 0 6EB4
006E86
0 0 6EC4
0 0 6Ec6
OO6EDE
0 0 6EE0
006100
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1 987
1 988
1989
1 990
1 991

*################### # ##### ####################################
*################### # #*# # # ### ########### ######### #############

PCG PROCESS]NG - FRES DOMAIN

# # # # # # # # # # # # # # # # # # # # # # # # # ## # # ## ### ### ## # ### # # # ## # ######## ####
THE PCG PROCESSTNG ROUTINE ]S COMPRTSED OF THE FOLLOþI]NG
MODULES !

PFMSYSå MOVE PCG SYSTOLE ]NTO COMPLEX ARRAY
FFTå COMPUTE POWER SPECTRUM OF SYSTOLE
PFPSYS: MOVE STSTOLE POI,?ER SPECTRUM TO TEMP
PFMDTAS MOVE DTÀSTOLE TNTO COMPLEX ARRAY
FFT8 COMPUTE POWER SPECTRUM OF DIÀSTOLE
PFEDC: COMPUTE ENERGY DTSTRTBUTTON COEFF]CIENTS

##### # #### ## #### ###### # ############ ##########################
# ## # #### ## ## ## # # # ## ## # # ### # ### ## # # ###########################

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

992
993
994
995
996
997
998
999

2000
2001
2002
2003
2004
2005
2006
2005
2006
2006
2006
2006

006T02 488872D4 PCGF JSR BLANK
DSPTOPT PFST,PFEN

006F06 4BF86F5B LEA PrST"À5
005F0A 4DF86F7A LEÀ PFEN"A6

TRP14 OUTIER
006F0E 183C00E3 MOVE"B #OUT1eR,D7
OO6F12 4E4E TRAP #14

DSPLOPT PFSFT,PFSFTE
006F14 4BF86F7C LEA PFSFT,AS
006F18 4DFB6F8E LEÀ PFSFTE,À6

TRP14 OUTICR
006F1C'1 E3C00E3 MOVE"B #OUr1eR,D7
OO6F2O 4E4E TRAP #14
006T22 4EB86FBE JSR PFMSYS
OO6F26 48886À8À JSR FFT

DSPLOPT PFDFT,PFDFTE
006F2À 48F86F90 rEÀ PFDFT,AS
OO6F2E 4DFB6FA2 LEA PFDFTE,À6

TRP14 OUTICR
006132 183c0083 MOVE.B #OUT1eR"D7
OO6F36 4E4E TRAP #14
OO6F3B AEBBTOOC JSR PFPSYS
OO6F'3C 48887022 JSR PFMDTA
OO6F4O 48886À8A JSR FFT

DSPLOPT PFEST,PFEEN
006F44 4BF86FÀ4 tEÀ PFEST,À5
006F48 4DF86FBC LEÀ PFEEN,A6

TRP14 OUTICR
006F4e '1 E3C00E3 MOVE"B #OUT1CR,D7
OO6F5O 4E4E TRAP #14
OO6F52 4EBB7O62 JSR PFEDC
006F56 4875 RTS
006F'58 50 pFsr De.r,t 'PcG PROCESSTNG - FREQUENCY DOMAIN'
006F7A 20 PFEN DC"W ' o

OO6T7C 20 PFSFT DC"W ' SYSTOLTC FFT'
OO6FBE 20 PFSFTE DE"W ' I

OO6F9O 20 PFDFT DC.W ' DTÀSTOITC FFT'
OO6FA2 20 PFDFTE DC"W I ¡

OO6FÀ4 20 PFEST DE"W ' COMPUTE EDE VALUES!
OO6FBC 20 PFEEN DC"W ' I

2007
2007
2007
2007
2007
2007
2008
2009
201 0
2010
2010
2010
20',l0
2010
201 1

2012
201 3
20'1,4
201 4
201 4
201 4
201 4
201 4
2015
201 6
2017
2018
2019
2020
2021
2022
2423
2024
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2026
?027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046
2047
2047
2047
2048
2048
2048
2049
2050
2050
2050
2051
2052
2053
2054
20s5
2056
2057
2058
2059
2060
2061
2062
2063
2064
2065
2066
2067
2068

0 0 6FD2
0 0 6FD6
OO6FDÀ
006FDC
0 0 6FE0
0 0 6FE4
0 0 6rE6
0 0 6FE8
O O 6FEÀ
006rEc
O O 6FEE
0 0 6FF4
006Fr8
OO6FFA
OO6FFE
007004
007008
00700A

**********lr****r(rr**************tr*******rrtr******rr****C.f.********
* PFMSYS
***rl*rr******rr********************rr*tr******rr****************ilrt*
*
,. AO <--> STÀRT OF SYSTOLE* À1 <--> END OF SYSTOTE* A2 <--> STÀRT OF REÀL ARRÀY'TMÀGTNÀRY ARRAY
o D0 <--> scRATcH
*
* * * * * * * * * * * * * * * ir * * * * * * * * * * * * * * * dr * * * * * tr * * * * * Cr * * * rr * * * * * * * * * * * * * *
*
* eALt FOLLOWING MACROS3* GETÀDD '

********L*{r**********************************Jr*lr****t *********

THIS ROUTTNE MOVES THE SYSTOLIC SEGMENT OF THE PCG ]I[TO THE
REÀL ARRAY. THE ARRÀY ]S APPENDED WTTH ZEROS. THE IMAG]NARY
ÀRRAY TS SET TO ZERO.

PFMSYS GETADD PCGSlA,AO 
"PCGSTRT

O O 6FBE
0 0 6FC2

0 0 6rc6
0 06FCA
006FCE

30787F'08 MOVE"W PCGS'I A,A0
DoFCoF00 ADD.W #PcGs?RT,A0

GETADD PCGSlB,Al,PCGSTRT
327B7EOA MOVE"W PCGS1B"Al
D2FC0F00 ÀÐD"t.¡ #PcGsrRT,Al
4EBB63AC JSR TWOCOMP

GETADD PCGSl A,AO, PEGSTRT
30787F08 MOVE.W PCGS1A,A0
DoFCoF00 ADD"W #PCGSTRT,À0
3248 MOVE.T{ A0,À1
DzFB7F0C ÀDD"Fl PCGS2 

"41347e3700 MOVE"W #XRST,A2
4280 CLR"L D0
3018 PFMSYSI MOVE.T{ (¡Q)+,D0
24C0 MOVE.L D0, (À2)+
B0c9 cMP.w A1,AO
6DF8 BLT PFMSYS1
24FC00000000 pFMsYs2 MovE"L #0, (e2)+
84Fe4700 CMP.I{ #XREN,A2
6DF4 BLT PFMSYSz
347C4700 MOVE.W #XIST"A2
24FC00000000 pFMsvs3 MovE.L #0, (¿2)+
84FC5700 eMP"W #XIEN,A2
6DF4 BtT PFMSYS3
4875 RTS

*
*

CONVERT PCG TO TWOS COMPLEMENT
STÀRT OF SYSTOLE

END OF SYSTOLE
STÀRT OF XREAL ÀRRAY

MOVE SYSTOTE TN REAL ARRÀY
MOVE DÀTÀ

ÀPPEÑD WTTH ZEROS

SET IMÀGINARY ARRAY TO ZERO
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2070
2071
2072
207 3
207 4
2075
207 6
207 7
2078
2079
2080
2081
2082
2083
2084
2085
2086
2087
2088
2089
2090
2091
2091
2091
2092
2093
2094
2095
2096
2097
2098

******rr******lr****t(*************dr********cr**d.*****************
* PFPSYS
,r********************************x***t ********************¡t***
*
O A2 <--> START OF REAL ÀRRÀY'POWER SPECTRUM
* À3 <--> TEMPORÀRY STORAGE
* DO <-_> COUNTER
d.

,r******tr******dr*rú***********L*****drrr*******************,r******
*
* CALL FOLLOWING MACROSå* STPOIN2
*
**********************r(rrJr***Jú*tr***cr*************dr*************

THE SYSTTTC POWER SPECTRUM TS RETURNED TN THE FTRST HALF OF
REÀt ÀRRÀY" TH]S ROUTTNE MOVES THE POWER SPECTRUM ?O TEMPORA
STORAGE"

00700c
007010
007014
007018
00701À
007018
007020

PFPSYS STPOTN2.W XRST,A2,TMPSTB,A3
347C3700 MOVE"W #XRST,A2
367c5700 MOVE.W #TMPSTB,À3
303c0200 MovE"l.7 #512"D0
26DA PFPSYSI MOVE"L (42)+"(43)+ MOVE DATA
5lC8FFFC DBRÀ D0,PFPSYSI
6DF8 BLT PFPSYSI
4875 RTS

*
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2100
21 01
21 02
2103
2104
2105
2106
21 07
21 0B
21 A9
21 10
21 11
21 12
21 13
2114
2115.
2116
2117
21 1B
21 19

*************r(*****r.******rr*****L*****rr*trt ********************
* PFMDTA
*****t ****************************t ***lr*Cr*********************
*
* AO <--> START OF DIÀSTOLEO À1 <--> END OF DTÀSTOLEO A2 <--> STÀRT OF REÀL ARRAT'IMÀGINÀRY ARRAY
*
***************trlr**rr********rr**rr*+rlr*****dr*****************t *rr*
*
* CAtt FOLLOWING MACROSB* GETÀDD ''*
*****dr**********************************************tr*********

THTS ROUTINE MOVES THE DIASTOLTC SEGMENT OF'THE PCG TNTO THE
REAL ARRÀY. THE ARRÀY TS ÀPPENDED WTTH ZEROS" THE IMAGTNARY
ÀRRÀY TS SET TO ZERO.

PFMDTÀ GETADD PCGSlA"ÀO"PEGSTRT START OF SYSTOLE

*

*
*
*

2
2
2
2
2

20
20 007022
20 007026
21 00702A
22

30787108 MOVE"W PCGSlA,À0
DoFCoF00 ADD.W #pCGSTRT,A0
D0F87F0C ÀDD"W PCGSz,À0

GE?ADD PCGSl B,A'I .PCGSTRT
32787F0A MOVE"l^? PCGS1B,A1
D2FC0F00 ADD"!^r #PCGSTRT.Al
347C3700 MOVE"W #XRST,A2
4280 CLR.L D0
3018 PFMDTAl MOVE"T{ (¡Q)+,DO
24e0 MovE.r D0, (42)+
B0C9 eMP.W A1,A0
6DFB BLT PFMDTA1
24FC00000000 pFMDrA2 MoVE"L #0, (e2)+
84FC4700 CMP"W #XREN,À2
6DF4 BLT PFMDÍA2
347C4700 MOVE"W #XIST,A2
24Fc00000000 PFMDIÀ3 MovE"L #0, (42)+
84Pe5700 CMP.f^? #XIEN,À2
6DF4 BIT PFMD¡A3
4875 RTS

*
*

START OF DTASTOTE
END OF DTASTOTE

START OF XREAI ÀRRAY

MOVE DIASTOLE IN REAL ARRÀY
MOVE ÐATA

APPEND WTTH ZEROS

SET TMAGINARY ARRÀV TO ZERO

2122
2122
2123
2124
2125
2126
2127
2128
21
21
21
21
21
21
21
21
21
21

007028
007032
007036
00703À
00703c
007038
007040
007 042
007044
00704À
007048
007050
007054
00705À
007058
007060

29
30
31
32
33
34
35
36
37
3B
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42

Cr********************************************rl**dr*************
* PFEDC
**********************************:ldr********dr**t *********L***d.
*
N A2 <_-> START OF STGI.¡AL* D6 <--> EDC VALUE IS RETURNED TN THIS REGÎSTER
*
***************************************rr***t Jr*****************

* CALL FOLLOçIING MACROSå SUBROUTTNESS
o EDe ot
*
************rr*C(*****Cr*C.***********tr****************r*rrrk********

*
* COMPUTE EDC VALUES OF SYSTOLTC AND D]ÀSTOLTC SEGMENTS
*

347e5700 PFEDC MOVE.W #TMPSTBsA2
4EBB7O94 JSR FLEDC
21c67F1A MOVE"t D6,EDCFSyS
347C3700 MOVE"l{ #XRST,À2
48887094 JSR FTEDC
21c67F18 MOVE"L D6,EDCFDIA

*
GETADD PCGSIÀ,ÀO,PCGS?RT EONVERT BÀEK TO 12-BTT NUMBER

30787F08 MOVE"r,t PCGSlÀ,40
DoFCoF00 ÀDD.w #PcGsrRT"À0

GETÀDD PCGSI B,Àl,PCGSTRT
32787F0À MovE"l.7 PCGSlB,À1
DzFCoF00 ADD,W #PCGSTRT"AI
06580800 PFEDCI ÀDÐ.W #$800, (40)+ ÀDD DATA
B0C9 CMP.W À1,A0
6FF8 BLE.S PFEDCI
4875 RTS

*
*

143

40
41

21 44
21 45
21 46
21 47
21 48
21 49
2150
2151
2152
2153
2154
2155
2156
2157
2158
2159
21 60
21 61
21 62
2163
2164
21 65
21 65
21 65
21 66
21 66
21 66
21 67
21 68
21 69
2170
217 1

2172

0a7 062
007066
00706A
007068,
007072
007076

00707À
007078

007082
007086
00708A
00708E
007090
o07092

t78
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217 4
2175
217 6
2177
2178
2179
2180
2181
2182
21 B3
2184
21 85
2186
2187
21BB
2189
2190
21 91
2192
2193
2194
2195
2196
21 97
2198
2199
2200
2200
2200
22
22
22
22
22
22

t')
22
22
22
22
22,,
22
22
22
22
22
22
22
22

*************rr**********************t(*************************
* FLEDC
*********t(*********L********i.*****tr***rr***********************
*
O AO <--> ÀPU OPERAND ENTRY ÀDDRESSO À1 <--> ÀPU COMMAND ENTRY ÀDDRESSO A2 <--> START OF SIGNÀL" WHEN ROUTTNE CÀLLED STAR? OF* STGNÀt MUST BE T}.¡ À2* D0 <--> N (¡¿urr¡pr,rnn r¡l Hu¡¿nR¿ron)* D3 <-_> SOUARE ROOT OF VÀtUE* D6 <--> FINAT EDC VALUB 32_B]T FTXED POINT
*
*******************************************lr******************
*
*
*
*

CALL FOLLOWING MÀCROS:
STPOIbI2 ÀPUWR '' APUSGWR '' APURD ÀPU

MOVE NUMERATOR AND DENOMTNATOR ON

sracK (rnrrrarr,v znRo).
SIGNÀL ÀRRAY POTNTER
MULTIPTTER (¡c) i¡{ EDC COMPUTÀTTObI
WRTTE POVIER SPECTRA SAMPLE TO STA

UPDATE DENOMINATOR

EXCHANGE NUM AÌ.TD DEN ON STACK

Ì.?RITE bI TO STAEK

**************************************************************

THTS ROUTTNE COMPUTES THE FTOATT¡{G POTNT EDC VÀtUE. PÀRAMETE
ARE ENTERED ÀS 32_BIT FIoATTNG POTNT. EDC VALUES COMPUTED FO
posITIvE SIDE oF pot,lgR spEcrRUM. RETURNED vatun (upc) ¡s
CONVER?ED TO 32 FTXED POTNT AND RESTDES TN DÀTÀ REGÍSTER D6"

"APUCÖM"À1007094
00709A
0070À0

0070A8
007082
007084
007086

FLEDC STPOTN2"L APUOPER,
207C00050001 MOVE,L #APUOPER,
227C000500'1 1 MOVE.L #ÀPUCOM,À
7000 MOVE"L #$0,D0

APUWR D0,À0
383C0003 MOVE.w #$3,D7
1oB0 GlBs MovE"B Do,(Ào)
8098 ROR.L #SB,D0
5'1 CFFFFA DBRA D7 , @185

APUWR DO.AO
383C0003 MOVE.W #S3,D7
1080 G186 MOVE.B D0, (À0)
8098 ROR"r #S8,D0
5ICFFFFA DBRA D7,@186

*

AO
À0

I

01
o2
02
02
02
02
03
03
03
03
03
04
05
06
07
07
07
o7
07
07
OB

OB

0070À2
0070À6
0070A8
0070ÀÀ

2208
2209
2209

2209
2210
2210
2210
2210

00708A 424'1 CLR"W D'l
00708C 7401 MOVE"r #$1,D2

FTEDC1 APUSGWR A2"D1 
"À0007088 2C321 000 MOVE"L 0 (A2,D1 ) ,D6

0070e2 383C0003 MOVE"W #S3.D7
0070C6 1086 G187 MOVE.B D6, (A0)
OOTOCB EO9E ROR"L #$8,D6
0070CÀ SlCFFFFÀ DBRA D7,@187

APU FADD
0070e8 1 3rc001 0

0005001 1 MovË.8 #FÀDD,ÀPUCOM
0070D6 48722300 STOP #$2300

APU XEHF
007oDA 1 3FC001 9

00050011 MovE.B #XCHF"APUCOM
007082 4n722300 STOP #$2300

APUWR D2"AO
007086 383C0003 MOVE"W #$3.D7
00708A '1 082 @190 MOVE"B D2, (A0 )
00708C 809À ROR.L #s8,D2
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2210
2211
2211

OOTOEE 5lCFFFFÀ DBRÀ D7,G190
APU FLTD

0070r2 13Fc00.1c
OOOSOOl 1 MOVE.B #FLTD,ÀPUCOM

0070FÀ 48722300, STOP #$2300
ÀPUSGWR 42,D1 

"400070F8 2c321 000 MovE"L 0 (À2,D1 ) ,D6
007102 383C0003 MOVE"W #$3,D7
0071 06 1 086 G1 92 MOVE"B D6, (À0 )

007108 E09E ROR.L #$8,D6
00710A 5'lCFFFFÄ DBRÀ D7,G192

ÀPU FMUL
0071 0E 1 3Fc001 2

0005001 1 MovE"B #FMUt,APUCOM
007116 48722300 STOP #S2300

APU FADD
0071 1À 1 3rc001 0

0005001 1 MovE"B #FADD"APUCOM
007122 48722300 STOP #$2300

APU XCHF
007126 1 3rc001 9

0005001 1 MovE.B #xeHF,APUCOM
00712F, 4F.722300 SrOP #S2300
007132 5282 ADD"L #51,D2
007134 5841 ADD"W #S4"D1
0071 36 0c41 0800 CMP.W #2048,D1

FLOATÏNG POINT

WRITE POWER SPECTRA VÀLUE TO STÀC

N * S(N)

UPDATE NUMERÀTOR

EXEHÀNGE NUMÀND DEN

TNCREMENT MULTIPTIER
INCREMENT STGNÀL ÀRRAY POINTER

CONTINUE UNTÍL ENTTRE SPEETRA EOM
NUMERATOR/DENOMTNÀTOR = EDC

CONVERT TO 32-BTT FTXED

D6 CONÀTINS EDC VALUE

2211
2212
2212
2212
2212
2212
2212
2213
2213

2213
221 4
221 4

221 4
2215
2215

2215
221 6
2217
2218
2219
2220
2220

00713À 5D82 BLT FTEDCI
APU FDÏV

00713c 13Fe 00'13
000500'1 1 MovE"B #FDrV

007144 4F.722300 STOP
ÀPU FlXD

007148 13FC0018
0005001 1 MOVE.B #FTXD,APUCOM

007'150 48122300 srOP #S2300
ÀPURD À0,D6

007154 383C0003 MOVE.W #$3,D7
007158 E19E G198 ROr.L #
0071 5À 1c1 0 MovE.B (À0 )
OO71 5C SICFFFFA ÐBRÀ
0071 60 4875 RTS

*
*

7 ,@198

,APUCOM
#$23002220

2221
2221

2221
2222
2222
2222
2222
2222
2223
2224
2225

$8
.D

D

D6
6

tB0
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"#######s# ### ###*### ###### # ## # # ### # # # # # ### #### ## ##############2227
2228
2229
2230
2231
2232
2233
2234
2235
2236
2237
2238
2239
2240
2241
2242
2243
2244
2245
2246
2247
2248
2249
2250
2251
2252
2253
2254
2255
2256
2257
2258
2259
2260
2260
2260
2260
2260
2261
2261

D,/A CONVERSTON ROUTÍNES

1 ) NORI.{ALT ZE ALL TRÀI{SFORM DÀTA TO BE CONVERTED
wrrH 12 Brr D/A"

2) DTSPLAY OPTIONS MENU
3) SETECT OPTION
4) PERFORM CONVERSTON
5) co 

"o 
2)

### ################ ## # ## # # # # # ##################### ###########
########## ## ##### #### # # # ## # #### ## ## ### # ## ## # # # ###############

F]ND MAXIMUM VALUE TN ÀRRAY" " " MÀX RETURNED TN DO

À2 <.--> START A3 <--> END

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

007 1 62
007 1 64
0071 65
0071 68
007164
00715c
0071 6E
007170

4280
221 A
BOBl
5C02
2001
B4CB
6FF4
4F.75

DÀNORM APUWR DO
007172 383C0003 MOVE"w
0071 76 1 080 G1 99 MOVE.B D0 

"007178 E098 ROR.L #$8,D0

DAMAX EtR.t DO
DÀMÀX1 MOVE"L (A2)+,D1

cMP"L D1 
"D0BGE"S DAMAXz

MovE.L D1,D0
DAMÀX2 CMP.W A3,A2

BLE.S DÀMÀX1
RTS

CTEAR TNTT]ÀL MA)ßTMUM

CHECK EURRENT VATUE AGATNST MAX

UPDATE CURRENT MAX

SEAREH ENTÎRE ARRAY

MAX VÀLUE - FLOATSNG POTNT

4095 - FLOATTNG POTNT
SAMPLE VATUE

NORMALTZE ÀLL DÀTÀ TN ARRAY TO MAXIMUM VALUE OF 4095 (TFF)
A0"A'1 <--> APU ADDRESSES 42.43 <--> START AND END
DO <--> MÀXTMUM VALUE ÌN ARRAY

,A0
#93,D7
(Ào )

22
22
22
22
22
22
22
2264
2265
2265
2265
2265
2265
2266
2266

2266
2267
2267
2267

61
62
62
62
62
6¿
63

00717A SlCFFFFA DBRA D7,G199
ÀPU FtTD

00717F, 1 3Fe001c
0005001'1 MoVE.B #FLTD,APUCOM

007185 48722300 STOP #$2300
ÀPURD 40,D0

00718À 383C0003 MOVE"W #$3,D7
007188 8198 G201 ROL"L #$8,D0
007190 1010 MovE.B (À0),D0
007192 5'ICFFFFA DBRA D7,@201
007196 223C0CFFF000 MOVE"T #$0CFFF000,D1
00719c 2412 DANORMI MOVE.L (A2l,D2

APUï,¡R D2,40
007198 383C0003 MOVE"w #$3,D7
oo71h2 1082 @202 MOVE"B D2"(À0)
0071A4 E09A ROR.r #$8,D2
0071À6 SlCFFFFÀ DBRA D7,G202

APU FLTD
0071AÀ 1 3rc001c

00050011 MovE"B #FLTD,ÀPUCOM
007182 48722300 STOP #$2300

ÀPUWR D0,40
007186 383C0003 MOVE.W #$3,D7
00718A 1080 G204 MOVE.B D0, (A0)

lBl



2268
2269
2269
2269
2269
2269
227 0
2270

OUÀNTTTATIVE ANALYSTS OF PCG,ECG, AND CAROTTD PUTSE PAGE 56

2267 00718C E09B ROR"L #$8,D0
2267 007188 5ICFFFFÀ DBRÀ D7,@204
2268 ÀPU FDIV
2258 0071C2 13FC0013

vÀruE/MÀx

0005001 1 MOVE"B #FDrv,ÀPUCOM
0071cÀ 4F'722300 sroP #$2300

APUWR D1,AO

APU FMUL
007.1 DÀ 13FC0012

0005001 1 MovE.B #FMUL,APUCOM
007182 48722300 STOP #$2300

APU FIXD
007186 1 3FC001E

00050011 MovE"B #FIxD"ÀPUCOM
007188 4F,722300 STOP #$2300

ÀPURD À0"D2
0071F2 383C0003 MOVE.vt #$3"D7
0071F6 E19A @209 ROL"r #S8,D2
0071F8 1410 MOVE.B (A0),D2
0071FÀ SlCFFFFÀ DBRA D7,G209
0071FF' 24C2 MOVE.L Ð2,(A2)+
007200 B4cB cMP"W À3,A2
OO72O2 6F98 BLE DANORMI
007204 4875 RTS

(varun,/ntax) *4095

0071c8 383C0003 MOVE.w #$3.D7
0071D2 1 081 G206 MOVE.B D1 , (A0 )

007'1D4 8099 ROR"L #$8,D1
0071D6 5'lCFFFFÀ DBRA D7,G206

2270
227 1

2271
FTXED POTNT

MOVE DÀTÀ

NORMALÍZE gNT]RE ÀRRAY

227 1

2272
2272
2272
2272
2272
227 3
227 4
2275
227 6
2277
2278
2279
2280
2281
2282
2283
2284
2285
2285
2285
2286
2286
2286
2287
2288
2289
2290
2290
2294
2291
2292
2293
2294
2295
2296
2297
2298
2299
2300
2301
2302
2383

*
*
*
*
*
*
*
*

NORMÀL]ZE EEG, CÀROTTD, AND PEG TRANSFORMS""" D]VTÐE
AtL SAMPLES BY THE MAX ÀND MUtTTPLY BY 4095"
AO,A1 <_-> APU ADDRESSES
À2"A3 <--> STÀRT ÀND END OF ÀRRAY

007206
00720c

DÀFTX STPOTN2.I APUOPER¡AO.ÀPUCOM,A1
207C00050001 MoVE"r #APUOPER,A0
227C0005001 1 MOVE.L #APUCOM,Al

STPOIN2 "W TRECGST,À2,TRECGCHK,A3
347C1BOO MOVE"W #TRECGST"A2
367C20F0 MOVE.!{ #TRECGCHK"À3
488871 62 JSR DÀMÀX
347C1800 MOVE"r,¡ #TRECGST"A2
48887172 JSR DÀNORM

STPOIN2 "W TRCARST,À2 
"TRCAREN,A3347C2100 MOVE"W #TRCARS?,A2

367c2300 MOVE.W #TRCÀREN"A3
4Ð887162 JSR DÀMÀX
347c2100 MOVE"W #TRCARST,A2
48887172 JSR DANORM
347e2300 MO\rg"W #PCGEb¡ST,A2
36787F.1 0 MOVE"W PCGENDE,A3
48887162 JSR ÐAMÀX
347e2300 MOVE"T{ #PCGENST,A2
4E,887172 JSR DANORM
6OOOOO3C BRA DAFTXB

007212
007 21 6
007 21 A
007218
007222

007226
00722A
007228
007232
007236
00723A
007238
007242
007246
00724A
007248

*
*
*
*

TAKE SOUARE ROOT OF POWER SPEETRUM -> FOURTER TRÀNSFORM
rN 32-Brr FrxED porNT (n'on nrsptav puRposus)

182
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2304
2305
2306
2306
2306
2306
2306
2307
2307

*
007252 2412 PSTOFT MOVE.T (A2),D2

APUWR D2,40
007254 383C0003 MOVE"w #s3,D7
007258 1 082 G21 3 MOVE.B D2, (À0 )

00725À E09À ROR.r #$8,D2
00725C SlCFFFFA DBRA D7,G213

ÀPU soRT
007260 13FC000'1

0005001 1 MovE"B #SQRT,APUCOM
007268 4E?22300 STOP #$2300

APU FIXD
00726C 1 3Fc001E

0005001 1 MoVE"B #FIXD,APUCOM
007274 48722300 srOP #$2300

APURD AO,D2
007278 383C0003 MOVE.Ì.? #$3"D7
00727C E19A G216 ROL"L #S8.D2
oo727v 1410 MOVE"B (A0),D2
007280 5lCFFFFA DBRÀ D7"@216
007284 2ec2 MOVE"L D2,(A2)+
007286 BACB CMP"I^t À3,42
007288 6FC8 BLE PSTOFT
00728À 4875 RTS

00728c
007292

2307
2308
2308

2308
2309
2309
2309
2309
2309
2310
231 1

2312
2313
231 4
231 5
231 6
2317
2318
2319
2320
2320
2320
2321
2321
2321

MOVE ÐATÀ

NORMALIZE FREQUENCY DOMAT}T DÀTÀ. TAKE SSUARE ROOT OF POWER
SPEETRUM TO GET FT _ CONVERT TO 32*BTT FIXED POIN?. THE
NORMÀLIZE DATA."". DTV]DE SÀMPLES BY MAX AND MUTTTPLY BY
4095. A0,A2 <--> ÀPU ADDRESSES, A2,A3 <:-> START AND ElrD

2322
2323
2324
2325
2326
2327
2327
2327
2328
2329
2330
2331
2332
2333
2334
2335
2336
2337
2338
2338
2338
2338
2338
2338
2339

007298
00729c
0072À0
0072A4
0072A8
0072AC
007280

007284
007288
00728C
0072e0

DAFTXB STPOIN2 "L APUOPER,À0,APUCOM"A1
207c0005000'l MOVE"L #ÀpuopER,A0
227C0005001 1 MOVE"L #APUCOM,Al

STPOÌN2.ç.¡ XRST"A2,XRENH,A3
347C3700 MOVE"W #XRST"A2
367C3EFC MOVE"W #XRENH"A3
48887252 JSR PSTOFT
347C3700 MOVE"W #XRST,A2
48887162 JSR DAMAX
347C3700 MOVE"W #XRST,A2
4E,887172 JSR DANORM

STPOTN2 "W TMPSTB ¿A2,TMPENB,A3
347C5700 MOVE"T^¡ #TMPSTB,A2
367CsEFC MOVE"W #TMPENB,À3
48887252 JSR PSTOFT
347C5700 MOVE"W #TMPSTB,A2
488871 62 JSR DAMAX
347e5700 MOVE"W #TMPSTB,À2
4E,887172 JSR DÀNORM
6000001 6 BRÀ DA

*
* CTEAR SCREEN
*
BT,ANK SPAEE

4BF87284 LEA SPAC,À5
4DF87286 tEA SPCE.A6

TRP14 OUTICR
183C0083 MOVE.B #OUT1CR,D7
4E4E TRAP #14
4F.?5 RTS

0072C4
0072c8
0072cc
0072D0

0072D4
0072D8

0072DC
007280
007282

t83
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2340
2341
2342
2343

2344

2345

2346
2347
2347
2347
2347
2347
2347
2348
2349
2350
2351
2352
2352
2352
2352
2352
2352
2353
2354
2355
2355
2355
2355
23s,5
2355
2356
2356
2356
2356
2356
2356
2357
2357
2357
2357
2357
2357
2358
2358
2358
2358
2358
2358
2359
2359
2359
2359
2359
2359
2360
2 360
2360

007284 20 SPAC DC"W ' '
oo72v6 20 SPCE DC.W ' '*
007288 33FC0800

00040000 DÀ MovE.w #$800,DACH1
0072F0 33FC0000

00040004 MovE.T{ #0,DÀeH2
0072F8 1 3FC0000

OOO1OO21 MOVE.B #HLT]MR,TCR
007300 343e0018 MOVE.w #30,D2

DAMEN SPÀCE
007304 48F87284 LEA SPAC"A5
007308 4DF87286 LEÀ SPCE,A6

TRP14 OUTICR
00730C 183C0083 MOVE"B #OUT1CR,D7
007310 4E4E TRÀP #14
007312 51CÀFFF0 DBRÀ D2,DAMEN

*
* D]SPLÀY OPTTONS
*
DÀOPT DSPTOPT MSG,MSGE

007316 48F875F6 tEÀ MSG,A5
00731À 4DF87628 LEÀ MSGE.A6

TRP14 OUTICR
007318 183C0083 MOVE"B #OUT1CR,D7
007322 4E4E TRÀP #14
007324 4EBB72D4 JSR BLÀNK
007328 488872D4 JSR BTANK

DSPLOPT OPTI,OPT1E
00732c 48F8762A LEÀ OPTI 

"À5007330 4DFB765E LEA OPT1E"A6
TRP14 OUTIER

007334 183C0083 MOVE"B #OUT1CR,D7
007338 4E4E TRÀP #14

DSPLOPT OPTz,OP?28
00733À 48F87660 LEÀ OPT2,À5
007338 4DF8769A LEÀ OPT2E,À6

.TRP14 OUTICR
007342'1 E3C00E3 MOVE"B #OUT1CR,D7
007346 4E4E TRÀP #14

DSPLOPT OPT3,OPT3E
007348  BFB769C tEA OPT3"À5
00?34c 4DF876D6 tEA OPT3E"À6

TRP14 OUTICR.
007350 183C0083 MOVE.B #OUT1CR,D7
007354 4E4E TRAP #14

DSPLOPT OPT4,OPT4E
007356 4BF876DB LEA OPT4,A5
00735À 4DF87718 LEÀ OPT4E,À6

TRP14 OU?1CR
007358 183C0083 MoVE.B #OUT1CR,D7
007362 4E4E TRAP #14

DSPLOPT OPTS"OPTSE
007364 48F8771À tEÀ OPTs"A5
007368 4DF8775C rEÀ OPT5E"À6

TRP14 OUTICR
00736C'1 E3C00E3 MOVE.B #OUT1eR"D7
007370 4E4E TRAP #14

DSPTOPT OPT6,OPT6E
007372 48F87758 rEA OPT6,A5
007376 4D88779C rEA OPT6E,A6

HÀtT TTMER USING TER HÀtT CODE
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2360
2360
2360
2361
2361

00737A
007378

007396
00739À

00739C
0073A0

0073A4
0073À8

0073AÀ
0073A8

007382
007386

007388
00738C

0073c0
0073c4

0073c6
0073CA

0073C8
0073D2

0073D4
0073D8

0073Dc
007380

TRP14 OUTICR
183C0083 MOVE"B #OUTIC?,D7
4E4E TRAP #14

DSPLOPT OPTT,OPTTE
48F87798 LEÀ OPTT 

"454DF87780 tEA OPT7E,A6
?RP14 OUTICR

183e0083 MovE"B #our1cR"D7
4E4E TRÀP #14

DSPLOPT OPTS,OPTEE
4BFB77E2 LEÀ OPT8,A5
4DF87826 LEA OPT8E,A6

TRP14 OUTICR
183C0083 MOVE"B #OUTICR,D7
4E4E TRAP #14

DSPLOPT OPT9,OPTgE
48F87828 LEA OPTg,45
4DF87862 tEA OPTgE,A6

TRP14 OUTIER
183C0083 MOVE"B #OUT1CR,D7
4E4E TRAP #14

DSPLOPT OPTÀ,OPTAE
48F87864 LEA OPTA¿45
4DF87898 LEA OPTAE"A6

TRP1 4 OUl1CR
183C0083 MOVE"B #OUTICR¡D7
4E4E TRÀP #14

DSPLOPT OPTB,OPTBE
48F8789A tEA OPTB,AS
ADFB7BD4 LEA OPTBE"À6

TRP14 OUT1CR
183C0083 MOVE"B #OUT1CR"D7
4E4E TRAP #14

DSPLOPT OPTC,OPTCE
48F878D6 LEÀ OP?C.45
4DF87908 LEA OPTCE,A6

TRP14 OUTICR
183C0083 MOVE"B #OUT1CR"D7
4E4E TRAP #14

DSPLOPT OPTF¿OPTFE
48F87910 LEA OPTF,À5
4D887944 LEA OPTFE,A6

TRP14 OUTICR
183C0083 MOVE"B #OUT1CR,D7
4E4E TRAP #14

*
* ENTER OP?TON
*

4F'8872D4 JSR BLANK
4EBB72D4 JSR BTANK
48887946 NTROPT LEA ENTR"AS
4DFB795C tEÀ ENTRE¿46

TRP14 OUTPUT
183C00F3 MOVE"B #OUTPUT"DT
4E4E TRÀP #'1 4

TRP14 TNCHE
183C00r7 MOVE"B #INCHE"D7
4E4E TRAP #14

*
0c000031 CMP"B #$31,D0
67000068 BEQ EeGcAR

007380
0073842361

2361
2361
2361
2362
2362
2362
2362
2362
2362
2363
2363
2363
2363
2363
2363
2364
2364
2364
2364
2364
2364
2365
2365
2365
2365
2365
2365
2366
2366
2366
2366
2366
2366
2367
2367
2367
2367
2367
2367
2368
2369
2370
237 1

2372
2373
237 4
2375
2375
2375
237 6
237 6
237 6
2377
2378
2379

007388
00738C

007388
007392

007382
007386
00738A
007388

0073F.2
0073F6

0073F8
0073FC

0073F8
007 402

WA]T FOR STNGLE CHÀRAETER TNPUT
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2380
2381
2382
2383
2384
2385
2386
2387
23BB
2389
2390
2391
2392
2393
2394
2395
2396
2397
2398
2399
2400
2401
2402
2403
2404
2405
2406
2407
2408
2409
2410
241 1

2412
2413
241 4
2415
241 6
2417
2418
2419
2420
2421
2422
2423

007406
00740À
007408
007 412
007416
00741A
007418
007 422
007 426
007 42Ã
007428
007 432
007436
00743A
007438
007 442
007 446
007 44A
007448
007 452
007456
00745A
007458
007 462
007 466
007458

00746c
007470
007 47 4
007 478
007 47C
007 482
007486
00748A
007488

007 492
007 496
00749A
007498
007 4A2
0074À8

0c000032
67000oFC
0c000033
67000078
0c000034
6700009c
0c000035
6700008À
0c000036
670000r8
0c000037
670001 1C
0c000038
670001 3c
0c000039
67 0001 62
0c000041
670001 B2
0c000042
670001 66
0c000043
570001 B6
0c000045
66000004
4E'75 RTS
6 0 0 0FE7E

*
*
*
*

cMP"B #$32"D0
BEQ PCGETR
cMP.B #$33,D0
BEQ EEGTR
cMP"B #$34 

"D0BEQ CÀRETR
cMP"B #$35,D0
BEQ CÀRTR
cMP.B #$36,D0
BEQ PCGCTR
cMP.B #$37 

"D0BEg PCGSYS
cMP.B #s3B"D0
BEO PCGDTA
cMP"B #$39,D0
BEQ SYSFT
cMP"B #$41.Ð0
BEO SYSPS
cMP"B #s42"D0
BEQ D]ÀF?
eMP"B #943,D0
BEQ D]APS
cMP"B #$45,D0
BNE NTROPTI

NTROPTI BRA DA

***********************************************dr************.**
* D/a orser,av ROUTIn{ES
*********************dr*****r¡dr***********************rr*********

STÀRTTNG ADDRESS CHÀNI{EL 1

STÀR?ING ÀDDRESS CHANNEL 2
ENDTNG ADDRESS CHANNEL 1

END]NG ADDRESS CHANNEL 2

SAMPLTNG PERTOD
wonn,/roue r{oRD INDfcAToR
SAMPLING copä (pon cHANNET, 2)**************************************************************

* DTSPLAY EEG ÀND CÀROTTD PULSE ON EHAN}.¡EtS 1 AND 2
*

307C0900 ECGCAR MOVE"W #ECGSTRT,A0
327C0C00 MOVE.W #CÀRSTRT"A1
347C0C00 MOVE"W #ECGEb{D,42
367COFOO MOVE"W #CAREND"A3
203c00000188 MovE.r #ADWNSMP,D0
1 63c0000 MovE.B #0,D3
123e0000 MovE"B #$0,D'l
48887958 JSR DA2EH
6OOOFE58 BRA DA

*
* DTSPr,ÀY EEG AND EEG TRÀNSFORM ON CHANNETS '1 AND 2
,r

3O7CO9OO ECGTR MOVE"W #ECGSTRT"AO
327C1BOO MOVE.W #TRECGST"Al
347C0C00 MOVE"W #ECGENÐ,À2
367c20F0 MOVE.W #TRECGCHK"A3
203c00000188 MovE.t #ADWNSMP,D0
1 63c0000 MovE"B #0 

"D3

*

dr

,r
*
*
*

A0 <-->
Â1 <-->
À2 <-->
A3 <-->
D0 <-->
D1 <-->
D3 <-->

24
24
24
24
24
24
2430
2431
2432
2433
2
2
t
2
2

24
tÉ
26
27
28
29

4
5
6
7

B

9
0

43
43
43
43
43

243
244
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2441
2442
2443
2444
2445
2446
2447
2448
2449
2450
2451
2452
2453
2454
2455
2456
2457
2458
2459
2460
2461
2462
2463
2464
2465
2466
2467
2468
2469
247 0
247 1

2472
2473
247 4
2475
247 6
2477
2478
2479
2480
2481
2482
2483
2484
2$Bs
2486
2487
2 488
2489
2490
2491
2492
2493
2494
2495
2496
2491
2498
2499
2500
2501

0 0 74ÀC
007480
0 0 7484

007488
00748C
0074c0
007 4C4
00 7 4C8
0074C8
0074D2
0074D6
0074DÀ

0 0 74DE
007 4F.2
0 0 7486
00748A
007488
007 482
0 0 74FB
0074FC
007500
007504

007s08
00750c
00751 0

007 51 4
00751 I
00751À
007518
007522
007526

00752A
007528
007532
007536
00753A
007538
007540
007544
007548
00754C

007550
007554
007558
00755C
007558

1 23c0001 MovE.B #1 ,D1
4EBB795E JSR DÀzCH
6OOOFE32 BRÀ DA

,.
* DTSPLAY CAROTID ÀND ECG TRÀNSFORM ON CHANNETS 1 ÀND 2
*

307c0c00 CÀRETR MovE,w #cARsrRT,A0
327e1800 MOVE.W #TRECGST,Al
347C0F00 MOVE.ç{ #CAREND"À2
367C20F0 MOVE"W #TRECGCHK,À3
203c00000188 MOVE"L #ADWNSMP.D0
1 63c0000 MovE"B #0,D3
123C0001 MOVE"B #1 .D'l
48887958 JSR DA2CH
6OOOFEOC BRÀ DA

*
* ÐISPLAY CAROTÎD AND CAROT]D TRÀNSFORM ON EHÀNNELS 1 AND
*

307C0C00 CARTR MOVE"W #CARSTRT.À0
D0F87F00 ADD"W 8RS1,À0
327C2100 MOVE"W #TRCARST,Al
347C0F00 MOVE.W #CAREND"A2
367C2300 MOVE"w #TRCÀREN"A3
203COOOOOlEB MOVE.L #ADWNSMP,DO
163c0000 MovE.B #0,D3
123c0001 MovE"B #1 ,D',l
4888795E JSR DA2CH
6OOOFDE2 BRA DÀ

*
DISPLAY PEG AND EEG TRANSFORM ON CHAN¡{ELS 1 AND 2

*
307C0F00 pcGETR MOVE.W #PCGSTRT,A0
327C1800 MOVE.W #TRECGST"Al
347C1800 MOVE.$7 #PCGEND,A2
367C20F0 MOVE"r.¡ #TRECGCHK,A3
707A MOVE.L #ÀDSMPL,D0
1 23C0001 MOVE"B #1 ,D1
1 63c0003 MovE"B #3,D3
48887958 JSR DA2CH
6OOOFDCO BRA DA

*
* DISPLÀY PEG ÀND CÀROTTD TRANSFORI'Í AN CHÀNNELS 1 ÀND 2.*

307C0F00 PCGCTR MOVE.?r #PCGSTRT"A0
DoF87F08 ADD"W PCGSlÀ"A0
327C2100 MOVE.w #TRCÀRST,À.1
347C1800 MOVE,ï,¡ #PCGEND,A2
367e2300 MOVE.vr #TRCAREN,A3
707A MOVE.t #ADSMPL,D0
't 23c0001 MovE"B #1 ,D1
1 63C0003 MOVE"B #3,D3
4EBB795E JSR DÀ2CH
6OOOFD9À BRA DA

*
* DÎSPIAY SYSTOLTE PCG ÀND ENERGY ON CI{ÀNNELS 1 AND 2
*

307C0F00 peGSyS MOVE.W #PCGSTRT,A0
D0F87F08 ADD.ç{ PCGSlÀ"A0
327C2300 MOVE,W #PCGENST,Al
3448 MOVE.W À0"A2
D4FB7F0e ADD.[,r PCGS2,A2

2
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36787F08 MOVE.r.r PCGENSE,A3-07A MOVE.L #ÀDSMPt,D0
123c0001 MOVE,B #1,D1
1 63c0000 MovE.B #0,D3
48887958 JSR DÀ2CH
6OOOFD72 BRA DÀ

*
* DISPT,ÀY DIÀSTOLIC PCG AND ENERGY CURVE ON CHAI{NEIS -I AND 2
*

3OTCOFOO PCGDTÂ MOVE"W #PCGSTRT,AO
D0F87F08 ADD.W PCGS.l A"A0
DoFB7F0C ÀDD.W PCGSz 

"À032787F08 MOVE"W PCGENSE,Al
347C0F00 MOVE"W #PCGSTRT,A2
36787810 MOVE.W PCGENDE,A3
D4FB7F0À ÀDD"W PCGSlB"À2
707A MOVE.t #ÀDSMPL,D0
1 23c0001 MovE.B #1 

"D1
1 63c0000 MovE.B #0 

"D34EBB795E JSR DA2EH
6OOOFD44 BRA DA

*
* DTSPLAY SYSTOI,E FOURTER TRANSFORM ON CHÀNNEt 1

*

2502
2503
2504
2505
2506
2507
2508
2509
251 0
251 1

2512
251 3
251 4
2515
251 6
2517
251 I
2519
2520
2521
2522
2523
2524
2525
2526
2526
2526
2527
2528
2529
2530
2531
2532
2533
2533
2533
2534
2535
2536

007562
007566
007568
00756C
007570
00757 4

007578
00757C
007580
007584
007588
00758C
007590
007594
007596
00759À
007598
0075A2

075C8
075D2
075D6
O75DA
O75DE

0075À6 3

0075ÀA 3

0075ÀE 1

007582 4
007s86 6

00758A
007588
0075c2
0075c6
007scÀ

2537
2538
2539
2540
2540 0
2540 0
2541 0
2542 0
2543 0
2544
2545
2546
2547

svsFT sTPoIN2 "W TMPSTB,AI,TMPEIi¡B,43
27C5700 MOVE"w #TMPSTB,À1
67C5EFC MOVE"W #TMPENB,A3
23c0000 MovE.B #$0,D1
EB879DO JSR DA2CHFT
OOOFD3O BRA DA

*
* DTSPLAY DÎASTOIE FOURTER TRANSFORM ON EHANNET
dr

DIAFT sTPOfN2"W XRST"Al 
"XRENH,A3327C3700 MOVE.T{ #XRST"À1

367C3EFC MOVE"W #XRENH,À3
1 23c0000 MovE.B #s0,D1
4EB879DO JSR DA2EHFT
6OOOFDIC BRA DA

*
* DTSPLAY SYSTOTE POWER SPECTRUM ON EHÀNNET 1
*
sYsPs sTPof N2.vl TMPSTB,Al,TMPENB,A3

327c5700 MOVE"W #TMPSTB,À'1
367C5EFC MOVE"W #TMPENB,A3
1 23c0001 MOVE.B #$1 ,D1
4EB879DO JSR DAzCHFT
6OOOFDOS BRÀ DA

*
* DISPL¡¡Y ÐIAS?OLE POWER SPECTRUM ON CHANNEL 

.1

*
DIAPS STPOÍ N2.W XRST"À1 

"XRENH,À3327e3700 MOVE"W #XRST"À1
367C3EFC MOVE"W #XRENH,A3
1 23e0001 MOVE"B #$1 

"D14EBB79DO JSR DA2CHFT
6OOOFEF4 BRA DA

*

2547
2547
2548
2549
2550
2551
2552
2553
2554

007582
007586
00758A
007588
0075F2

0075F6
007 628
00762A

20
20
20

MSG DC"W' EDCTS,EDCTD"EDCFSnEDCFD IN $7116,7F18,7FI4,7F18',
MSGE De .&'7 ' '
opTl Dc.w ' 1. EcG - CHANNEL 1, CAROTID - CltANbrEt 2 @ 256 ÈIZ
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2555
2556
2557
2 558
2559
2560
2561
2562
2563
2564
256s
2566
2567
2568
2569
2570
2571
2572
2573
257 4
2575
257 6
2577
2578
2579
2580
2581
2582
2583
2584
2585
2586
2587

007658
007660
007690
00769A
007 69c
0076D6
0076D8
00770c
0077 1B
0077 1 A
007752
00775C
007758
007792
00779c
007798
0077D6
0077E0
007782
0 0 7B'1c
007826
007828
007862
007864
007898
007894
0 0 7BD4
0078D6
007908
00791 0
007944
007946
00795c

20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20

oPTIE De.W ' I

OPT2 DC.T'I I 2. PCG - CHANNEL 1, ECG TRÀNSFORM _ CHANNEL 2'
DC,W'c- 1024H2'

oPT2E DC"W ' I

opr3 Dc"w ' 3" ECG - CHANNEL 1, ECG TRANSFORM - CHÀNNEL 2 G

oPT3E DC"ç\i ' I

OPTA DC.W I 4. CAROTID - CHANNEL 1, ECG TRÀNSFORM - CHANNEL2
DC"W' G 256H2'

oPT4E DC"W ' '
opTS DC"W ' 5" CAROTID - CHANNET 1, CAROTID TRÀNSFORM - cHÀN
DC,Ít¡ @256H2'

oPTSE DC.W ' I

opr6 Dc.w ' 6" PCG - CHANNEL 1, CÀROTID TRANSFORM - CHANNEL
DC.W'@1024Hz,'

OPT6E DC"W ' I

oprT Dc.w | 7. PCG(SYSTOLE) - CHÀNNEL 1, ENERGV CURVE - CHAN

DC"W'@1024H?',
oPTTE DC"W ' I

op?B Dc.wu 8" PCG(DIÀSTOLE) - CHÀNNEL 1. ENERGy CURVE - CHA

DC"s.7'G1024H2'
OPTBE DE"W ' I

OPT9 DE.þ¡ ' 9" PCG(SYSTOIE) FOURTER TRANSFORM - EHANNEL 1 G

oPT9E DC.l"t ' I

OPTÀ DC.W ' A" PCG(SYSTOLE) POWER SPECTRUM - CHÀNNEt 1 5OO H

OPTÀE DC.W ' I

OPTB DC"T{ ' B. PCG(DTASTOLE) FOURIER TRANSFORM _ CHANNEL 1 G

OPTBE DC"W I I

OPTC DC.W , C" PCG(DIÀSTOLE) POWER SPECTRUM - CHANNET 1 G 50
OPTCE DC"W '
OPTF DE"W I

oP?FE DC"l¡ '
ENTR DC"W '
ENTRE DC.W I

E. CONTTNUE WITH FREOUENCY ÀNALYSTS/END PROGRÀM
I

ENTER cHoIeE (1-n)c I
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2589
2590
2591
2592
2593
2594
2595
2596
2597
2598
2599
2600
2601
2602
2603
2604
2605
2606
2607
2608
2609
2610
261 1

2612
2612
2612
2612
2612
2612
2612
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tr**************dr**********************rrtr************lr*lr*******
* DÀ2cH****************************************rrrr**********lr*********
* AO,A2 <_-> START.END ADDRESS - CHANNEL 1 DATA
* À1,43 <--> START,END ADDRESS _ CHANNEL 2 DÀTAO DO <--> SAMPL]NG PERIODo D1 <--> wonn/r,oNc rdoRD INDICAToRO D2 <_-> SÀMPLE VALUE* D3 <--> SAMPITNG CODE
*****lr**********************rrJ.********tr*********trtr************
* CÀLLS FOLLOWTNG I,IACROSS
* DATTMER
* TSTÎMR
*************************tr******ir**********r(******************
* THTS SUBROUTTNE SENDS DATA (12 BTTS,I 'YO N/I CHA,NNELS 1 E 2". * FOR EÀSES WHEN TWO SIGNÀLS W]TH D]FFERENT
,. SAMPTTNG RATES ÀRE DISPLÀYED, THE SIGNÀL WTTH THE LARGER
* SAMPTING PERTOD MUST GO TO CHANNEL 2 USING ?HE SAMPLTNG CODE
* THE SAMPLTNG PER]OD OF THE DÀTÀ GOTNG TO CHANNET 2 MUST BE
* À FÀCTOR OF THE SAMPTTNG PERTOD OF THE DATÀ GOÍNG TO EHANNEL* 1. sAMpLrÌ{G eoDE = ((s"p"1./s"p"2)-1)"
* Ð1 TS THE WORD (O)/LONGWORD (1 ) TNDICÀTOR." * INTT]AtTZE ÀND STÀRT TTMER
DA2CH DATTMER SAMPLTNG PER]OD MUST BE TN DO

sTPoIN2.L CNTR,À5,CPR,A6
007958 2À7C0001002D MOVE"T #CNTR,A5
007964 2C7C00010025 MOVE.r #CPR"A6
00796À 2800 MOVE"L D0,D7
00796C 0FC80000 MOVEP"T Ð7,0(À6)
007970 1 3Fc0001

00010035 MOVE"B #'1 ,TSR
007978 1 3FC0001

00010021 MOVE.B #STRTTMR"TCR
007980 4204 CLR"B D4
007982 33D800040000 DASrc MoVE.W (A0)+,DACH1
007988 B2CB CMP"W À3,À1
00798A 6D00000A BLT DÀCÀ
007988 343C0000 MOVE,r.¡ #$0,D2
007992 600000'18 BRÀ DACz
007996 0C040000 DAcÀ eMP"B #0,D4
00799À 67000008 BEQ DACI
007998 5304 SUBo"B #1,D4
0079A0 60000010 BRA DAcz
0079A4 1803 DÀC1 MOVE.B D3"D4
0079A6 0C01 0001 cMPr .B #s1 ,D1
0079AA 66000004 BNE DÀc3
0079A8 5449 ADD"W #S2"A',l
oo798o 3419 DAc3 MovE"pq (¡1 )+,D2
007982 33C200040004 DÀC2 MOVE.W D2,DACH2

TSTTMR 42,40
007988 0c390000

00010035 G243 cMP"B #0,TSR
0079e0 67F6 BEQ @243
0079e2 1 3rc0001

000.1 003S MOVE.B #1 ,TSR
0079CA BoCÀ eMP"W A2"A0
OO7gCC 6DB4 BLT DASTG
0079C8 4875 RTS

2612

2613
261 4
2615
261 6
261 7
2618
2619
2620
2621
2622
2623
2624
2625
2626
2627
2628
2629
2629

2629
2629

2629
2630
2631
2632 *
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2634
2635
2636
2637
2638
2639
2640
2641
2642
2643
2644
2645
2646
2647
2648
2649
2650
2651
2652
265i
2653
2653
2653
2653
2653
2653

2653

*****************tr********************************************
* DÀ2CHFT
***************************tr**********************************
* è.i <__> START OF FT _ CHANNEL 2 DATA' PS
* À3 <__> END OF FT - CHÀNNEL 2 DÄTÀ; PS
* A4 <--> ÀPU OPERAND ENTRY ÀDDRESS
* DO <--> SÀMPLING PERIOD (BOO HZ)
* D1 <--> r't,/es INDICÀToR* D2 <--> SÀMPLE VÀLUE D3 <__> 4095 FLOATING
* * ** * ** * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * Jr * * * * * * * * * * * * ** * * * * * *
* CÀLLS FOLLOWING MÀCROS:
* DATIMER TSTIMR
* * * * * * * * * * * * * * * * * * * * * * rr * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * *
*
* DISPLÀY FOURIER TRANSFORM ON CHANNEL 2
*

0079D0 287C00050001 DÀ2CHFT MOVE.L #APUOPER,A4
0079D6 253C0CFFF000 MovE.L #$0CFFF000,D3
0079Ðc 203c0000009c MovE.L #156,D0

DÀTIMER
STPOIN2.L CNTR,A5,CPR, A6

007982 2A7C0001 002D MOVE.L #CNTR,À5
0079E8 2C7C00010025 MOVE.L #CPR,A6
007988 2800 MoVE.L D0,D7
0079F0 0FC80000 MovEP"L D7,0(À6)
0079F4 1 3FC0001

0001 0035 MovE.B #1 ,TSR
0079FC 1 3FC0001

0001 0021 MovE.B #srRTrMR,TCR
oo7A04 2419 DÀ2CHFTl MOVE.L (e1 )+,O2
007À06 0c01 0001 cMPr "B #$1 ,D1
007À0A 66000062 BNE DA2CHFTz

ÀPUWR D2,A4
007À08 383C0003 MovE.I^r #s3,D7
007À't2 1882 @245 MOVE.B D2,(A4)
007A'1 4 809À ROR.L #s8,D2
007À16 5lCFFFFA DBRA D7,G245

ÀPU FLTD
007À1A 13Fc001c

0005001'1 MovE.B #FLTD,ÀPUcoM
007A22 4F722300 STOP #52300

ÀPU PTOD
007A26 1 3FC0037

0005001 1 MovE.B #PToD,ÀPUCOM
007A28 4E'722300 STOP #$2300

APU FMUL
007À32 1 3Fc001 2

OOOSOOl 1 MOVE.B #FMUL,ÀPUCOM
007À3À 4E"722300 STOP #S2300

APUWR D3,À4
007À38 383C0003 MOVE.I^? #$3,D7
007A42 1 883 G249 MOVE.B D3, (A4 )

007À44 E098 ROR.L #$8,D3
007À46 SlCFFFFÀ DBRA D7,G249

ÀPU FDÏV
007À4À 1 3FC001 3

0005001 1 MovE.B #FDIV,ÀPUCOM
007À52 48722300 STOP #S2300

APU FIXD
007À56 1 3FC001E

0005001 1 MovE.B #FIXD,ÀPUCOM

654
65s
656
657
657
65.1
657

2657
2658
2658

2658
2659
2659

2659
2660
2660

¿

2

¿
t
2
2

2660
2661
2661
2661
2661
¿þô t

2662
2662

2662
2663
2663

l9t



2663
2664
2664
2664
2664
2664
2665
2666
2666
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007A58 4F,722300 STOP #$2300
APURD A4.D2

007A62 383C0003 MOVE.W #S3,D7
007A66 E19A @252 ROr.r #$8,D2
007A68 .1 414 MOVE"B (À4),D2
007A6À SlCFFFFÀ DBRÀ D7,@252
007A68 33C200040004 DÀ2CHFT2 MOVE"w D2,DACH2

TSTIMR 43,À1
007A74 0C390000

00010035 G253 CMP"B #0,TSR
007A7C 6716 BEQ @253
007A78 1 3FC0001

0001 0035 MovE"B #1 ,TsR
007A86 B2CB eMP.W A3?41
OO7ÀBB 6FOOFFTA BLE DÀ2CHFT1
007ABC 4875 RTS

*
* ## ##################################### ## # ## #### # ## ## # # ######
* END OF PROGRAM
* ######### # # # ##### ### ## ### # # ############# # # # # # # # ##############
*************************************************lt************
*
*

007ABE 48F87ÀÀ2 FIN LEA FTNST,AS
007A92 4DF87À82 LEA FINEND,A6

TRP14 OUT'1CR
007A96 183C0083 MOVE.B #OUT'I eR,D7
OO7A9A 4E4E TRAP #14

TRP14. ?UTOR
007A9C 183e0084 MOVE"B #TUTOR,D7
OOTAÀO 4E4E TRAP #14
007À42 54 FII\¡ST DC.w 'THATS Àtt FOTKS'
OO7AB2 20 FTNEND DC"W ' I

*
*

2666
2666

2666
2667
2568
2669
267 0
267 1

2672
2673
267 4
2675
267 6
2677
2678
2679
2680
2680
2680
2681
2681
2681
2682
2683
2684
2685
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2687 END

****** TOTÀL ERRORS 0-- O -- TOTÀL LINES 2685

ÀPPROX168O UNUSED SYMBOL TABLE ENTRIES

G003 006080
@022 00630À
@062 0067DC
@07 Í 00685À
@084 006904
G095 00699À
G1 01 0069F4
G1 1 1 006A74
G1 23 00682C
G1 35 OO68BB
G1 4B 006C84
G1 63 006D80
@1 85 0070A6
@198 007158
@206 0071D2
@245 007 A12
ÀD1 00622A
ÀDClSR 00621C
ÀDEXADD000070
ÀDSr 0 0 618¡.
ÀPUCOM 05001 1

ÀrAN 000007
cÀLcFrM0 0 68Bc
cÀR 0063cÀ
CARETR OO74B8
ccNVL 006470
cHsD 000034
cNvLVl 006096
cPR 01 0025
DÀ2CH 007958
DÀC2 007982
DACH3 040008
DÀMAX1 007164
DAOPT 0073i 6
DIAPS OO75E2
DVD6464006564
ECGCÀR 00746C
ECGERR OO638E
ECST 006268
EDCTDTÀOOTFiB
ENDTBL OO6OE2
EoRS2 006328
ERROR1 000000
FFTO OO6AÀC
FFT4 OO6D2C
FFTM OO6EB5
FINDMÀX006394
FIXS 00001F
FLEDC 007094
FMUL OOOOl 2
HÀM OO6E9C
HÀMM1 OO686O
INCHE OOOOFT
LINKIT OOOOFD

G010
G030
G063
Q07 2

GOB6
@096
@104
@1 12
@1 26
@137
@152
@1 6s
G1 B6
G1 99
G209
Q249
AD2
ADCNVRT
ÀDFI N
ADSTE
ÀPUEÀCK
BLÀNK
CALCFRL
CARCNV
CARSNEW
CCNVLÀ
CHSF
CNVLV2
CT1T2
DÀ2CHFT
DAC3
DÀDD
DAMAX2
ÐASIG
DMUL
E1
ECGCNV
ECGSNEW
EDC
EDCTSYS
ENTR
EQRS3
EXP
FFTl
FFT5
FFTME
F I NDMX
FLCNl
FLEDC'1
FSUB
HAM4 6
HEX2DEC
J 007F32
LN

006178
006488
006782
00686A
00691c
0069ÀÀ
006A1 I
006A80
006850
0 0 6BD2
0 0 6cE4
0 0 6E2c
007082
007176
007'1 F6
007 A42
006238
0 0 61D0
006204
006202
04000E
0072D4
00693À
000010
000c00
006494
000015
00609c
0064À0
0079D0
007980
00002c
00716c
007 982
000028
006100
000010
000900
00650E
007F1 6
007946
006340
00000À
006c40
006D40
0 0 6Ec4
00639À
00681 B

007088
000011
EB8 5'I E
00008c
L
000009

@016
G037
G064
@073
@087
@097
@105
@116
G128
G'139
G1s3
G166
G187
G201
@21 3
(¿)c)
ÀDCH1
ÀDCONT
ÀDEI NE
ÀDWAIT
APUEXAD
c2DFSQ
CÀLCT
CÀRDWN
CÀRSTRl
CDCRTC
CHSS
CNVLV3
D64 64À
DA2CHFT'1
DÀCÀ
DÀFIX
DÀMEN
DCRTC
DMUU
E'1 E
ECGDWN
ECGSTRT
EDCl
EDFSQ
ENTRE
EQRS4
FADD
FFT2
FFT6
FFTOS
F I NEND
FLCN2
FLTD
GETNUMA
HÀM54
HLTIMR

00782A
LNN

0062A2
00653À
006802
006876
00692c
00698C
006A28
0 0 6A82
0 0 6864
O O 6BEA
006cF0
006838
0070c6
00718E
0072s8
0 0 7À66
020001
00616À
00621À
0061AC
000070
0 0 6418
00678À
000008
000c00
0 0 64cA
000074
0060c4
00657 2

007À04
007996
007206
007304
007F06
000036
005124
000008
000900
006522
0062D8
00795C
006356
000010
006c44
006D80
006Ds0
0 0 7À82
006818
00001c
000082
8A 3D7 0
000000
LE
00000À

G017
G053
G065
G076
@089
GO98
G107
G118
@130
@i 46
G156
G1 69
G1 90
@202
@21 6
G253
ÀDCH2
ÀDCONV
ÀDREAD
ADWNSMP
ÀPUOPER
c2DESQl
CALCU
CAREND
CÀRTR
CDCRTCl
CNTR
cos
D64 648
DA2CHFT2
DACHl
DÀFI XB
DÀNORM
DDIV
DS2DEL
ECEN
ECGEND
ECGTR
EDCFDT À
EDFSOU
EQRS
.E0RS5
FDTV
FFT3
FFTLP4
FFTOLP5
FT NST
FLCN3
F'LTS
GETNUMD
HÀME
HOLD

0 0 7F2C
LOG

006286
006768
006808
00689À
00694E
0069cc
006À40
0 0 6ÀCE
0 0 687C
0 0 6c7A
006D88
0 0 6E5c
00708À
0 0 71A2
007 21 c
007 A7 4
020003
006126
02000c
0 0 0188
05000'1
006444
006988
000F00
0074D8
0 0 6486
01002D
000003
006598
007À68
040000
00728c
007172
00002F
00001 B
006294
000c00
007 492
007F1E
0062D4
006314
006364
000013
0 0 6c4E
0 0 6D08
006c6E
0 0 7ÀA2
006880
00001D
000081
0 0 6EB4
020008
LE1
000008

G01 I
G061
@068
@080
@093
@100
G1 OB
G120
G133
G147
G1 59
G17 1

Q192
@204
@243
Àcos
ÀDCH3
ÀDEND
ÀDSMPL
ÀPI SR
ASIN
CÀEN
CALCW
CÀRENEW
cÀsT
CDCRTC2
CNVLV
COUNTER
DÀ
DÀC'1
DÀCH2
DAMÀX
DÀNORM1
DI ÀFT
DSUB
ECG
ECGENEW
ECNVL
EDCFSYS
EMOVE
EQRS'1
EoRS6
FFT
FFT3LP
FFTLPS
FIN
FÏXD
FLCNE
FMÀX
GOEIN
HAMM
r 007F30

007F28
MÀT N

0062cÀ
0 0 67cc
006832
0 0 68D0
006982
006984
006A50
006808
0 0 68A0
C 0 6cÀ4
0 0 6DB0
006874
007'106
c071BA
007988
000006
020005
00623E
00007A
006240
000005
0 0 641C
005754
000F00
006388
0 0 64F0
006088
007F48
0072E8
0079À4
040004
00't 162
0071 9C
0c758À
00002D
00624A
000c00
006282
007F1.q
006296
006322
006380
0 0 6À8À
006c20
006D02
0 0 7À88
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0 0 6E92
0063A2
00605C
0 0 6ÀDE
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MEMCTR 006006
N 000400
NTROPTI 007468
oPT2E 00769À
oPTs 00771A
oPTTE 007780
OPTA OO7864
oPTCE 007908
OUTPUT OOOOF3
PCEST 006646
PCGEND OOlBOO
PCGETR OO75O8
PCGSNEW0 00F00
PCSST 00660C
PFEDCl 00708À
PFMÐTA'1 OO7O3C
PFMSYS2 O O 6FEE
PFSFTE OO6TBE
PNTBHX OOOOE6
PSE OO6EDE
Prcsl 0066D2
PTOS 000077
Pr.¡R' 000008
Ouor 007F44
SMPS OO6EEO
sPcE 007286
svsFT 0075À6
TCR 01 0021
TRCARENOO23OO
rsR 01 0035
uR 007F3e
wR 007F34
xrsT 004700

MEMEND
NEWTBL
NV2
OPT3
OPTSE
OPTS
OPTAE
OPTF
PCDEN
PCGCNV
PCGENDE
PCGF
PCGSTRT
PCST
PFEEN
PFMDTÀ2
PFMSYS3
PFST
POPD
PSTOFT
PTEDC
PTSgI
QRSl
SADD
SMPSE
sSRT
SYSPS
TMPENB
TRCÀRST
TUTOR
USRFNCS
XCHD
XREN

MEMST
NM1
OPT'1
OPT3E
OPT6
OPTBE
OPTB
OPTFE
PCDST
PCGCTR
PCGEI'IEW
PCGS 1 A
PCGSYS
PFDFT
PFEN
PFMDTÀ3
PFPSYS
PNT2HX
POPF
PTED'I
PTEDCl
PTSOU
oRS2
SDTV
SMUL
SSUB
T1TOT2
TMPSTA
TRECGCHK
TWOEOMA
UTRERl
XCHF
XRENH

MSG
NOPAPU
OPTI E
OPT4
OPT6E
OPT9
OPTBE
OUTl CR
PCEEN
PCGDTA
PCGENSE
PCGSl B
PCGT
PFÐFTE
PFEST
PFMSYS
PFPSYSl
PNT4H'(
POPS
PTCNVD
PTOD
PUPT
QUTT
SEQNUM
SMUU
START
T2PEÀK
TMPSTB
TRECGEN
TWOCOMP
VDR
xcHs
XRST

MSGE
NTROPT
OPT2
OPT4E
OPTT
OPT9E
OPTC
OUTCH
PCEN
PCGDWN
PCGENST
PCGS2
PCSEN
PFEDC
PFMDT A
PFMSYSl
PFSFT
PNT6HX
PS
PTCNVS
PTOF
PUTHE:{
ourTE
slN
SPAC
STRTfMR
TAN
TMPSTC
TRECGS?
UÏ

OOsFFE
0060D8
000200
00769C
00775C
0077F.2
007898
00791 0
0 0 6644
000020
007F1 0
006F02
000F00
006588
0 0 6FBC
007044
O O 6FFE
00 6F5B
000038
007252
0066F8
00669c
007F00
00006c
006F00
000001
0075C8
0 0 SEFC
0021 00
000084
0060c8
000039
004700

000900
0003FF
007 62A
0076D6
007758
007826
00789A
007944
006628
00752A
001800
0 0 7108
007550
006F90
006F7A
007054
00700C
000089
000018
0 0 66F4
00674A
0 0 6660
007F02
00006F
000068
00006D
000098
003700
0020F0
0 0 63c2
006086
000019
0 0 3EFC

0075F6
000000
007658
0076D8
00779C
007828
0078D4
000083
006658
007578
0 0 7F0E
0 0 7F0A
006sA0
0 0 6FÀ2
0 0 6FA4
O O 6FBE
00701 I
0000E8
000078
0066DC
000037
00001A
006064
00?F12
000076
00008s
007F04
005700
002oFC
0063AC
007F00
000079
003700

007628
00738À
007660
007718
007798
007862
0078D6
0000F8
00660A
000002
002300
007F0C
406626
007062
007 022
0 0 6FE6
0 0 5F7C
0 0 0087
0068c6
0066A8
000017
00008A
00608e
000002
007284
00000'i
000004
004700
0 0180 0
007F40
007F38
005700
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