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Abstract

EKG data compression techniques were investigated for
potential real time implementation on an 8 bit Motorola 6800
microprocessor. Research indicated entropy reduction
transform techniques such as the Fast Fourier Transform and
the discrete Karhunen-Loeve Transform were not feasible for
implementation on the 6800. Two redundancy reduction (RR)
techniques (TOLAN and DOWER) utilizing 2nd order difference
operations in conjunction with variable length encoding were
studied in detail. One such RR technique (TOLAN) was fully
implemented and tested with '’'in vivo'’' EKG data. Analysis
revealed compression ratios ranging from 1.25:1 to 2.26:1,.
Investigation of the poor performance of the compression
algorithm showed significant degradation of the 2nd order
difference ''decorrelator’'' due to a8 noisy collection
environment, It was concluded thart real time EKG data
compression is feasible on the 6800 but that time compression
techniques which store a zero value sequence counter versus
the value of zero are not efficient in a high noise

environment,
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ANALYSIS AND PERFORYANCF FVALUATION

OF ELECTROCARDIOGRAN DATA COMPRESSION TECHN1QUES

I. Introduction

Currently the USAF School of Aerospace Medicine
(USAFSAM) is receiving more than thirty thousand
electrocardiogram (EKG) data records a year from Air Force
flight personnel worldwide. This data is presently reccorded
on paper strip charts for immediate medical analysis and
long term storage (via microfilm).

Advances in computerized biomedical analysis has
generated a need for digitized storage of the EKG waveform
to allovw computerized interpretation and compariscn of
present and past cardiographic data, As computerized
diagnosis becomes more accurate, a long term digital record
of historical EKG data will enable the cardiology staff at
USAFSAM to identify developing heart disease before it
becomes a danger to a flight crew member or his fellow
crewman.

Data compression of the sampled EKG has been an area of

active research since the late nineteen sixties. References
(1) ,(7),(12),(26),(28),(29),(32),(33), and (35) are
representative of the research efforts performed in the last
ten years. The reasons for compressing EKG data are

twofold: 1) digita! storage costs are rapidly approaching




analog storage costs and ; 2) increased use of computer

aided diagnosis requires large digital data bases.

In the past, EKG data compression has generally been
performed at a central computer facility. The data is
normally collected in a physician's office or c¢linic and
transmitted in an analog format over a standard telephone
link to the central computer. The data is then digitized
and input to a computer for diagnosis and storage (in
compressed form).

With the current advances in microprocessor technology,
sampling and compression at the collection site is now a
viable alternative, State of the art digital communication
systems can operate at 9600 bits per second over the
standard 3 kilohertz (KHz) bandwidth telephone channel,
With error detection and correction protocols (Ref 27), high
fidelity digital transmission of the compressed EKG to the
central processing center appears to be the wave of the
future (Ref 21:253-254) .,

The Department of Defense (DOD) is currently installing
a computerized EKG interpretation system at centralized US
military medical centers worldwide. To collect and transmit
this EKG data, remote medical clinics will use a commercial
EKG ''cart'' containing a Motorola 6800 microprocessor.
This EKG cart performs internal data compression, record
formatting, and error protective ’'’'channel’’ encoding for

digital transmission to the central medical center.

As an independent study, USAFSAM has sponsored this




thesis to irvestigate the general field of microprocessor

based I'K(C data conpression, The results of this study are
to be used for comp.rison against the data compression
achieved in the DOD system and to create a measurement
baseline to evaluate future microcomputer based EKG data

compression systems,

The problem addressed by this thesis was the analysis
of currently available EKG data compression algorithms for
implementation in a microprocessor based computational
enviroment. Additionally, a performance measure was to be
developed by which differing EKG data compression techniques

could be compared.

In this thesis, an EKG Data Acquistion and Analysis
System (EKG-DAAS) was constructed. The EKG-DAAS collects 3
leads of an amplified EKG (i.e., Analog/Digital (A/D)
dynamic range =% 5 yolts), and samples the data at a
operator controlled rate between 300-700 hertz. Data 1is
digitized at 12 bit precision and subsequently rounded to 8
bits for uniform truncation error performance (Ref
24:413-418) .,

The EKG-DAAS hardware was developed around a Motorola

Exorciser microcomputer (6800 microprocessor) with

associated A/D converter, disk memory,computer terminal, and

DI S




hard copy printer. The EKG-DAAS hardware is controlled via

2 software program called DHNG-UNEC, FEG-LEXIC is an asser’

)

1

Yoo

1

language program which performs terminal, printer, and dis
input/output (I/O0) operations as well as providing a
supporting structure for the data compression and analysis
software. Because of the lack of a high order language
(e.g. FORTRAN,PASCAL,etc.) and the desire for maximum
program execution speed, all programming done in this thesis
is in assembly language. This has proven to be a major
limitation,

Only one EKG data compression algorithm was completed
and implemented on the EKG-DAAS. ''In vivo’’ EKG data was
taken,'however, and EKG data compression performance

analyzed.

General Approach

To accomplish the objectives in the problem statement,
the literature was first searched for EKG compression
algorithms whose implementation and execution on a 6800
microprocessor was considered feasible, As a result of this
literature search and private correspondence (Ref 11 and
31), two compression routines were found, These two EKG
data compression algorithms will hereafter be referred to as
the Tolan and Dower methods (Ref 31,12).

With the Tolan and Dower algorithms identified,
construction of the EKG-DAAS was begun by assembling the

data acquistion subsystem, This data acquistion system




ccnsists of an Analog/Digital converter and a interrupt
sa~.cling clock. The A/D was calibrated and coding of the
EKG-EXEC software started. Sev:ral months of effort
resulted in the EKG-EXEC software and programming of the
Tolan compression algorithm initiated. Upen completion of
the Tolan compression routines, the Dower algorithm was
analyzed but not implemented.

Based on the results of the Tolan compression

algorithm, a performance measure was formulated which

compares achieved compression against an approximate maximum

compression computed from the data statistics. The Dower
compression algorithm was analyzed for similarity with the
Tolan technique and an estimated performance figure

calculated with respect to the compression measure Ofr

"'"metric''.

Sequence of Presentation

Chapter 2 begins the thesis development with a general
survey of the field of data compression., Data compression
is shown to be divided into two subclasses (Entropy
Reduction and Redundancy Reduction) and each subclass is
defined. Several EKG compression techniques found in the
literature were included in the ER category. These ER
techniques were described and their performance advantages
and limitations analyzed. Chapter 2 proceeds by describing
redundancy reduction and several RR electrocardiogram

compression algorithms are also analyzed. Chapter 2




concludes with the determination that implementation of the
identified ER compression routines would recquire prograrrine
efforts beyond the scope of this thesis. Hence this thesis
is limited to redundancy reduction compression.

Chapter 3 describes, in detail, the Tolan and Dower
redundancy reduction algorithms whose implementation on the
Exorciser was considered feasible. The Tolan algorithm is
described first followed by a discussion of the Dower
method. Two other EKG compression techniques, discovered
during the research of this thesis, are also summarized.

Chapter 4 reviews the hardware and software
configuration of the EKG-DAAS. The hardware system is
described first and the specifications of the Exorciser
microcomputer,A/D converter, and I/O0 peripherals are
presented. Following the hardware description, the EKG-EXEC
program is documented and the software design philosphy
examined,. Finally the Tolan compression module is
discussed.

Chapter 5 outlines the results obtained using the
EKG-DAAS with the Tolan algorithm. A detailed description
of the experimental setup is presented along with a
discussion of the performance parameters measured by

EKG-EXEC. Finally a performance metric is described and the
Tolan compression results compared against this metric.
Chapter five ends with an analysis of how well the Dower

compression technique would have performed against the

performance metric. Chapter 6 concludes the thesis and




presents recommendiations for future study.

This thesis contains five appendices. Appendix A
surveys basic electrocardiology and is recommended to
readers unfamiliar with this subject. Appendix B is a
tutorial on Information and Coding Theory and is likewise
recommended to those readers unfamiliar with this field.
Appendix C contains a listing of the EKG-EXEC assembly
language software as well as one BASIC prcgram used on the
Exorciser for data analysis. Appendix D contains datas
printouts of the data taken in the data collection
experiment. Appendix E presents photocopies of the
specification sheets for the equipment used in this thesis.

With the sequence of presention outlined, attention now

turns to the theoretical section of this thesis. The first

subject is data compression theory.
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11, Data Compression and the EKG

Data compression is an operation in which data from ar
information source is '’'simplified’’ or '’'filtered’’ in a
manner that produces an approximation of the original with
at most some predefined amount of distortion, Some form of
data compression is usually necessary when storage
limitations, bandwidth requirements, or transmission channel
capacity prohibit operation on the original data.

In general, data compression can be divided into two
types of operations (Ref 10:4). The first operation, called
entropy reduction (ER), is an irreversible transformation
which reduces or compresses the data by mapping a source
into an approximation of itself with a lower entropy rate.

Sampling is an example of such a transformation. The second

operation, known as redundancy reduction (RR) compresses the

sampled data train by reducing, or eliminating, the
redundancy existing in digital sequence. Since the
redundant components of the data train contain no
information about the source, RR is an '"'exact'' data
compression operation.

This chapter discusses data compression as it has been
applied to the electrocardiogram (EKG). Two types of data
compression strategies prevail, The first strategy involves
two (or more) ER operations on the EKG data and attempts to
compress the data by filtering selected components of

discrete transforms . Because ER operations are

irreversible, this type of data compression is sometimes




referred to as

'"inexact'’ compression. The second stategy
p.1.rrms data compression by reducing the redundancy present
in the sampled EKG data train. This redundancy arises from
two causes : 1) neighboring signal samples are not
statistically independent and ; 2) the quantized signals
amplitudes do not occur with equal probability.

Because of the speed limitations of the Motorola
Exorciser microcomputer used in this thesis, only redundancy
reduction algorithms were tested. This chapter, therefore,
is intended as a review of the work that has been done in
EKG data compression to allow comparison with the results

obtained by this author.

Entropy Reduction

As is known from information theory (Ref 19), entropy
{H(X)} is defined as a measure of the ’'’'randomness’’ or
''uncertainty’’ of an information source. If the symbols
emitted by the source are statistically independent, then
the source is said to be '’'memoryless’’ and entropy is given
by the equation:

H(X)= - 2 p,loe, P, (bits) (1)

2
i=1

where P, represents the probability of occurrence of the ith

symbol and N is the number of distinct symbols output by the

source. For those ’''symbols’' in a data set which occur




with zero probability, the term pilogzp, is defined equal to
i

Zer
Immediately obvious from Eq.(1) is the observation that
RH(X) is defined on a discrete probability distribution. In

fact, Shannon (Ref 30) defined the entropy of a continuous
sonrce as equal to positive infinity. Thus an ER
transformation must, in some manner, ’'' discretize'' a

continuous waveform into a countable set of components and

attach some probability to the elements of the set.

Sampling. The clearest example of this '’'discretization’’
is sampling, obviously the most important operation
necessary for digital signal processing,. In sampling, an
electrical circuit (such as an Analog-to-Digital (A/D)
converter) periodically measares the value of a signal x(t)
and records the data as a numeric (usually binary) number.
If the signal is sampled at least twice the highest
frequency component of x(t), and the duration of the
sampling operation is long enough that ’'‘aliasing’’ effects
(Ref 36:68-72) of '‘'windowing''’ are negligible, then all of
the ''frequency domain’’ components of interest in x(t) will
be preserved. Physical constraints, however, limit the
accuracy of the amplitude measurement to some finite
precision, Amplitude information residing below the
sensitivity of the A/D converter is irretrievably lost,

As an example, let the A/D converter digitize to 8
bits. With 8 levels there are 256 possible outputs, each

with a certain probability of occurrence. If the continuous

10




waveform fed to the A/DM is the output of a stationary
stochastic process with uniform statistics, then each
numeric value will occur with probability of 1/256 (assuming
the source max/min deviation > the A/D dynamic range).
Assuming sample-to-sample independence, the source entropy

is then calculated as

H(X)= } (1/256) 10g,256 = 8. (2)
256

Entropy has been ''reduced'’' from + o to 8. If the
stochastic source has '’'less random’' statistics (like
gaussian), entropy would be reduced even futher,

A1l of the EKG compression routines discussed in this
thesis are implemented on digital computers, hence the ER
operation of sampling is always performed. In '"'inexact''’
EKG data compression, the next operation is ancther ER
mapping in which the sample sequence is transformed into an

alternate domain and filtered.

Orthogonal Expansions and Filtering. A bandlimited waveform

x(t) can be expanded (over a given interval T) as a linear

combination of orthonormal basis functions Gn(t) (Ref

36:20-21). That is

11




The functions @ (t), as n2a=0,1,..., , are defined as
n

orthonormal if

fo,(t)o (t) dt = 1 , i=k
i k

T (4)

0 otherwise

ihe orthonormal set [0n(t)] is called complete (C.O.N.)

if, for any given €e> 0, there exists an N and a finite

expansion

N-1
x(t)= } a B (t) (5)
n n
n=0
such that
~ 2
j. Ix()-x(t)1° at ¢ e (6)

T

Given a complete, orthonormal set {On(t)}' then

representation of any physical, noise-limited signal (over a

prescribed interval T) is possible with a finite set of

weighting coefficients {aonal...,aN_ll.

12




If k (k<N) terms in Eq.(5) are selectively suppressed

{i.e., ao,al,...ak=0), then the signal x{t) is said to bec

of x(t) is produced.

Filtering Compression. A great deal of work
¢ 1),¢ 2),(26),(33),(35),(21) has been done in attempting to
‘*compress’’ EKG data by storing, or transmitting, selective
components of an orthonormal expansion. This type of
compression strategy 1is complicated by the complex
characteristics of the EKG waveform. Foremost arec the
limitations imposed due to the ''nonstationarity'’ or
variability of the EKG source, both within any given

waveform and the general population as & whole.

e ""Y"—yfr’TTrT"TWr'TT'I" A Saa

i

L ,;i.;LAM,";;.'.L-::‘liw_‘;L.4..1,4,1; I R S

Fig 1. Typical EKG waveform with arrythmia,

During an EKG collection, the heart rate of tke person

undergoing testing can vary. This variation, or arrythmia,

requires that a suitable reference point be established on

13




the P-QRS-T complex (Fig 1) around which the orthogonal
ex:. sion can be performed. Without this reference, the
data falling within an expansion interval T (based purely on
a constant At ) will appear to be ’'’'almost'' random. If the
"*filtering’’ used to effect compression is based on an
expected waveform within the transform window, improper
registration will cause severe degradation in compression
efficiency. The above situation is known as the ’‘epoch’’
problem and is discussed by Womble (Ref 35:703),.

Assuming that the expansion interval is aligned
properly on some feature of the EKG (e.g. R wave), then the
problem of variable P,QRS, and T complexes must be
considered.

If the individual under test has a heart disease, then
in many cases the P,QRS,and T segments of that person’s EKG
may vary significantly from the population ''norm’’. Again,
if the compression filtering is based on an assumed, or
'""normal’’ waveform, then significant reduction in
compression efficiency can be expected.

These problems, among others, require that the EKG
'*filtering''’ compressor be robust enough to handle the
variations possible within the waveform. With these
limitations in mind, discussion will now proceed to
compression transforms,

Transforms. Two major types of discrete filtering
compression strategies, as applied to EKGs, will now be

discussed. These are the Fast Fourier Transform (FFT) and

14




the discrete Karhunen-Loeve Transform (DKLT). These two

te i iques are representative of current research into LG
filtering compression and will serve as good basepoints
against which to compare the redundancy reduction
compression technigues outlined in chapter 3.

Fast Fourier Transform. The fast Fourier transform is
a computationally efficient algorithm for calculating the
discrete Fourier transform (DFT). The following discussion
involves the DFT, but calculation by the FFT is implied.

Data compression using the DFT is achieved by zonal

filtering in which ''zones'’' of the transform sequence are

selectively discarded. Usually these zones are defined by a
*'"cutoff frequency''’ fc and only those components less than
or equal to fcare saved. Data reconstruction is performed
by computing the inverse DFT (FFT) on the filtered sequence
and replacing the filtered components with zeroes. Using

the symmetry relationships described in Oppenheim and

Shaffer (Ref 24:103-105), then the transform sequence for

N=8 is:
X (0)] R(0) + jIm(0)
X(1) R(1) + jIm(1)
X(2) R(2) + jIm(2)
X(k) = (| = R(3) + jIm(3) (1)
X(4) R(4) + jIm(4)
X(5) R(3) - jIm(3)
X(6) R(2) - jIm(2)
| X (7)) [R(1) - jIm(D)

where R is the real part, Im the imaginary part of the
complex number X, and j=Y-1 .

Zonal filtering takes advantage of the symmetry in FEq.

15




(7) by saving those positive frequency components less than

or equal to a certain cutoff frequency fc . IF fc were

chosen as equal to X(2), then only X(0),X(1), and X(2) would
be saved. On reconstruction, X(3),X(4),and X(5) would be
set equal to zero (i.e, they have been filtered out) while
X(6) and X(7) would be recreated from X{(1) and X(2) using
symmetry. The inverse DFT (FFT) now produces a '’'filtered’'’
approximation of x(n).

EKG data compression via filtered FFT spectra has been
studied by Womble (Ref 35) and the TRW corporation (Ref
33). In both studies the distortion criterion used in
establishing fc was visible reproducibility with no
detectable distortion,

In the TRW study, compression ratios (defined as bits
in : bits out) from 2:1 to as high as 17:1 were obtained
using zonal filtering, The high compression ratios were
measured using highly rhythmic EKGs taken from an individual
(an astronaut) in a low noise environment. This

'"'normal’' "',

extraordinary compression ratio is far from
however. Womble (Ref 35) has shown that, on the average,
40-80 terms of a 512 sample FFT (sampled at 500 Hz) are
necessary to reproduce the EKG with acceptable visual
distortion. Since the FFT requires storage of 2 numbers per
term (real and imaginary components) then, in general, FFT
zonal filtering compressinn ratios of §5:1 to 3:1 are more

common.

The FFT is often used in digital signal processing

16
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because of its speed and representation in the frequency
o e As will be seen from the data in chapter £,
compression ratios of 5 : 1 are usually higher than those
obtainable by redundancy reduction techniques. Even so, the
FFT is not the ''optimal'’' transform for representing a
sample sequence.

Discrete Karhunen-Loeve Transform. Because all of the
filtering compression techniques are ER transformations,
distortion upon reconstruction is inevitable. One would
like a performance measure against which this distortion
could be evaluated.

One common measure of performance is the mean sguare

error defined by the equation:
e (M) =E(( X - X)?) (8)

where E is the statistical expectation operator, X is a
discrete signal composed of N sample values, and i is the
estimate of X via some orthogonal coordinate systen. Given
that a representation of X is desired with less than N
components, Ahmed and Rao (Ref 2:200-203) have shown that
the DKLT is the optimum transform to minimize mean square
error.

The DKLT can be described as follows: Let the

orthonormal transform matrix [T] be defined =as

(T’ [ 01.0 .0 ] {[T]’'=[T] transposel (9)

2’ N
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an Ci are N dimensional, real valued basis vectors. Hence

¢ tr:rform vector Y can be crcated by

[T)] X (10)

B
]

= 2 X e e ; Y = , ye oo . Si th
where X [x1 . XN] Y [yl Y, yN] ince e 0iare

orthonormal, then

N
X =y .0 +Y0,’+...+y0=§y0 (11)

The goal is to optimally represent X by a subset {yl'y2

,....yM) vhere M < N, If the remaining N-!M terms are 1

represented by the constants b . then an estimate X is 1

defined such that

N
X = } y 0. } b0 (12)

i=1 i=M+1

An error vector, AX is now created where
N
AX =( X - X )= } (y ~b )0 (13)
i i

i=M+1

Now the mean square error defined in Eq.(8) can be redefined

18




e (M)=E{(AX ) '(AX ))

N N
~E( } } (yi—bi)(yj—bj)(D CRY
i=M+1 j=M+1
N

2
= E E((y ~b )"} (14)

i=M+1

Ahmed and Rao (Ref 2:202) show that by minimizing Fq.(14)

N
e (M) = }[ogsug—z)(g-gnro_] (15)
1
i=M+1
where i is the mean of X.
The expectation in Eq. (15) is recognized as the
covariance of X , hence Eq. (15) becomes
N
e(M) = ) (0’ (K 10) (16)
1 X 1
i=M+1

vhere [Kx] is the covariance matrix of X.

By minimizing Eq.(16), Ahmed and Rao (Ref 2:200-205)
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Shoevw that the othornormal functions @, become the
i

i .+functions of the ccvariance matrix [Kx] and the mexn

square error becomes

N

e (M) = }x, (17)
1

i=M+1

where the li are the eigenvalues of [Kx]. By expanding X
with the eigenfunctions corresponding to the M largest
eigenvalues, then X is filtered of N-M components with
minimum mean square error, This is the discrete
Karhunen-Loeve transform,

The DKLT has been studied by Ahmed (Ref 1) and Womble
(Ref 35). Both studies compared the performance of EKG data
compression using the DKLT against other orthogonal
transforms.

Ahmed’'s tests utilized canine EKGs and clearly showed
the optimality (in the ''mean square sense'') of the DKLT.
Ahmed, however, deemed the DKLT to be too complex for
practical implementation, and proceeded with the development
of EKG compression strategies using suboptimal transforms,
The details of these suboptimal expansions will not be given
here, but the reader is referrenced to Ahmed's paver (Ref

1).
Womble, on the otherhand, demonstrated that the DKLT is

not to difficult to implement. 1In his experiments, Womble
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tcok 3 lead vectorcardiogram (VCG) data (see appendix A),
her~after referred to as X,Y,Z, and first transformed the
data into a different, orthogonal coordinate system
(U,V,W). The transformation was determined by solving for

the eigenvalues of the 3 X 3 matrix:

X(i

N
S = 1/N } Y(i [X(i).Y(i).Z(i) (18)
i=1

Z(i

where N was chosen equal to 200 and X(i),Y(i),Z(i) are the
X,Y,Z components of the VCG in the Frank (Ref 14) coordinate

system.

Next an ''average'', or mean, heartbeat was calculated
using 900 patients and the data (in the eigenvector
coordinate system) was subtracted from the mean forming a

*'patient’'’ vector p. The vector p is defined as

p = . (19)

t(miz (N)
m el

This patient vector o is expanded using the eigenfunctions
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of the matrix
N
L = 1/N }(p.up,)' (20)
1 1

i=1

where N is now a large number of patients being ''averaged'’’
(up to 300 reported in Ref 33)., The eipenvectors of this
tremendous matrix are calculated (once for &ll time), and
then M (M ({ 200) are used to expand the data vector p.

The above approach has allowed accurate representation
of EKG sample sequences, properly aligned on the heartbeat,
with an M=20 DEKLT coefficients per lead per second (Ref
35). At Womble's sample rate of 250 Hz, this represents a
compression ratio of over 12 : 1 ., With the most significant
eigenfunctions stored from the solution of Eq. (20), then
the compression of digitized EKG data by filtering the DKLT
expansion on p is approaching feasibility on a
microcomputer.

The preceeding discussion was intended as a basic
tutorial on some of the entropy reducing (ER)
transformations currently under test for EKG data
compression, As stated earlier, ER operations are
'""inexact'' because some '‘information’’ is always
discardce . By discarding data efficiently, zonal filtering
can achieve compression ratios larger than those obtained
using the redundancy reduction techniques implemented in

this thesis.
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Redundancy reduction is an operation which performs
data compression by indentifying and removing the redundant
components of a digital sequence. This redundancy exists
for two reasons : 1) the sample points are not statistically

independent and ; 2) the quantized amplitude valuess of the

sample train do not occur with equal probability. The

e 2N a o

redundant components of the data sequence carry no
'"information’' (see appendix B), hence their removal does
not affect the '’'message’’ content of the data.
This section of chapter two discusses redundancy !

reduction (RR) operations which have been applied to the
EKG,. This is done because the compression algorithms
examined in this thesis are of the RR type, and the
background given here will aid in the descriptions given in

chapter three.

Data Entropy
— F—
Decorrelator Encoder

Fig 2. Typical EKG Redundancy Reduction Data Compressor,

The sampled EKG contains redundancy resulting from both
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sample-to-sample correlation and unequal amplitude

rrebability., As is illustrated by Fipure 2, each of tlese
redundancy components can be reduced by a different
operator,

The decorrelator, as inferred by its title, transforms
the data in a manner which decorrelates the data stream,
The decorrelated residual sequence is then efficiently
compressed by means of the entropy encoder.

To reduce the rendundancy arising from intersample
correlation, two basic approaches are used. The irst
approach utilizes linear predictor/interpolators (Ref 28,33)
to produce an information bearing '’'residual '' sequence.
The second method generates the residual sequence by taking
successive differences on the data stream,. As will be
shown, these residual sequences carry all of the source

information with minimum intersample redundancy. The
predictor/interpolator method is discussed first,
Predictors and Interpolators. A predictor estimates the

next sample value of a sequence (i.,e. xn) based on a linear

combination of k past samples. That is

k
; = } a_x (21)
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predicted secuence X, . An error , or residual, sequence e

can then be formed where

e =X -X (22)
thus

X =X +e (23)

Conceptually, this technique decomposes a sample value
into a part which is correlated with k past sample values
(i.e. the redundant component) and a part which is
uncorrelated with them. Linear mean square estimaticn
theory (Ref 24:385-430) shows that the uncorrelated part (en
) may be retained alone with no loss of information.

In their research in EKG data compression, Ruttimann

and Pipberger (Ref 28:616) prove that since E[cn]=0' then

2 : .
the mean square error o, is equal to the variance of ey -

With a second order predictor (k=2), Ruttimann and Pipberger
have demonstrated a variance reduction (c;/c;) of over 25

1. This reduction in variance implies that the EKG residual
sequence e is much more tightly clustered around a given
mean than is the original sequence Xn . This clustering, as
will be discussed later, enhances data compression by means

of entropy ,or source encoding.

In an analogous way, interpolators estimate a value of

x =+ In the case orf the interpolator, however, the estimate

25
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of X consists of a linear combination of past and future

samples, That is

k m
;=§ax +§bx (24)
n i n-i i n+i
i=1 i=1
wvhere k past and m future values are used. As with the

predictor, the coefficients 3, and bi are again chosen to

minimize the mean square error, As was the case with the
second order predictor, Ruttiman and Pipberger (Ref 28:617)

have found that a second order interpolator (k=1,m=1) yields

EKG residual sequences e with the most significant variance
reductions (greater than 31 : 1).

EKG data compression utilizing predictors/interpolators
have been studied by the TRV Corporation (Ref 32), as well
as Ruttimann and Pipberger (Ref 28). In both cases,
predictors/interpolators of order 2 seem to prevail. As is
shown by the two groups above, second order systems have the
smallest residual sequence variance hence are most amcanable
to entropy encoding. An alternate approach uscd to recduce
intersample redundancy is by means of difference
operations.

Difference Reduction. Iin difference redunction, the residual
sequence is formed by taking successive differences of the

sample data (rain,. Because there is no multiplication f(as

i- Eq.(24)), the difference operation is inhercently a
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simpler procedure than is prediction or interpolation,
MPiT. rence sequences, however, are not optimized witl
respect to mean square error and less ''efficient''
redundancy reduction (decorrelation) occurs.

An example of an EKG difference reduction compressor is
illustrated in Figure 3, This technique was implemented by
Cox and Ripley (Ref 7) and tested against a data base of 45
patients, Figure 4 shows that Cox and Ripley’s second
difference decorrelator produced a sharply peaked relative
frequency distribution. This ''peakedness’’ or clustering
of the residual sequence permits efficeicnt entropy
encoding. A variant of the difference reduction above is
time compression.

Time Compression. EKG time compression, as implemented

by Dower,Berghofer, and Stewart (Ref 12,29), uses a second
order difference reduction but instead of keeping the value
of zero (the most common), a run length counter (At) is
kept. This run length counter measures the number of
repetitive A%X sequence terms equal to zero. By saving
(then encoding) only those A X#0,and the At between the
nonzero second differences, data compression can be
realized,

Time compression is the method that has been
implemented and studied extensively by this author, Chapter
3 discusses two different RR compression algorithms which

both use second order time compression for the

decorrelator. For now, dicussion is focusecd on the second
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Opciration identified in Figure 2, the entropy encoder,

—t A/D } | Entropy |
Fncoder

Fig 3, Second Order Difference Operator (from Ref 7:236),
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Fntropy Encoding. Entropy, or source, encoding operates on

thte reraining redundancy in the residual sequence ¢
resulting from unequal source symbol probability. How well e

can be compressed is given by Shannon's noisless source

n

coding theorem (Ref 30) which states that the average number

of binary symbols per source output can be made to approach
the entropy of the source and no less, Unfortunately, the
EKG ''source'' has memory, hence the entropy of this source
will be less than that which would be calculated from
Eq.(1). In general, the true value of a nonstationary,
memory source is difficult (or impossible) to calculate.

To circumvent this ''memory’’ problem, the assumption
is made in the literature (Ref 29,12, 7,35) that the
'*uncorrelated’' nature of the residual sequence
€. approaches independence, hence the entropy of en as
calculated by Eq.(1) is a good bound on the possible
compression. Since the variance of e is sharply peaked
around zero, entropy encoding via variable length coding

{VLC) appears attractive,

In variable length coding, these values of e which

occur most often are assigned the shortest code words (i.e.

fewest code symbols per source symbol). As example, assume
that both the source symbol alphabet and the code alphabdbet

are binary. The values in the seguence e 8re the resalt of

algebraic operations on fixed length numeric sample values

and are hence fixed length binary numbers (c.g. L=8). The

variable length coder maps these fixed length numeric values
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(binary) into uniguely decodable (UD) binary code words
whose bit length is a function of the freguency of

occurrence of the values in .

Coding theory (Ref 19:237-~248) shows that, in
principle, it is possible to have variable length codes with
an average bit length ( 1 ) equal to the entropy of source.
Hence with the right VLC, a compression ratio of L/ 1 is
achievable,

A common VLC used in EKG data compression rescarch (Ref

7,28) is the Huffman code. Huf fman, in 1952, developed 2o
algorithm (Ref 16) for generating the optimal UD code
(assuming stationary, memoryless source). This code is in a
class of UD codes called prefix codes in which no code word
is the prefix of any other. Unfortunately, a codeword must
be assigned to every possible symbol which occurs,
regardless of how infrequently. This means that although
the average code word bit length approaches the entropy of
the source, the longest code word can be substantially
larger. In a straight Huffman code, these ’''long'’ code
words can induce severe problems due to '‘'buffer cverflow''
(Ref 17).

For practical implementation in EKG data compression,
Ruttimann and Pipberger (Ref 28) and Cox and Ripley (Ref 7)
constructed a modified Huffman code. In this modified code,
the residual sequence source words are partitioncd into a

frequent set and an infrequent set (known as '"'else’''). A

Auffman code was then formed with all of the residual words
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in the first set plus a special code word used as a prefix
for any source word from the infrequent set. The prefix,
when it occurs, is followed by a fixed length suffix which
contains the value of the infrequent source word. The
probability that '"’'else’' will occur must be kept small
enough to mantain the efficiency of the truncated Huffman
code.

Using the modified Huffman code in conjunction with a
second order interpolator, Ruttimann and Pipberger (Ref 28)
have attaired compression ratios as high as 9 : 1, To get
this ratio, however, significant digital signal processing

'*raw'' 8 bit data. This preprocessing

was performed on the
involved digital filtering for noise reduction and Lagrantge
interpolation/decimation to produce an effective 200 Uz
sample rate. Nonetheless, this represents a significant
approach to the compression ratios attainable by the
discrete Karhunen-Loeve transform mentioned previously.
Although optimal, Huffman codes are not the only VLC
used in EKG data compression,. Two differeunt codes will be

described in chapter three, one of which (Dower code) may

possibly be ''more optimal’’ than Huffman in the compression

of guantized EKGs
Summary
This chapter has reviewed the theory of data

compression and how this theory has been applied to the

electrocardiogram,. It was shown that data compression could
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te partitioned into two types of operations: 1) entropy

re. ving transformations which map a data source into an
approximation of itself with a lower entropy rate and ; 2)
redundancy reduction operations which compress by removing
redundancy resulting from sample-to-sample dependence and
unequal source symbol probabilities.

The first operation was applied to the EKG via
"filteringf' of orthogonal expansions of the digitized
EKG. Filtering transforms, especially the discrete
Karhunen-Loeve transform, were shown to be very efficient

*'"compressors''

if the loss of the filtered components were
tolerable. If this loss was not acceptable, then redundancy
reduction operations are used.

In redundancy reduction techniques, the EKG is first
processed by passing the digitized a-ta throughk a
decorrelator which reduced the redundant component caused by
source symbol dependence. This decorrelator could be
implemented with predictor/interpolators or difference
operations, Next the data is encoded via entrcpy encoding
operations, usually utilizing variable length codes. Tt was
finally shown that a second order interpolator, followed by
an ''optimal’' Huffman encoder could achieve compression
ratios which approach those obtained by the discret
Karhunen-Loeve transform. Both of these last two
techniques, however, require substantial computational

overhead.
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111, Tolan and Dower EKG Compression Technigues

Two EKG data counpression algorithms are studied in
detail in this chapter. The first compression technique,
hereafter referred to as the Tolan method, was conceived by
Dr. Gil Tolan,MC from the USAF School of Aerospace Medicine
(USAFSAM), Brooks AFB, Texas. The second compression
approach, referred to as the Dower method, was developed by
Mr. Roger Dower and Mr, Dave Berghofer from Shauglnessy
Hospital, Vancouver, B,C., Canada. Both of the EXG
compression procedures are redundancy reduction operations
using time compression for decorrelation and variable length
codes for entropy emcoding.

This author had originally intended to implement and
test both the Tolan algorithm and the Dower algorithm on the
Motorola microcomputer (See Chapter 4). Unfortunately,
difficulties with hardware failures and insufficient
software tools (i.e., a high order language) prevented
implementation of the Dower algorithm, Nonetheless, this
chapter compares the design of both the Tolan and the Dower
algorithms and illustrates their differences 2as well as
their similarities, Based on the results of the Tolan
compression approach (chapter 5), this comparison will
illustrate the potential performance of the Dower
compression stategy inm a real time microcomputer
enviroment. Before continuing with the Dower and Tolan
algorithm descriptions, a short digression will be made.

In both the Tolan and The Dower compressors, a sccond
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difference operation is used to produce an information

bcaritry sequence with reduced compenent-te-component
dependence. Why the second difference operation results in

the lowest correlation is a question for closer scrunity.

(a)

(b)

Fig 5. Nonstationary waveforms with random level and slope,.

(From ref 6:91)
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Fig 6. EKG waveform with moving average slope.
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A nonstationary process (like the EKG) exhibits a wide

arplitude distribution due to the random '’wander’’' of the
waveform as shown in Figure 6. This wander, or '’'moving
average’'’, can be induced by patient variation, EKG
apparatus drift, or both. Time series analysis (Ref 6)
shows that a nonstationary process which has sample
functions which are '’locally stationary’’ or homogenous
(Figure 5) can be represented by a process model which calls
for the d'th difference of the process
The proof of this assertion is given by Box and JYenkins (Ref
6:85-125),

If the nonstationary process sample sequence (time
series) exhibits a random level as illustrated in Figure Sa,
then a first difference operation will remove this ’’'moving
average'’' and force the resulting difference sequence to be
centered around zero,. If the waveform exhibits a random
slope, as shown in Figure 5b, then a second difference
operation will remove this quadratic ''bias’'' with a
coriesponding reduction in amplitude distribution variance
(Figure 7.) Comparison of Figures 5 and 6 shows that an EKG
trace can ''look'’' similar to the example in Figure 5b.

From the theory of stochastic processes (Ref

9:330-331), it is known that the expected value of a sample
mean obtained by sampling a wide-sense stationary randon
process along a sample function inm time is equal to the

constant mean valve of that random process.
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Sample function with quadratic bias components.

Sample function after second difference operation,

Fig 7. Simulated variance reduction via second differencing,
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In addition, the variance of the sample mean is inversely
D

are pairwise uncorrelated. Another fact about widesense

rv ortinzl to the number of samples taken when the samples

stationary processes is that their autocorrelation functions
are dependent only on the time difference between
observation of the sample sequence and that R(t1 -ty) < R(O)
for ty-ty#0. Since the second difference is the first
**difference’’ which can be modelled as coming from a
'*stationary'' process, and the maximimum correlation occurs
for zero time difference, thecn the correlation must be
reduced for adjacent sequence values in the second
difference operation,

This hueristic argument is far from complete and does
not explain why the third difference exhibits worse behavior
than the second difference. The EKG waveform is a complex
function from a complex source and highetr order effects
could begin to dominate with the third difference
operation, vruther analysis of this anomaly is left for
future study.

The remainder of this chapter is organized in the
following manner. First the Tolan glgorithm is described,
followed by & description of the Dower procedure. Next a
short synopsis will be made of three other EKG data

compression algorithms uncovered during the research of this

thesis,
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The Tolan EKG data compression algorithm is a
redundancy reduction procedure which processes a three lead
EKG (VCG) and produces a compressed, digital output. This
digital output sequence could subsequently be channel

encoded for ’'’'errorless’' transmisson (Ref 27 and Appendix
B) or stored for later retrieval and reconstruction.

As was the case for the RR techmiques described in
chapter 2, the Tolan compressor is subdivided into a data

decorrelator and an entropy encoder. The decorrelator is

discussed first.

Tolan Decorrelator. The Tolan decorrelator is a second

order difference reduction operation which utilizes a time

compression approach to form a decorrelated output
sequence. A second order system was chosen based on the
experimental results of Dower and Berghofer (Ref 12) and Cox
and Ripley (Ref 7) which showed maximum compression gain
with a second order difference opecration,. The Tolan
decorrelatcr works on a three lead EKG (VCG) signal set,
assumed to be sampled at a constant rate. The data
compression is achieved in real time between successive
samples.

The Tolan decorrelator algorithm is defined in Tigure
8. Close examination of the algorithm in Figure 8 reveals

that the second difference data is stored only if : 1) any

of the three A’ values are nonzero or ; 2) if the At counter
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records more than 127 repetitive cases where A x-A’y-A'z 0,
PFolo 1 was chosen due to the havh degree of Corrcl. ta. o
between the leads of an FKG (i,e. when one Jlead is
changing, so are the others). The capacity of the time
counter in rule 2 was arbitrarily chosen to be sufficient to
record the long quiescent periods which occur in the FKG
(see Figure 1) and short enough to be efficiently stored,
Step 12 of the Tolan algorithm in Figure 8 calls the
variable length encoding subroutine (Figure 10) which
encodes the A’ terms calculated by the second difference
decorrelator. This encoding procedure is the next subject

to be discussed.

Tolan Entropy Encoder. The Tolan code is an uniquely
decodable variable length code which stores the A' values as
a contiguous sequence of binary 1's, The length of this
"*run’' of binary 1's is equal to the magnitude of the Al
term. To delineate between the '‘'runs’’, binary O's are used
as codeword delimiters, Since the second difference has

both negative and positive values, a sign bit (0 for

positive, 1 for negative) immediately follows the O bit

delimiter. The three values Azx.Azy,Azz are encoded and
stored sequentially followed by a delimited, 7 bit, uncoded

At value. A Al value of zero is indicated by 3 successive 0

bits.
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x(i).

Ax=0, Ay=0, 32=0, At=1

x(i)=(a/d ch 0),y(i)=(a/d c¢ch 1),z(i)=(a/d ch 2)

3: mem(0)=x(i) ,mem(1)=y(i) ,mem(2)=2z(i)

4: x(i+1)=x(i)+Ax, J{(i+1)=y(i)+Ay, Z(i+1)=z(i)+Az

5: if ready for next sample then GOTO 6 else GOTO 5

6: i=i+1,x(i)=(a/d c¢h 0),y(i)=(a/d ch 1),z(i)=(a/d c¢h 2)
7: Alx=x(i)~-%(i), Aly=y()-9(i), A’z=2(i)-%(i)

8: if A’x#0 or A’y#0 or A*2#0 then GOTO 11 else GOTO 9
9: At=At + 1
10: if At ¢ 127 then GOTO 4 else GOTO 12
11: Ax=Ax + A’x, Ay=Ay + A’y, Az=Az + A’z
12: go subroutine coder { Azx,Azy.Azz ,At)
13: if memory is full then STOP else GOTO 14

14: At=1
15: GOTO 4
where
y(i),z(i)= sampled, 8 bit precision, EKG data

Azx,Azy,Azz

Ax,Ay,Az

i

first difference {Ax(n)=x(n)-x(n-1)}

second differcnce (A'x(n)=Ax(n)-Ax(n-1))

At = time difference between nonzero A* values

¥(i+1) ,§(i+1) ,7(i+1)= next predicted data points

Fig 8. Tolan Collection and Decorrelation Algorithm.
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Tolan Code Tree . Tolan Code

0 00
error 1 0
1 010
-1 110

Fig

A
z=0,

is:

where

9. Tolan Code and Cods Tree (8 smallest codewords).

s an example of Tolan encoding,let Azx=3, A2y=—1, Al

At=13. With these values, then the code string generated

DS VVVDSYVDSDTTTTTTTD

0011101100000011010

D = Delimiter bit
S = Sign bit

V = Value bit

T = Time bit

Examination of the above sequence shows that the A?
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codewords are prefix codes as shown in the tree diagram of

-
—
.

", To decode the sequence coerrecetly, however, it i
imperative that codeword synchronization be maintained in
order to determine when the coded A> values end and the
uncoded, 7 bit At variable starts, This loss of

' state shown in

synchronization is detected by the ''error
the code tree of Figure 8. The decoder which implements the
code tree in Figure 9 will not be discussed here but is
listed in Appendix C.

In contrast with the Huffman code (see chapter 2 and
Ref 16) and the Dower code to be discussed, the Tolan code
is not constructed using the apriceri knowledge of the source
word (i.e. Azx,Azy,Azz) relative frequency of occurrence,.
This means that the Tolan code will only produce bit
compression (bits out/bits in/< 1) if the A* values are
sharply peaked around a mean of zero such that few code
words exceed the 8 bit, fixed length value of the Al terms .,
As will be shown in chapter 5, the second order difference
decorrelator does producc such a sharply peaked relative
distribution,

The algorithm which implements the Tolan variable

length coder is shown in Figure 10, This algorithm works in

conjunction with the Tolan decorreclator in Figure 8.
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()

10:

11:

12:

13:

14:

15:

16:

17:

17:

18:

entry (Azx,Azy,A:x,At)

cnt <€- O

reset current memory bit,

if end of memory,set eom flag and RETURN else GOTO 5

cnt <- c¢cnt + 1

if cnt=1 then tvar <- A’x

if cnt=2 then tvar <- Azy

if cnt=3 then tvar <- A’z

if cnt > 4 then GCTO 18 else GOTO 10

if tvar > 0 then GOTO 11 else GOTO 12

reset memory bit, increment bit counters and GOTO 13
set memory bit, increment bit counters

if end of memory,set com flag and RETURN else GOTO 14

if tvar=0 then GOTO 5

set memory bit, increment bit counters

if end of memory,set eom flag and RETURN else GOTO 17
tvar 4- tvar - 1 and GOTO 14

store 7 bit At counter to memory, update bit pointers

if end of memory,set eom flag and RETURN else RETURN

else GOTO 15

increment bit pointers

Fig 10. Tolan Variable Length Encoder /figorithm,
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0:

10:

11:

12:

13:

14:

15:

16:

17:

18:

19:

20:

STAKT O DOVER DATA QOLLICTION AND DEQORRILATION

¢ FLAG=TIM'=DT=DX1=DY 1=DZ1 =DX2=DY 2=DZ2 =DDX=DDY=DDZ=C\T=0

: If sample interrupt detected then GOTO 3 else GOTO 2

: X(n) < A/DCHO, Y(n) < A/DCH 1, Y(n) < A/D CH 2

: CNT=QONT + 1

: If ONT =1 then GOTO 6 else GOTO 7

! X(n-1) < X(n), Y(n-1) < Y(n), Z(n-1) < Z(n) and GOTO 2

: If CNT =2 then GOTO 8 else GOTO 13

: DX1 ¢ X(n)-X(n-1),DY1 €- Y(n)~Y(n-1),D21 4 Z(n)-Z(n-1) ,IT 4 DT+1

: If DX1#40 OR DY1£0 OR DZ140 OR DT > 127 then GOTO 11 else GOTO 10

CNT <~ 1 and GOTO 2

TDT < DT-63, X(n-2) < X(n~1), Y(n-2) < Y(n-1), Z(n-2) < Z(n-1)
X(n-1) < X{(n), Y(n-1) < Y(n), Z(n-1) < Z(n) DT <0 and GOTO 2
DX2 < X(n)-X{(n-1),DY2 ¢ Y(n)-Y(n-1),DZ2 < Z(n)-Z(n-1),DT < UI‘+1.
If DX2#0 OR DY2#£0 OR DZ2#0 OR DT > 127 then GOTO 16 else GOTO 15
CNT <~ 2 and GOTO 2

DDX < DX2-DX1, DDY < DY2-DY1, DDZ < DZ2-IZ1

If IDDX] > 63 then GOTO 1§ else GOTO 21

DUMX(n)=.,25X(n-1) +,75X(n)

DUMX (n—-1) =.25X(n-2)+.5X(n-1) +.25X (n}

DUMK(n-2) =.75X(n-2) +.25X(n-1)

X(n) < DUMX(n), X(n-1) 4 DUMX(n-1), X(n-2) <« DUIX(n-2)

DX1=X(n-1)-X(n-2), DX2=X(n)-X(n-1) and GOTO 16

Fig 11-a. Dower Collection and Decorrelation Algorithm,
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i I opyYl > 63 then GUIU 22 else GOGTU 25

22: DUMY(n)=.25Y(n-1)+.75Y(n)
DUMY (n-1)=.25Y(n-2)+.5Y(n-1) +.25Y(n)
DUMY (n—-2)=,75Y(n-2)+.25Y(n-1)

23: Y(n) 4 DUMY(n), Y(n-1) < DUMY(n-1), Y(n-2) < DUMY(n-2)

24: DY1=Y(n-1)-Y(n-2), DY2=Y(n)-Y(n-1) and GOTO i6

25: If Dbzl > 63 then GOTO 26 else GOTO 29

26: DBMZ(n)=.25Z2(n-1)+.75Z(n)
DUMZ(n~1)=,25Z{n-2)+.5Z(n~1) +,25Z(n)
DUMZ(n~2)=.75Z(n-2)+.25Z(n-1)

27: Z(n) < DUMZ(n), Z(n-1) < DUMZ(n-1), Z(n-2) < DU'Z(n-2)

28: DZ1=Z(n-1)-Z(n-2), DZ2=Z(n)-Z(n-1) anc GOTO 16

29: If FLAG=0 then GOTO 30 else GOTO 31

30: VLC <« (0:DX1,DY1,DZ1)

31: VLC < (TDT:DDX,DDY,DDZ)

32: If MEMORY FULL then STOP else GOTO 33

33: X(n-2) < X{(n-1), Y(n-2) ¢« Y(n-1), Z{(n-2) 4 Z(n-1)

34: X(n-1) & X(n), Y(n-1) < Y{n), Z(n-1) < Z(n)

35: TPT < DI-63, FLAG=1 and GOTO 2

Fig 11-b. Dower Collection and Decorrelation Algorithm,
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r EEKG Data Compressor
"he Power EKG compressicn tecknique, like the Tolun

method, is a redundancy reduction procedure. The Dower

order time compression operation

compressor combines a zero

produce a decorrelated residual frame sequence. This
residual frame sequence is then compressed by a specially

tailored variable length code whose average codeword bit

length approaches the entropy bound without the buffer
overflow problem encountered with the '’'optimal’’' Huffman
code .
Individual
EKG Data
Population 'Compression Seccond F—’ Storage
Data Table s,k,y Difference VLC px Media
Base T Generation Decorrelator
Second Compression Compressed
Difference Variable Data
and Tables Sequence
Delta t
Histograms

Fig 12. Dower EKG Data Compression System,

47




Dower Decorrelator. The Dower data collection and
e .-clation operation (Figure 11) begins with a zero order
time compression process where only those EKG sample values
(2,y,2z) which differ from the previous sample (Ax or Ay or
Az#0) are saved along with a run length conter At, This
operation produces a sequence of data frames (At: x,y,z).

Following the ctreation of the data frames, a second

difference with respect to frame number is performed

generating a sequence of second order difference frames
2 2 2
(At: Acy Apy,Agz).

The Dower algorithm operates on 8§ bit data, hence there

are 256 potential source svmbols for each lead. When second

differences are taken, the range increases to 1024
potential Azsymbols. By experimental evidence, Dower and
Berghofer (Ref 12) have found that 0 _4:63A2 values are
sufficient to reprodvce all but the fastest EKG artifacts

(e.g.,pacemaker spikes). The variable length encoder,
therefore, is designed to expect 127 source symbols (values)
and no more. To insure the A’ dynamic range of 0*63 is not
exceeded, the A? values are limited by a preprocessor shown
in steps 18-26 of Figure 11, This preprocessor is
iterative, and irreversably modifies the three sample points
which produced the [A®l > 63 until the A® value falls within
the encoder range, With care taken to record the necessary
initial conditions (first x,y,z and first Ax,Ay,Az),this

second difference frame sequence now contains all the

significant information in the original sample sequence with
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reduced interframe correlation,.

The mechanics of the VPovwver decorrelator are test
illustrated by an example. Figure 13 shows three
hypothetical sample sequences., By applying the rules in the
preceeding paragraph, a set of zero order data frames

(At:x,y,z) is formed. That is:

(0:0,-1,2),(0:1,1,1),(0:3,2,3),(0:4,3,1),(3:3,1,-3),(0:1,0-1),

(0:-1,-1,-2),(0:-2,-2,-1) ,(4:-3,1,-1)

To complete the correlation redvction process, the
second difference with respect to frame number must now b.

performed. This results in the set of second differenc

2 2 2
frames(At: Arx,Afy,Afz) shown below.

(0:0,-1,2),(0:1,2,-1)}(0:2,-1,3),(0:-1,0,0),(3:-2,-3,-2,,

(0:-1,1,6),(0:0,0,-3),(0:1,0,2),(4:0,4,-1)

The data sets preceeding the verticle bar are the inital

is the first zero order time compression sample frame. The
second frame is the first difference betwcen the first two

zero order data frames.

49




CHANNEL X

WAVEFOP!

v 4 =
o 3 -/ .
1 2 / \
t 2 *
Cee e N
-1 [1] 1 2 3 4 £ 6 17 ‘\ 9 10 11 12 113
-2
-3 \Q——t —
-
CHANNEL Y WAVEFORM
v 4
o 3 P S
1 2 /
t 1 A —t *
s 0 | 1 ] ] ! A 1 ] J ¢
L] T 1 L] B 1 1 LI 1 1 T
—~1%¢% 1 2 3 4 s 6 1\¢ }f 10 11 1: 113
_z \n
-3
-4
CHANNEL Z WAVEFORM
v 4
o 3 /
1 3 AN
t 1\ * ek
s © 1 1 1 N1 1 1 L | ] 1 I ¢
LE L) L 1) T L L T L L T 1 e |
—-110 1 2 3 4 5 6 *.7 8 e I O a1 3k 13
-3 /\‘/
-3
pay )
X=0 1 3 4 4 4 3 1 -1 -2 -3 -3 -3 -3
Y=-1 1 2 3 3 3 1 0o -1 1 1 1 1 1
7= 1 | i -3 -1 -2 -1 -1 -1 -1 -1
Fig 13, Three hypothetical sample sequences.
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Dower Entropy Encoder. The Dower entropy encoder also uses
variable length codes for 'he sccond stapge of the THG dava
compressor. The Dower code, however, is significantly
different than the prefix code used in the Tolan compression
method.

As was mentioned previously, the Dower VLC is
configured for 127 source symbols (8 bit A* values). Unlike
the Tolan code, however, the Dower VLC does not perform a
1:1 mapping between a single source symbol and a single code
symbol .

In the Dower coder, the source symbols (Azi) are mapped
onto the state space of a 14 bit accumulator (A). This

state space is partitioned into symbol regions Ri which are
assigned according to the probability of occurrence of the

source symbols. The size (IlRill) of the symbol region R

is given by the relation

llR1|I = dSi = Si+1'—5i = PI(A:)16384 (24)

where S; is the initial state of R; and s;;y is the initial

state of R, , . The initial state, s is also determined

i
by symbol probability,. The symbol regions Ri corresponding

to thos symbols which occur least often are assigned to the

low end of the state space range such that if:

Pr(Ay) 5 Pr(An) > Pr(sg) > Pr(a))

then
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This relationship is illustrated in Figure 14, For those
. 2
potential symbols Ai which do no occur, 1 state is always

assigned.

®
[
e
=]
K
=]
R
—

0 16384

Fig 14. Example of State Space Partition for 4 Symbols.

The physical configuration of the Dower encoder is
shown in Figure 15. As can be seen from Figure 15, the

memory storage buffer for the encoded data is contiguous

with accumulator and all accumulator bit shifts (right or

left) also shift the entire memory buffer. Right shifting !
operations always shift a binary 0 into the most significant

bit (MSB) of A. ‘
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14 Bit Accumulator Memory Storage Buffer

oofo01101100010110k——{011001011101001 ...

Fig 15. Dower Encoder Accumulator-Memory Buffer Interface,.

2
A source symbol A, js encoded by adding the value s; to

the current contents of the accumulator, If the value in

the accumulator is such that S;+A D 21‘

data. To insure this overflow does not occur, the

accumulator is first right shifted ki times into memory.
: s . s e . s 1
The value k; is the maximum number of right shifts which

would ¢cver be necessary and can be found from the

inequality:

14 ; 1s
2 £ 2k1(5i+1-si) < 2 . (25)

The ki values are tabulated in Table Y for various values of !

ds=5i+1—si . This right shifting diminishes the value in

the accumulator (i.e., divides A by 2 per right shift) until
the value in A can be safely mapped into a region Ri . The
initial state, $; can now be added to A without overflow
occuring.

In some instances, the maximum shift ki would not be
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necessary (i.e., k. -1 right shifts would still prevent

overflow), To deterr ine when tlie situatien occurs, a tlird

variable y. js defined where

14-k;

yl = ds-2 (26)

reperesents the excess states by which ds exceeds the next

lowest integral power of 2.

Table I

Dower Code Variables Per Accumulator Partition Size

Partition k y
Size
ds=1 14 0
1<{ds <4 13 ds-2
4<{ds<(8 12 ds-4
8d(ds (12 11 ds-8
16<ds <32 10 ds-16
32<ds <64 9 ds-32
64<ds (128 8 ds-64
128<¢ds (256 7 ds-128%8
256<¢ds <512 6 ds—-256
512<ds<1024 5 ds—-512
1024(ds <2048 4 ds-1024
2048<ds <4096 3 ds~2048
4096<(ds (8192 2 ds~-4096
8192<¢ds<16384 1 ds~-81692

If the value in A ¢ y. after the initial k; shifts,

then one too many right shifts occured,. A is then left

shifted once and Si added to A without fecar of overfiow, It

A 2 y; then a full k; right shifts were required. T¢ insuvre

maximum efficiency in the next encoding, howe¢ver, the

position of the accumulator in state space map should be
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rigpht justified within the current symbol region. This 5

ri "t justification is obtained by adding Yo+ s

whenever A 2 v .
By use of the variable y, maximum efficiency in the
number of right shifts (i.e, information bits stored to

memory) can be obtained. Dower and Berghofer (Ref 12)

assert that, on the average, the number of right shifts per

source symbol (A:) will approach quite clcsely to the value
‘1°gzPr(A:) which is the self information '‘'content’'’' of
the A; valﬁe (see appendix B).

The algorithm which implements :(he Dower encoder is
shown in Figure 15, This algorithm assumes that the
variable tables for A;x,A;y,A;z and At have been calculated
from the second difference histograms,.

The Dower decoding operation is just the inverse of the

encoding process, For decodinrg, the current state of the

accumulator is mapped into the state space table of the

region Ri,is determined, then s; is subtracted from A. If A
¢ 2¥; then one right shift is performed followed by k; left
shifts., Tf A > 2y, , then y; is subtracted from A followed
by ki left shifts. For a more detailed example of the Dower
encoding/decoding operation, the reader is referred to Dower
and Berghofer (Ref 12).

Although conceptually more difficult than the Tolan

VLC, the algorithmic structure of the Dower entropy encoder

is only slightly more complex. As was shown above, the
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Dower VLC can be implemented solely with shifting and table
look up operations., The Dower method does, bowever, require

that code tables (si'ki'yi) be constructed prior to the

encoding process.

1: Entry (At,A;x,A;Y,A;Z)

2: IF this is the first frame stored then Acc<—0 else GOTO 3

3: DDVAR < At,k< k(At),s¢ s(At),y¢ (At)

4: RIGHT SHIIT Acc k times

5: 1IF Acc ¢( y then GOTO 8 else GOTO 6

6: LEFT SHIFT Acc once

7: Acc € Acc + s and GOTO 9

8: Acc ¢ Acc + s + y

9: IF memory is full, then SET eom flag and RETURN else GOTC 10
10: IF DDVAR=At then GOTO 11 else GOTO 12

11: DDVAR <« A;x Jk < k(A;X) ,8 € s(A;X) )y y(A:X ) and GOTO 4
12: IF DDVAR=A;x then GOTO 13 else GOTO 14

13: DDVAR < Agy k < k(ApY) ,s < s(AfY) .y < y(A;Y ) and GOTO 4
14: IF DDVAR=A;Y then GOTO 15 elsc RETURN

2 2 2 2
15: DDVAR < Afz k= k(A7) s 4 s(8¢2) ,y < y(A;Z ) and GOTO 4

&

Fig 16. Dower VLC algorithm,
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Tolan versus Dower

The similarites and differences between the Tolan and

Dower EKG compression techniques are now discussed. The
decorrelators are compared first.

Both the Dower and the Tolan decorrelators use a sceond
difference technique where time compression is used to

eliminate the storing of the most common A* value of zero.

The Tolan algorithm, however, continuously calculates the

second difference and applies these differences to the Tolan

® =0 values occur, the Tolan

VLC. If a lomg ’''run’' of A
encoder overflows at At=128. This run counter overflow
forces a storage '‘dump’' to the VLC with a resultant loss
in efficiency.

The Dower decorrelator approaches time compression
slightly differently. In the Dower algorithm, only those
sample points where the EKG data was changing (i.e.,

Ax,or.Ay.or . Az#0) are saved forming data frames. A second

difference with respect to frame number is performcd and

2
the Af's and At are fed to the VLC. Although this frame

methodology appears more efficient than the Tolan technigue,
the Dower decorrelator is still constrained by a maximum At
of 127 (i.e.,, maximum Dower VLC code range). On the basis
of this analysis, is appears that both the Tolan and the
Dower decorrelators have similar performance.
Since the Tolan and Dower decorrelators aprcar atout
equally efficient, the real compression paveff is in the

variable length encoders, In the Tolan VLC, code werds as
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long as 1024+2 bits are feasible. These long codewords

v enly oceour if o an extremely lerge ard fast ' 'spike’’
(e.g. a pacemaker pulse) appeared in the data, In the
population as a whole, spikes of this magnitude occur very
infrequently. Nevertheless, the Tolan compression
efficiency will degrade seriously in an enviroment where
'

impulsive’' artifacts appear,

The Dower VLC is designed to minimize sensitivity to

impulses. ITn the Dower system, the VLC is configured such
that the longest codeword (i.e., the number of right shifts
to memory) is 14 bits. Extremely large signal spikes are

numerically filtered to reduce their second difference
within the 0% 63 range. Such drastic limiting action would
occur infrequently, however, and not seriously affect the
reproduction of the EKG.

As an example of their performance, let a second
difference of 45 be encountered by both the Tolan and Dower
encoders. The Tolan VLC would require 47 bits to encode
this data,. The exact codeword size of the Dower routine is
dependent on the AY =45 probability of occurrence.
Nonetheless, the ''codeword’'' is always { 14 bits long ; an
obvious increase in efficiency over 47 bits.

A calculation of the performance differential between

the Tolan and Dcwer routines will be estimated in chapter §.

For now it is sufficient to say that the¢ Dower I'KG
compressor outperforms the Tolan method, A short synopsirs
will now be made of two other FKG compression tochniqgnes,
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Two other FKG compression techniques were discovered by

this author. The first is referred to as the Turning Point

Method and is discussed in reference 32. The second method

is currently in use by Marquette Electronics for data

compression in a commercial EKG 'cart’'’. The Turning Point

technique is presented first.

Turning Point Algorithm. The turning point algorithm is, by

definition, a 2:1 data compressor wherc one of two
consecqutive sample points is discarded, The algorithm
which determines which sample point is discarded is as

follows. The first sample point is stored and assigned as

the reference point (X,)_  The next two consecqutive points

become X, ang X, . With 3 sample points there are 8

r L

*'paterns or combinations which reflect the ’“'trends in
data (see Figure 17). The Turning Point aigorithm stores

the circled point (Figure 17) which becomes the new
reference point X, | The point not circled (X3 or X2) is
discarded. The next two points are sampled, their values

are assigned to X and X2

1 , and the process repeated,.




Fig 17.
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It can be skown (Ref 32:6.59-6.65) that

if (X, - x,)%(X; - Xo) < O Xo X1

if (X2 - X1)*(X: - Xo) 2 O Xo X2

hence the sign of the product of consecqutive first

differences determines the '’

signigicant’’ point to be
saved,

The advantage of the Turning Point compressor is speed
of execution, Execution of this algorithm on even the
slowest microprocessor would pose no problem at all, The
disadvantages of the turning point routine are numerous,
however,. First the routine discards data so that
reconstruction of the original sample sequence is mnot
possible,. In this regard, the Turning Point algorithm f{zalls
in the class of Entropy Reducing (ER) techniques as was
discussed in chapter 2. Second no attempt is made to use the
probabilistic distribution of the EFKG to enhance data
compression as is done with the Tolan and Dower routines.
This obviously leads to inefficiency. Finally, this routine
only produces a 2:1 compression ratio; incredibly poor in
relation to the other techniques already discussed in this

thesis, Only where the simplest tcchnique is necessary,

would the Turning Point technique be beneficial.

Marquette Algorithm. The Marquette algorithm was developed
by Marquette Electronics, Milwaukee, Wisconsirn, This

similar to the Dower and Tolan algorithms in that variable

length encoding is used to compress the output of a
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"' decorrelator.

''difference

In contrast to the Dower and Toelan techniques, the
Marquectte compressor only calculates the first difference
for input into the VLC. The Marquette variable length
encoder stores the first difference data as 1,3,5,0r 7
nibbles where a nibble is defined as 4 bits., Thesc nibble

codes are arranged as follows:

Range of Difference Code Length in Nibbles
(-7,7) 1
(-127,127) 3
(-2047,2047) 5
(-32767,32767) 7

To encode the first differences, and delineate between code

words, the following rules apply:

1) Differences must be coded on the smallest
possible range, and attempts to encode a
difference of +5, for example, using more than 1
nibble will result in a decoding error.

2) Single nibble codes are difference plus 8. A
nibble value of zero does not occur,

3) Three nibble codes start with a single zero
nibble. The remaining two nibbles are obtained as
follows:

(1) Positive Differences +8

(2) Negative Differences +7

4) Five nibble codes start with two zero nibhles,
The remaining three nibbles are obtained as
follows:

(1) Positive Differences +128

(2) Negative Differences +127

5) Seven nibble codes start with thrce zero
nibbles. The remaining four nibbles are obtaincd
as follows:




(1) Positive Differences +20G48
(2) Negative Differences +2047

6) The sequence of nibbles in a code starts with

the zero flag nibbles (if any) followed by the

most significant through least significant

nibble.
The above set of encoding rules were obtained from Mr, Tom
Divers, Marquette Electronics project engineer (Ref 11).

From their own amnalysis, Marquette has shown (Ref 11)
that at a 250 Hz sampling rate, 89.1 percent of the first
differences fall within the t 7 range with 99.8 percent
falling within a * 127 range. Marquette reports that at an
A/D precision of 10 bits, an average of 4.89 bits/sample
(across the total EKG population) is obtained with their
compression routine,

The Marquette FKG compression appears to work well,
even with a first order difference correlation reducer. The
Marquette variable length encoder , however, is tailored to
the 8 bit ASCII data communications enviroment and is not

''optimum’ '

in any sense. The Marquett VLC does perform
?exact’’' redundancy reduction entropy compression with

sufficient efficiency to make this encoding schceme

commercially viable.

This chapter has looked in detail at two I'KG data

compression techniques which perform exact ' redundancy
reduction. The Tolan routine, which was implcmented by this

author (see chapters 4 and 5) decorreleted the sample
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sequence data by performing a second order time compression
opcration, The residual sequence resulting frorn tlie
decorrelator was ''compressed’'' by a uniquely decodable
variable length code which was shown to be '’'suboptimal’’
with respect to the ''optimal'' Huffman code.

The Dower compression technique al-o performed a second
difference operation, but preceede¢d the second order
*'*differencer’' by a zero order time compressor. The Dower
zero order time compressor produced a sequence of '’'data
frames’' which in turn were converted to a sequence of
second order difference frames with respect to framec
number. Since the Dower VLC limited the At time compression
counter to a maximum of 127 (as did the Tolan VLC), input
symbols, the Dower and Tolan decorrelators were considered
to perform equally well. The Dower entropy encoder was also
shown to be a variable length coding operation but not a

"'"prefix’'’

code as was the Tolan VLC. The Dower VLC maps
decorrelator '’'symbols’' into the ''state space’'' of 14 bit
accumulator which encodes data by adding the initial address
of a symbol's state space region to the accumulator, To
prevent accumulator overflow, the accumulator data is
shifted out to a memory storage buffer. The ’'number of
shifts’’' necessary to prevent accumulator overflow represent
the codeword size and it was shown that the Dower VLC

L

approached the entropy'' bound of the decorrelested input
sequence.

The chapter was concluded by a synopsis of two other
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EKG compression techniques, The first of these two,the
Terring Point algorithm, was shown to be of rnaurginal uvwse
because it is not an ‘'’'exact'' te:chnique and produces
compression of only 2:1. The second technique, however,was
the Marquette compression system and it was shown to produce
acceptable compression worthly of commercial application,.

From the available algorithms, the Dower compression
technique has the capacity to produce the best ''exact''
compression of any of the techniques studied in this
chapter. An interesting experiment would be the combining
of the second order interpolator (discussed in chapter 2)
used by Ruttiman and Pipberger (Ref 28) and the¢ variable
length encoder used by Dower (Ref 12). This combination
should prove to be very powerful and effective and is left
for futher study.

The next chapter in this thesis discusses the
configuration of the FKG Data Acquistion and Apalvsis System
assembled by this author to test the Tolan EKG compression

algorithn,
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Iv. EKG-Data Acquisition and
The EKG-Data Acquisition and Analysis System (EKG-DAAS)
was assembled for this thesis as the testbed on which

experimental EKG data could be acquired,compressed,

analyzed,stored, and reconstructed. The EKG-DAAS dc¢sign can
be separated into the categories of hardware and software,.

The hardware is discussed first,

L]
1

EKG-DAAS Hardware.

The EKG-DAAS was constructed around the Motorola
Exorciser microcomputer (appendix E) which uses a 6800
microprocessor for its central processing unit (CPU). In
the EKG-DAAS, the Exorciser is configured with 32 kilobytes
(K) of read/write (RAM) memory and 16 K of read only memory
(ROM) . In addition, the Exorciser was equiped with the
EXBUG debuging module which allowed interactive program
debugging with preselectable software breakpoints, exccution
tracing modes, and CPU register display.

To provide extended memory, a Midwest Scientific
Instruments (MS1) FD-8 Disk Memory unit was interfaced to
the Exorciser and provides approximately 290 K of online
user memory, The FD-8 is accessed by a MSI Disk Operating
System (DOS) and communicates with the CPU via a MEX6820

Input/Output Module installed in the Fxorciser chassis.
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Terminal input/output (I/0) is accomplished by means of a
siandard¢ NDS-232 ser1al intesface wlhiaeh Las switoh selectiol o
baud rate from 110 to 9600 baud. In the EKG-DAAS

'""port’'’ was connected

configuration, the Exorciser serial
in parallel with a Heathkit H-14 dot matrix line printer for
program listings and data printouts.

Data I/O was accomplished by means of a Sinetrac
ST-6800 Analog/Digital-Digital/Analog (A/D-D-A) converter
module which samples and digitizes analog data to 12 bit
precision, The ST-6800 has the capability of sampling 32
distinct analog channels (A/D) as well as output 2 chanmnels
(D/A) with simple memory addressed LDA (load) and STA
(store) instructions. For the EKG-DAAS, the ST-6800 was
setup for * 5 volt, 2's compliment data and was addressed
(A/D ch 0) at E400 Hexadecimal (Hex). The internal
configuration of the Exorciser as used in the EKG-DAAS is
illustrated in Figure 18.

To uniformly sample the EKG input data via the ST-6800
required the use of an external interrupt timer as is shown
in Figure 19, This timer allowed data sampling rates
between 300 and 700 Hertz but for the duration cof this
research was set, and calibrated, at 500 Hertz. The
interrupt was interfaced to the Exorciser via an intcirupt
line on the ST-6800.

Considerable problems arose in this thesis due to

hardware problems associated with the FD-8 Disk Mcecmory. The

original configuration of the EKG-DAAS used two FD-8 systems
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Fig 18. UIYORCISER Component Module Layout (From Ref 22).

but one failed about midway through the softwarec
development. This failure caused a major rewrite of the
thesis software and destroyed several weceks of work.
Although the FKG-DAAS can now operate in a one disk

environment, considerable ' 'manhandling'’ of the data

diskettes is necessary.
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Fig 19. EKG-DAAS Hardware Configuration

Further information concerning the Fxorciser’s hardware
capability can be obtained in appendix E and reference 22.

Attention is now turned to the FKG-DAAS software.

EKG-DAAS Software.

The EKG-DAAS software was written in 6800 assembly
language and controls all aspects of terminal, disk mcmory,
and A/D-D/A operation. The EKG-DAAS programs consist of
approximately 4300 lines of assembly language and arc listed

in appendix C.

The software used in the FKG-DAAS was writtcn in 6800
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assembly lanpuage for two reasons: 1) no hipgh order languare
Lo PO CAL Fart oy cvoorlabtle ot Taorciser

2) speed limitations imposed by the thesis requirenment for
online, real time EKG data compression made it imperative
that the compression programs run as fast as possible. The
laborious task of writing and testing assembly language
slowed software development to the point where only one [KG
data compression/reconstruction routine (Tolan) was
completed.

The EKG-DAAS software is integrally tied to the MSI DOS
(Ref 23). All disk I/O operations initiated by the LELG-DAAS
routines flow through the MSI-DOGS and hence the DOS must be
’*1live'' somewhere in memory., To insure that the DOS
routines are always available, the DOS was disassembled and
relocated in high memory ROM (C400 Hex).

The basic flow of EKG-DAAS program control is
illustrated in Figure 20, The FEKG-DAAS software is broken
into overlaved modules which are called into memory and
executed by EKG-EXEC and DISPLAY. The basic memory map and
overlay structure is illustrated in Figure 21,

As can be seen in Figure 21, extensive memory

management was required in order to allow a sufficiently
large memory buffer for the EKG data,. As confisured in
Figure 21, the FKG-DAAS could collect 11.6 scconds of

uncompressed (3 leads,8 bits/lead,500 samples/sec) FKG

data. For compression with the Tolan algorithm, a maximum

of 26.2 seconds of data (TA1359PA, appendix D) was
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——— EXBUG

«—>DOS
&~ MBASIC
> ENTROPY
¢é—>EKG-EXEC
AN
&= NOCPRS
——3FILIDR
é—— SAVFIL
——3 TGLAN
——FILHDR
———>SAVFIL
€———>VACANT COMPRESSION
«——>DISPLAY
—— PRSTAT
«——PDFOUT
«——PDFPIRT
«—>DECPRS
—T
—V
DOS....... Disk Operating Systen
EXBUG.....Debug Monitor Progran

HNBASIC....
EKG-EXEC..

Modified MSYT BASIC Interpreter
FKG-DAAS FExecutive Program

NOCP S....DMata Collection Without Conpress
TOLAN.....Data Collection With Compression
DISPLAY...Data Output ‘'iodule
PRSTAT....Statistic Printout Driver
PDFPRT....Anplitude

Mistogram Printout Driver

ROUTINES

AREC

ACANT RECONS

icn
(Tolan algor)

PDFOUT. ... Anplitude Histogram Oscilliscope Display Driver

DECPRS.,...Rcconstruction and Display Module

TAREC. . ... TOLAN Reconstruction and Display (Oscilliscope)
Fig 20 FKG-DAAS Software Control Flowgraph.
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Address lMemnory Software Overlays
0000
0100 X
0500 1 - [..DISPLAY
. MOCPRS
.. TOLAN
. .DECPRS
= ) 1..PRSTAT
inoo C—
1
24C0 l. .EKG-EXEC
3000 {..DISK OPERATING SYSTE!
3200 1..P0S VARIARBLE RUFFER
3400 1..MBASIC
3500 . .MEMORY FILE HEADER
3700 _ 1..CH X HISTOGRAM
3900 4..CH Y HISTOGRAM
3BOO T..CH Z HISTOGRAM
3C00 1..DELTA TIME NISTOGRAN
//—\
8000 [::::::: ..RBASIC ]..FKG DATA BUI'FER
PRGHS
C400
DOOO I..EPROH OPERATING SYSTPHM
FOOO
FCO0O I..EXBUG DERUGGER
Fig 21. FRKG-DAAS Overlay Structure and emory on,
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collected.

defined, this chapter will now examine the components of the
EKG-DAAS software in more detail. In the next section of
this chapter, a software module will be described along with

a simplified flowchart of that module’'s operation,




EXEC. FKG-EXEC is the exectuive command module which
contlricis the exevutlen iow o0 tie ©TO-0050 susten, IR
input of a command number, EKG-EXEC loads the appropriate
overlay routine into the program work buffei (0100-1D00 Ilex)
and then passes control to that overlay. The above command
and control operation is illustrated in Figure 22.

In addition to the command ’'’'handler’’', EKG-EXEC
contains the utility subroutines FILHNDR, SAVFIL, HXASC,
OVRLAY, and PDFPRT. These subroutincs are described as

follows:

FILHDR. FILUDR clears the memory data buffer,
initializes the statistics buffer variables, and
gueries the console for data such as

FILENAME, SUBJECT,DATE,etc.

SAVFIL. SAVFIL reads the filename in the mecmory
buffer header and then writes the memory file to
disk, Disk 1/0 is passed through ECS

subroutines.

HBXASC. This subroutine converts hexadecimal data

to ASCII for display on the terminal and pr . .ter
devices,

OVRLAY. OVRLAY is the routine which acrvally
performs the overlay function. After an overlay
is loaded into memory, OVRLAY jumps progranm

control to the overlay progran.

PDEPRT. PDIFPRT prints the amplitude distribution
to the terminal device (printer). Although
resident in EKG-TXEC, PDIFPRT is called only by the
DISP.AY module.
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NOCPRS., NOCPRS is a data acquisition module in which thre

FtYG waveform is sampled and stored without duta
compression, The data is rounded to 8 bits from 12 bits,.
The reason for this rounding is explained in chapter 5.

This module was constructed for two reasons : 1)
uncompressed data was considered useful for doing
experimental studies on potential data compression
techniques implemented after the original data collection
session and ; 2)this module was the structure around which
the Tolan (and potentially other) compression routines were
built. The basic operation of NOCPRS is illustrated in
Figure 23.

As is seen in Figure 23, NOCPRS does more than just
sample the EKG. Statistical parameters are collected and
updated during an EKG data collection, These parameters are
used to measure the real time performance of the compression

(no compression) software. A detailed description of these

measurement parameters is described in chapter 5.
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PISPLAY. DISPLAY is a command module similar in

ceLstretion to LLo-LxbC, DISPLAY controls the data out:t

modules which display the sampled EKG data and data
statistics to two output devices. The first device is the
terminal (printer) and the second device is an
oscilloscope. The basic command structure of DISPLAY is
shown in Figure 24, DISPLAY is broken into 5 working

submodules. These modules are described as follows:

PRSTAT. This submodule reads the memory file
header (3C00-3DO00 Nex), formats the statistical
data found there, and prints this data to the
terminal (printer). The statiscal data in

appendix D was generated by PRSTAT.

PDFPRT. This submodule priats the memory file

histogram tables to the terminal (printer).
PDFPRT output is also listed in appendix D,

PDFOUT. PDFOVUT scans a unser selected lead
histogram (X,Y,Z) and formats the data for display
to an oscilloscope. The data is output via D/A ch
0. An example of PDFOUT output is found in Figure

31 in chapter 5.

DECPRS. The DECPRS module scans the memory file
header and identifies the compression techniquc
which was used to encode the data in memory. The
appropriate decompression algorithm is then

selected and the data decoded and outpui on D/A
channel 0.

LOAD. LOAD initiates a data file load from disk

memory to RAM, This load is performed by FOS
routines called by load.
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TOLAN. The TOLAN module is the ’'"heart’’ of the EKG-DAAS
. poerforms the actual data compressicen on the sampled
EKG. As was described in chapter 3, the TOLAN algorithm
first performs a second difference time compression
operation followed by a variable length encoder. The
operation of the TOLAN compression module is shown in Figure
25.

To detect sample clock (or CPU clock) drift, time
calibration operations are performed prior to and aftecr the
data collection run. Other statistical data parameters are

also collected allowing post collection measurement of

compression performance.
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This chapter has presented an overview of the complex
software which makes up the EKG-DAAS. The reader is
referred to the program listings in appendix C for a more
thorough description of the program operation.

The software structure in the EKG-DAAS was written in a

e

'**"Top Down manner and all attempts have been made to
document the operation of each routine. Since assembly
language is difficult to read, this chapter was written to
assist the reader in understanding the basic structure of
the EKG-DAAS., The next chapter presents the results of the

EKG experiment where data was collected, analyzed, and

compressed by the EKG-DAAS,

.
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V. Experimental Procedure, Data Analvsis, and Results

This chapter presents the results of an EKG collection

*in vivo’’ EKG data was taken from test

experiment where
subjects in real time. Data was taken and stored in both

compressed and uncompressed formats for later analysis and

reconstruction.

Chapter 5 is organized as follows. First the
'"experimental'' setup is described along with a description

of the EKG equipment, collection enviroment, and subject

personnel.. Next the parameters used to determine
compression performance are defined followed by the analysis

and results of the experimental data, Finally, the chaptecr

concludes with a comparison between the results obtained

using the Tolan compression algorithm and the estimated

performance of the Dower technique. Discussion now turns to

the experimental procedure.

The data was taken from a set of nine fellow students
during a laboratory course on elcctrocardiograms. The
equipment used to produce the EKG was the model DR-12
research recorder built by Electronics for "edicine,
Inc.(see appendix [), The DR-12 is a vintage medical
recording system built in the late 1950’s and is constructed

with vacuum tube amplification circuitry.

The personnel used for test subject were all Air Force
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of ficers in good physical health. No test subjeccts with

Tviiovs beart discanse o voore vaod o althovw o sigdinificert VUL
variations between subjects was noted (Fig 27-29). Output
of the DR-12 was limited to one EFKG signal which could be
switched to any of the 6 ’''limb leads'’' (Ref 13:29-34) by
controls on the DR-12, The electrodes of the EKG were
applied to the wrists of the test subjects and in some
cases, not all, an electrode jelly was applied to reduce
skin-electrode resistance.

Since the EKG-Data Acquisition and Analysis System
(EKG-DAAS) was configured for a 3 lead system, the X,Y,Z
inputs were connected in common and the single signal
available from the DR-11 applied to this connection. A
Brush Instrumecnts Mark II recorder and a Tektronics Model
465M Oscilloscope were used as analog output devices
(Appendix E). The display instruments were connected in
common with the A/D inputs as is shown in Figure 26.

Prior to the data recording session, the A/D was
calibrated in accordance with the operating manual (Ref 8).
The A/D was configured for a dynamic range of of ~-5.000
volts to +4,9976 volts with 2's complement binary
representation.

The actual data collection proceeded as follows, Nirst
the subject was connected to the DR-12 and the armplitude of
the resulting EXKG signal adjusted to fall within the A/D
dynamic range. A test run of all six limb leads

(T,TI,ITI,AVL,AVR,AVF) was then taken (without storapgec by
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from the DR-12 so the 3 A/D Model 465
inputs were placed in common,. Oscilliscorpe
Fig 26. Experimental Data Collcection Setup.
EKG-DAAS) and the lead with the least ''noisy'' signal was

selected. FKG-DAAS was then executed and a data collection
made without compression. This uncompresscd data collection
was followed as soon as possible with another ''run’'' in
which the Tolan compression algorithm was enabled.
Following both data collections (uncompressed and
compresscd), the raw data traces from the Brush rccorder
were annotated with the time and suvbject and filed "cor later
data comparison with the recconstructed waveform,

The data was stored on ''floppy'' diskcttes and

processed post collection for the entropy and maximum

compression statistics., Before the results ot these data
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To permit determination of compression performance, a

of statistical parameters was calculated and

described as follows:

Number of Sumples. This statistic was caved t
determine the total number of bits that were inpu
to the compression stagces., The total number o
bits were calculated by (8 bits/sample)

3 leads)*(num of samples/lecad).

2nd Difference Freguency of Ogccurence. Fou
frequencies of occurreunce tables were . opt wit
double precision bhinary counters., Yollewing th
data collections, these A\zx,_\ly,A\Zz,At histogra
tables were input to a BASIC program (ENTROIY
where the entropy of second difference '"'source!
was calculated.

Total Waiting Loop Counts During Collection.

counting Jloop was established 1n the TOLA
compression module which allowed determination o
the percent of the sampling period used for th
compression and statistics calculations, On
circuit of this counting loop takes 46 nachin
cycles of the 6800 microprocessor. A cornt of th

total number of loop cycles completed followin

the sampling/compression interrupts 1s kept in th
collection statistics buffer,

Maximum Loop Count Per Interrupt. To offs:t th

inaccuracy which would develop 1if the interrur

clock period changed between runs (or 1t th
master clock in the Exorciscsy drifted), a ' .

count calibration was perforned immediatoly b0ty
and after cach collection run, This calibi ..o
was acconplished by performing 256 scaouerin
interrupts with no interrupt processine Csoep
return—-from-intcrrupt. The before and atte
calibration counts were then averaced and th

maximum loop ¢
Time Efficicncy of the conmpression operaticn wa
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then calculated from the equation:
T.E.=(1-(Total Loop Count/((Num of Samples)*('Max Cnt))))*100

Channel Maximums and Minimums. The channel
maximums and minimums were retained to allow
determination if the analog inputs exceeded the

A/D dynamic range.

Number of Memory Bits Available. This number was
constant and was determined by the amount of
Read/Write (RAM) memory available for data ‘
storage., For the current configuration of the Ul
Exorciser and the EKG-EXEC program this was 139248 b

bits (17406 bytes).

Number of Bits Available to Variable Length

Coder. This counter measured the number of bits
out of the data decorrelator and allowed
calculation of the decorrelator's compression

ratio (bits out/bits in),

Number of Bits Used to Store Channel X,Y,Z. These
counters measured the number of bits used to store
the data from the three input leads. This count
is the number of code bits out of the variable
length encoder.

JPURPUF P

Camdn

Number of Bits Used to Store Time. This counter
was identical to the channel counters above but
measured the number of code bits used to store

the At run counts.

Total Compression Ratio Achieved. This figure was
calculated post collection by dividing the total
code bits stored by the total R/W memory bits
available,

The statistical data defined above was compiled by the
EKG-EXEC program and is printed by the DISPLAY software

module as illustrated in appendix D,
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Data Analysis and Results

To determine the compression efficiency of a redundancy
reduction EKG compression algorithm is, in general, a
difficult job to accomplish,. The reasons for this
difficulty are: 1) the sampled EKG data sequence contains
significant correlation (memory) between sample values
making calculation of the absolute bound of the entropy
extremely difficult (Ref 34:479-489) and ; 2) the techniques
used for both the data decorrelator and entropy encoder vary
significantly from algorithm to algorithm.

In this thesis, as is done in the literature (Ref

7,12,28), the assumption is made that the output of the

decorrelator is ''almost decorrelated’’. Decorrelated is

not ''independent’’' (unless the source was statistically
gaussian), but it is assumed that true entropy of the 2nd
difference sequence approaches the value which would be

calculated by Eq.(1) (reproduced below).

~

A® entropy = - 2 -p.log p. (27)
i i

(P, is the probability of the i'th second difference).
i

This second difference entropy can then be used as an upper

bound on the potential entropy encoding compression of the

i Tolan redundancy reduction technique.
The A? entropy values tabulated in Tablc IT were

calculated by Eq.(27). To calculate the approximate limit ;

on the entropy encoder’s compression ratio, the uncompressed

data word length of 8 bits was divided by the ''lowest’''’
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p— s s
¥ averapgc code word (i.e., the 2nd diffevrence entropy). A
look at Table II shows that the entropy encoder compression
ratic varied between 58% and 71% of this entropy bound.
Since the Tolan variable length code is suboptimal, a lower
efficiency is expected. Nevertheless, the Tolan entropy
encoder performed more-or-less consistently across the data
set. This last observation would imply that the data
decorrelator influences the overall compression ratio more
Table 11X
Experimental Data Summary
Subject 2'nd Maximem Achieved Percent] Percent § Achieved
Id Difference | Compression 2nd of Max § of Sample§ Total
Entropy Possible Difference § Encoder] Intervalf Comprs
(Approx) Conpressionf Comprs
TA1545T7 3.2801 2.42 : 1 1,55 : 1 64.0% 93.9% 1.36 : 1
TA1548T 3.0171 2,63 : 1 161 :1 61.2% 91.4% 1.50 : 1
TA1559B 3.016 2.64 : 1 1,72 : 1 65.1% 93 .0% 1,83 : 1
fra15118 3.323 2.39 : 1 1.65 : 1 69.0% 94 .0% 1.42 : 1
[TA1520B 2.601 3,06 :1 1.81 : 1 59.1% 90.9% 1,72 : 1
TA1448L 2.930 2.72 : 1 1.73 : 1 63.6% 90 .6% 1.60 : 1
TA1439S 3.267 2.43 + 1 1.63 : 1 67.1% 93.4% 1.43 : 1
|
% TA1359P 2.487 3.22 : 1 1.88 : 1 58,3% 77.8% 2.26 : 1
E TA1413L 3.783 2,10 : 1 1.50 : 1 71.4% 95 .4% E 1.25 11

than the entropy encoder.
As was described in chapter 3, the Tolan date

decorrelator uses time compression in conjunction with a 2nd
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disivrence operation, The Tolan time comnpression technigue
makes the assumption that the second difference value of
zero occurs so frequently that the encoding of 0 would be
less efficient than the storing of a zero value run
counter. In the experimental situation in this thesis,
signal noise was quite evident in the EKG traces (Fig 29).
The sharp '’‘spikes’’ induced by noise are accentuated by the
second difference operation, hence a A*# 0 was a common
occurrence. This forced the storage of a lot of 7 bit time
counters.,

In 8 out of the 9 comprecssion runs made, the frequent
storage of time counts actually caused the Tolan data
decorrelator to produce negative compression (i.e. more
bits out than went in). Since the entropy encoder was
producing a larger positive compression ratio, the overall
compression figure remained positive. The effect of this
operation is graphically illustrated in Figure 30.

A look at the original and reconstructed EKG traces
(Fig 27-29) in conjunction with the data in Table II, shows
that as the ''noise’’ level increased on the signal the
compression became progressively worse, Since it was
concluded that the entropy encoder performed approximately
the same across the data set, the degradation in total
compression must be due, in large degree, to the degradation
in the Tolan time compression data decorrelator

performance,

A clear effect of the noise is illustrated in Figure
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» 3i. From Pigure 31, it can b¢ seen that as the noise

level increased the variance of the 2nd difference

distribution became increasingly larger, As the
distribution became less peaked, the efficiency of the
variable length encoder decrcased with a subsequent loss in
achieved compression ratio,.

The nonzero component at A* = 0 in Figure 31 can be

explained as follows. The decision was made early in the
design of the EKG-DAAS that 8 bit data would be used versus
9 or 10 as recommended by the American Heart Association
(Ref 3). This decision was made to simplfy the software
(i.e. single precision could be used). Since the A/D
converter has 12 bit resolution, the sample was rounded to 8
bits for uniform error distribution (Ref 24:424-432).
Unfortunately because of this rounding action, small
differences in the least significat bits of the A/D
converter may have affected the rounding operation. Since
the A/D cannot sample all three channel simultaneously, the
probability that a ’'’'noisy’’ signal will change the least
significant bit (or bits) is high. With a rounding
operation, these changes may ripple to affect the least
significant bit of the 8 bit data.

At most this ef{fect would only cause a change in the

least significant bit of the 8 bit rounded values. This
would cause, howecver, the second differences between of
channel X,Y,Z to be diffecrent even though they were ?

connected in common. As was described in chapter 3, any of
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the three leads with a non zero sccond differcence ferced tre
storage of all three data points. Hence many zercs data
points were stored because of 2nd difference asymmetry which
would not have occurred had the 12 bit A/D data been
truncated instead of rounded.

This fact undoubtably affected the overall coupression
efficiency of the Tolan algorithm. Nonetheless, the
distribution in Figure 31 would not have changed (except the
zero value count) significantly and noise would still have

broadened the 2nd difference distribution.

Tolan and Dower Performance Comparison

As has been reiterated several times in the text of
this thesis, the author's original intention was to
implement both the Dower and the Tolan algorithms fer
experimental test and comparison. Since time did not permit
the Dower implementation, an experimental comparison was not
possible.

As an attempt to compare the results of the Power and
Tolan compression routines, the results quoted from the
papers by Dower,Berghofer,and Stewart (Ref 12,29) will be
used, Dower states that his state space variabdble lcngth
encoder approaches the entropy bound of tlec second
difference sourcec '"‘'with about 1.65% wastage'' (lef 12:3).

This value is significatly higher than the approxirately 30%

wastage observed with the Tolan variable length

encoder.
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Assuming similar oy.i1atioas of the sccond differcnce

time compression (in this author's ' 'noisy’'

enviroment),
the Dower decorrelator is expected to have neqative
compression. With the Tolan and Dower decorrelators assumed
'**equal’'', then the real gain of the Dower technique over

the Tolan approach is in the VLC,

Assuming the Dower entropy encoder approached closely

to the entropy bound, it can be extrapolated that the Dower
algorithm would have achieved a maximum compression of ¢
approximately (1.,2)%(3.,22)=3.86:1 for the ’'’'best'’ EKG in
Table ITI and Figure 30, The worst compression ratio would ]

have been (.84)*(2,1)=1,76%*1 for the worst (noisest) EKG.

.

This chapter began with a description of the EKG
collection experiment. Although the EKG apparatus wvwas ]
limited to one channel, sucessful collection and compression
of EKG data was performed. Analysis of the data revealed

that time compression is inefficient im a "'

noisy"'"'
enviroment and that ’'‘'rounding’’ of the 12 bit A/D samples
in conjunction with placing all thrce sample lead in common
accentuated the degradation caused by the time compression
data decorrelator. Nonetheless, the Tolan algorithm did
achieve an overall positive data compression figure but

significantly lower than the 9:1 ratio achieved by Ruttiman

and Pipberger (Ref 28) or the average value of 7.3:1

reported by Stewart,Berghofer, and Dower (Ref 29). Finally {
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it was heuristically shown that if the Dower compression
algorithm lived up to the statements by Dower, then a
compression ratio gain of 3.86:1 to 2.26:1 conld have been
achieved with the Dower EKG data compression technigque.

This thesis will now proceed to provide conclusions and

recommendations
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VI. Summary, Conclusions, and Recommendations

Summary and Conclusions

This thesis has investigated the field of
electrocardiogram data compression with the objective of
evaluating compression algorithms on a 6800 microprocessor
based computer system, Accomplishment of this goal required
the construction of the EKG-Data Acquisition and Analysis
System utilizing the Motorola Exorciser microcomputer.

To determine those EKG compression algorithms which had
potential for Exorciser implementation, a literature search
was made to locate EKG data compression techniques, In
addition to the literature search, personal correspondence
(Ref 11,31) yielded several EKG compression algorithms., The
results of this research is presented in chapter 2.

Since thesis requirements dictated the need for an
online, real time data compression algorithm, only the
fastest EKG compressors could be considered. Two routincecs
were selected for detailed analysis and inplementation,.
These two compression algorithms (Tolan and Dower) were
discussed at length in chapter 3.

It was deduced from the methodology of the two data
compression techniques that the Dower algorithm would

perform better than the Tolan procedurec. To test this
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Ivpotbtesis, the TEG=-DAM wus construcicd and the Tolor
algorithm implemented., The implementation of the FEG-DAAS
is documented in chapter 4.

Time constraints prohibited completion of the Dower
compression algorithm, but data was sucessfully compiesssed,
analyzed, and deccompressed with the Tolan algorithm. The
results of this analysis are presented in chapter 5.

The conclusions of this research effort are as
follows, First, EKG data compression can be accomplished in
real time by a microprocessor based computer systcm. The
Exorciser is a slow microcomputer (1 MHz cycle time) yet it
was still iossible to implement the Tolan algorithm with a
500 Hz sample rate. The second conclusion is that signal
noise can dramatically affect the efficiency of the EKG
routines in the same class as the Tolan algorithm,. The
expense and implementation difficulties of prefiltering,low
electromagnetic noise environment, and proper EKG 1lead
attachment are well worth the gain in compression achieved.
Finally, & software project of this magnitude should not be
attempted totally in assembly language. Although assembly
language offers the greatest flexibility and speed,
algorithm implementation and debugging efforts are
enormous. A high order language would have allowed this

author to complete his original thesis objectives,
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Several recommendations are offered for further study
in microcomputer based EKG data compression. First,
implementation of the EKG compression algorithms using a 16
bit microprocessor (e.g. 6 MHz Intel 8086) would permit an
order of magnitude improvcment in speed of execution.
Hardware multiply and divide along with 16 bit arithmetic
registers would permit easy implementation of the Dower
algorithm and would even make use of the Transform
compressors {(i.e. FFT) feasible. Second, futher study is
needed on determination of decorrelator inefficiency on the
overall data compression, A large study of different
decorrelators such as 1, 2, 3 difference operations with and
without time compression is needed. Next, an EKG
compression algorithm implemented using the Ruttiman and
Pipberger 2nd order interpolator (Ref 28) for the
decorrelator along with the Dower variable length encoder
(Ref 12) should be built. This combination should prove to
be very efficient, Finally, programming and experimental
testing should be done on a full scale microcomputer
development system, complete with a high order language,
A/D-D/A capability, and flexible disk file manipulation
software. Such a system is thc.Zilog MCZ1/25 microcomputer

resident here at A.F,.I.T.
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The Electrocardiogram

Introduction

The electrocardiogram (or EKG) is a record of the
electrical activity of the heart as measured from the body
surface, The magnitude, shape,and timing of the clectrical
potentials generated by the heart reveal a great deal of
information concerning the health of the cardiac system,
This appendix will describe how the electrical signals from
the heart are generated, how the cardiac cyclc is
coordinated and controlled, and finally how the FKG can be
used as a diagnostic tool,

The Physiologyv and Electricial Characteristics
of the Heart

The heart (Fig. Al) is an organ about the size of a2
fist with four main pumping chambers and a spccialized
electrical conduction system, At the top arce two thin
walled pumps called the atrium which prime the main pumps of
the heart, the ventricles, The ventricles are scnparated by
a thick wall of muscle tissue called the sepntum,. Rlood from
the right ventricle goes to the lungs and blocd from the

left ventricle goes to the rest of the body.
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Fig Al. The Heart Cross—-Section (From Ref 20:291).

During the resting state between contractions, the
cells of the heart are ''polarized’’' with an electrical
potential ezisting between the inside (~-) and the outside
(+) of the cell. This potential is generated by an ionic
gradient across the cellular membrane and is normally
maintained for approximately .2 to .4 of a second before
spontaneous ''depolarization’' occurs. Depolarization
(caused by an inrush of sodiun ions into the cell) induces
the cell to contract for approximately 1/4 of a second.
Because all heart cells contain specialized conducting
fibers, the depolarization of one cell initiates the
depolarization of neighboring cells and a ''wave of

excitation'' sweeps across the myocardium (heart) at a rate
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vt about 1 meter per second,

The voltages measured at the body surface are tle
superposition of thousands of heart cells depolarizing (or
polarizing) as the wave of excitement flows through the
myocardium, Farly work by VWilson (Ref 20:292) showed that
the heart could be represented by an equivalent elcctrical
dipole whose vector orientation sweecps through a closed loop
during one cardiac cycle, In simple terms, as the wave of
excitement flows toward a positive skin electrode, a
positive slope is generated on the EKG record representing
the projection of the heart vector onto the axis of the EKG
lead.

To observe this sweeping dipole vector, Vilson
developed the 12 lead EKG system in almost univerisal use
today. This system (Fig. A2) attempts to measure the hecart
vector from a variety of vantage points in hope of determing
the actual direction of propagation of the wave of
excitement. Unfortunately, the leads of the Wilson system
are not orthogoal and reconstruction of the actual heart
vector orientation and amplitude is difficult, To overcome
this problem, Frank (Ref 14:737-749) developed the vector
cardiogram which combines 7 leads in a summing nctwork to
produce three orthogonal components of the heart vector,
Frank VCG systems are popular in heart diagnosis and
research because all of the information is contained in

three leads of data versus 12,
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The Cardiac Cycle

For effective pumping action, the heart muscle must
contract in a controlled, coordinated way. This mcans that
the stimulating wave of excitation must follow a well
defined conduction path to allow the heart to contract in
the most efficienti manner, In ''normal'' hearts, the

contraction sequence begins in the right atrium where
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special celis in an arca known as the Sino-Atrium (SA) node
spaontancously depolarize faster than the rest of the heart
tissue, The SA node hence initiates a wave of excitation
which covers the atrium in about 80 milliseconds. This
atrial contraction produces the electrical signal called the
P wave (Fig. A3) on a typical EKG record.

The wave of excitation started by the SA node then
reaches another specialized receptor known as the
Atrial-Ventricular (AV) node. Here connecting fibers declay
the excitation impulse for about 50 milliseconds to allow
the ventricles to fill with blood. After the 50 millisecond
delay, the excitation signal is relayed to special

conducting fibers in the septum known as the Bundlc of His.

These conducting fibers rapidily (30 ms) transmit the
excitation wave to the interior (endocardium) wall of the
ventricles where the wavefront propagates radially to the
outer wall (epicardium) in another 30 milliseconds. The
ventricular wave of excitation produces the QRS waveform
complex seen on the EKG.

Following the ventricular contraction, the muscle cells
of the ventricles repolarize over a pericd of 100
milliseconds. No muscular action is occuring but the EKG
responds to this electrical activity and the T wave is noted
on the EKG record. Atrial repolarization occurs during the

QRS hence it is generally invisible on the LXG,
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Fig A3. Typical EKG Waveform (From Ref 20)

Finally the heart rests for approximately .2 of a
second and the cycle starts again, The above cardiac cycle
is typical of a healthy heart. Disease, however, can effect

this sequence dramatically.

The variety of ailments which plauge the human heart
are numerous and no attempt will made to describe the
spectrum of disecases possible, There are, however, several
common heart defects which routine EKG analysis usually
detects. These include premature coutractions (Atrial and
Ventricle), bundle branch blocks, hypertrophy, and

infarction,

Premature Contractions. Premature contractions are caused

by the spontaneous depolarization of heart tissue outside of
the SA node. This depolarization initiates a wave of

excitement causing the atrium,or mc¢rec nrotably, the
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ventricles to contract out of rhytlm with their normal
crele, Points where ttis '"’'unscheduled''’' depolurization
occurs are called ectopic foci and can arise because of
infarct damage (to be disscussed later),coronary heart
disease producing oxygen starvation and a number of other
causes.,. Premature Ventricular Contractions (PVC’s) arec
highly visible on the EKG record. Normally the ventricles
contract simultancously and the voltage vectors generated

tend to cancel keeping the QRS amplitude relatively small, :

A PVC, however, causes depolarization of one ventricle

before the other generating an unbalanced, hence lzrger,

voltage output,

Bundle Branch Blocks. A bundle branch block is caused by a
block of the impulse of the right or left Bundle Branch.

This causes a delay in the transmission of the stimulation

impulse to ventricle blocked and forces the two ventricles
to contract at slightly different times. This difference in
ventrical contraction time shows up on the EKG as a double

humped QRS,

Hypertrophv. Hypertrophy is an enlargment of one section of
the heart muscle tissue, This enlargment affects the
duration and strength of the wave of excitement and is
visible on the EKG record as a diphasic trace if atrial
hypertrophy is present, If ventricular hypertrophy exists,

the QRS amplitudes are much larger than normal due to the

fact that more tissue is depolarizing.
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Ixni.-ction. Myocardial infarction is an injury to the hcart

t - ¢ caused by an ccclusion of a coeronury artery., An arca

of the heart is then without a blood supply and often

permanent damage occurs. This heart disease is often the
one most commonly called a ''"heart attack’' and, as is well
known, dis many times fatal, If a person survives the

orginal ’'’'attack’'', then this permarent damage shows up in
the EKG as a change in the QRS and T waves, This change
occurs because the infarcted tissuc no longer responds to

the excitation wave and the wave moves around, not through,

the damaged tissue.

This appendix has briefly examined the plhysiology of
the heart and discussed how the myocardial tissue gcnerates
the electrical fields measured by the electrocardiogram.
Though EKG analysis has been practiced for fifty years,
intense research continues in improving EKG diagnosis.
Dramatic improvement in computer aided EKG analysis and
better understanding of the electro~physiology of the heart
is leading to improved cardiac health care worldwide.

The heart diseases discussed above are only a small
subset of the problems which can afflict the human heart.
Should the reader desire a more thourgh background on heart
physiclogy and cardiac disease, Dubin’s book (Ref 13) is
highly recommended. This programmed text carefully leads

the reader through EKG analysis and is easily read. For a
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nore firm background on the electro-physics of the heart,

t: ¢ rticle by McFee and Naule (Ref. 20) provides a cood

Y

tutorial review on EKG history and research,
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Appendix B

Introduction :

In 1948, Claude Shannon published a classic paper (Ref
30:379-423) titled tr A Mathematical Theory of
Communication’’ in which he laid the foundation of modern
information theory. Shannon used his ''information theory''
to describe, mathematically, the interrelationships between

the components of a '’'typical’’ communication system as

illustrated in Figure B-1.

— T T 1
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Fig B-1. The communication system model (From Ref 4).

This appendix is written as a basic tutorial on

information theory, and is intendecd to acquaint the rcader

e e Ao ot ——— 1 - — g
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with the terminology used in describing the data compression
techniques in chapters 2 and 3. The appendix bLegins vith a
review of the information source, proceeds to a discussion
of the transmission channel and Shannon’s rate distortion

theory, and concludes with a description of the system

encoder/dccoder.

Information Source

For his initial analysis, Shannon proposed modelling
the information source as a discrete stochastic process
whose output is governed by known statistics. As pointed
out by Davisson and Gray (Ref 10: 2-4), the discrete—time
model was commonly used for any or all of the following
reasons: (1) digital communication links have become common
place; (2) a continuvous time process can be modelled as
discrete by sampling, orthogonal functiom expansion, or
waveform segmentation; (3) greater simplicity.

The source is characterized by a finite set of possible
outcomes known as its alphabet A. The occurrence of a
particular alphabet symbol is governed by probadbilistic
descriptors (1.e. probability density functions) and it is
assumed that the source produces only one symboel from the
alphabet every Ts scconds. Hence the information source has
a symbol rate of Rs=1/Ts symbols per second.

The next question of interest is how much information
is conveyed by the occurrence of a given source synbol? If X

is a discrete random variable occurring at time t, and x is




an element of A, then the random variable sc¢lf information

c.: ¢ Jefined. That is
I(x)=-10g p{X=x} (B.1)

where p{X=x} is the probability that X=x,

According to this description, the less probable an ecvent
is, the more information is conveyed when it occurs, The
base of the logarithm is unspecified, but in this thesis it
is assumed to be base 2, Hence the occurrence of symbol x
reveals I(x) bits of information,

The amount of information received per observation is
of intere:t, but one would like a mcasure of the
‘'uncertainty’’ or '‘randomnecss’’ of the source. If the
stochastic process defining the source is considered
stationary (a pretentious assumption but one generally made)
then the output of the source is a sequence of random
variables with identical probabilistic descriptors. The
probabilistic descriptor will be defined as {u} and could
represent the moments of the random variable or its
probability density function (PDF), If, in addition, the
source is considered ergodic, then statistical averagcs
equal time averages and calculation of the set {u) is
greatly simplified.

Given that the discrete process is ergodic, or at lcast
stationary, then the source output at any time is described

by the random variable X with range A={x(1),x(2),...x(n)]).

The measure of the '’'uncertainty’’ or ’''ranuomness'' s




¢celined as the entropy of the source and is given by the

.. tion
meX)=- } p.log,p, (B.2)
1 1

where p is the probability of occurence of the discrete
i

value x | If p, =0, then the term logzllp, is defined
i i i
equal to 0 (i.e. no contribution to the cntropy). Should

Y

the range A be of infinite extent (i.e. a continuous I
source), then the above series may not converge nor would Y
pl{x) necessarily be defined. 1TIn this case, H(X) is defined ]
as positive infinity.

As example (Ref 19:15), let X represent the outcome of

amth

a single roll of a fair die. Then A={1,2,3,4,5,6} and p
i

=1/6 for each i. Pere H(X)= } 1/6 1og,6 = 2.58 bits.
é

In the above example, the statistics governing the J

occurrence of a given outcome were uniform. This represents

the '"'most random’' case with a resultant maximum of the
entropy function. Should the die be ’'loaded’'’, then the
predicted outcome is '’'less random'' and hence the value of

H(X) would be reduced.

The next important component in Shannon's communication

model is the transmission channel.
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Transmission Channel

The transmission channel is also assumed to be &
discrete time, finite alphabet device which accepts and
transmitts to the receiver one symbol in a finite alphabet B
each T seconds. The alphabet B is often binary, hence the
dimension of the symbol space (defined as [{B]l) is 2 and

B={0,1}. The transmission rate of the channel is defined as

R =1/T_ channel symbols (bits if binary) per second. If the
output of the source process is defined as {X}, and the
channel is ''noisy'', then the received symblol {Y) might

not equal the transmitted symbol {X}. A noiseless channel

transmitts symbols with no error in which case ({X}={Y}.

0 —*1 f—— O
| =t |t |
r-\ —_— -
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° .

Fig B-2. A discrete memoryless channel (From Ref 19:19)

For simnplicity, let the channel be modelled as a
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discrete memoryless channel (DNC) as depicted in Figure
T2, The PIHC 36 described mauthenatically by o conditjonnl
probability which relates the chance that a given output y
was the result of a given input x., Tf the input to the

channel is a random variable X, and the output is a random

variable Y, then a quantity called conditional entropy can

be defined. The equation defining conditional entropy is:

nxiy) = } } p(x,y)log, -—==~3-= (B.3)

For a given pair X,Y of random variables, H(XI|Y) represents

the amount of uncertainty remaning about X after Y has becn

observed.

Now since H(X) represents the uncertainty about X
before X is known and H(X|Y) represents the uncertainty
after, the difference H(X)-H(X|Y) must represent the amount
of information provided about X by Y. This quantity is

called the mutual information between X and Y, and is

denoted by

T(X;Y)=m(X)-u(x{y) (B.4)

With the above definitions in hand, the most important

quantity of a communications channel can be described; that

quantity is the channel capacity. Channel capacity is
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defined as the maximum amount of information, per unit of

time, which can be '"'reliably'' transmitted over tle

channel. That is

C=max{I(X;Y)} (B.6)

Channel capacity is closely related to another important
parameter of a communication system known as the

rate—-distortion function.

Rate-Distortion, Shannon postulated the existence of a

———_ o Y

mathematical distortion measure, d(X,Y), to measure the
distortion or loss resulting if a source symbol X is
reproduced as Y, Unfortunately this abstract distortion
measure is difficult to quantify, As stated by Becrger (Ref
4:6), '"'"the unavailablity of a distortion measure that is
both physically meaningful and analytically tractable j
constitutes one of the major obstacles to progress in

L ]

(communication) system design.

Assuming one has such a distortion mecasure, then
associated with most source—-user pairs is a function R(D)
called the rate distortion function. The rate distortion is
important in that it gives the designer a mathemsatical tool
to measurec the amount of distortion that can be cxpected for
a4 given transmission rate, A communication svstem can
achieve a given fidelity D if and only if the capacity C )

exceeds R{(D). Hence R(D) is the effective rate at which the
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produces infermation subject to the constraint that

source

tolerate arn ver: v odistertion of D,

N oL er vun

————

R(O)Y € H

— 4 - — - -— -~ + 0D
D"‘Ol

Fig B-3. A typical rate distortion function (From Ref 4:7),

The simplest source—-user pair is a discrete memoryless
source (DMS) and a single letter fidelity criteria, The DMS
produces statistically independent, identically distributed,
discrete random variables. Assuming a singie letter
fidelity criterion, every time the system presecnts the
letter y to the user when the source output was actually x,
a nonnegative penalty p(x,y) is determincd,. The
rate—-distortion function for the above case is plotted in

Figure B-3. As can be seen from the Figure, R(0) is equal

01

I

to N(X). This last result leads to Shannon’s famou:. chanp

coding thecorem which states that if the symbol rate is less

than the channel capacity, it is possible to transmit with

perfect fidelity. That is, if the entropy of the source,
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BHON), 1s less than or equal to the chaninel capacity C, then

transr sy on witllh sore crror oo o he ebtadined, Thic aroezi:

result is not without cost, however, To reduce the source

entropy (as seen by the channel) requires coding. Encoder

In most circumstances, the output of the information
source is not suitable for direct input into the channel.
To match the source to the channel, much like matching
impedances in circuit theory, is the job of the encoder,

The encoder incoporates all of the functions which
process the source data for transmission over the
communication channel. This includes coding,
analog-to~digital conversion, and modulation. In order to
transmit without loss, integers K and L must exist such that
KTs=~LTc. This guarantees that the received sequence {Y} has
the same symbol rate as the transmitted sequence [X}.

As illustrated in Figure B-1, the endoder is divided

into two functional subunits, The first of these subunits

is the source encoder.

Source Encoder. Source encoding is the operation by which
the source output is mapped into an alterate symbol set with
the goal of reducing source seguencce dependence (i.e.
reduoce redundancy). Source coding is the transformation in

The first source codes, as concecived by Shannon, were
block codes where blocks of source symbols were mupped into

a single representative channel symbol, This type of
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encoding is simple, but efficient only if the source repeats
2 vivern, constunt len:t), seowernce of syiibols on o frecuernt
basis. Another type of source coding is variable length
coding,

In variable length codes, those source symbols which

occur most frecquently are assigned the shortest channel
codewords,

One of the most popular variable length codes in use was
originally proposed by Huffman (Ref 16:31-34) in the early
fifties. This code is in 8 c¢class known as uniguely
decodable (UD) codes., UD codes imply that the codewords,
regardless of length, are unique sequences. IHence decoding
is instantaneous upon codeword reception(i.e. the decoding
does not depend upon reception of the next codeword).
McEliece has shown (Ref 19:244-245) that the Huffman code is
optimal in the class of UD source codes.

Mary techniques for source coding are available,.
Chapter 2 of this thesis discusses some apprcaches used in
'"compressing’’ electrocardiogram waveforms,.

The otuput of the source coder is generally a seqguence

of discrete symbols (i.e. binary 1|0) suitable for futher

processing by the channel coder.

Channel Encoder., Shannon proved that if the ra<e of the
source, as seen by the channel, is less than the channel
capacity C, then ’'’'noiseless’’ or error free¢c transmission is

theoretically possible. The goal of channel encoder is to

combat channel noise to achieve a probability of ecrror (Pe)

126




which approaches zero,

Channel encoders allow a reduction of Pe by sclectivelyw
reinserting redundancy which has been removed by the source
coder. This redundancy allows error detection, and with the
proper codes, error correction by the decoder. How close
the Pe approaches zero is purely a function of the effort
(and money!) spent on channel coding.

A common channel coding technigque is the use of
**parity’’ bits in digital communication. With parity
checking, a bit {(or bits) is added to the source word which
represents the number (odd or even) of '"'omnes'’' in the
word. For example, if odd parity is defined and the source
word is 1100101 then a single parity bit of 0 implies an
even number of ones (1100101/0).

Parity checking in the example above will detect a
single bit error in transmission. A more powerful technigque
is Hamming codes.,

The Wamming code is in a large class of codes known as
linear codes. Hamming not only detects errors in
transmission, but will correct errors to a certain level.
This correction is accomplished by multiplying the reccecived
codeword by a matrix known as the syndrome. In the case of

Hamming codes, the output from this transformation is the

bit position in error.

Decoder

As would be expected, the decoder is the inverse
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operation which outputs an estimate of the data irnput to the

cnvode T, The deceder is corpe cod of tre covnnel decoder ond

the source decoder. The channel decoder uses the redundancy

added by the channel encoder to perform error checking
and/or correctio . The source decoder takes the '‘correct’’
data output from the channel decoder and ''dccompresses''
the data to produce an estimate of the information source.
Information theory has shown that if enough time,
complexity, and money is spent on channel encoding, and the

information rate is below the channecl capacity, then ''error

free’'' transmission is possible,.

Conclusion

This appendix has been a very brief summary of a very
large field of study. The key words underlined throughout
this text are terminology which appear in the theory
chapters (2 and 3) of the thesis. For a more thorough,
mathematical treatment of the fields of Information Theory
and Coding, the reader is encouraged to refer to the
textbooks by McEliece (Ref 19) and Berger (Ref 4). The IELE
Press and Benchmark book (Ref 10) is an execcllent source
for a survey of the key papers in the field of Data

Compression.
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Appendix C

This appendix contains the 6800 assembly languade
source programs oi the EKG-DAAS.
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ING-IXEC-8

tee2o
00040

SEFa
tol

1D00

*

* * * #*

**********************************************

pROCRIIT I FUC=INIC

AUTHOR ¢ CAPe, Tul TATTILD

VERSION : 1.8

VERSION DATE 2 OCT 80

PROGRAM DESCRIPTION

THIS PROGRAM IS THE FXECUTIVE ROJTIMNE WHICH
CONTROLS THE EFXORCISTR LKG DATA ACOUISITICM
SYSTEM, THIS ROUTINE CALLS OVIRLAYED TROGPRIS
WHICH PERFORM DATA COLLECTICN,COHPRESSICN, STORAGE
AND RECONSTRUCTICI.

THIS SOFTWARE IS T SUPPORT OF THFSIS RESEARCH
TO IDLHTIFY THE MOST EFFICIENT EKG DATA COMPRESS-
ION ALGORITHIT IM THE TEST SET.
COMMAND OPTIONS
0=STORAGE WITHOUT CO:PRESSION (10 BIT)
1=COIMMPRESS WITH ALGOR TOLAN-A
2=C0IPRESS WITH ALGOR TCLAN-B
3=COMPRESS WITH ALGOR DOVER
4=COMPRESS WITH ALGOR 2!D ORDER INTERPOL
5=COMPRESS V/ITH ALGOR TURNPT
6=DISPLAY COLLECTED DATA & STATS
7=JUMP PROGRAM CONTROL TO DOS
8=JUMP PROGRAM CONTROL TO EXBUG
9=LOAD & EXECUTE OTHER OVERLAYS
S=SAVE CUR MEM FILE TO DISK
START OF PROGRAI
ORG $1D00 PROGRAM START TOCATI(R!
oPT 0 ASSB OPT TO CREMNTE (a1 UTLE

OFT NOG ASSB OPT TO SUP IPCC 1,067

LABLE DECLARATIONS
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£anTo
Q0=80

0061C
00620
00630
00640
00650
00660
00670
006 80
006 90
00700
060710
00720
00730
00740
00750
00760
00770
00780
00790
00800
00810
00820
00830
00840
00850
00860
00870
00880
00890
00900
00910
00920
00930
00940
00950
00960
00970
00980
00990
01000
01010
01020
01030
01040
01050
01060
01070
01080
01090
01100

CA36
F0OCO
2800
C75RB
ccyr
c7cs8
C803
€807
CE52
CBEDA
E055

3066
3060
3062
3058
305A
305C
001B
0008
3002
3400
3004
3057
1C9%
1C98
1Con
1C9B
1C9D
1Cor
1CAD
1cAl
1CA3
1CAa5
1CA7
1CA9
1CAB
1CAD
3490
3494
3496
3497
3498
349n
349R
349D
349E
34170

G
KEYERDO
EXBUG
DOS
WRITEO
CLRPAS
DRIVE
RLIB
WLIB
LOAD2
DOSTR2
BYTE

*

* DATA
*

NAME
TEMPX]
TEMPX2
STARTX
ENDX
GOX
PROGX
BUEMH
ENDBUF
HDRSTR
BUFFER
TYPE
STKSAV
CPRTYP
COUNT
NAMPTR
VECSAV
OLAYGO
LGOFIG
FILHLC
SAVELC
HXASLC
IXBUr
PDFPLC
OVRLIC
OVRIUF
LOCPCT
SAHPNO
LPCAL
MAXZ,
MANZ1.0
MINZ
MINZ1LO
MAYY
MAYYLO
MINY

BQU
QU
mu
BOU
BOU
BOU
BOU
BQU
EQU
EOU
BQU

BUFFERS

EOU
EQU
EQU
EQU
BQU
EQU
EQU
EQU
EQU
EQU
EOU
BQU
ENU
FOU
FOU
U
EOU
BOU
LOU
EOU
EOU
nOU
EQU
£ou
EQU
EQU
LOU
U
FNU
ou
FOU
Fou
FOU
FOU
nu
QU
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S3066
S3060
$3062
$3058
S305A
S305C
S001D
S0008
S$3002
$3400
$3004
S3057
$1C9%
S1C93
S1Co9N
S1CO9R
$1CSN
S1C9F
S1CAO
S1CAL
S1CA3
S1CAS
S1CA7
51CAN
S1CAR
S1CAD
$3490
$3494
$340G
$3497
$3498
S3497
340D
S349D
S349E
S$34A0

AT e (T
PO LA

. » . e
EOS, KEYDRD [1iiw TOCTIrn
EXBUG, EXBUG ITUIRY PT

DOS, DOS EITRY T

EOS. CLR PASS D BUFFER

EOS. CLR PASSHRD PUTFR
EOSIO, DSK DRIVE SELECT
EOSIO,

EOSIO,

EOS. LOAD PRG!M ROUTIME

FOS., ALT PGS EITRY 10C
MIKBUG, GET TO HEX DIG FR1 TE

NAME BUFFR I'OR FILY 1/0
TP 2 BYTE S70OR POFER
TENP 2 BYTE STOR RUTER
LOYVEST ADDR USED I PRGH
HIGUEST ADDR USID 1M PRCI
START FXECUTE ALDR

DISK I/0 ERR VEC ADDR

JF WITHH ADDR OF LAST CHAR T
START OF !N FILE DR SFCTOR
KEYED IMPUT PUPTER START
TYPE OF I'ILE FOR 1/0

T21P STACK CAVE RUPTTR
CONIRESSION 'TYPE BUFFER
GINERAL 8 PIT COUMTITR
NAE PGINTER FOR CCUISCLE 1/0
IRO VEC SAVE RULPTER
OVERLAY FXECUTE I'LAG
PRSTAT LOAD VS EXECUTE FIG
FILIDR SUR ADDR PASS 2L
SAVERT, 8UB ANDR PRSS BUF
[IMASC SUB APDR PASS RUP
IPZSC PARNIATTR PUFFER
PDFPRT SUBR ADRDR PASS DUF
CVETAY SUIRY AP Phss vew
OUVPLAY PARAVATIR 709 TUPFER
TOTL CML TOCPS T 0 01T
NI OF SANPLES it
ML OF CAL TOCPS T 1 70
MAX VLU I G 2
LOC OF MAX VLU Tl € 0
NI VLU IN CH 2
IOC OF MIM VIU I 0
PAX VIO IN CH Y
IOC OF 1Y VIU I on
MIN VLU IN CH Y




r o —

EEG-Ta=8

1110 341 NINVIO PO S24AL IOC OF M VIL Lo C Y

01120 3403 MAXX EQU S34M3 MAX VILU IN CH X

C11ze 374 VANNIO PO S2ANG [OC ¢ 2oy T T oy

1150 3346 SN FO §3.°6 Sk SR IS R G At

01150 3477 MINXLO EQU S34A7 LOC OF MIMl VLU IM CH X

01160 3479 MEMBIT EQU $34A9 MM OF BITS AVAIL I'GR STO

01170 34AC DTABIT EQU S34ANC NP1 OF BITS USHD 10 STO DPA

01180 34R0 XRITS BOU $34R0 NUH OF BITS USED 70 STO X

01190 34B3 YBITS EQU $34R3 NIt OF BITS USED TO 810 Y

01200 34B6 ZBRITS IOU 83406 NUM OF RBITS USID TO $10 2

01210 34R9 TRITS BNU $34R9 N OF RITS USID 7O &0 TS

01220 34RC ACELCT BEQU $34BC # BITS FED TO VAR LI COLTR

01220 34C2 BASSAV EQU $34C2 SAVE LOC FOR VI.U R3620 I'yd

01240 3460 MAXMIN QU $3460 START CF MAX,MIN ASCII RUFFIR
E‘ 01250 34C3 ENTRPY EQU $34C3 START OF ENTRODY TARLE IN ASC
g 01260 3C00 SECZRO DU S3C00 SEC 0 OF MEM FILE

01270 0019 SAVEX EQU $0019 TEMP LOC 10 SAVE ILDEX RIG

01280 3500 XPDF  EQU $3500 INC OF ¥ PDF VUFIER

01290 3700 YPDF  EQU $3700 LOC OF Y TDF TUrien

01300 3900 7PDF U $3200 LOC OF 2 PDF NUPTER

01310 3B00 TPDF  BEQU S3p00 LOC OF TIME PDI" BUFPER

01320 8000 BUFEND EQU $6000 END OF !EM DRUF

01330 *

01340 * HARDIVARE ADDRFSSES

01350 *

01360 ES00 DACZRO QU SE500 DAC 0 ADDRESS

01370 E502 DACONE QU SES02 D :THIS PAUTITNE IS THE EXECUTIVE

01460 * CONTROLLER OF THE EXG DATA ACQ SVYS

01470 *

01480 *

01490 1D00O OF START SEI STOP POSSIELE INTI. G! RFSET

01500 1D01 CE 4000 LDX #54000

01510 1D04 FF ES500 STx DACZRO  CLR DACS & SET SEL 1 HIGH

01520 1D0O7 FF ES502 STX DACONE

01530 1DOA CE 214A LDX PILIDR

01540 1DOD FF 1CAl STX FILHLC  PUT FILIDR ADDR IN PASS BUFY

01550 1D10 BA 3620 ILDA A S3620

01560 1D13 R7 34C2 STA A BASSAV  SAVE CURRENT #$3620 ItV RUF IO

01570 1Dl16 CE 20¢8n LDX $EAVIPL,

01580 1D19 FF 1CA3 STX SAVELLC  PUT SAVEDPL ADDR IN PASS BUF

01590 1DIC C& 23DRB LDX #HXASC

01600 1IDIF FF 1CAS STX HYASIC  PUT HXASC ADDR IN PASS RUF

01610 1D22 CT 22C2 DY #+PDFPRT

01620 1D25 I'F 1CAD aTX PDFPLC  PUT PDFPRT AR IN PASS RUF

01630 1D28 Ck 2067 IDX $OVRLAY

01640 1N2B FF 1CAR STX OVILIC  PUT QVRLAY ADDD I mrea nrp

01650 1D2F C® 1D00 LDX #START

01660 1D31 FF 2801 STX DOS+1

01670 1D34 7t 1COF CLR OLAYGO  CLR CVVPIAY ICH FLAG

01680 1D37 7F 1CAD CLR [GOFIG CLR FRSTAT LOAD I'IG

01690 1N3A 4F CLR A

01700 1D3B I'D C7C8 JSR DRIVE INSURE FXEC T1¥ TN 77 0R 0

01710 1D3E BD 11G6P JSR CDIN PROMPT & 7 Inoooirm

01720 1D41 C1 30 cMP B 4'C IS CM'D ASCIT 072
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C1730 1D43 26 09 5910 EXCHL MO, CHPCR otk CIrDSs
01740 145 CF 1DC7 LDX #MNOCPR 1LOAD OVEPLLY NATE PTR
RSB EA SO AR
Cl7Ce ael 70200 L (QYARING IO & PR Y
01770 1ND4E C1 31 IXCM1 CMP B #'
01760 1D50 26 09 BNE  EXCN2

! 01790 1D52 CE 1DCF IDX  #TOLANL

: 01800 1D55 FF 1CAD STX  OVREBUF
01810 1D58 7E 2067 JMP  OVRLAY
01820 1D5B Cl 32 EXCH2 CIPB #'2
01830 1D5D 26 09 RiE EXCH3
01840 1DSF CE 1DD? IDX  #TOLAN2
01850 1D62 FF 1CAD STX OVREUF
01860 1D65 7E 2067 JMP  OVRLAY
01870 1D68 C1 33 EXCM3 QP B #'3
01880 1DGA 26 09 DNE  EXCl4
01890 1DGC CE 1CDF LDX  #DOJIR
01900 1D6F FF 1CAD STX  OVRDUF
01910 1D72 7E 2067 JMP OVPLAY
01920 1D75 C1 34 EXCM4 (TP B %'4
01930 1D77 26 09 BNE  EXCHS
01940 1079 CE 1DE IDX  #INTER
01950 1D7C FF 1CAD STX  OvRRRY
01960 1D7F 7F 2067 JMP OVRLAY
01970 1DR2 C1 35 FEXCMS CMP R #'5
01980 1D84 26 09 RIE  EXCH6
01990 1D86 CE 1DEE ILDX FTURNPT
02000 1D8C FF 1CAD STX ovoeur
02010 1D8C 7E 2067 JHMP OVPLAY
02020 1D8F C1 36 [EXC6 CiP B +'6
02030 1D91 26 09 BE BN
02040 1D93 CE 1DF6 IDX  $DISPI
02050 1D96 FF 1CAD STX ovreur
02060 1D99 7E 2067 JMP  OVRLAY
02070 1D9C C1 37 IXCHM7 CMP B #'7
02080 1DYE 26 09 PNE  EXCMB
02090 1DAO CE 2PCD LDY.  #S2BCD
02100 1DA3 FF 2801 STX  DOS+1
02110 1DA6 7E 2800 JIP - DOS
0212C 1DA9 C1 238 XCHg i o'
02130 1DAB 26 03 RE  EXCNY
02140 1IPAD 7F F00OO0 JMP EXBUG
02150 1DRO C1 3¢ EXCII9 QP B #'9
02160 1DN2 26 Q9 PE FXCHS
02170 1DP4 CE 1DPR DX $OVIISC
02180 1DBR7 D CAR7 JER oUTPUT
02190 1D2A T7E CI'DA JHMD DOSTR2
02200 1DPD C1 <3 FXCHS QP B #'S
02210 1DRF 26 03 PNE EXCFM
02220 1NC1 ID 208F JSR  SAVEI'L
02230 1DC4 7E 1DOO IXCID JNp START
02240 *
02250 177 4K NOCPR - FCC /NOCPRS* /
02260 1DCF 5 TOLAN] FCC JTOLAN =AY/
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Fii = e
270 10T 54 TCLI2 PCC /TOLN =h*/

Q220 1DDF 44 DOTER - FCC /DOTER* /

r Lo TIER - BCC SN

SR ! SO AN ST

02310 1DF6 44 DISPL, FCC /DISPLAY*/

02320 1DFE 1A OVIMSG FCBR Sia

02330 1DFF 45 FCC /ENTER "RUN FILNAIE" TO LOAD & EXECUT
02340 11825 4F FCC /OVERLAY "FILFNAME"./

02350 1E38 0DOA FDB SODOA

02360 1E3A 28 FCC / (WARNING: OVERLAY MUST FIT BETWEEN /
02370 1ESD 30 FCC /0100-1400)/

i 02380 1E67 0ODOA FDB SODOA, SODOA, $003F, $2004
02390 *

g 02400 * END EKRG~EXEC

! 02410 *

: 02420 *FUNCTION :CMDIN i
02430 *INPUTS (REG) :NOE 1
02440 *OUTPUTS (REG) : 13 :
02450 *CALLS :OUTPUT, KEYDDO 1
02460 *DESTROYS :ALL REGS ‘
02470 *PURPOSE :TO PRINT PRQMPT MESSAGE AND READ COMMAND
02480 * FROIM COMSOLE. 1
02490 * }
02500 1E6F CE 1E7F CMDIN IDX #CMDISG LOAD OUT PIR
02510 1E72 BD CASF Js QUTICR
02520 1F75 BD CA36 JSR KEYEDS
02530 1E78 FE 3002 LDX ENDBUF  SET PRT TO LAST CHAR ENTERED 4
02540 1E7B 09 DEX q
02550 1E7C E6 00 A R 0,X
02560 1E7E 39 RTS 1
02570 * :
02580 1E7F 1A07 CMDIMSG FLB S$1A07,SCDOA, SOR0A, SOROA, SOAOA
02590 1E89 45 FCC /EKG DATA ACQUISITICH SYSTEl/ 1
02600 1EA4 ODOA FDB SODOA, SCDOA !
02610 1EA8 43 FcC /COMMAND OPTICNHS:/

02620 1FB8 ODOA FDR $0DOA, SODOA
02630 1ERC 44 FCC /DATA ACQUISITION/
02640 1ECC ODOA FDR SODOA, SODOA
02650 1EDO 20 FCC / 0=STORAGE WITIl NO COMPRESSION/
02660 1EEE ODOA FDB SODOA
02670 1EF0Q 20 FCC / 1=CCNPRESSION VIA TOLAN ALCORITHM A
02680 1F14 GDOA FDB SODOA
02690 1r16 20 FCC / 2=CONPRESSICN VIA TOLAN ALGORITIIM B
(2700 1F3A ODCA FDR SODOA
02710 1F3C 20 FCC / 3=COIPRESCION VIA DOTER ALGCRITHM/
02720 1FSE ODOA FIB SODOA
02730 1F60 20 FCC / 4=CONMPRESSICH VIA 2ND ORDER INTERPI
02740 1FR9 ODOA FDB SODOA
02750 1FeR 20 FCC / S5=COMPRESSION VIA TURNING POINT ALG
02760 1FR1 ODOA FDB SODOA, SCDOA
02770 1FD5 44 FCC /DATA DISPLAY/
02780 1FC1 CDOA FDRB $0DOA, SODOA
02790 1rCH 20 FCC / 6=PRINT DATA STATISTICS OR /
02800 1FE1 44 FCC /DISPLAY DATA/
L
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YRG-1X-8

greie
02820
g203d
SRTENN
02850
02860
02870
02880
02890
02900
02910
02920
02930
02940
02950
02960
02970
02980
02990
03000
03010
03020
03030
03040
03050
03060
03070
03080
03030
03100
03110
03120
03130
03140
03150
03160
03170
03180
03190
03200
03210
03220
03230
03240
03250
03260
03270
03280
03290
03300
03310
03320
03330
03340

1FTH
1PFl
2000
2004
2014
2016
2028
202A
2050
2054
2066

2067
2064
206D
2070
2073
2076
2079
207B
207F
2081
2083
2086
2088
208B
208D

CDOA

50

QR

~N
A
&~

O0DOA

20

0DOA

20

0ODOA

45
04

BD
BRD
Ce
FF
FE
ED

B7
BD

Bl
27
8E
6E
39

20Kl
ccsy
3066
1CoB
1CAD
20EF
22

3057
CE52

1CoF
05
NO49
00

oo SODOA, SODOA
FCC /PROGRAM CONTI.CL/

R SCDOA, SODOA
AN VANEONSARSELO N $1074
FDB SODOA

FCC  / 8=RETURN TO EXRUG/

FDB $ODCA

FCC / 9=LOAD & EXECUIE USER ENTERED OVERL
FDB SODOA, SODOA
FCC /ENTER COMMAND NOW=/

FCB 4
*
* END CMDIN
*
*

*FUNCTION :OVRLAY
*INPUTS (REC) :X
*OUTPUTS (RTG) IR

*CALLS CLI2AM, POt 1, OVERLAY AT C,X
*DESTROYS :ALL RIAGISTERS

*PURPOSE :TO TOAD AD 1311 FXECUTE OVERLAYS
* ASSOCIATID WITH ERCG-EXIC &

* SPECIFIED BY THE INFUT CCHMMAND,

*

*

*

OVRLAY JSR CLPNAM
JSR CLRPAS
DX NANE

STX NAMPTR

LDX OVRRUL
JSR PUTHAM
IDA A #$22
STA A TYPE
JSR LOAD2
IDA A #iSAA
CMP A QLAYGO
BEQ OVRKTS
LDS #Sn049
JMP 0,X

OVRRTS RTS

*

* END OVRLAY

*

*

*FUNCTION :SAVEFL
*INPUTS (PEG) :NCHE
*OUTPUTS (RFG) :NGHE

CLR NAME BUFFER
CLEAR PASSI!CRD BUFFTFR
PUT DOS FILENANE BUP 1M NAMPT

POINT X TO OVRLAY I'AMNT
PUT OVRIAY NANE I NAME
DEFINE FILE TYPE

LOND FILE POIITED TO BRY STK
SET UP COIPARE FOR (WRLAY FCN
1S FLAG TRUE?

YES. TREAT (JPLAY M8 SUBR

NO. TREAT GVILAY AS ADRS JUIIP
JUIP TO OVERLAY

*CALLS :CLRPAS,DRIVE,VWLIR,VRITEG, QAT

*DESTROYS :ALL REGISTERS

*PURPOSFE, :TO SAVE FKG DATA FITES RETIDING I

*IN MEMORY LOCATICNS 3A00-7FFT CH DTSR, 107 M I8
* PICKED OFF OF FILE HEADFR AT TOC 3AGI-3.0%.

*
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ERG-1X-8

03350
OR?GH
03380

03390
03400
03410
03420
03430
03440
03450
03460
03470
03480
03490
03500
03510
03520
03530
03540
03550
03560
03570
03580
03590
03600
03610
03620
03630
03640
03650
03660
03670
03680
03690
03700
03710
03720
03730
03740
03750
03760
03770
03780
03790
03800
03810
03820
03830
03840
03850
03860
03470
03860

')P E” '
”OJ&
2095
2098
200
209F
20A
2074
20A6
20A8
20AR
20AL
2081
2084
2087
20[’\4“\
208D
2081
20C2
20C5
20C8
20CB
20CE
20D1
20D3
20D6
20D7
20DA
20DD
20E0

2001
20E4

20r6
208
20FA
20ED
201C
20EL

20EF
20F2
2005
2000
2019
200°R
201C
20FF
2100
2102
2103
21006

4}
e

v
R6
R7
Cr
PE
CE
&
86
7
CE
PP
CE
FF
Ct
rr
D
BD
CE
rD
BD
BD
RD

D".‘
D
Ar
R
cn
PD
39

CE
C6
86
N7
08
SA
26
39

2308
7
35
e
Ch
32
&1
27
N
08
Fr
[N

51
BTt
ar
3620
34C2
2141
1CoB
3402
49

22
3057
3400
3058
TFFFP
305A
2800
305C
1p
ccer
2119
CASP
£Q55
cics
ceoy
oe
C75B

¢7Cs
2123
CAg7

3066
oe
20
00

FA

1CH6

1CoA

3066
08

04
15

00

3060
1C9m

*

SAVTTL

*
CLRNAM
CLENAQ

CLRAL

*
PUTNAM

PUTRAL

RER
-
[ERAN
1DA
STA
1DX
i
10X
BSR
LDA
STA
LDX
STX
LDX
STX
1D¥
oy
ST
JSR
LDX
JSR
JSR
JER
JER
DX
JSR
CLR
JSR
1LDX
JSR
RTS

LDX
DA
LDA
STA
INX
bEC
BNE
RTS

STS
CLR
XS
1DX
LDA
T,
cp
RI0
STA
X
STX
1DX
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ClLIN A
CLEon
S3620
RASEAN

\y\- 'Q('
LAMPTR
$IDRCTRA2
PUT AN
2522

TYDE
$HDRSTR
STARTX

FBUFEND-1  LOAD BUFFER IND

ENDX
#$2800
GOX
FROCGX
CLRPAS
SDRVMSG
OUTNCR
BYTE
PRIVE
WLIR
BRI
VRITEQ

DRIVE
#CATISG
QUTPUT

STHSAV
COUNT

EUAME
48

#5804
PUTHA2
0,X

TR
NANMITTR

Crh ol prrren

I L Vo e

'I.'.'.'

CET @ I (( l R SAVE

SAVE lf‘ BUPETR

SET P PIR 106 I'fT NAE

POTNT X TO FILEIIN TN DATA

T PITATAT I

SET WPl CF PILE

LOAD BUFFER START

LOAD 1LGO ADDRITSS

CLR PASSYRD BUFFER

SELECT DRIVE 01 FOR ¢

WRITE BUFFER 10 DISK

RESET PDRIVE BACK TO 0
LOAD OUipuT POTHTER

POINT 70 BAME DUPFER
SET UD CIAR Cronem

ASCI1 G"I\CI
FILL IANME BUPR

SAVE STACY POITTER

CLEAR Qv

CTRANGEE N PO DT
PICK UDP o v

ST UP N
PULTL Cople a0 27

Is 17 /?

YES, MAN PP

NO, sgmorb Gl

SAVE TUDEN 173

LOAD COPMITT * o0

WITH SPACHS

"J--""""""""""""!!IIlIllllllllll.llll||........-,‘

e
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st (N
LT LA™ O

i
i
1

C3ta 2109 A7 00 STA A 0,X STORI TN NAMENS

03000 2101 08 INX INCR POINTER

(AR § G AR A S LANDTR

Civoe 210 b 2060 Lo TEIER) RESTCRL INDLN KiG

03930 2112 5A DEC B

03940 2113 26 16 RIE PUTNAL 8 CIIARS YET?

03950 2115 rio 1C9 PUTNAZ IDS STKSAV ~ YES. RESTORE STACK

0390 2118 39 RTS

03970 *

03560 2119 ODOA DRVIMSG FDB SODOA

03990 211R 44 FCC /DRIVE? /

04000 2122 04 FCB 4

04010 2123 1A07 CATHSG FDB $1A07,S0DOA, SODOA

04020 2129 44 FCC /DATA SAVID ON DISK FILE /

04030 2141 0008 TIANRMSG RMB 8

04040 2149 04 FCB 4

04050 *

04060 * END SAVEFL

04070 *

04080 *

04090 *FONCTION :FILHDR

04100 *INPUTS (REG) :NONE

04110 *OUTPUTS (REG) :hCNE

04120 *CALLS :OUTPUT, KEYIDO

04130 *DESTROYS :ALL REGISTIRS

04140 *PURFOSE :TO TIUIT DATA BUFTER WITH ACCOUNT

04150 * DATA (MNAI,DATE, TN, FTC) AND CLIEAR FOR NEW

04160 * DATA STORAGE.

4170 *

04180 214A BD 2ID7 FILITR JSR CLRBUF  FILL DATA RUF WITH I'ULS

04190 214D pD 21CH9 JSR CLRSEC  FILL I PTIH SEC 3400 W17 A

04200 2150 Bp 2282 JER PDECLR INTTIALTZE COLL PANA

04210 2153 PR O1CO98 DX CPRTYP  PICR UPp CCIiTR TYPE

04220 215C FF 24500 STX HDRSTR  STR IN HIADER SECTOR

04230 2159 CZ 2115 LRX ANAMEIS CUT FIR

04240 215C BD CASRF JER U1 CR "NAUL FILE PLEASE?"

04250 215 BD CA36 JER KEVEDO

04260 2362 C6 02 IDA B #S02 HEARER STNR OFFSET

04270 2164 D 42 BSR TXTSTR  STCRE PIIILOTT 1D BR/ADER SEC

04280 2166 77 PSii B SAVE NIYT AVALL PLaD 10C

04290 2167 ¢ 2200 1.DX #SURINS

04300 2164 BD CALK JSR UTICR "TEST SUBRJITCT ID?"

04310 216D BD CAS6 JSR KEYDRO

04320 2170 3 PUL R RFIRIFVE STOR GOl

04330 2171 D 25 BER TXTSTR

04340 2173 37 PSH B

04350 2174 C¢ip 2217 ILDX SRATIIS

04360 2177 PD CAPR JER QUTHCR "COLLICTION orrrm, e - ATp?”

04270 2174 D CVI6 JER KEYPDO

04380 217D 33 PUL, B

04320 2178 ¢D 28 RER TXTSTR

04400 2180 37 Psti

04410 2181 Ci 2747 INX EDATIIS

04420 2184 pPD CAtY JER (@ RO "DATE (05 Jon 2gy
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21eA

2188
219
2194
2197
2198
219A
219R
2198
21A1
2104
2125
21N7

21A8
2113
21AF
21B1
21B2
2183
21B4
2185
2117
2118
21bAa
211¢
21ipn
21FF
21C0
21C2
21C4
21C5
21C8
21C9
21CC
21CE
21D0
21D1
21D4
2106

21D7
21DA
21DC
21DR
21DF
21E2
21E4

21E5
219

5C
BE
39
CE
&6
AT
08
&c
26
39

co
&6
hvi
08
8C
26
39

3 225E

CABF
CA36

2270
CABF
CA36

01

1C%6

£ 3003

3400

FB
04

06
00

F5
00
1C96

3400

3400
00
00

2000
rg

0DOA

4E

TXTST1

TXTST2

TKTRTY

CLRSEC

CLRSEL

*
CLRRUFP

CLRBU]

*

NAMEMS

JER

PUL B

R
LDX
JSR
JSR
PUL B
BSR
PSH B
DX
JSR
JSR

BSR

STS
LDS
LDX

INC A

CBA
PLT
PUL A
CiP A
PEQ
STA A
INC B

BRA
STA A
INC B

LDX
IPA A
STA A
INX
CrPx
RiE

LDX
DA A
STA A
INX
CPX
BHE

FDB
FCC
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~/PD0

ARGl Aan
TREENT

#TIMFMS
OUTIICR  "TIL)E (1420) 2"
KEYRDO

TXTSTR

$CONTI'S
OUMNCR  "COMIEVIS (M 80) 2"
KEYBDO

TXTSTR

STRSAV  SAVE STACK
$PUFFFR~-1  TOINT TO DNPUT DUCPER
#DRSTR  POIMT TO bBV/DER

SET A 10 ZERO

IS A = OFFSET?
TATST] MO KEEP INCGTTIC
YES, GET CH/AR FRGT STACK

4504 IS IT 4
TRTRTN ~ YES. BRI TEiT ,RITUDY
0,X NO. STORE CHAR IN HEATER
TXTST?2

0,X

STKSAV ~ RESTORE STACK

$HDRSTR  POINT TO DATA BUF START

#$20 ASCIT SPACE
0,% STORE SPACE

#XPDI IS SECTOR SPACED?
CLRSEl  COUNT > ZRO?

NO. RIN
#HDRSTR  POTHT TO DATA DUF
#00 ASCTT MULL
0,X STORE NUILI

#BUFEND 1S IIDEX RIG AT END?
CLRBEUL NO. EFEP GOING
YES., RETUPH

SODOA, SODOA
/NAIE DATA FILE PLEASE? /




FRG-1X-E

04970

A EalhTe]

050
05010
05020
05030
05040
05050
05060
05070
05080
05090
05100
05110
05120
05130
05140
05150
05160
05170
05180
05190
05200
05210
05220
05230
05240
05250
05260
05270
05280
05290
05300
05310
05320
05330
05340
05350
05360
05370
05380
05390
05400
05410
05420
05430
05440
05450
05460
05470
05480
05490
05500

2200
AR

221k
221F
2223
2246
2247
224B
225D
225E
2262
206F
2270
2274
2287

2288
2289
228C
228E
228F
2292
2294
2297
2299
22¢C
229F
22N

22173
220\5
2206
2209
2280
22AD
22N
2212
22105
2218
220D
22pn
22C1

04

(MO

G4

CDOA

43
4

0DOA

44
04

0DOA

54
04

0DOA

43
04

4F

N7
08
8C
26
c
&6
FF
ar
CE
N7
08

26
86
C6
B7
B7
n7
7
F7
£7
39

3490
00

34C3
F8
021F
FO
34A9
34AB

3500
00

3C00
F8

€0

7F

3497
34¢p
3423
3490
3410
3406

FCR
SRS RN

FCi
RATEIS FDRB
FCC
FCB
DATEMS DB
FCC
FCB
TIMENS FDB
FCC
FCB
CONTHMS FDB
FCC
FCB

*

* END FILHDR

*

*FUNCTION

*INPUTS (RFG)

4
SCDOA, SONNA

SODOA, SODOA
/COLLIICTION SMIPLING PATE (500 1z)? /
4

SODOA, SODOA

/DATE (05 JUL 80)? /
4

SODOA, SODOA

JTIMNE (1423)? /

4

SQDOA, SOD0A
JCOIWENTS (MAX=80)? /
4

:PDFCLR

s NONE

*QUTPUTS (REG) :NOIE

*CALLS ROTHING

*DESTROYS :A,RB,X,CC

*PURPOSE :TO INITIALIZE STATISTIC VAR & CLFAR

* PDF' BUFFERS

*

PDFCIR CLR
LDX
PDFCLO STA
INX
CPX
BE
LDX
LDA
STX
STA
CLR
LDX
PDFCL1 STA
N
CcrX
WE
IL.DA
LDA
STA
STA
STA
STA
STA
STA
RTS

*

A

A

A

TRXI>>>E>

* FND PDICLR

139

FILL PARAY BUPT WITH O
#LOOPCT
O,X

#ENTRPY FILL WITH 0 UP TO EITROPY BUR
PDFCLO

$$021F  STORE !AX POSSIPLE RITS IN I'E
#SFO

MEMBIT

MEMBITH2

£XPDr NGO CLR PDF BUF AREA
0,X

#SECZRO

PDFCLI

#$80 MOW SET UP INITIAL AN & HINS
#STF

MAXZ

MAYY

MAXX

MINZ

MDY

IINX




GO0
06060
e
b
06090
06100
06110
06120
06130
06140
06150
06160
06170
06180
06190
06200
06210
06220
06230
06240
06250
06260
06270
06280
06290
06300
06310
06320
06330
06340
06350
06360
06370
06380
06390
06400
06410
06420
06430
06440
06450
06460
06470
06482
06490
06500
06510
06520
06530
06540
06550
06560
06570
06580

2377 4

2329
2330
2333
2336
2337
233A
233D
2240
2343
2346
2347
2349

234A
2354
2357
2362
2366
236E
236F
238
23EN
2394
2316
23BA
238
23pF
23C1
23CD
23D1
23D7
23D8
23DA

?3DR
23DE
23p7
23E0
23E1

neo1o RN S CUTC U vpE rrn
26 00 DA A 0,X LDA MR BYTE OF PDF VLU
60 T, LY Lo
COLACT Poe PR T
FF 1CA7 STX EXBUF
BD 23DR JSR HXASC QW & STO MSB IN ASC STR
17 TBA
L 23CF LDX #PDF11S5+2
FF ICA7 STX HXBUF
BD 23DB JSR HXASC COIIV & STORE ISP IN ASC STR
Cr 231B LDX #PDFNS3
BD CAG7 JSR OUTPUT  PRINT STRING
32 PUL A RETRIEV VI,U II'DDX
DE 19 IDX SAVEX RETRIEC CUR PDF ADDR
39 RTS
*
1A0C PDFMS]1 FDB S1A0C, SCDCA, 30204, SOACA, SOAOA
3A FCC /FILE /
0008 PDRIAN BB 8
ODOA FDB SODOA, SCDOA
43 FCC /CHANNEL /
0001 PDIMS2 RMB 1
20 FCC / MMPLITUDE DISTRIBUTICHN/
ODOA FDB $SODOA, SODOA
44 FCC /DATA VALUE/
20 FCC / MIBER OF OCCURFHCES/
O0DOA FDB SODOA, SCDOA
04 FCB 4
20 PDFMS3 FPCC / /
0002 FDEIIS4 R¥B 2
2E FCC Y
0004 PDIMSS BB 4
20 FCC / (HEX)/
04 FCB 4
0p23 PDFMS6 FDB SOD23
04 FCB 4
*
*
* END PDFPRT
*
*PUNCTION :H¥ASC
*INPUTS (REG) :A,X,DTA FOR COMV,LOC OF ASC S$TOR
*QUTPUTS (REG)  :NONE
*CALLS :NOTHING
*DESTROYS :A,CC
*PURPOSE :TO COWIRT 1 TS CF LIIX DATA
* INTO 2 BYTES OF NhS3CII
*
*
FE 1CA7 HXASC IDX HXBUF
36 PSH A SAVE DTA O &%
44 ISR A SHIFT TOP 4 RITR 7C L1 4
44 ISR A
44 ISR A
141




ro

i LXG-IX-8

$35510
05520
5230
05550
05560
05570
05580
05590
05600
05610
05620
05630
05640
05650
05660
05670
05680
05690
05700
05710
05720
05730
05740
05750
05760
05770
05780
05790
05800
05810
058620
05820
05840
05850
05850
05870
05880
058690
05900
05910
05920
05930
05940
05950
05%0
05970
05980
05990
06000
06010
06020
06030
06040

-~ -

22C2
22C5
22C8
22CB
22CF
2201
22D3
272D6
22D9
220C
220%
22e0
22E3
22E5
2288
22D
22EE
22F0
22r2
22F5
2287
22FA
228D
2300
2302
2304

2305
2306
2308
2200
230D
2308
2301
2311
2314
2317
231A

2315
231C
231F

2321
2324

CE
FF
CE
RD

I
jo

&8
57
bR
o
&5
D

o

&5
R7
&
ch
&o
£D
CE
&6
B7
BD
CEk
&6
D
39

4c

27
NS}
0k
0R
20
rn

o
39

36
Dr
(P
Br
D

23510
1con
3402
zomp
2340
C\ J
236E
AT
35040
7F
25
234A
59
236E
CA87
3700
R
13
2344
SA
2365
CAYT
3¢00
7F
0l

7F
07
2318

Y
-

3

73R

roa23n8

Chgr

19

23np
a7
230R

*
*

*F:...:(»v:‘”‘:: ORI

LB

4_;---lllllllllllIlIlll!!'*!-E—'-!llIllll-ung5-—-35=====..-!!EE::,_1‘

ron

ey ey s
(, A.\.:,\ ..

*OUTPUTS (PIG) :MCHE

*CALLS :OUTPUT
*DESTROYS ("EG) 2, B, X, CC
*PURPOSE 110 PRINT JUFLITUDT DISTRIDUTION
* DATA QOiPILED DURING DATA COLLECTICH,
*
PDFPRT IDX  #PRFRANM PUT CUR MEM FILE RAME TN MG
STX  NANIPTR
IDX  BHDRSTR42
JSR  PUTHAS
IDX  4PDFMSL TOAD MSG POINTER
LDA A #'X
STA A TPDFIS2  STOR ASCIT X TO MSG
JSR  CUTRUT  "CEATIEL M APLITUDD LM
IDX  #XPDE POINT WO X PR DTA
LDA A #S7F INTT COUNTIR
RSR  PDFPRl  PRINT X PDIF DATA
IDX  #PDFMS1  STOR ASCIT Y 7O I'SG
LDA A #'Y
STA N PDFIS2
JSR  QUIPUT
IDX  #YPDF  POINT 10 Y PDF DTA
IDA A #S7F
BSR  PDFERL
LDX  4PDFIS
LDA A 4'%
STA A EDITIS2
JSR  OUTRUT
LDX  #2PDF
IDA A #STF
BESR  FDFPR
RTS
*
PDFPR1 TNC A
CHP A HSTEF 256 VLTS PRIT'D YLT?
PE)  PDFPR2  YES. MUNIT
JSR PRIVLU  NO. PRINT VLUR TO OCHSCLE
NX
THX
PRA  IDFPRl  PRINT NEXT VI
PPFPPZ JSR PRTVLD
Lo EIDFIS6
JSR OUTHCR
RTS
*
PRTVLU PSH A SAVE VALUE T'DEN T1,
STX  SAVER  SAVE IAC TOT VD U0 v X
IDX  #PDIIIS4  DPICK UP STRE.C Tl
STX  HXBUP
JSR IXASC  COMV VLU TUDIX TO S0 71 o oTh
140
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FRG-EX-8

0h5%0
N6600

-
'

0620 2

06630
06640
06650
06660
06670
066 €0
06690
06700
06710
06720
06730
06740
06750
06760
06770
06780
06790

44

v
32
&
A7
39

84
81
2C
£B
39
8B
39

03
01

OF
0A
03
30

37

LER A

BSR
LA
BSR
STA A
RTS

*

IXTOAS AND A
P A
EGE
ADD A
RTS

HXTOAl ADD A
RTS

*

* END HXASC
*

IXTOAS
0,

HXTOAS
1,X

#S0F
#S0A
IXTOAL
#530

#5837

QOIV SEPT'D RITE TO ASC

Cey e my T eeeq-
Su D AL

QO LOY 4 TO ASC
STR IN ALPH STRING

CLR TOP 4 BITS

IS NUM GE HEX A?

YES., ERANCH & ADD BIAS Or 37
NO. ADD BIAS Or3C & RET

* END OF EKG-EXLEC ROUTINLS

*
IND
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(‘v\.l v
000

ooC70
000¢0
00090
00100
00110
00120
00130
00140
00158
001€0
00170
00180
00190
00200
00210
00220
00230
00240
00250
00260
00270
00280
00290
00300
00310
00320
00330
00340
00350
00360
00370
00380
0030
00400
00410
00420
00430
00440
00450
00460
00470
00480
00490
00500
00510
00520
00530
00540
00550
00560

0100

AAAKAARAAS A AR AA KA XA A KA A A KRR A AP kA A AR F A KK I P AR AP SRS 25 ko

*

* QA v sTeTr Y

* ‘.. N ARG Y
* VERSICH :1.5

* VERSICN DATE 4 NOV 80

*

dhkkkkhkkhkkkhhkk kAR A Ik kA kk kA kA Kk h kA Ak Rk *kFhhkkkhkkkhkk*

PROGRAM DESCRIPTION

THIS PROGRAM DISPLAYS TVE STATISTICAL DATA
CALCULATED DURING 1HE COLLECTION OF 20 FEKG
RECORDING., 1TUE USER HAS SEVERAL NOT'S OF DATA
OUTPUT AND THEY ARE LISTED I “¥5 COMAD STRIG
BELOY., THIS PROCRAIT ALSO PRCDUCTS FRCRARTLITY
DENSITY FUNCTICH (PDI) PLOTS O THE DATA QOLLICITD
ON CHAMIFL, ¥,Y,0R Z VIA D/A CORIVERTERS, TUHD DATA
(PDF) IS DISRLAYILD G 72D CCCILLISCORT.

IN ADDITICH, THEZ CCMID STRING ALLO'S RICCISTRUCT
AND DISPLAY OF PRIVICUSLY CCoIrCTED DATA O 7D
OSCILLISCOPE., THE RECONSITIICIICH RCCTILS ARE
OVERLAYED OVLR THI TRIIT STATISTICS (PRSTAT)
ROUTINES.

COMMAND OPTIONS

0= RETURN TO TiG-I¥RC

1= PRINT CURRIIIT [3MORY PILE STATISTICS

2= PRINT PDF 7P ITUDE TARLES

3= DISTLAY XPDI (7 THE O3CILLISCCIR

4= DISPLAY YEDIF OV ‘IYE OSCILLISCONE

5= DISPLAY ZPDF¥ CN THD CSCILLIGCORD

6= RENCONSITUCT & DISPLAY CH X ON
THE OSCILLISCOPE

7= RECONSTRUCT & DISFLAY CH Y Cl
THE OSCILLISCOPE

8= RECONSTRUCT & DISPLAY CH % CN
THE OSCILLISCODZ

9= LOND MENORY PILE FRCOI1 DISK

A I R R E R E

khkhkhkkkhkkhhkhkhkhkdkhkohkhrhdhkkrbhhkdhhkdkhkxd Atk krkhhhkkkkk
khkkkkkkkhkhkhk Kk hh kA kR Ak kFA T A AN kFhkhk kA hdh ARk bk khkhhhkk
*

* START OF DISTL

*
khkkhkkkhkhkhkhkhkhkhhkkhhhkhhkhkhhkkkkhkhhkhhkkhkhhkkrAk kb hkrvkhkkk

*
ORG $0100 FROCRAM ORICIN

*
OPT o ASSB OPT, LIST ASSRLY
OoPT NOG ASSB OPT., SUPPRISS FCC LIST
*

dhkAkhkhhkhkkhkhkkhkhkkAhkkhkhhhkhhhkdhkhhhkhkdhhhkkhhkkhkhkkhkhdkhk
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DISLA~S

0on70 *

00500 * LABFL DECSRIPTIONS

00610 *

00620 CASF  OUTNCR EQU  SCAEF CORATOS, OUTCT ST ING T
00630 CA36  KEYPDO LU SCA36  LURGITOS, IUWT AL @l
00640 1D00  START FQU  $1DOO KO- CL START ATUTES
00650 CCAO  MAKNAA EQU  SCCAO  FPRO™MOS, GET FILE hf PRON
00660 €803  RLIB EQOU  $C803  EPRATOS., SET UP 20D 1/0
00670 2800  DOS  EQU  S2800  DOS. PUSIVAT 140G

006 80 C43C  READO PQU  $C43C  EPROTOS, BEAD DISK ROUTINT
00620 F0SS  BYTE FQU  SE055  MIKBUG. DIPUT 2 IIEX DIG Fpri
00700 C7C8  DRIVE EQU  $C7C8  EPRGIDOSIO. READ DISH LOUSTIR
50710 0500  PRSTAT EQU  $0500  PRINT QOLLEC STAT ROUTINE
00720 *

00730 * DATA BUFFERS

00740 *

00741 0020  CHILBE EQU  $0020  CIANEL DESICUATOR #OR DECERS
00750 3400  FDRSTR EQU  $3400  IEM FILY IIDR ADDR

00760 3500  XPDP  DQU  $3500  LOC OF CH X TDF DUEFTER

00770 3700 YPDF  EQU  $3700  LOC OF CH Y PDF DBUPILR

00780 3900  ZPDF FOU  S$390C  LOC OF CH Z FDF BUPFIR

00790 FFF8  IRQVEC QU  SFFF8  LOC OF T'IT VECICR ADDRESS
00800 1C9D  VICSAV EQU S1C9D  TEIP IROVEC SIVE LOC

00810 3002 EMDRUF FQU  $3002  TUF WITH ADDR OF TAST CIAR
00820 1C9%  STKSAV EQU  S1296 TP STACK STORAGE NUTTHR
00830 0019  SAVEX EQU  $0019  TEMP TN REG STOTAGE RUTTER
00840 000A  EMEIH EQU  S$SO00A  END EM APDR FOR DISK I1/C
00850 001B  PROGX FOU  $00IBR  ERR VFC ADDR

00860 1COF  CLAYCO EQU  SICOF  OVRLAY !'ODD FLAG

00870 3057 TYPE  EOU $3057  FILE YDT DOFRFR

00880 1CA9  PDFPLC EQU  SICAS  PDFPRT ADDR PASS BUITTR

00890 1CAB  OVRLIC FQU  SICAB  OVRLAY ADDR PASS DUPPIR

00900 1ICAD  OVRBUF EQU  S$ICAD  OVRLAY PARAMENTR BUPRFER

00910 *

00920 * HARDIARE ADDRESSES

00930 *

00940 ES00  DACZRO EQU  $ESCO  D/A COUMVERTER ZERO

00950 EA00  ADCZRO QU  SE400  A/D CO.AVLRTFR 7LRO

00960 *

00970 *

00980 *PUNCTION :DISPL

00990 *INPUTS (REG) :NONE

01000 *OUTPUTS (RIG) s 1CHT

01010 *CALLS :OUTHCR, KEYPDO

01020 *DESTROYS 2,1, CC,X

01030 *PURFOSE :DISTT, IS TUE QOITIATD FXEC 1. o]
01040 * COMMAND THPUT IRON 0 i, o 1
01050 * DIRECTING EXLCUTICH OF 104 & 1)) O
01060 * IONS.

01070 *

010€0 *

01020 0100 CE 0100 DISPL 1D #DISPI,
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o St

DISFLA-5

01100
£I110
AR
01130
01140
01150
01160
01170
01180
01190
01200
01210
01220
01230
U1240
01250
01260
01270
01280
01290
01300
01310
01320
01330
01340
01350
01360
01370
01380
01390
01400
01410
01420
01430
01440
01450
01460
01470
01480
01490
01500
01510
01520
01530
01540
01550
01560
01561
01570
01580
01590
01600
01610
01620

0103
0106
01ce
010F
0112
0113
0115
0117
0119
011C
011E
0120
0123
0126
0129
012C
012E
0130
0133
0136
0139
013C
013F
0141
0143
0146

0149
014c
014F
0152
0154
0156
0159
015C
015F
0162
0165
0167
016¢°
016C
01l6F
0172
0175
0178
017Aa
017C
017F
0182
0185
0188
oren
018D

FF
CE

(e e

£D
FE
09
E6
Cl
26
7E
Cl
26
CE
FF
3
7E
Cl
26
BD
CE
BED
BD
7E
Cl
26

1)
Fai)

BD
BD
7E
Cl
26
CE
BD
BD
BD
7B
Cl
26
CE
BD
BD
PD
7L
Cl
26
3
F
CE
FI’
7E
C1
26

2801
025R
36
3002

00
30
03
1D00
21
0C
01E4
1CAD
1COF
04D6
32
OF
C4CB
0463
CA8F
CA36
0100
33
or
3500
0470

04A0
04BA
01F4
34
OF
3700
0470
04R0
04BA
01r4
35
oF
3200
0470
04A0
04BA
01F4
36
or
0020
1Cor
01EC
1CAD
04D6
37
10

DISPL1

DISPL2

DISPL3

DISPL4

DISPLS

DISPL6

DISPLY

(S g

wid L

LDX

PO
[N

Jdoi
1.DX
DEX
IDA B
CiP B
RNE
JMP
CHlP B
BNE
IDX
STX
CLR
JMP
PR
RBNE
JSR
DX
JSR
JS&R
JMP
Ci'P B
BNE
IDX
JSR

JSR
JSR
JMP
CGlP B
BNE
1DX
JSR
JSR
JSR
MP
QP B
BNE
LDX
JSR
JSR
J&R
Jutp
CilP B
BIE
CIR
CLR
ILDX
STX
JNP
e B
BNE
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DOS+1

#DISPHS

i - n(-‘-—: RS ,.?w - ....n
EUURI I N U

ENDBUF SET UP IN DATA BUF POINTER

0,x GET LAST CHAR INPUT FROM TERM
#'0 WAS 1T 072

DISPL1 NO. CHEK IF 1

START YES. RET TO EKG-LEXEC

#'1 WAS COMIIAND 172

DISPL2 NO, CHEKC IF 2

#PRSNAM GET "PRSTAT*" TO SEND TO OVEL
OVRBUF  STCRE "PRETAT" TO OVRLAY BUFF
OLAYGO  RESTE OLAYCO FLAG

OVRLAY

#'2 WAS COMMAND 22

DISPL3  NO, CHEX IF 3

PDFPRT  PRINT PDF AMPLITUDE TABLES

#DISHS1

OUTNCR  "PRESS RETURN"
KEYEDOQ

DISPL

£'3 WAS COMMAND 3?

DISPL4  1NO. CHECK 4
#XPDF GET ADDRESS OF X PDF DATA
MAXSCN  SCAN PDF & FIND SEHIPT KECESSA
TO ALLGW OUTPUT CF PDF VIA 12

PDFTRN  TRANSFLR ¥ PDF 10 UORK BUFFER
SCALE SCALE WORK BUFFER BY SHIFT FR
PDFOUT  NOW DISPLAY X PDF TO OSCOPE,
$'4 WAS CO'AD 42
DISPL5 NO, CHECK 5
#YPDF GET ADDRESS OF Y PDF DATA
MAXSCH
PDFTRN
SCALE
PDFOUT
#'5 WAS COMMAND 57
DISPL6 NO. RET & PRINT COMMAMND PROMP
#ZPDF
MAXSCN
PDITRN
SCALE
PDFOUT
4#'6
DISPL7
CHMLBF  SET CIINL DESIGIATON "CR CH ¥
OLAYGO
#DECPRS  LOAD & RN DECPRS DOUTYTR

JUF STORE "DECPRS" 10 OV @y BUFF
OVPLAY
7
DISPL8




CISTIASS

e

Cle2l
01622
(\w/»‘ ~

01650
01660
01670
01680
016¢1
01682
01620
01700
01710
01720
01730
01740
01750
01760
01770
01780
01790
01800
01810
01820
01830
01840
01850
01860
01870
01880
01890
01900
01910
01920
01930
01960
01970
01980
01990
02000
02010
02020
02030
02040
02050
02060
02070
02080
02090
02100
02110
02120
02130
02140

orer
0191
el
i

0199
019C
019F
01m
0123
01A5
01A7
01AA
01AD
01E0
01r3
01p5
01E7
01B9
018C
01pF
01c2
01C5
01C8
01CB
01CD
01D0
01D2
01D5
01D8
01DB
0lDE
01kl

01E4
01EC

01r4
01re
01F9
01FA
01FD
0200
0203
0206
0209
020C
020F
0212
0215
0217
0219
021n
021E
0221

£6
97

AN
;e

FF
7E
Cl
26
86
97
F
CE
IF
7E
al
26

B7
CE
BD
BD
LD

DF
CE
DF

ED

BD
BD
7E

g
~

44

B7
OE
¥
FE
Fr
CE
FF

FF
CE
7C
27
A6
16
37
F7
08

01
20

Aalala

g

1CAD
04D6
38
10
02
20
1COF
01EC
1CrD
04D6
39
2A
22
3057
024C
CAER
CaNO
ceo3
FFFF
0A
2800
1B
3400
c43cC
04z6
CABF
CA36
0100

AA
0248

0248
FFr8
1C9D
0240
FFT8
07Fr
ESC0
3200
024n
or

00

01

500
ES01

DISPLS

DISPLS

CMDERR
*

PRSNAM
DECERS
*

PDFOUT

PDFOUL

PDICU2

DA
STA
(‘r ™

STX
JMP
P
RNE
LDA
STA

LDX
STX
JMP
ap
BNE
Lba
STA
LDX
JS5R
JSR
JSR
LDX
STX
ILDX

LDX
JSR
LDX
JSR
JSR
Jip

FCC
FCC

LDA
STA
CLI

i8]
N

IDX
STX
DX
Si¥
LY
STX
I.DX
e
224
IDA
LDA
STA
STA
INX
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A
A

3> >

£]
CHNLBI

A alal

OVREUE
OVRLAY
#'8
DISPLY
#2
CHNLBF
OLAYCO
#DECPRS
OVRBUF
OVRLAY
#'9
C'DERR
#522
TYPE
ENAMING
QUINCR
MAKEIAA
RLIB
#SFFEF
EMEHMH
#DOS
PROGX
#IDRSTR
READO
$FILES
OQUTNCR
KEYEDO
DISPL

/PRSTAT*
/DECPRG*

BSAN
DONTST

KOUNT
IROVLC
VECERV
#STOP
IROVEC
#SO7FF
DACZEO
#83200
KOUNT
DI 3
0,X
1,X
DACZ1R0O
DACZRO+1

SET CIUL DILSTENTeR PR CHY

T, e e e DR N I

STCKE "DLCIRS" 10 OVigu bilbi

SET CHML DESIGNATOR I'OR CH Z

LOAD & RUN DECPRS ROUTTNE
STORE "DECPRS" TO OVRLAY RUFF

SET UP FILE TYPE FOR LOAD

"INTLR FILFNAE?"

PUT ADDR T0 LOAD Ti1 IMDEX

/
/

SET INTERRUPI' DONE TEST VLAG

CLEAR TNTERFUPT ASK FOR STOP
CLR BUFFER PRT COOUTTTIR

GET CiR I7n wrcron

SAVE 10 THIP BURETR

10AD ADPREIBS GO STODRING INTR

SEND MAX DOS PUSLE PO SCOPL

GET START ADDR OF &+ 77 2 PUER
EUMP UP PTR COIMTTir.

HAS WHOLE RUFTTR 77007 777
NO. CLT !SB BYTE (5 i it h
GET LSB

SIMD TO D/A QO
SInD TO D/A CO1V
TNC INDEXED ADDRES
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e~ T I
DISTLA-S

2150 0222 0% X

! 02160 0222 20 ™D RRA PO TO0P ACATH

N I N INCA b OO L A SRR SRR A ~
(“llgv ® K N . ' ’ .
02190 0228 27 02 PRQ POFOU4  YES. FXIT DISILAY 1000
02200 0227 20 CD BRA PDFOU1  NO, KEEP STDING DICPLAY
02210 022C or PDFOU4 SEI
02220 022D CE 40600 LDX #$4000  RESET INTR GATT.
02230 0230 FF E5CO STX DACZRO
02240 0233 R7 F400 STA A ADCZRO  RESET ST6 800 INT FLIP FLOP
02250 0236 01 NOP
02260 0237 FE 1C9D LDX VECSAV  GET C2G INT VIC ADLPISS
02270 023A PP FFrF8 S1X IRQVEC  PUT BACK IM IN'T VI'C PUFTER
02280 023D 7E 0100 JMP DISPL T & PRINT QUILAND BROMPT
02290 *
02300 0240 78 0248 STOP (IR DONTST  CLEAR IYML TEST FLAG
02310 0243 B7 E400 STA A ADCZRO  CLREA STG0C0 IN FLIP FLOP
02320 0246 Q01 NMOP
02330 0247 23R RTI REIURN RO LRR0UPe 2D S0
02340 0248 C001 DCNTST RIB 1 INTR DOIE TIST FLEG
02350 0249 0001 SHECHT BB 1 BUF WITH ML OF SHP (0 12 RI
02360 024A 00C1 AYCNT R 1 TENP BUI 90 (OUNT 256 000 10
02370 024R 000) FONT KRB 1 TEMP COUNTFR
02380 *
02390 024C 45 NAMMSG PCC JENTER /
02400 0252 04 FCB 4
02410 0253 44 DRVMSG FCC /DRIVE? /
02420 025A 04 FCB 4
02430 *
02440 0252 1AQ7 DISPMS FIR S1A07,20C0D, SOA0A, SONOA, SOMOA, SONOA
02450 0267 CODOA D3 SODOA
02460 02692 44 FCC /DATA DISPLAY/
02470 0275 ONOA FDR SODOA, SODOA
02480 0279 43 FCC JCOMAND OPTICNS:/
02490 0289 ODOA FDB SCODOA, S0DOA
02500 C2¢n 20 FCC / 0=R:TUIN TO ERG-INEC/
02510 0214 ODOA FDB SODOA, SCDCA
02520 027w 20 FCC / 1=PRINT CURRLNT MEMORY PILE STA
02530 02D5 ONDOA B SODOA, SONOA
02540 0209 20 FCC / 2=TRINT PDIF AMPLIGTUDE TAPIES/
02550 02FA ODCA FDB SODOA, SODOA
02560 02FE 20 FCC / 3=DISPLAY CHf X DM O CACTLLISC
02570 0325 ODOA FDB SODOA, SODOA
02580 0329 20 FCC / A=DISPLAY CH Y PDF (N Cocjinlsc
02590 0350 ODOA FDR SODOA, SODOA
02600 0354 20 rCC / SuDISTTAY ClT g Y0P o (o
02610 03712 ODOA FDD SODOA, 50D0A
02620 037" 20 FCC / G=PECCISIRUCT & DISTLAT 1w o
02630 0374 4r CC JOSCITI10C0Pr/
02640 0370 ODOA FDB SODOA, SODOA
02650 03r4 20 FCC / T=PROCHSITIICT & DISPLAY 1 Y o0
02660 03D9 4F FCC JOSCTILIe00/
02670 03ES ODOA DB SODOA, SOLOA
02680 03E9 20 FCC / CoPECONSTTUCT & DICTLAY Oy
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elelEeo!

02700

02730
02740
02750
02760
02770
02780
02790
02800
02810
02820
02830
02840
02850
02860
02870
02880
02890
02900
02910
02920
02930
02940
02950
02960
02970
02980
02990
03000
03010
03020
03030
03040
03050
03060
03070
03080
03090
03100
03110
03120
03130
03140
03150
03160
03170
03180
03190
03200
03210
03220

04CE
041A
o

VR

0443
0455
0456
0463
046F

0470
0472
0473
0474
0477
0477
047D
047F
0480
o4&l
0483
0485
04€7
0488
0489
04¢A
p4em
04¢D
o4¢er
0422
0492
0493
04%
0498
049n
0490
o4aor

4-

ODOA

e

45
04

50
04

DF
09
09
3
v
7C
27
08
08
NG
81
2D
5F
ac
5C
48
25
20
17

10
Bl
2F
B7
20
DF
39

19

0249
0240
0247
1E

00
08
F3

02

06

0249
E2
0249
DD
19

FCC
FDB
e
FCC
FCB

FILEMS FCC

DISHS1 FCC
FCB

*

*

*FUNCTION

*INPUTS (REG)

*OUTPUTS

*CALLS

*DESTROYS

*PRUPOSE

*

*

*

*

*

*

MAXSCN STX
DEX
DEX
CLR
CLR

MAXSC1 INC
BEQ
X
INX
LDA A
CHP A
BIT
CLR B
CLC

MAXSC2 INC B
ASL A
BCS
BRA

MAXSC3 TRA
IDA A
SPA
P A
BLE
STA A
PRA

MAXSC4 LDX
RTS

*

*

*FUNCT "ON

*INPUTS
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SCSCII LICCADT
SODOA, SODOA

Oz1 72 ST DI U pRcie Do/
oo,
/ENTER QOMPAND NOv=/
4
/FILE LOADED, /
/PRESS RETURK/
4

:MAXSCN

X

:SHIFT REQUIRED IN SHECNT

:NOTHING

:A,B,CC

:THIS ROUTINE SCANIS THE PRI BUFFER PO
TO BY X AND RETUTRIS TUE MININUH

AMPLITUDL COUMS DOVN TO 11 BITS MAG
FOR OUTPUT FRCi4 THE ST6800 D/A (ONVE

SAVEX SAVE PDF ADDR IN X
ARJUST X FOR PROPFR INDEXED L

SHFCNT

MAXCNT

MAXCHT 286 RYTES SCAMMNID YET?

MAXSC4  YES, EXIT WITH COrRiCr SHIPT
NO, INC X & LOCK AT NEXT 2 BY

0,X GET MSB BYTE OF VALUL

#08 IS IT LESS 1HA 82

MAXSC1  YES. NO SHIPT NECESS, GO CHEC
NO, SET UP COMTER
INSURE CARRY CLLAR
NOJ SHIFT UNTIL !SB 1 BIT NIT

MAXSC3  CARRY SET?
MAXSC2  NO, KEEP SUIFTING TIFT
YES., PUT spTRr Coutie It A
$6 CET MAY SHIFT
AND GET DIFFERFNCE
SHFCHT IS SPIFT LB Ceprlsor o8 T QO

MAXSC] YES., ITORE YIS VS0 e
SHECH] NO, SAVE Th1s &iminoo
MAXSC1 MO CO CRECHK NPT 20 73an

SAVEX RETRIEVE IMNPUT X

:PDFTRN
1 X

PYSPRI PRI

-

Noss,




03230
03240
C1070
| 03260
03270
g 032680
! 03290
g 03300
2 03310
| 03320
03330
! 03340
i 03350
] 03360
! 03370

R TR

f 03380
4 03390
' 03400
03410
03420
03430
03440
03450
03460
03470
03480
03490
03500
03510
03520
03530
03540
03550
03560
03570
03580
03590
03600
03610
03620
03630
03640
03650
03660
03670
03680
03690
03700
03710
03720
03730
03740
03750
03760

e yoone-3

DISPLA-5

04n0
04A2
04n5
04n6
0479
04nC
04nE
04AF
04B1
04Rr2
04B4
04R6
04B9

04PA
04BC
04BF
04co
04C3
04¢s
04C7
04C9
04CB
04acc
04CE
04CF
04D0
04p1
04D3
04D5

DF
BF
35
CE

27
32
A7
08
20
DE
BE
39

DF

5F
&8
27
27
67
66
4n
20
08
08
5C
26
DI
39

19
1C%

3200
3400
06

00

S5
19
1C9%

19
3200

0249
0B
07
00
01

E7

ED
19

*OUTPUTS
*CALLS
*DISTROYE

*PURPOSE
*

*
*
*
PDFTRN STX

LDX
PDFTR1 CPX
BEQ
PUIJ A
STA A
INX
BRA
PDFTR2 LDYX
1DS
RTS

*
*

*FUNCTION
*INPUTS
*OUTPUTS
*CALLS
*DESTROYS
*PURPOSE

* % A o A H * %

SCALE STX
LDX
CLR B
SCALE1 IDA A
PED
SCALE2 PED
ASR
FOR
DEC A
BRA
SCALE3 TMX
INX
INC B
BNE
SCALE4 TDX
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NN

:NOTHING

N, CC
:THIS

ROOTINE 'I'RA.'“.,I" TLOPDE S

POINTED TO BY X INTO A !’ORK BUFFER
AREA AT 3200—53[‘[‘

SAVEX
STKSAV

#53200
#$3400
PDEFTR2

0,X
PDFTR1

EAVEX
STKSAV

:SCALE

SAVE INDEX IN TEAP RUFFECR

SAVE STACK POINTIR

SET UP ST/CK FCR BUFP TRANSE

POINT TO WORK BULEF START
DONE TRANSFERING YET?

YES, RET

NO, GET REXT BYTE

STORE IN VORK BUFFER

Q0 GET NEXT BYTE TO TPANSIER
RETRIEVE FNTRY X
RETRIEVE STACK PIR

:DATA IN VORK BUPFER

:DATA IM VWORK BUFFER SCALED BY SIICNT
NOTHING

:2,B,CC

:THIS ROJTINE SCALRS TVE PRI DATA 1IN

THE WORK BUFFER (3200 33FF) PY THE

AMOUNT CALCULATER DY "ANECT TO FIARL
THE ST6 €00 D/A Cp.?\'U"TfR o adr

A POSITIVE VOLTMGE TCRE
THE FREQUIZICY OF OC(I’I{L

T’M Lot
RTIOCNAL 1

Ch Gt Bl

OF THE POSSIBLE 256 NIFLITUDD VALUES

SAVEX
#$3200

SHICHT
SCALE4
SCALE3
0,X
1,X

SCALE?2

SCALE]
SAVEX

SAVE ENTRY X
LOAD VORI BUFFCR START ADDRES

PICK UP SCALE SHIPT COUNT

IF SHFCUT = 0, MO SCALING MEC
IS SHFCNT = 07?

NO. SCALE DATA YOTNTHD T0 BY

non

GO CHTY"T‘ D POATE
TNCRFILT n()‘d\ PUIFTT DATA 1O

256 2 DYTE VORDS &7 0T YFT?
NO, KELp LOTDHIT & SUiTnn
RINMIRIEVE FTRY ¥

—_—

ALt




D3N

e
(,‘:,’"

(13790

v
03610
03€20
03630
038640
03850
036n0
03&70
03880
03€90
03900
03910
03920
03930
03940
03950
039%0
03970

04D6 FE
04D9 6L

04DB FL
04DE 6E

*PUNCTION :OVPLAY

*INPUTS X
AT RS
ACALL ROV U Doy o

*DESTROYS :ALL REG

*PURPOSE :THIS IS A VECTOR ROUTTHE TO CALL CVPLAY
* EKG-EXEC TC LOAD ROUTINES FOR EXRCUTION.

*

1CAB OVRLAY LDX OVRLIC

00

1CA9
00

JMP 0,X

*

PDFPRT LDX PDFPLC
JMP 0,X

*

Khkhkhkhkhkkkkkkhkkhhkkkhhkkhkhkkhkhkhkkhhhkkhkkhhkhkkkhhkkhkhkhxrhk
*

* END OF OVERLAY DISPLAY ROUTINES

*
hhkkhhkhhkkkbhkhkhkhkhkkhk Ak AA K kAN Rk FhFkhkd Rk XA kA kA Fr Ak kkh ki

*
END
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Gl

0000

00070
000¢&0
00090
00100
00110
00120
00130
00140
00150
00160
00170
001860
00190
00200
00210
00220
00230
00240
00250
00260
00270
00280
00220
00300
00310
00320
00330
00340
00350
00360
00370
00380
00390
00400
00410
00420
00430
00440
00450
00460
00470
00480
00490
00500
00510
00520
00530
00540
00550
00560

0500

CASBF
CA36
1D00
2800

1CAQ
1CAS
1CA7
1C9%
3400
3490
3494
34%
3497
3498

***********#********#****ﬂ-

ORG ~ $0500  OVERLAY START ADDRESS
*

oPT 0 ASSB OPT-CGIN ORJ FILE

OPT  NOG ASSB OPT-SUPPRESS FCC LIST
*
*
*
* LABLE DESCRIPTIONS
*
* SUPPORT SUBROUTINE ADDRESSES
*
OUTICR EOU  SCASF  EPROMDOS. ALPH STRING TO QNS
KEYPDO BQU ~ SCA36  EPROITOS. ALPH STRIIG TN PR
START EQU  SIDO0  EKG-EXPC. SO EGR-TYFC START
DOS  BQU  $2600  DOS ERROR VECTOR, USID FOR Ji
*
* DATA BUFFERS
*
IGOFLG EQU  SICA0  TCAD VFRSIS FNECUTE FLAG
HXASIC EQU  SICAS  FXASC ADDR PASS BUFFER
HXPUF  EQU  SICA7  EXASC DRRATITR BUPET
STKSAV EQU  $1CS6  TEIP STACK SAVE PUPITR
HDRSTR EQU  $3400 MM PILD BUAVER START
LOOPCT EQU  $3490  TOTL, CAL 1OOPS IIC 1N UAIT
SAMPNO FOU  $3494 NI OF SANPLES ‘TAKIZI
LPCAL, FQU  $3496  NUM OF CAL 10O0PS FER 1 TNTR
MAXZ  FQU  $3497  MAX VIU T CH 2
MAXZLO POU  $3498  LOCATION OF MAX VLU IN € 2

O3 R AT AR
PR TN Y
VERSION : 1:9
VERSION DATL

s DDHOTAM
PPN

2 OCT 80

PROGRA!M DESCRIPTION

THIS ROUTINE, WHEM LOADED AND EXLCUTED, TAKES
THE STATUS DATA CUPRIZVILY PRESENT IN THE
MEMORY FILE HIZADER SECTOR AND PRIITS THIS DATA
TO THE CONSCLE, THIS& ROUTINE CAN BU CALLID
IMMEDIATILY POLLGWING A DATA COLLECTICH OR
AFTER A PREVIOUSLY CQOLLECIED DATA FILE HAS BEEN
LOADED INTO HENORY FRO DISK,

START OF PRSTAT
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DI AT
. < da

CCo70 3407 N OOPANE S QlN 3408 SR REES LN o i
0050 349 MINZIO DU S244GR LOCATION OF MIv VLU IN Ch 2
DR . AN A A N o (ol I Naa rrvwoNTYIIOTYTO IR vV
DR A : T B R
00610 34A0 MINY  EQU S34A0 HINOVILU L Gy
00620 34A1 MINYLO FQU S34A1 LOCATION O M VILU IN CH Y
00630 34A3 MAXX  BEQU S35M3 MAX VLU IN Cli %
00640 34A4 MAXXLO FQU S34M4 LOCATION OF I'AX VLU It CH X
00650 3476 MINX  EQU S34M6 MTN VLU IN CH X
00660 3477 MINXLO QU S34R7 LOCATION C2 411" VLU IN i X
00670 3409 MEMBIT EQU S3400 NUM OOF RITS AVAILADRLL POR STQ
006 £0 34AC DIABIT EQU $34PC NUM OF BITS USID TGO SR DA
00620 34R0 XBITS EQU $34R0 UM OF RITS USHD TO ST ¥ 1
00700 34R3 YRITS QU $34B3 AN OF BITS US'D TO IR v D
00710 3486 7BITS QU S34D6 MM OF RITS USID T0 £ICR 4 D7 "
00720 34B9 TRITS U $34R9 NUM OF RITS U8 10 OUvVnR TIIE :
00730 34BC ACELCT I'nu S34BC # BRITS PED TO ViRl LI CODPP .
00740 34C2 RASCAV DU 834C2 SAVE N LOC S3620 (it PASIC «
00750 34C3 ENTRRY 10U 834C3 START OF IT0HY PURiTR
00760 3460 MAXMIN FOU $3460 START OF MAY,5TN ASCIT DATA '
00770 *
00760 * 4
00790 *FUNCTION :PRSTAT 1
00800 *INPUTS (ROG) :NONE
00810 *OQUTPUTS (RIXG) :NO¥E ~
00820 *CALLS :OUTPUT, I'XASC
00830 *DESTROYS (RIG) : A, B, CC,X
00840 *PURPOSE : TO LIST STAIUS INFORMATICH FROU DATA ;
00850 * COLLECTICN FILE TO TEIiiTtiAlL, ‘
00850 *
00870 *
00880 0500 8 08 DPRSTAT IDA A £8 CLR lSG FIELDS IN STAT QUITUT
008%0 05C2 CE 0AG6 DX F#NAME
00900 0505 D (920 JSR MEGCLR
00910 0508 €6 35 DA A #53
00920 050A CE QAEC DX #SURJ
00930 050D BD 0930 JSR MSGCLR
00940 0510 & 0OA IDA A %10
00950 0512 C& OADF LDX £RATE
00960 0515 PD 0930 JSR MSGCLR
00970 0518 & 14 DA A #20
00980 051A CE OR0O7 LDX $DATE
00990 051D BD 0930 JSR MSGCLR
01000 0520 & 08 IDA A #8
01010 0522 CE 0R39 1L.DX $TINE
01020 0525 1D 0930 JSR MSGCLR
01030 0528 & 19 IDA A #25
01040 0527 CE OBGF LDX $TYPE
01050 052D BD 0930 JSR MSCCLR
01060 0530 8 35 IDA A #53
01070 0532 CE OF29 DX £COVINT
01020 0535 BD 0920 JSR MSGCT.R
01090 0538 £5 08 IDA A 48
01100 053A ClIb 0R96 I.DX EXINT
152




RRIC

01140
01150
011¢0
01170
011€0
01120
01200
01210
01220
01230
01240
01250
01260
01270
01280
01290
01300
01310Q
01320
01330
01340
01350
01360
01370
013¢0
013¢0
01400
01410
01420
01430
01440
01450
01460
01470
01480
0149C
01500
01510
01520
01530
01540
01550
0160
01570
01520
01590
01600
01610
01620
01630
01640

0a3n

CLa%
0548
05N

24D
0550
0552
0555
0558
0557
057D
0500
05672
05065
0=o Y
ARV
O".5D
0570
0572
0575
057 3
Q57A
0.7D
080
0ou2
0585
0568
QHEN
Q5D
0560
0502
0505
0508

507
055D
0540
Q512
CHAD
0548
00 A
(ARTA\D
0500
05nR2
05u5
008

RD
o,

&6
CE
FD
8
Cr
D

Ch
kD
&
cr
™D

¢4

1D

(S
(&)

ct
D
o

Ph

{0

0930

ne

0930
o8
OreA
(930
08&
ocze
0930
08
cCCe
0030
08
op1l
c020
05

0T

SRR
0%

Dpa9
0620

0%

IR

0¢30

oa

Cio oror
rp 0430
£6 08
Ct ONTD
tn 0030
8 08
003
RD 0930
& 08
crw Orind
1 0650
hHo0f
o Orel
D 0630

e
Ores
0cs0

(o 0R

Cro0e7
[RARNSRERS!
po3enD
PrEo0otD

QsPRE FI

050
051
onCd
057
nera
G%D

006G
P 003
Clonae
pn Noee
PR
PTERLE

JoR
LDA
LDX
JER
LA
DX
JER
LDA
1LDX
JER
1.DA
I1DX
JER
DN
10X
JER
LDA
RS
JER

.',\\
DX
JER
DA
LDX
JER
LDA
DX
JSR
LA
10X
JER
LDA
1DX
JSR
DA
IDX
JSR
TDOA
1Y
JER
DA
15w
JEH
IR

~—
AETAN

J@ BN
JER
T
SR
IV

JoR

A

I

A

HSGCTR

MEGULR
R
22FNT
MGGCIR
#INT
MOCCOIR
70
#MANC PR
MeCCLR
6
TN
PSGCLR
i
&

feyrerw
HSCGCILR
#c
$COTUIR
MeCaI
#8
#AMTEN
MSGCLR
%8
FAMANK
MSGCLR
iR
LAATIY
MSCGCLR
£8
EAMANY
MEGCH?
£R
ENNTTY
TR
#0

LA Y
EINTINY
RS
Ha Y
RS
RO

sopyarned 2 MO DUT DAL IS P DR M




-
Lt

QK’(’(\

0160
01700
01710
01720
01720
01740
01750
01760
01770
01780
01790
01800
01810
01820
! 01830
01840
01850
01850
01870
01880
01890
01900
01910
| 01920
i 01930
! 01940
01950
01960
01970
019€0
01990
02000
02010
02020
02030
02040
02050
02060
02070
02080
02090
02100
02110
02120
02130
02140
02150
02160
02170
02120

NESRIY
5D3

0sDC
{5DF
05k2
o585
05E8
05EA
05D
050
05F3
056
05F9
051°C
05FF
0602
0605
0608
0601
0608
0611
0614
00617
061A
061D
0620
0623
0626
0629
062C
062rF
0632
0635
0638
0531
063F
0641
0644
0647
054N
064D
0650
0653
0656
0650
06oC
s 5k
0662
0665
0668
066w
0661,

Ce
BD
Ce
rr
Ce
D
co
Fr
CE
BED
CE
FF
CE
BD
cr
Fr
CE
PD
&9
PR
CR
BD
CE
rr
CE
BD
CE
FF
CE
D
cr
P
ck
D
G
FP
Cy
PD
Cr
FF
Cr
PD

0ra7
092C

GRS

0r29
093C
34C3
2020
03

05274
0ern
095D
0195
093C
0°FD
005D
QT8
093C
0¢rD
093D
GBPA
093C
CerD
(9D
0cac
093C
0¢rD
09ZD
0CCr
093C
0STD
095D
0p11
093C
QcrD
0een
D37
043C
0cwD
093D
0DH9
Q93¢
0o
095D
ODCTs
093C
0SD
095D
(DD
093¢
0SrD
NoTn
orore
NO3¢

PRETCO

LDX
JSR

r
TreX

LDX
JSR
LDX
CPX
BIQ
JIP
LY
STX
LDX
JER
LDX

.4
LDX
JSR
X
STX
LDX
JSR
LDX
STX
HAD)¢
JSR
LDX
STX
X
JER
LDX
STX
JSR
LDX
57X
LDX
JER
LDX
STX
LDX
JSR
DX
STX
JER
ILDX
ST
LDX
JSR
LNX
STX
DX
JSR

154

EDATE
MEGTPUT

QYT

#COLENT
MSGMIT
ENIRPY
#82020
PRST00
PRSTHO
#ENTCLR
FRMLOC
XN
MSGruT
FENTCLR
FRITLOC
#YINT
FSGRIT
ELTTICIR
FRMIOAOC
EVARY
MSGTOT
FI2VICLR
FR7.0C

MSGPUT
$IMNTCLR
FRILOC
£V CIER
MSGPUT
FEN'ICLR
FRILCC
#CPRACH
MSGEHUT
HENTCLR
FrROLOC
$CTPREFE
MSGHUT
FIDTICLR
FRNLOC
FTINESP
IS EIERUN
FENTCLR
FEOTNC
#COPIY'R
PSGRIT
FLITICTR
FESLOC
HAMANY
MEGIT
FENTCTLR
FRUTOC
BRI

BSGPUT

GLT 1LOC Or IIITPORY PUPFER
CHK 1P [P Oopy CALC NADE?

MO, STORL DD CALC I'SG

YES, GET ASCIT &TRIG FROY HED

»

o e i




T
Prets A0-9

G218¢

alalals)

UedoaslU
02230
02240
02250
02260
02270
02280
02290
02300
02310
02320
02330
02340
02350
02360
02370
02380
02390
02400
02410
02420
02430
02440
02450
02460
02470
02420
02490
02500
02510
02520
02530
02540
02550
02560
02570
02580
02590
02600
02610
02620
02630
02640
02650
02660
02670
02680
02690
02700
02710
02720

0671
or7.

(KTPN
067D
06
0683
068
MR
Cooc
o6 er
0692
0665
0698
06 8
065
0611
0614
0617
06 1A
06AD
06RO
06R3
06F5
0619
0oRC
06TF
06C2
06C5
06C8
06CB
06CE
06Dl
06D4
06D7
06DA
06D
06120
06E3
06156
0600
06EC
05 FF
0612
OGFS
06F8
06FB
ORre
0701
0704
0707
07CA
070D
0710

e,

FFP
CE
BD
7E

™

1Y
CE
BD

™
o

BD
CE
RD
CE
BD
crn
BD

™
v

BD
Ci
BD
CE
ED
CE
BD
CE
Fr
cn
BD

)
is

ED
Ccr
BD
cr
ED
cr
D
CE
ED
FI.
6c
26

ose

5 09FD
* 095D

Qr.e3

e3¢

09D

CosD
QLCs
00zC
0CSFD
09tD
0F7
092C
070A
34C3
093D
0896
093C
ORC8
093C
OTFA
093C
0c2C
093¢
occn
093C
0D11
093C
0D57
093C
0paa
093C
0pCB
093¢
3460
095D
oDrD
093C
or2r
093¢
0rFAl
091C
0E93
(93C
ares
093C
QrE7
093C
3400
AT43
08

PRSTAO

iRSTAL

JSR
JMP
LEX
ST

LDX
JSR
LDX
JSR
LDX
JSR
LDX
JER
LDX
JSR
I.DX
JSR
DX
JSR
LDX
L-ISR
LDX
JER
LDX
STX
LDX
JSR
LDX
JSR
LDX
JSR
LDX
JER
LDX
JSR
DX
JSR
DX
CrX
BHE

%)

1T UET L
AR A PPN

FRMLOC

SENTCLR
FRMLOX
EAMTMY
MSGPUT
FENTCLR
FRMLOC
£AMAND
MSGPUT
#ENTCLR
FRMLOC
#FAMINZ
MSGIUT
PRSTAL
FOITRPY
PRULCC
#XEIT
MSGPUT
#YENT
MSGPUT
$2M7T
MSGPUT
#TENT
MSCGRUT
E£MAXCPR
MSGPUT
£CPRACH
MSGPUT
CPRITE
MSGPUT
FTINEVE
MSGPUT
#COLDUR
MSGFUT
HAXIIIN
FRIL.OC
#AMAXX
M3GTUT
FANINK
MSGFUT
ENMATY
MSGIUT
NS
MSOPLY
EAMANZ
MSCPUT
EAMINTZ
MSGEIT
HDRSIR
#4843
PRSTA2

CET ADDRESS CF ENTRPY BUFFER

NQW PRINT APPROPRIATE DAT TO

NGO GET ADDR WHERE ASC1T MAX,

WOV DECODE opniIms i L re
(NC) NOCPRYE?
MO




-

02740

027 7v
0270
027¢d
02800
02810
52820
02830
02840
02850
02850
02870
02880
02890
02900
02910
02920
02930
02940
02850
02960
02970
02980
02990
03000
03010
03020
03030
03040
03050
03060
03070
03080
03090
03100
03110
03120
03130
03140
03150
03160
03170
03180
03190
03200
03210
03220
03230
03240
03250
03260

0715

071D
071w
0722
0725
0727
0720
072C
072r
0732
0724
0737
0739
073C
073F
07241
0744
0746
0749
174C
074E
07321
0753
0756
0759
075C
0758
0762
0765
076¢&
076D
0768
0771
0774
0777
077x
077D
0780
0783
0786
07869
07 &C
o7¢er
0792
07
07¢8
o7¢n
07 ¢
07A1
0724
07A7

FF

YN

26
CE
rr
20

& 5

26

T
FF
20

26

Fr
20

26
CE
e
20
8C
27
75

™
AL

Pr
CE
BD
CE
5D
LD
cr
LD
m
cr
6
BD

[N
jRS)

D
CE
1A
I'D
ct
b6

95 PD

Ch
Ph
D

D
6
I’lD

CAE
CAZ6
DCCB
CAGY
CN\36
0re4
3405

0055

()

O Wit D W
ANe Rt a B U N SO 1
va
O I S e 4

T

F
(B3]

~

3493
0955
1055
3492
0ach
103C
3491
0955

—
o]
[«

)

PRSTAS

PRETA4

PRIT61

" PRSTAT

DX
STX

W(ﬁl’\

beddl
DX
STX
PRA
CPX
BE
LDX
STX
BRA
Crx
RE
DX
STX
PRA
CPX
ENE
LDX
STX
BRA
CPX
BEQ
JHP
LDX
STX
LDX
JER
LDX
JER
JSR

JSR
JSR
DK
DA
JSR
1L.DX
IDA
JSR
ILDX
I.DA
JSR
IDX
DA
JSR
LDX
IDA
JSR
IL.DX
LDA
JSR
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LOOOTD VES, POINT PO N(0Te
FRILOC

pharay

e e ey

PRETAS KON

$TOLA YES, POINT 1O TCLA =N MSG
FRITOC

PRSTAT

55442 (TB) TOLAN~-D?

PRSTA4 MO

#TOLRB YES, POINT TO TOLAN-B MGG
FRMLOC

PRSTA7

#S444F {DO) DOVER?

FRSTAS NO

#DOAWVR YES., POINT TO DOWER MMSG
FRMLOC

PRSTA7

#5450 (TP) TURNIING POINT?

FRSTAG N0.

#TURNPT  YES, POIIT TO TURNING POINT M
FRMLOC

PRSTA7

#8404 (TN) 28D OFDER INTERTOLATOR?
IRETG1 YIE, TYPE IS RIXCOGHIZID, (CO00
FRROR 0, TYPE NOT RECOGHIZED, PR
#INTER

FRMLOC

STYRE PUT QONFRS TYPE IN MEC
ESGRUT

FHDRUSG N0 PTTO STATYSG DAGE 1
CUTHCR - AND PRINT PRCE 1

YEVEDO

FHDPIS2 NOY PT 10 STATVEG PAGE 2
OUTHICR MDD PRINT PAGE 2

KEYTDO

SMNICMP+2  PICK UP NI QF &NTLS,
SNITTIO+HL CONAT T0 ASCLT, & STCRE
HXASC 70 QUTPUT STRING.
ENUHSHP

SNMIRI0

HXASC

#NUIILPS  PICK UP VLU OF CAL 787
LPCAL & QTDP” 0 ONYUT STRING
HXASC

FIOTLIPH,  PICK U'P TOIT, ILOOP CC
LOOPCT+3 ,COImIRT 10 7 (11 L&t
HXASC TO QUITUT STRING
FTOITLUP4

LOQ2CT+2

HXASC

£TOTLUPH2

LOOPCT+1

HXASC

,J/

AR

. SR

2~ -




|
! IS [
{
03270 07AA CE 105A LDX £TOTLUP
SUTON AT Dy 00 IDA A 1OOPCT
! e T g VA C
03s50uU Urig Co 1udD N EO NIV IR U S SN L O Y U O S G S Y
03310 07106 B6 3473 DA A MAXX CON TO ASCIT & ST 1IN
03320 C7R9 PD 0935 JER HXASC TO OQUTPUT STRING
03330 Q71C CE 1CE LDX EANLOH2
03340 075 B6 3475 DA A MAXXLO+1 ,-
03350 07C2 BD 09%5 JSR HXASC |
03360 07C5 CR 1CDF 1.DX EIXLO
03370 07C& BG 34A4 IDA A MAXXLO
03360 ¢7CB BD 0955 JSR HXASC
033¢0 Q7CE C& 1(CF2 LDX #XMINM PICK UP MIN VLU (N CH X
03400 07D 5 3406 IDA A MINX CONV TO ASCIT & STORE IN
03410 07D4 BD 0935 JSR HXASC OUTPUT STRING
03420 07D7 C¥ 1102 DY $XMINLO2
‘ 03430 Q7DA BG 34A8 IDA A MIXLOHL
03440 070D BD (955 JSR HXASC
03450 07£0 C° 11(C LDX E£XITILO
03460 Q703 PG 34A7 IDA A MINXLO
03470 0716 BD 0935 JSR HXASC
03480 Q7E9 CE 111F LDX YA PICK UP MAX VLU N CE Y
03490 07EC D6 349D LDA A MAXY CONV TO ASCIT & STORT IN
03500 07FF BD 0955 JSR HXASC OJTPUT STRIIG
03510 07F2 CF 113R 1DX FYMAYLOH2
03520 07F5 D6 34CF IDA A MAXYLO+L
03530 07F8 PD 0953 JSR HXASC
03540 07FB C& 1139 IDX EYTIAXLO
03550 Q7FE B6 34¢0 IDA A MAXYIO
03560 0801 BD 0955 JSR HXASC
03570 0604 CE 114C LDX MDA PICK UP MIN VLU O CH Y
03580 0807 16 34A0 IDA A MIWY COV TO ASCTI & STORE TW
03590 ORO0A RD 0955 JSR HXASC QUTEUT STRING
03600 080D CFE 1168 LDX LYMIMLO+2
03610 0810 P6 34A2 IDA A MINYLOHL
03620 0813 ED 0955 JSR HXASC
03630 0816 CE 1166 IDX $YMINLO
03640 0819 B6 34A1 IDA A MINVLO
03650 081C BD 0955 JSR HXASC
03660 0R81F CE 1179 X $#71ANM PICK UP MAX VLU I Cl1 Z
03670 0822 B6 3497 IDA N MAXZ OOV TO ASCII & STORE TN
03680 0825 BD 0955 JSR HXASC OUEUT STRING
03690 0828 C= 1195 LDX £2MAXLO+2
03700 082 BG 3499 IDN A MAXZIOH]L
03710 082E BD 0955 JSR HXASC
03720 0831 C& 1193 I.DX $2MAXLO
03730 0834 BG 3498 IDA A PAXZLO
03740 0837 PD 0935 JSR IXASC
03750 Q83A CE 1106 LDX HZMTMIM PICK UP NI VILU O8N CB 7
03760 083D B6 34CGA LDA A MINZ CONV TO ASCIT § STORE IN
03770 0840 PD 0055 JSR HXASC OUFUT STRING
03780 0843 CF 11C2 LDX £7MTNLOA2
03790 0846 P6 349C IDAN A MINZIOHL
03800 0849 BL 0955 JSR IASC
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PRIVAT-9

3810
03820
L el
03850
03&60
03870
03880
03890
03900
03910
03920
03930
03940
$3950
03%0
03970
03980
03990
04000
04010
04020
04030
04040
04050
04060
04070
040€0
04090
04100
04110
04120
04130
04140
04150
04160
04170
04180
04120
04200
04210
04220
04230
04240
04250
04260
04270
04280
042¢0
04300
04310
04320
04330
04340

oeaC
ogar
e

R

Lo

0858
085R
085E
0861
0864
0867
0864
086D
0870
0873
0&76
0879
0&7C
087F
0882
0885
0888
0888
o8er
0891
0894
0897
0697
089D
08r0
08N3
08N6
0ens
0erC
o8rr
0en2
0ER5
0&B8
0&RB
08Bt
0eCl
08c4
08C7
oaca
08eCD
08D0
0€D3
08D5
0809
o8nC
0EDF
08E2
oars
08E8
oorm

-
I

B6

(.
B6
BD
CE
B6
BD
CE
B6
BD
CE
BS

B6
BD
CE
E6
BD
CE
B6
BD
Cct
139
BD
Ct
BS
ED
CE
D6
BD
ch
P6
ED
CB
59)
BD
Ck
&)
BD
CE
R6
ED
CE
B6
D
CE
B6
PD
Cr
o

D

11C0
3498

(RN
1nUt
3403
0955
120C
34AR
0955
120A
3479
0955
1248
34nF
0955
1249
34BE
0955
1247
34rD
0955
1245
348C
0555
127r
34N
0955
127D
347
0955
1278
34AD
095

1279
347C
0855
12R7
3452
0955
1225
3481
0955
1283
34R0
0955
12rr
3405
0955
121D
344
0955
12t
3403

055

[OX

LDA

JUTAN
LDA
JSR
DX
LDA
JSR
LDX
LDA
JSR
LDX
LDA
JSR
IDX
LDA
JSR
LDX
1DA
JSR
LDX
LDA
JSR
LDX
LDA
JSER
1.DX
LDA
JSR
LDX
DA
JSR
DX
LDA
JSR
IDX
LDA
JSR
DX
LDA
JSR
IDX
I.DA
JSR
LDX
LDA
JER
LDX
LDA
JSR
TDX
LDA
JSR

A
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HUITO

MINZ1O

P B PO R TN . . . .
MEMBIT+2 AVATLARIE FOR DATA STCR
HXASC , QONV TO ASCIT & SYCR
#AVARTTH2  IN OUTPUT STRING
MEMB1T+Y

HXASC

#*AVABIT

MEMBIT

HXASC

#TCPRIT+6

ACELCP+3

HXASC

#TCPR1T+4

ACELCTY-2

HXASC

F1CPBIT+2

ACELCT+1

HXASC

#TCPBIT

ACELCT

HXACC

FTOTRIT+H  PICK UP MUM OF BITS
DTABITH3 MCTUALL STORID

HXASC RECAUSE CF DATA
FTOMITHS  CCIIPRESSION, COW 10
DTABIT+2 ASCIT & STORE IN
HXASC ouiryuT STRIVIG
1OTRITH2

DIMBITHL

FXASC

FTOTRIT

DIrnIT

HXASC

EXBITHI4+4 PICK UP NUI OF BITS
XBITS+2 ACTUALLY STCRYD MOk
PRASC DATA IN CHSINEL X,
AXBITMIH2 . O0NV 70 ASCII &
XBITS+1  STORD TO OUITUT STRING
HYXASC

1XBIT

XRITS

IXASC

#YRIT 44 PICK UP N OF nyns
YRITS+2 NCIUALLY © NS

HXAGC DATA TN CHpe it oy,
#FYBTNM4H2 . QONV TO ASCTT &
YBITGS41  SICRE IN OUTTUT S5hit
HXASC

EYRITYN

YRITS

HXASC




’-————-————'————-‘m__ﬂ

DRENR -9
04350 0EEE Ck 1327 DX FZEITYIHA PICK UP MU O DITS
04360 0fF1 B6 34B8 IDA A ZBITS+2 7CTUALLY STORID ,‘(R
C2770 0574 TD 00E5 AN I'JI( DATA YT T,
ST CRET7OC 1355 Laxs PEnIT Tz Cow Ll STy
04390 08&'A B6 34B7 LDA A ZBITb+1 STORE IN QUTPUT SIRT‘;G
04400 0EFD BD 0955 JSR HXASC
04410 0900 CE 1323 IDX #ZBITNM
04420 0903 Bo 34E6 LDA A ZBITS
04430 0906 BD 0955 JSR HXASC
04440 0909 CE 136D LDX #TBITNM+4 PICK UP NUM OF BITS
‘ 04450 090C B6 34EB IPDA A TBITS+2 ACIUALLY STORID FPOR
b 04460 090F BD 0955 JSR HXASC TIME (CR OTHER PARAILTER)
04470 0912 CE 136B LDX #TBITNM+2 QCONV TO ASCIT &
04480 0915 B6 34RA LDA A TBITS+l STORE IN OUTPUT STRING
04490 0918 BD 0955 JSR HXASC
04500 091B CE 1369 LDX #TBITIM
04510 091E B6 34B9 LOA A TBITS
! 04520 0921 BD 0955 JSR HXASC
04530 0924 CE 0red LDX #COSTAT GET CUTPUT STRING ADCR
04540 0927 BD CAGF JSR OUTNCR & SEND TC CCUISOLE
04550 092A BD CA36 JSR KEYBDO  WAIT FOR TERI' INPUT
04560 092D 7E 2800 JMP DOS JUMP BACK TO CALLIIG ROUTINE
04570 *
04580 *FUNC: MSGCLR
04590 *INPUTS: A (# OF SPACLS TO CLR) ,X (LOC TO PUT SPACES
04600 *OUTPUTS: ASCII $20 TO IMEM AT X
04610 *CALLS: NOTHING
04620 *DESTROYS: A,B,CC
04630 *PURPOSE: THIS ROUTINE CLRS THE ¥SG BUFFFR EACH TIME
04640 * PRSTAT IS CALLED FOR NEW INFO OFF OF THE MEM DATA
04650 *
04660 0930 4C MSGCLR INC A INC COUNTLR
04670 0931 C6 20 IDA B #820 ASCII SPACE
04680 0933 4A MSGCL1 DiC A
04690 0934 27 05 BEQ MSGCL2 1S BUPFER CLRED?
04700 0936 E7 00 STAB 0,X NO. KEEP LOOPING
04710 0938 08 X
04720 0939 20 Fr8 ERA MSGCL1
04730 093B 39 M3GCL2 RTS
04740 *
04750 * END OF MSGCLR
04760 *
04770 *hkhkkkkhkkkrhhkfkkdk
04780 *
04790 *FUNC: MSGPUT
04800 *INPUTS: X (ADDR WHLCRE DATA TN PRMLOC COING)
04810 *OUTPUTS: ASCITI DATA 70 ADDR IN X
04820 *CALLS: NOTVILG
04830 *DESTROYS: A,X,CC
04840 *PURPOSE: THIS POUTINES TR/ANSFER ASCIT TINT
04850 * FROM MEM FILE HDR 7O STAT MSC PULTFER
04860 *
04870 093C BF 1C9% MSGPUT STS STKSAV  SAVE CURRITT &/ CK 7H
04880 093F BE 095D LDS FRMLOC  GFT 1OC OF DATM DOm0 iR
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PR

04¢:e
04900

-

04930
04940
04950
04%0
04970
04980
04990
05000
05010
05020
05030
05040
05050
05060
05070
05080
05090
05100
05110
05120
05130
05140
05150
05160
05170
05180
05190
05200
05210
05220
05230
05240
05250
05260
05270
05280
05220
05300
05310
05320
05330
05340
05350
05360
05370
05380
05390
05400
05410

34

Vel ¢4

0955
0958
0958

095D

095F
0962
0965

2700
A7 00
08

20 F6
31

BF 095D
BE 1C9%
39

FF 1CA7
FE 1CA5
6E 00

0002

CE 09%B
BD CAS8F
BD CA36

098 7E 1DOO

0968
096F
09¢&C
09A8

0707
4D
4B
04

05420 09A9 4

DES
MSGPU1l PUL A
A L oD OF MeG?
£ BsCra2 wrg, TR
sTA A 0,X NO. PUT CHIAR IN MSG
INX
BRA MSGPU1
MSGPU2 INS UPDATE STK WITH NEXT TRM:EFR L
STS FRMLOC  STR BACK IN FRMLOC
IDS STKSAV ~ PICK UP ENTRY STACK PIR

RTS

i

*

* END MSGPUT

*

khkkkkkkkdkkkk

*

*FUNC: HXASC

*INPUTS:A,X (DATA TO BE CONV'D,ADDR TO STORE ASCIT O

*CALLS: HSASC POUTINZG DN EKG-LVEC

*DISTROYS: A,X,CC

*PURPOSE: THIS IS A RELOC PASS ROUTINE TO PICK UP

* ADDRO OF HXASC IN EXG-EXEC AlD JUMP TO IT

*

HXASC STX  HXBUF  SAVE X IN PARAMATER BUFFER
IDX  HXASLC GET ADDR OF CONV ROUTINE IN E
Jup 0,X JGip T0 IT

*

* END OF HXASC

*

khkkkAkkkhkkxkhkdkx

*

FRMLOC RMB 2 DATA FROM LOC FOR MSGPUT

*

ERROR LDX 4FRRICSG
JSR OUTNCR
JSR KEYPDO
JMP START

*

ERRISG FDB $0707,S0D0A
FCC /MENORY FITE OQONMPRESSION TYPR /
FCC /NOT RECOGMNIZLD. PRESS REIURN
FCB 4

*

kAR A KA KRR A AR A AT A KA A A A AR AR K AN FAA A AR I AR A I AR AR AR AR KR K

* END PRSTAT
R R T T e S E s

*
kkhkkkhhhkkkhkkkAkhkkkkhkhhkhkdhhhhdhhkd hkkhdhkhkhkhhkhkhkkk

*
* OUTPUT STRING TO LIST TO CONSOLE

*
kkhkkkhkhkhkhkhkkkhkhkkhkhkhkhkk Ak kkhkhhkkkkhk ARk kA Ak khkkhkhh kA hdk

*
NOQOMP FCC /MO QOMIRESSION PRRFORED/
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PRSTAT-9
05430 09C1 04 FCB 4

05440 00C2 54 TOLA  FCC /TOLAN -2/

RRATO Q0CA 4 IRGE 4

05460 09CA 54 T0LB  FCC /TOL ~B/

05470 Q901 04 FCB 4

05480 09D2 44 DOWR  FCC /DOVER/

05490 09D7 04 FCB 4

05500 09D8 54 TURNPT FCC /TURNING POINT/

05510 O9E5 04 FCB 4

05520 09F6 32 INTER  FCC /28D ORDER INTERPQLATOR/
05530 09FC 04 FCR 4

05540 09FD 43 ENTCLR FCC /CNLCULATION NOT MADE/
05550 0All 04 FCB 4

05560 OA12 1A07 HDRMSG FDB S1A07,S0CCD, SOAOA, SOACA, SCAOA, SOMA
05570 OALE 3A FCC /+EKG SAMPLE (OLLECTICH SIATISTICs,
05580 OA3F 20 FCC / : PAGE 1/

05590 0A48 ODOA FDB SODOA, SODOA

05600 0A4C 46 FCC JEILFNAME. v v v v v o v o/
05610 0”66 0008 NAME R\B 8

05620 OAGE ODOA FDB SODOA, SODOA

05630 0A72 53 FCC JOOBIECT v v v v o 0 o o o/
05640 OA8C 0035 SUBJ RMB 53

05650 OACY CDOA FDB SODOA, SODOA

05660 0AC5 53 FCC JSAPLING RATE v v v v v o /
05670 OADF O0OA RATE RiB 10

05680 OAE9 ODCA FDB SODOA, SODOA

05690 OAED 44 FCC /DATE OF COLLFCTICH. . . . /
05700 0B07 0014 DATE RB 20

05710 OB1B ODOA FDB SODOA, SODOA

05720 ORLF 54 FCC JTIME OF COLLECTION, . . ./
05730 0R39 0008 TIME RR ]

05740 0B41 CDOA FDB SODOA, SODOM

05750 0B45 43 FCC JCOMPRESSION USID. & v« .+ /
05760 OBSF 0019 T™YPE RS 25

05770 0B78 ODOA FDB SODOA, SODOA

05780 OB7C 43 FCC JCHANIEL ¥ EMITRODY . . o . /
05790 0B9% 0008 XENT RB 8

05800 ORSE 20 CC / BITS /

056810 OBAA ODOA FDR SODOA, SODNA

05820 OPAE 43 FCC JCHISTIEL ¥ FNITORY o . W W /
05830 0BCS 0008 YINT  RB 8

05840 ORDO 20 FCC / BITS /

05850 0UDC ORCA FDR SODOA, SCHOA

05860 0ODEO 43 PCC JCHRWGHL, 2 imopy . . .
05870 ORFA Q008 ZENT  RYB 8

05€£80 0CO2 20 FCC / BITS /

05800 0COL CDOA FDB SODOA, SODOA

05900 0C12 54 FCC JTOTAL SOUINCE roimony, S
05910 0C2C 0008 TIENT  RB 8

05920 0C34 20 FCC / BITS /

05930 CCA0 ODOA FDB SUDOA, SODCA

05940 0C44 50 FCC JPRESS iU [0 DAY o 0 T
05950 0CEA 04 FCh 4

0590 ocenr 1707 HDRMS2 FDB S1A07,50DCA
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PRSTAT-9

05670
As0§0

Goueu
6010
06020
06030
06040
06050
06060
06070
05060
06090
06100
06110
06120
06130
06140
06150
06160
06170
06180
06190
06200
06210
06220
06230
06240
06250
06260
06270
06280
06290
06300
06310
06320
06330
06340
06350
06360
06370
063820
06390
06400
06410
06420
ot 30
06440
06450
06460
06470
06480
06490
06500

0Cer
ncer

CCoC
0CRB2
ocn4
occe
0CD6
0CE2
0Cr4
ocrs
ocr7
0D11
on1o
0D25
0D27
0D3B
CD3D
D57
0D5C
0D6D
NS
oD7h
op7r
0DYY
0DSHE
(QORAD)
oprl
oncn
0DDO
ODDE
one3
onro
0E05
0Fl1l
CE15
orzr
or37
043
ora7
onGl
oreo
0F75
or7¢
0rEe3
oren
OrAT
o/ s
01'Ch
oren
01nHo
0D
or7
orrr

45
o0

2l
ODOA
52
0008
20
ODOA
43
CDOA
41
0C08
20
0DOA
41
0Z0A
45
0005
20
ODOoA
43
CDOA
45
0005
20
(DOA
43
0005
20
CDOA
43
0008
20
NDOA

L)
0003
20
ODOA
43
0008
20
(ODOA
43
Cros
20
ODOA
43
anoe
20
ODOA
43
C0ne
20

MAXCPR

CPRACH

ChRrEFY

TINELF

QCINCR

FMANY

MNMIHX

NP

ANy

MNAXY

PITNT

FCC
FCC
e
FDB
FCC
RMB
FCC
FDB
FCC
FDB
FCC
RB
FCC
FDB
FCC
DB
FCC
RMB
FCC
FDB
FCC
FDB
FCC
RIB
FCC
FDB
FCC
RD3
FCC
FDB
FCC
KB
FCC
FDB
FCC
RE
meC
FDB3
FCC
jSnIE
FeC
DB
FCC
R
FCC
FEB
cC
1B
e
FDR
rcC
St)
I'cC

162

JOKG SAVPLE COLLECTTON
/ ¢+ PAGE 2/

P T G RT I
SODOA

/RATIO POSSIRLE. . . .
8

/vl /

$ODOA

/COMPPESSION RATIO/
SODOA

JACHIEVED. o o & o o o
8

/1 /

SODOA

/ACHIEVED QOIPRFSSION/
SODOA

JEFFICIENCY. + & « o
5

/ % OF MAXIITM /
SODOA

/COMPRESSION TTNE/
SODOA

/EFFICIENCY CBTAINED .
5

/ % SHP DYITRVAL/
$0DOA, SCDOA
/COLLLCTIICH DURATION .
5

/ SECCNDS /
SODOA, SGDOA

JCHANRNEL X FAXTION

8

/ VOLTS /

SODOA, SCDOA
JCHNNEL X nmnam . .
8

/ VOL1S /

SCDOA, SODOA
JCHAIFL, Y PATROM L
&

/ VOLSS /

SODOA, SCDOA

JCHANNIT, Y MINTIUM

8

/ VOLTS /

SODOA, SODOA

JCHN S 72 MAXLITH o .
8

/ VOLTS /

SODOA, SODOA
JCHALINED, 7 MINIMUM o .
8

/ VOIS /

SIATICTICS/

"D

—_————————y




™

PRETST-0

C6:10
06520

06550
06560
06570
06540
06540
06600
06610
06620
06630
06640
00650
06660
06670
066 €0
06690
06700
06710
06720
06730
06740
06750
06760
06770
06780
06790
06 800
06810
06820
06830
06 840
06 850
06 80
06 870
06 820
06 890
06200
06910
06920
06930
06940
06950
0690
06970
06960
06990
07000
07010
07020
07020
07040

oron
orerR

VR N

062
ore&sg
oree
0ras
OreD
orer

orog 2

OrE?
OFLG
orec
OFEE
100%
101¢
101n
1021
1023
1044
105A
1062
1068
1064
1097
1093
1091
101C
10FE
10C5
10C7
10D
10E3
10E9
1058
1012
10F4
110C
1110
1116
111¢@
111F
1121
1139
113D
1143
1145
114C
1148
1166
1164
1170
1172

CDOA
43

[T
[SFLLNFAY

50
04
1A07
45
ODOA
20
o) 8
0004
20
ODROA
20
20
Qeo2
20
[ORIVER
20
20
0008
20
CDOA
54
2A
CDOA
A3
ODOA
20
0002
20
0004
20
ODOA
20
0002
20
0004
20
0DH0A
20
002
20
0004
20
CoOOA
20
0002
20
0004
20
ODOoN
20

COSTAT

TSP

MTLPS

TOTLUD

KA

NMAXLO

XTI

XIIHLO

YMAKI

YMAXLO

TUTINM

YMINLO

FP
CC

FCC
CB
FDR
FCC
FeB
CC
FCC
IR

»ce
FoB
CC
CC
R
meC
FoB
CC
CC
B
FCC
FDB
FCC
CC
FDB
FCC
FDB
rCC
D
rCC
I[I'B
FCC
FDB
CC
RMB
+CC
s
1CC
DB
FCC
JNE
FCC
jEnit}
I'CC
i3
FCC
B
CC
4B
CC
DB
FCC

163

SODOA, SCDHOA
JCOMTHTS. & v ¢ 0o 0 o o o/

e
/PRESS RLTURN POR PACE 3 COF STATISTIC
4

S1207,SCCCDH, SOANA, SOMNA, SOAOR, SOMOA
/ERG SAMPLE QOLIYCTICN S1ATISTICS: PA
SODOA CR/I“
/ NTRkR CoF
/(SNAP0) = /

MAPLES TAKIZY /

(nex)/

SODQ/\ Cr/Lr

MAXTMIRY TOCP QOamir pile/
THTFRIUPT (LPCAL) = /

\.:>

\w\\

(HFX) /

SODOA Cr/1LE

/ TOTAL VAITING LOOP COUTTS DURING/

/ COLLECTICH (LOCDCT)= /

8

/ (EEX)/

SODOA

/TIME EFFICIENCY = (1-{10OPCT: (SAMPZIO

/*100/

$ODOA, SODOA

JCHZNNEL MAXINMUMS ND Mg/
SONOA

/ XMAX= /

2

/ (HEX) AT SAMDLE NUMPIL /

4

/ (PEX)/

SODOA

/ XMIN= /

2

/ (GIEX) AT SAMPLE NUIDMR /

4

/ (FEX)/

SCDOA

/ YMAY= /

2

/ (PEX) AT SAMPLE NUMPER /

/ (1rx)/

SODOA

/ YMIN= /

2

/ (HEX) AT SANMPLE N(MDER /
4

/ (MEX)/

SODOA

/ TMAX= /




PRSTAT-9

07050 1179 0002 ZMAXNIM RB
[antabat AN I RER N N w

2
PRV AT SAVPLF NUTRIR/

3 PR In..w\.,,, -

07080 1197 20 e/ N/

07090 11¢D CDOA ob SODOA

07100 119 20 FCC / = /

07110 11A6 0002 21N VB 2

07120 11a8 20 FCC / (HEX) AT SAMPLE NUMBER /

07130 11C0 0004 ZMINLO RUB 4

07140 11C4 20 FCC / (HEX)/

07150 11CA ODOA FDB SODOA, SCDOA

07160 11CE 43 FCC /COMPRESSION STATISTICS:/

07170 11F5 CDOA FDB SODOA

07180 11E7 20 FCC / NUMBER OF MEMORY BITS /

07190 11FE 41 FCC /BVAILABLE = /

07200 1208 0006 AVARIT RMB 6

07210 1210 20 rCC / (HEX)/

07220 1216 ODOA DB SODOA

07230 1218 20 rCC / NUMBER OF BITS MVAILMBRLE/

07240 1231 20 FcC / TO VAR LEM CODER =/ "
07250 1245 0008 ~CPBIT RMB 8 :
07260 124D 20 FCcC / (HEX)/

07270 1253 ODOA FDB SODOA

07280 1255 20 FCC / TOTAL NUMBER OF DATA BITS/

07290 126F 20 FCC / STORID = /

07300 1279 0008 TOTBIT RB 8

07310 12861 20 CC / () / A
07320 1287 ODCA FDR SODOA i
07330 1289 20 FCC / NUMBER OF BITS UsSED 10/

07340 1200 20 CC / STORL CHANTL X =/ ‘
07350 1283 0006 XBITNIT RMB 6 ;
07360 1285 20 FCC / (Exy/

07370 12nF CDOA FDB SODOA

073€0 12C1 2 rce / NUMBER CF PITS VSED 1O/

07390 12D8 20 PCC / STORE CHANNEL Y = /

07400 12EB 00C6 YRITM1 RIB 6

07410 12r1 20 FCC / (HEX)/

07420 12F7 ODOA FDB SONOA

07430 12r9 20 I'CC / NUUPER OF BITS UsED T/

07440 1310 20 FCC / STORL, CQUIINEL 7 = /

07450 1323 Q006 ZBIT M RM 6

07460 1329 20 CC / (VEX)/

Q7470 1320 CDOA DB SODOA

07480 1331 20 CC / NMUIpER OF RITS vern o/

07490 1348 20 FCC / STORD TIt15 O ORhbs ST

67500 1362 45 CC JETER = /

7510 1369 0006 TRITINA WIB 6

07520 1268 20 icC / (1rxy/

07530 1375 0DDA FDR SODOA

07540 1377 43 PCC JCCHTRIGSTCN PATIO = TR/

07550 1391 44 rCC JDATA DITS &0t Pri i

07560 13AN 42 FCC /RIS ACALLASLT/

07570 13p8 ODOA FDRy SONOA, SODT3

07580 13PC 50 FCC JPRIGS PIGURN -/
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PRSTAT-9

07590 13CA 04 FCB 4
07600 *

6771c * END O PRETAT
07¢20 *

07630 END
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NOCPRS-

00030
(‘(\(\‘h
00060
00070
000¢0
00090
00160
00110
00120
00120
00140
00150
00163
06170
001 &0
00190
20200
0210
00220
00230
00240
00250
00260
00270
002¢&0
00290
00300
00310
00320
00330
00340
00350
00360
00370
00380
00390
00400
00410
00420
00430
00440
00450
00460
00470
00450
00490
00500
00510
00520
00530
00540
00550
00560

7

0100

CAYT
CASP
CAZC
CA36
1D00

3400
Fri'g
1C9%
1Casg
3002
1can
1CAl
1CA3
3460
3494
349%

XA AR A KR AKRKA A AR A A AR AR A AR R A AR R AR A KA A A AR DA A AR RAF A A F kA
*

X OULIIC T TS

* AUTHOR : CAPT. MEL 0 2SIND

* VERSION : 1.7

* VERSICH DATE : 3 OCT €0

*

AAK KK AR A AR A IR AR KA AR AR XA A KT A AR kA ARk kA A Ak k k%

OVERLAY DESCRIPTTON

THIS OVLRIAY ¢ 7\"71 ES THE FKG DATA VIA 1UE
A/D CONEXTERS /2D S10RMS THL 8 BIT LAMDID
VALUD'S INT0 UEVORY LOCATICONS 2CO00-7101, nTiF
THE X,Y,72 CI'A0T s TR SAVPLIFD AND SUCRID
SEQUERTIALLY STARTING AT 3C00 MWD VCHING 1P,

* % O A % % A *

ARKKRKAKE AL A AF AR AL AR A A AL AR kA AR A KA KT R LA AR AR F A Ak kf k%
KK A AR KA KR KR A KA AR A I AR A KA AR I AR KA A AR KA A A A A AR A K AR AR A RK K

*
* START OF NOCPRS
*
AhhkA kKA khkhA Ak k kb Ak Ak kA kA Ak Ak kT Ak hkhkk kA Ak kA kAR A kkAR
*

ORG  $0100  OVERLAY START ARDRISS
*

¢

OPT O ASSB OPT-CIT1 ORI FILE

OPT  NOG ASSB OPT-S0PDUI 86 1ULL 1CC LT
*
Kk kA AAA AR KA IR AKRAR A A KA KA AR AKX A XX IR KA ARk A Ak kR A hhkhx %k
*
* LARLE DECIARNTTONS
*
* SUPPORI SUPROUTTNE ADDRESSES
*
CUITUT 10U SCAR7 - PPRODOS, ALTP STRING 10 00
QUITCR W SCARE TTOITOS, FLTH 0T O n
ENTDOLOU SOV LITATGH, e R
KEVIDO IR0 SCO06 TIROToS, QUNEC o2
START  FQU SIDO0 FXRG-INICL ST
*
* DATA BULFLDS
*
HDRSTR BOL 3400 PR

IPOVEC BQU SEFFES
ETKEAV FOU S1C9%
CPRTYP U $1C98
FIDBUF EOU $3002

VECSAV I'(U S1CoOD ¢ !

FILHIC QU S1Cn1 ! [

SAVET.C FOU SICAZ SAVITT, Al Toa

[100PCT 10U S259) EAA2V\ RN B DU T
SANTTIO I S3404 T

LICAT, 10U S349 AVGD TW0 Tad T
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00870

r

000
00610
060
00630
00640
00650
00660
00670
006 &0
006 90
00700
00710
00720
00730
00740
00750
00760
00770
00720
00790
00800
00810
00820
00830
00840
00850
00860
00870
00880
00890
00900
00910
00920
00930
00940
00950
009G
00970
00980
00990
01000
01010
01020
01030
01040
01050
01C60
01070
01080
01090
01100

3497

TG0

3491
349D
3491
34A0
34A1
3403
34A4
3406
3407
34MC
34R0
34R3
3405
34R9

4::C
3600
3800
3400
3R00
3C00

E400
E404
E500

0100
0101

or

CE 0223
0JCA Th Crup
0107 ©H C.oC
01CA F1 3002
01CD 09

01CT 16 Q0
0110 C3 79
0112 27 0%
0114 75 1D00
0117 Cv 4943
011A V1 1C0%
011D BD OIA

MAX VI TN G2

MAXT O <3497

DANTVO a3ron PNV Loy o Oy 7
v : P . S -
IR0 LGl REE AL LU NLL IO D
XY U 348D MAN VLU T CH Y
PRYTLO U S3491 CAOVLU [C T Y
Ay Bou S3LA0 MIN VIO Iy by
MINYLO Ol S24AY FLY VLU 10C I ¢y
MAXX e $34A3 MAMVLU I CHOX
MANNLO DU S34n4 MAY VILUE ILOC 1M ClE Y
MINX U S34M6 MINOVEU TN CH X
MINKLO IOU S34A7 MITD VLU TOC I ol
ral1T rOU S340C U Ow RITS U
XBlys QU $S3410 NV O Byt VSEL
YBITS QU S24132 N OF BITS TSI YD

ZBITsS S341h DOU RIS IUID T L

FOU

116 ECU S3400 ! PSS UErED 1
ACEY.CT B0 S3ét g RO R AR S
XPDIY 107 S3600 01U ARSI
YPDEIT  EQU S3400 (USRS FE GOV SND S DY
ZTDPIN1 EQU S3ANC 0 VIU 140 O 2 DD
TPDE U S31°00 0 VIO LG 7O TTrD poe
QU §$3C00 SR O Vil

SECZRO
*

* HARDWARE, ADDRLEGS!HS

*
ADCZRO EQU
AUCTV:O EQU
DACZRO (DU
*

PR Cupict, SRl
DTG

DAC Qi ol

SF4N0
SE404a
SF500

*
*FUNCTION :NCCFRS

*INPUTS :STATUS To0lEne Prot CRe-rveC
*OUTPUTS :DATA 10 1
*CALLS  :OUTDUT, T aie BN

* KEYRDO,SAVITL, O

*DESTROYS sALL 13187100

*PURPOSE :TO COLLUCT 3 (107

* DATA NID STORL TS0 17,08,

*

*

NOCPPS SFT
ILDX

LT

e R YRS
JSR 16 SHAO HRRED S A A A "
JER YD BBRRSIOTT M

LDX ENDBUT
DEX

IDA R 0,X
acip R #ty

§ip el nocrml
JMP START
T RRSTH IO
ST crovmn
JER FILinmn

1S INPUT rE?
YES, PEEDOPNSCUTING TR ROUT

YO, RN S0 -

FLAG QOU 88100

noCrn]

ST UY DAYA PILE MEANTR
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MOCPRS-T

01110 0120 C. 02835
01140 0129 Ch 3COO
01150 012C »iv (2390
01160 0121 26 03
01170 0131 B7 0227
Cl1€0 0134 I't PF78
01190 0137 PF 1C9D
01200 013A CL 0R1v
01210 Q13D rp e
01220 0140 & 00
01230 01242 7 02722
51240 0145 C= 0800
01250 014¢ P 022C
01260 ¢lsp vy 0221
01270 0146 ¥b ©50
01280 0151 20 09
01290

01300

01310

01320
01330

01340

01350

01360 0153 (1
01370 0154 C1
013€0 0155 01
013¢0 0156 €1
01400 0157 01
01410 0158 01
01420 0159 7¢ 0130
01430 015C 0O
01440 015D 3K
01450 0150 0L
01460 015F FO 022
01470 0162 0%
01480 0163 I't" 0228
01493 0166 26 I'D
01500 016€ 't 022C
01510 0167 08
01520 016C rr 022C
01530 016F 16 0232
01540 0172 &1 00
01550 0174 26 E8
01560

01570

01580

01590

01600

01610
01620
01630 0176 OF
01640 0177 Cr 400C

DX £IRO: ’SC
- oy AN ”‘I“:‘ﬂ"_r\‘ :rﬂvvv‘\\'vf 7en :y."yh .[v.'f-..'"
CCHEGO LD:‘Z ESECZRO INTTIALLIZE 2900l U, LA
STX BUFPTR  SIORE IN BUr T DPOTIITIT
IDA A £3 PICK ypr courrtn op Tl QAL
STA A CALCIT STORE IM T
1.DX IRQVEC  PICX UF Qi
amx VECSAV SAVE T DUFPER
TINCAL LY FCALINT  GET IR WVLCICR 7
STX IRQVEC UUT I v‘v’}f AN
IDA A %0 1T QOUNTER RCESIIRS
STA A DONTST ;_’.(‘R:., T DCM”“"‘ BURELR
DX #0 CLEAR LOOP COUNTER
8T IROCIT
STX IRDCT2
ST DACZRO  PULER T F'”“T" CirCuIT
RIA SPOO1 PoA 1O QOUTTTING LLoP
*
KA KAAR I I A KA AR E A A KRR A ARk hhh kAR AR F AL Ak LR R A kA kK
*
* BASIC TIMING I0P FOR EPFICTINICY TEST
*
B L L L TR L g A R S L 22 L e h L
*
SPL.OOP NOP DELAY TO MATCH TiiE
NOP IT TAKDS TO 1N G770
NOP INCRIZIZNY OF a
NOP OF TUE IOCD QIR
NOP WHID) CO T CARRTES w0
e HIGH 2 TViTs O & 17k
Jrp SPO03 JIP 1O QEUINUT 1eCD
S0l CLI PREPARE IPCR WTIOR DT
AT STOP PROCESEOR & vl
SPO04 LT
10X TRPOCNT+2 RET'ED PRGY INT, THC Qo
TNX
STX IPOCIITY2 SAWE 1T
BNE STLOOP QO GOUL Frry O 00002
LDX IROCGETY  ¥YES, 10 BYTES 384
INX
ST TROCNT SAVE COUTT
SOOI IDM A DCRTST IS DOYNE TEST SATISIUNITD?
P A #0
e SPO04 NO. KEEP LOCPING
*
KhhhAKAFhARAAA AR AK A AR IRk bk kR ARk kk KA A *AS T un 9 d 4
*
* END BASIC TIMING LOODP FOR ErP TEST
*
kK kkhkkhkhhkkkk kA kk kA * kA k kAR kKL APk kA F 27 LA FA AR
*
SET PRIVITIT GER MO vy 07
LDX #$4000 PICK U i OUf et
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RN S

(:llvu

NYer D

(VPR VRN
0160
01700
01710
01720
01730
01740
01750
01760
01770
01780
01790
01800
01810
01820
01830
018490
01850
01860
01870
01880
01890
01900
01910
01920
01930
01940
01950
01960
01970
01980
01920
02000
02010
02020
02030
02040
02050
02060
02070
02080
2090
02100
02110
02120
02130
02140
02150
02160
02170
02180

CITA
AT

[ERNENN

01?’
[QARRS
Q189
01&en
01&m
0140
0193
01¢5
0199
019o
0198
0171
0104
027
017.A
017
017F
01in2
01B5
01ne
01nl
01nE
01C1
01Cs
01C7

01CA

01CD
G1Do
01n3
0106

01D8 7

013
01Dt
01nl
01t
0114
0117
01rA
01D
01ro
0113
016
01r9
01rcC
01rr
0202
0205
0208
020
0201,

TN LT
27 cd
e 0227
& 02
26 22
Pro0250
Fr 0024
Cio 03¢
| QIO AR
85 AA
p7 0232
CH (€0
R 022C
FI 02ZE
PEO3094
P oReCo
20 nbh

FE
FF
P

jan

7
B6
rR

ny
r5
10

022C
2400
022
’\402
012A
07R
Of"ﬁ
0229

B7 G278
77 0224
76 0249
£5 08
T 0z
76 0229
4an

o6 I'7
o 0209
B7 G465
P"S 3 ‘11’..’_‘
D7 24re
RSN
B7 3478
Y5 340D
W 348D
E,\‘r) 3 ‘:‘1.\
17 340
FI1CSD
O IR AN
Ct. (G312
DD CAarr
D I O
Fio 3002

DALISAST

g

Vi '1\ .7\

PO
IDA A
Ciib A
i
ILDX
STX
LDX
S
ILDA A
STA A
X
STXK
ISPV
STX
ST

ial
oI

DX
SiX
LDX
SiX
JEP

L LEA A

ACD A
STAN
DA A
AC A
STA A
ASR

ROR

IDA A

P AST

ROR

HEGEIN
IDA A
ST A
DA A
STA A
DN A
STA A
DA A
STA A
LN A
STA A
L.DX

&K

IDX

JS&R

JER
I.DX
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DACYRO
ADCYRG

CAren D
SEIXFIE
CALC

£0
L

PARSAY

IROCTT+2

CALONT
QAN
IFOVEC

£en

LIRS
DOST
&
¥

ROCIT
IROCIT2
SAMITD
LA T0
ST0L
IROCTT
LOCCT
IFOC 42
LOOCI++2
TICA
CALCE .‘fl

ChLZ
CXT\IJC L
IEDT+2
CALYTD
CALLED
CALZTOHL
(S
CALTRO
CALITOHL

ChLSER
CALZRO+L
LICAL

mwnTrn_{’- T
ACET Cl3 s O il

DirriTe2
PCTTCTH2
IRAVERENAS
G+l
orenIT
NCUTLCT
VECEAVY
IROVEC
FEMNVTISG
ol ,,k.R
KEYTD
FRDBUE

IRCCT0+3 &

A R IR ERGAUEE VSRR SR
CL e 1 }L“ PO

P oh IR .

IS (O( WIU3T YRS, COOSINT AT
NO, (3'.“ coTn

18 Contr ?7

NO, SAVE IrRANETTD oo ]

.” T
o

YIS, SAVE &'I.jf LU}’ (‘
RO PUT SANPLE ARDR DO InovIC
SUT UP DonTsT

CLR 1002 COUT IND SANPLL COU

ROT R L
rTE I IaE!

GO WiTT POR TMNTEREL
SAVE I[u/ counT

CIHECTTE RUOTUER T AT
™ r\ N r]’v I (“T

g SHIPTS YETY

D 4 RS T ot sl
PTG U & SUTh
(ATt TRT TATT ce -
S0RN TN OPTLI ‘

.

A PIT

YIS, RESTORE IRO VIFCTOR

TEANTTLG QT TR, L L T
Gilm eall DECTaIeN




02190
02200
AN
Vi
02230
02210
02250
02260
02270
02280
02290
02300
02310
02320
02330
02340
02350
02360
02370
02380
02390
02400
02410
02420
02430
02440
02450
02460
02470
02420
02490
02500
02510
02520
02530
02540
02550
02560
02570
02580
02590
02600
02610
02620
02630
N2640
02650
02660
02670
02680
02620
02700
02710
02720

0211
o212
IR
Gl
0218
021r
0211
0221
0224

0227
0228
022n
022C
0230
0232

0233
0235
0251
026F
0271
0285
0289
02A5
02p4
021

02r4

9

6 00
Y
2oy
D 0515
C 03¢€1
D CAfR
"D CAZC
78 1D

0001
ooz
0002
0004
ceo2
00C1

1707
54
49
CDCA
4r
0DOA
44
4]
04

35 1A

49

g9

02n4 52

02DA
0210
0302
0511
0312
0314
0334
034C

3952

373
G380
03¢l
SERSIN

0D0A
50
20
04
1A07
53
&0
ODCA
44
44
01
20
04

DX

A B 0,X

crronoEvy IS maroyr v

S k"LJ'*" T N

JER SAVEFL YI'S, SAVE Tt pPILY O] DISK

DX *SD)J,

JER QUTTICR

JER REYED
IXJmp  Jep START JUMP BACK TO FRG-IXEC
*
NLCT KRB
CALZIO D™
CALONE 1208

TEST CAI, 1OG? COTTINR
DVG'D CAL 1OCTs RUPYG DRT CO
TP RUP FOR PR O.‘T,IW'

[ iR SO TN SR S I NS I

INQTTY R TEMP 1T IffP CC : A
BUFPTR RIE BUFFER POTUTE O’W‘ o Z‘iT 2VAIL B
DOMNTST RMB DONE TEST ‘U: FOR IJL: “ULL
*
STRMSG FDR S1A07
FCC JTATS LODULE eAPIne r G/
FCC JINPOT D STORLE THE DATA T iT/
DB SODOA
FCC /I‘O Dx‘ ‘fy Q‘; SHa uS%IC" / 5
FDB SODOA, SODOA '
CC /DO YOU 171811 TO IXNECUTE ™IS / 1
FCC JEODULE (Y OR M)/
FCB 4

IROMSG FCBh S1A
'CC JINSUFE SURJECT AND EKG DEVICE /
FCC JREADY 1/
FDB SODGA, S0DOA, SODCA
FCC /TRESS DUTURG, MU CLOSE TITFnRepr/
FCC / ENARLE Sh1TCh,/
FCR 4

Sz’«."\f:';SG FDE S:‘l 1.07
FCC /SA! ;T‘TJ\‘C CO"T" FTE.  PLEZS 2 oreN /
FCC JINTERRGET YR S0170H,,
FDB SGDOA, <030“ SCNCA
FCC /DO YOU VIO i\_) SrVT SIS DATA ON
FCC /DISK (Y OR 1)/

FCB 4
SDOE 1CC / PRESS RETURNY/
FCB 4
+*
R L T e R R TS TR S S F SR

D HOCTRS

Ik Rk AFTKKAK A AKX AAI AT AR AR KT AR A KA T kA X AT hkmk batn iadAds
*
*

*PUNCTTION :SAMVLE
*TNPUTE STATUS DUFEFFRS

*OUTPUTS (CCUTRISEND, ROUNDIED DATA 1T 0 1 Uy
*CALLS  NOYNTG

*PURPOSE 111G DOVTIVE SANPTIG Mo v LTI,
* ROGDS THE VALTES 10 3 BIW (I 107
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02720
no7:0

02760
02770
02780
02790
02800
02810
02820
02830
02840
02850
02860
02870
02889
02890
02500
02910
02920
02930
02940
02950
02960
| 02970
§ 02920
02990
03000
03010
\ 03020
: 03030
: 03040
; 03050
: 03060
g 03070
i 03080
! 03090
03100
03110
03120
03130
03140
03150
03160
03170
03180
03190
03200
03210
03220
03230
03240
03250
03260

038F
0390
03¢l
0392
0393
0394
0395

0395
0399
039A
039D
03A0
0313
03r6
03A8
0319
03B
Q32D
0300
0313
03p4
035
03R7
03R8
03RA
03rC
03pF
03C2
03C3
03C4
03C6
03C7
03C9
03CR
03Cn
03p1
03D4
03D6
03D8
03D9
Q3DA

3D8
03nC
030D
03DE
03Dr
0380

02E3

0001
0001
0001
0001
00601
0001
0601

FE
08
Fr
BF

CE
AT

A6
e
B

7
0g
08
A7
0
)
E6
137
&7
08
08
i
01
G
1S
B7
F7
ce
26
6

56
47
56
47

47
o6
F7

N
()

3494

3494
1C96
3280
£4G0
00

00
01
0390
0391

00

00
01
0392
0393

00

00
01
0394
0395
0320
G0
01

o3er
00

* CALCULATES DAN,MIN,# OF PITS, SpMITIE
* ETC., AND SAVES GUVPSY PARAST AD DATA

X P ove
PR S

*

*

SHFRUF RIB 1 TEMP SHIFT BUFFER
TFMPAL BB ) TEIP REG, MSD CH O
TRITDL MR 1 TEMP RFG, ISR Cii 0
TEMPA2 BB 1 TENP REG, MSB CH 1
TEIP2 BB 1 TEMP RIG, LS3 CH 1
TRIER3 KB 1 TITIP RuG, MSB CH 2
TEMPB3 RB 1 TEMP REG, LSE CH 2
*

SAMPLE IDX  SAMPNO  GET CUR SAMFL. COUNT

STX SAMENO
STs STREAV  SAVE STACK IPT

LDS #$3280 IITIALTZE SY/CK IN UNSED UEM
LDX FADCZRO  WGT PUTSE A/D T START CBWV
STA A 0,X FOR CHAWNNEL O

NOP

DA A 0,X

DA R 1,X

STA A TEI1PAL

STA B TENPBL

INK

Y

STA A 0,X NOT PULSE A/D FOR COMV
NOP ay CHAMEL 1

Ipa A 0,%

wa B 1,X

STA A TEMPA2

STA B TIMIB2

INX

X

STA A 0,X NG PULSE A/D FOR CONV
NCP N CHAIMEL 2

IDA A 0,X

IDA B 1,%

STA A TIMPA3
STA B THIFB3
mx FTEMPAL
SAMPLI TDA C,x
LA 1,.%
ASR
ROR
ASR
ROR
ASR
RCR
ASR
ROR
STA
1DA

NOW SHIFT 2 BYTE VI "0 ooy
4 POSITIONS WO RIS .5 11000
12 BIT TO 8§ BIT [ » 0

SHEPUR SAVE & RIT Rpravy; of Sinem
$0 AD MDD CARLY GO O AT

p=Jhvs i volin=J yo Jis =Tl o~ Mo~ Jlv o Ho-"I yo Jlle-"
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Rl R

(3270
03280

035
0308

[ERRNEE

SRSV
03310
03320
03330
03340
03350
03360
03370
03380
0330
034060
43410
03420
03430
03440
03450
03460
03470
03480
03490
03500
03510
03520
03530
03540
03550
03560
03570
03580
03590
03600
03610
03620
03630
03640
03650
03660
03670
03680
03650
03700
03710
03720
03730
03740
03750
03760
03770
03780
03790
03800

Uoa
03ER
03FE
03F0
03F1
03F4
03F6
02F9
03rC
03FL
0401
0404
0407
0409
040C
0.0F

0410
0413
0415
0418
0418
041D
0420
0423
0426
0428
042D
042E
042F
0432
0434
0437
043N
043C
043F
0442
0445
0447
0440
044D
044E
0450
0452
0455
0458
0ATA
045D
0460
0462
0465
0468

E9
36

8C

~
L

32
FE
A7
FE
Bl
2F
B7
FF
Bl
2C
B7
e
32
FE
A7
FE
Bl
2r
B7
PP
Bl
2C
B7
FF
32
e
A7
FE
Bl
2r
B7
Fr
Bl
2C
B7
rr

95)
C6
BB
B7
&6
Fa
7
Ch

B9 3

B7
ro

C3%F

0396
E4

0230
02

3494
3497
06

3497
3498
3497
06

3497
3498

0230
01

3494
349D
06

349D
3498
34A0
06

3400
34N

0230
00

3404
3403
06

3403
3404
3406
05

3476
3477

18
00
SLAR
340F
00
34MF
34AE
00
LAD
340D
341C

SPYTIAY

SPYMTH

SPYAX

CMP A
BLE
STA A
STX
CMP A
PGE
STA A
STX
PUL A
T.DX
STA A
LDX
CHipP A
BLE
STA A
STX

MIN CHP A

MDONE

EGE
STA A
STX
CLC
LDA
LDA
ADD
STA
LDA

STA
LDA
ADC

om
wIad

ARC

w>>wmw>>>m>
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SErper

SHIF? RATDIG UP G2 Il
SAVE VLU IN STACK TIHICRARILY

$TEMPA342  CHANEL 72 ROIDED TO 8 BITS

SAMPL1

BUFPTR
2,X
SAMPIO
MAX7Z
SPZIIN
MAXZ
MAXZIO
MINZ
SPYIAX
MINZ
MINZ1O

BUFPTR
1,X
SAMPIO
VMAXY
SPYHIN
MAKY
MAXYLO
MIITY
SPXMAY
MIDY
MINYLO

BUFPTR
0,X
SAMPIO
MAXX
SPXIIN
MARX
MAXXLO
PIMN
MEDOHE
MIMX
MINXLO

424

#0
DTABITH]
DTARITH3
#0
DTARITH2
DTABIT+2
#0
DTARITHY
DI ITH]
rapIT

NO, GO SAMPLE NENT CHANNEL
GET Z DATA

PICK UP CUR !'ITM FILE PIR
SAVE DATA 7O PEM FITLE

GET CUR SANPLL Qount

IS CUR Z MAX OVE SANPLE SDT7?
NO. CO CHECK PFCR i

YES. KEEP GIR VIU

KEFP CUR C/lPLE NUT]

IS CUR Z MIT! OVER SAMPLE SET?
NO, GO CHECH MOR Y 'AX

YES., KEEP CUR VLU

KEEP CUR SV FLE M

GET CUR Y PATA

PICK UP CURRINT 1200 FILE PTR
SAVE DATA 10 MO FILE

GET CUR SpHILE COUNRT

IS COR Y I'AX GVER SMMTFLE SOT
NO., GO CT'EK I'OR HMIM

Y&S, KLEP CUR Y VLU

KEFP CUR SANMPLIE NUT

IS CUR Y MIN OVER SANTLE SEI72
NO, CO (I FPOR X I/AX

YES, KREP CUR Y VIU

KEFP CUR SrXPLE NOH

GEET CUR X BATA

PICK UP CURRRTD Mol FTLE PTR
SAVE DATA G0 [T PILD

GET CUR EANVLE cCulil

IS CoR X Iy OVFR S72PLE SET?
NO, O (LK X #IM

YES, RKIEP CUR X VLU

RECP COR &~7ELE VLU

IS CUR ¥ HItt OURR SN0LD SR
NO, FXIT X, D0 U

YIS, KEEP CUn M VLU

KEPD CUR gAMLl oo

DONE TITH AN & 10, N7
UPDATE ACTUAL DATA TIT &WURID




T

NOCTRS-7

03€10 046D
03820 046E
S S
Covs0 0400
03850 0475
03860 0478
03870 0478
03880 047E
03890 0480
03900 0483
03910 04
03920 048&°
03930 04&C
03940 04fr
03950 0492
0390 0495
03970 0498
03980 0493
03890 04¢E
04000 04n1
04010 04A2
04020 04A3
04030 04A4
04040 04A5
04050 04A8
04060 04AB
04070 041C
04080 04AF
04090 04B2
04100 04R3
04110 0486
04120 04B9
04130 04BC
04140 04pD
04150 O4LE
04160 04BF
04170 04C2
04180 04C5
04190 04C8
04200 G4CA
04210 04CD
04220

04230 04CE
04240 04DO
04250

04260 04D2
04270 04D5
04280 04D8
04290 0409
04300 04nC
04310 04DF
04320 04l
04330 0413
04340 0415

r7

BR
B7

B7

F9
F7
F7
7
B3
B7
B7
B7
7F
v
E
34
34
34
32
CE
BD
32
cE
BD
32
ce
BED

o
v

08
08
08
FF
BE

26
7F

2
-~

341C
0&

e

332
34B2
34DB5
34B8
00

34R1
34B1
3434
34B7
3480
34R0
3483
3486
3408
3484
34B9

3A00
04D2

3800
04p2

3600
04D2
$230

0230
1C%%
70TE
03

0232

0002
0002

BF
FF
16
BB
B7
&6
C5

19

04D0

SMRTT
*
TENMPD)
THPST
*
PDF3TR

IRUY]

STA

2
>

238G

STA
STA

28
jo=s~Jhe- s~ Bvs oo B ve B volie~"
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Sy

=3

o]
B>

£

A

>

DEARIT
48

XBITS+2
YRITSH2
ZBITS+2
#0
XBITS+1
XBITS+1
YBITS+1
ZBI'1S+1
XBITS
XBITS
YBITS
Z2BITS
TBITS+2
TBITS+]
TBITS

#ZPDI
PDFSTR

$YPDIH
PDFSTR

#XPDFM
PDFSTR
BUFTTR

BPUFPTR
STKSAV
#STPCE
SAFRTI
DOWTST

2
2

TEPST
TEMPDP

TEIPNI4]
TEAIDI]
#0

#5600
PDFSTL
TLEMIDP

NG UPDATE XRIT,YBIT,ZBIT COU
LT O ’

Nptgpe Uiwwo b v 2

NOW POINT STACK BACK TO DATA

GET Z DATA

UPDATE Z PDF BIN COUNTIR
GET Y DATA

UPDATE Y PDI* BIN CONTER

NO7 GET & UPDATE M RUPE DT

RETRTFV INTRY STACK DCINTIR
IS BEM BUF YULL?

NO, RET it 1MTR & SNIPLiD AC
YES, RESET BN FULL PLAG

TEMP VORKING DPUFFER
TEMP STACK SAVE DLPHER

SAVE STACR PRT

SAEVE PDE IR

SAVE INDPUT DATA VIt

RO CALCULATE Avie 7 100

'

N THE FOr FLD vUDTL L

IS THE DATA VI a2
YES, &rC 1S3 VE ArC
NO. ADD WITH CARRY T




04350
04260

Qs td
0430
04400
04410
04420
04430
04440
04450
04460
04470
04480
04490
04500
04510
04520
04530
045490
04550
04560
04570
04580
04590
04600
04610
04620
04630
04640
04650
04660
04670
046 80
04690
04700
04710
04720
04730
04740
04750
04760
04770
04780
04790
04800
04810
048620
04830
04840
04850

04ES8
04FA

Qai'd
04r1
04r4
04r7
04r°
04FB
04rD
0500
0502
0505
0508
0508
050D
050E
0510
0513
0514

0515
0518

051A
051D

20
R2
17
BB
B7

C5
2B
B9
20
B2
B7
FE
Al
31

BE
17
39

FE
GE

FE
6F

03
04CE

G

04CF
04cr
00

05
04CE
03
04CE
04Cr
04CE
00

00
04b0

PRA PDEST?2  AMD STCRE
PDFST1 SRC A TIMPRF VLU IS NDG. SBC

1

i IR N VT D B S
ADD A TEMPDF+1 FOR PROPER ADDR CALCULATICH
STA A PIPDP+1

IDA A #0

BIT B #$€0 IS THE DATA NLG?

BMI PDFST3  YES., SBC I'SB VS 2DC
ADC TEMPDF  NO. ADD WITH CARRY IMSB BYTE
ERA PDI'ST4  AND STCORE

joc

PDFST3 SBC A TRIFDF VLU IS NEG. SUB WITH CARRY
PCFST4 STA A THIPDE  AND STCRE

DX TENPDF  NOW LOMD CALC ADDRR FOR IFDEX

LDS 0,X GRAB VLU IN CALC ADDR

INS INCREENT IT

sTs 0,X AND STCRE It BACK I PUFFER
LDS TEMPST  RECOVER STACK DCINTER

TBA RECOVER ORICINAL DATA

RTS

*

*FUNC: EXEC JUMPS

*INPUTS: ACCUNULATORS

*OUTPUTS: NCNE

*CALLS: SAVEFL,FILIDR (EKG-IXEC) VIA ADDR BUIFLRS
*DESTROYS: X,A,1,CC

*PURPOSE: TC JUMP TO DESIRED ROUTTNES VIA RELOC ADDR

*

SAVEFL LDX SAVELC  GET MADDR OF SAVERL
JMP 0,X JUIP TO SAVLEIT.

*

FILHDR LDX FILHLC  GFT rDDRR OF I'I1IIC
JMP 0,X JUMP TO SAVIT'L

*

R R e L I T R T T S
* END SAMPLE

L T L T T S T2
*

*

*FUNCTION :CALIMT

*INPU1S (REG) :NCNE

*OUIPUTS (REG) :NONE

*CALLS  NCTYTVG

*¥DESTROYS (PRG) eNCHT (THTVRRIPT HANDIIR)
¥PURPOSE ¢THIG RCQUTING 10 USED DOR CALITIATI G
THE NAX NUNDRFR CF 1] OOSIPLY
DURInG AN IRTFEP2UVE b ilcn,  TVIS
ROUTINE UYDATHS THL [ETRET PLAG D
RESETE Mius OTCE00 INT PLIP LGP &

THE RETURNS,

* % A o %

*

04560 051 7C 0232 CALINT TiiC DOUTST  INCRITUTIT DOME TTST 1he
04870 0522 P7 F400 I
04880 0525 1

SA A ACZPO LR 816000 TR LI T
NOP
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paninfotamit ot gt o s st

Pt Yoy

04620 0526 3B
pacn

0aboe
04930
04940
04950
0490
04970
04930
04990
05000
05010
05020

RTI
*
ARKK KK R KRR KARKRKAAR I ARAK I AL ARA XS KK AL AARAR A D A A KA 4

*OEND CALINT
KhkRh A KA AR R AR A AR KA KRR RKAAKARARA KR AR A AR AR K AR A AR A Ak AR
*

*
Thhkhkhkk ko kK kA AR A KK AR KR A KRR R KA KKKk AR A IR AR ARKR KRRk KAk %

*
* END OF NOCPRS OVERLAY ROUTINES

*

KRk kKR IIRRF A AR KKK AR A A AR R A KRR ARA KA A KA AR R A AR KR Kk

*

END




A=

0C030

Neroen

QuunU
00070
00080
00090
001060
00110
00120
00130
001.40
00150
00160
00170
00180
00190
00200
00210
00220
00230
00240
002590
00260
00270
002€&0
00220
00300
00310
00320
00330
00340
00350
003260
00370
00380
0603¢0
00400
00410
00420
00430
00440
06450
0460
00470
00480
00490
00500
00510
00520
00530
00540
0050
00550

CA87
CABF
CA2C
CN36
1D00

3400
FFF8
1C9%
1C98
3002
1C9D
1CAL
1CA3
3400
3494
349,
3497

"""""""'.l--""-"’“!"!"-IIII--lI-r!!2221-----..:;4w‘.‘

AR AKAKKKK AL AR KRR KA KRR AR K AR AR A A A KAk A AR I hkhkk kAt hkkkhhk

*
AN NS HEARPY Y
* AULLOR ¢ CADY, ML TOLCLY
* VERSION : 1.8
* VEPSION DATE : 22 OCT 80
*
KARARAAA KA A XA A AR KAk hhkkbhddkhhddrdd b A dhdkhddhhhhkhdhk
*
* OVERLAY DESCRIPT'ION
*
o
* THIS OVERLAY SAMPLES THE FXG DATA VI THE v ;
* A/D CONVERTERS, PCU™DS THE DATA TO 8 BITS, .
* AND THEN COMPRESSES THE DATA VIZ THD TOLAN~A i
* ALGORITHM. THE COHPRESSED DATA 1S THEN SUCRED iNTO ;
* MEMORY DATA FILE FROM 3CQ0-7FFr. L
*
R PR R T T R PR T T E Y T R P P T P T T T T TS
*
* START OF TOLAN-A A
* i
hhkhkkhkhkhkhkhkkkhhkhkhAkdhdhhk kb hkrkhkkhkkh Ak khkdhkdthkdhhhkhhhkkkk 1
* !
ORG $0100 OJERLAY START ADDRESS ‘
*
oPT o) ASSB OPT~GIN OBJ FIIE .
opPT NOG ASSB OPT-SUPPRESS FULL FCC LT :
*
L2222 232 XSS IILTSISL S S S E LS LSS TLIS FILSSES ST EEITEE LSS
*
* LABLE DECLARATIONS
*
* SUPPORT SURRCUTINE ADDRESSES
*

QUTPUT BQU  $CA87  EPRAMOS, ALPH OTRING TO ONNIS
OUTHCR PQU  SCABF  EPROIMOS, ALTi! STRING,NO CRLE
KEYPD EQU  SCA2C  EPROIDOS. QOUSCLE TURUT ROUYT
KEYRDO FOU  SCA36  EDRGIDOS, QUNSCLE THIPUT, N0 2
START EBQU  S$1D00  EKG-EMEC. FILE CROATE RCUTINE
*

* DATA BUFFERS

*

ICRSTR BQU  $3400 DATA MENORY TUPFER HEZADER
TFOVEC POU  SFFF8  ILTERNUDT VICTCR ADIR

STKSAV BQU  S1C95  STVCK S7UF BLITHR

CONTYD LLU  ©1C98  COUIURFISICH A0 FIAG

ENDRUE EQU  $3002  ADPR G LAST CNR 1T
VICSAV POU- SICED IRQ VTCPOR SAVE prTR

FILHLC L0 S1CAL FILNDY A 1200
SAVIT.C BOU SICA3 SAMITL FLiR 1S B
IOOPCT FOU 3490 TORN, T PPN LOOr 1T
SAITIO FDU $3494 NITIBER GF CUN1ES 1
LRCAL BCU S3496 AVGD TN 100D QU TR
MAXZ DU $3497  MAX VLU IN Qi ¥

D
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RN
conen

RS S ORIV o4

| 00610
i 00620

00630

006 40

00650

00560

00670

006 €0

006 90

00700

00710

00720

00730

00740

00750
i 00760
| 00770
' 00780
00790
00800
00810
00820
00830
00820
00850
00860
00870
00880
00890
00900
00910
00920
00930
00940
00950
00960
00970
0090
00990
01000
01010
01020
01030
01040
01050
01060
01070
010¢0
01090
01100

0100
0101
0104
0107
010A
01eD
0108
0110
0112
0114
0117
011A
011D
0120

3498
349A
34D
349E
34A0
3401
34A3
34A4
3406
34A7
34RC
34B0
34R3
3486
34B9
340C
3600
3800
3A00
3800
3C00

E400
E404
E500

or
cE
D
D
FE
09
t6
Cl
27
7L
Cr

0252
CAGE

CA2C
30062

04
59
03
1D00
5441
Frr 1098
BD 02370
Cis 0209

HAXZLO FOU 83408 “AY, VLU 10C 1 Qv
MINZ  EQU <3 QA MIN VLU IN CH ¢
MINZIO o Gasan N R TR SR o
BT G;. b L O S
MAXYLO EQU S349E MAX VLU IOC I CH Y
MINY  EQU $34A0 MW VLU IN CH Y
MINYLO EQU $34A1 MIN VLU 1IOC T CH Y
MAXX  EQU $34M3 MAX VLU IN CH X
MAXXLO EQU $34A4 MAX VILUE LOC IN CH X
MINX  FQU S34A6 MIN VLU IN Q1 X
MINXLO FQU S34A7 MIN VLU LOC TM CH X
DABIT B0U S34NC MU OF BITS USFD TC ST DIA
YBITS BQU $34B0 NUM CF BITS USID TO SR 3
YBITS QU $24R3 NI OF BITS USID 70 &R Y 1
ZBITS EOU $34E6 NUM OF BITS vv‘“ ™ 55R 2 4
TBITS FQOU $34B9 NOM OF RTTS USED TO ST T :
ACELCT EQU S34RBC # RITS FLID qo V2R LFN CODE
XPDFM  EQU $3600 0 VLU LOC OF X EDF
YPDFM  EQU $38600 0 VLU LiC OF ¥ EDF :
7PDFM  EQU $3A00 0 VLU 14X OF % IDF
TPDE  BQU S3R00 0 VAL LOC OF TIME VAR HIST :
SECZRO EQU $3C00 DATA STORE ADDR START i
*
* HARDYWARE ADDRESSES }
* {
ADCZRO EQU SF400 ARG CHANNEL ZERO ‘
ADCIVIO FQU $1404 IMEC CHANIFLL W0 5
DACZRO QU SES00 DAC CHANNEL 2ERO :
*
*
*FUNCTION :TOLIN=-A
*INPUTS :STATUS DUFTERS FROM EKG-EXEC
*QUTPUTS :DATA 10 DIEK
*CALLS :OUTDUT, PITIDZ, KEYED, UTHICR
* KEYBDO,SAVL”L,QTTRT
*DESTROYS :ALL IIGISTERS
*PURPOSE :TO COTIACT 2 CHATRLS OF FKG
* DATA AND STORL DO FENORY.
*
*
TOLANA SLI

1DX $STRISG

JSR QUTNCR  "THIS JODUIE SANTLES TUr. . "

Js KEVTD GIT RESTOASE PROM cw SOLE

1.DX FLDRUE

DEX

DA B Q,X

P B #'y IS IIRUT YES?

REQ TOLAMNT YRS, ¥OUD PNUCUTTG RIS w1

Jmp arART NO. PINOTO G G-INEe
TOLANT ThX 85441 FLAG CUUPRESSIOD S5 Ty (TA)

&Y CroTyp

JER PILIDR  SET UP DATA ©ILF HEADER

10X £TROVSG
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01110
o1 oe

o

01150
0116C
01170
01180
01190
01200
01210
01220
: 01230
3 01240
: 01250
01260
01270
I 012.60
‘ 01290
01300
01310
01320
01330
01340
, 01350
] 01360

01370

01380

01390
g 01400
’ 01410
01420
01430
01440
01450
01460
01470
01480
01490
01500
01510
01520
01530
01540
01550
01560
01570
01580
01590
01600
01610
01620
01630
01640

AOPIRES

Cli-. ..

<

CLz3
Al 76

~

A
012F
0131
0134
0136
0139

013a

013D
0140
0143
6146
0149
014C
014r
0152
0154
0157
015A
015D
0160
0163

0165
0166
0167
0168
0162
016A
01612
016E
0ler
0170
0171
0174
0175
0178
017n
017n
017E
01¢el
0184
0166

BD

CAGE

BD CA26

'
I8

&6
B7
£6
B7
4F
R7
B7
B7
B7
FE
FF
ct
Fr
£6

B7
™

o

FF
FF
FF
20

01
01
01

01
01
7E

3R
OF
FE
0R
1
26
Fis
08

P
I6
81
26

A

2o
(RTS
04
0245
20
03C7

0251
03nC
03RD
03BE
FFF8
1CoD
067E
FFF8
00

0250
€000
0247
024C
E500
09

0181

024C

024C
33
0247

02LA
0250
00
8

JSR
JSR
TCLAGO 100
LDA
STA
LDA
STA
CLR
STA
STA
STA
STA
LDX
STX
TINCAL LDX
STX
ILDA A
STA A
LDX
STY
STX
STX
BRA

jscdiie-ciie- - B B g & 3 4

*

QUTINCR
KEYPDO

BT
#4
CALCNT
4580
BITPTR

FIRST
XSLOPE
YSLOPE
ZSLOPE
TIRQVEC
VECSAV
$CALINT
IROVEC
#0
DONTST
£0
IRONT
IROCNTH2
DACZRC
SroQl

TINSUIL SUDSECT AND EUG.. "
IUSIILIT U ph e 1
SR GRS S e

PICI( UP COUNTIR I'OR TI S CAL
STORE IN BURTER
INITIALIZE BIT POINTER TO LEF

INTT COMPRESS VAR
CLEAR FIRST SAMPLL I'LAG

PICK UP CURRIN IRQ VECTOR
SAVE IN BUVFER

CET INTR VICICR APDR FOR CAL
T IN VECIOR ADERC S‘

INIT COUITTER FOR 256 TEST LOG
STCRT i DONTST BUFFLR

CLEAR LOCP CGUNTER

PULSE THNT ¥™ARLE CIRCUIT
BRA 7O COUNTIIIIG 100P

KIKAKEARRAK KRR A TAA AL A KA AN A LAk hkkkhkhkkhkwhhh kA kxhhkxkk

*

* BASIC TIMING LOOP FOR EFFICIENCY TEST

*

khkkkhkkhkkkhkkhhkdkkdkhkkdhkkdhrdkhhhhknhkkkhkhkk kR Kk x kR kokwk

*
SPLOOP NOP
NOP
NCP
NOP
NOP
NCP
Jip
SFOO1 (L1
WAT
SroC4 CLI
JRD
INX
STX
BUE
LDX
INX
STX
SPCO3 IDA A
CHMP A
BB
*

SPOO3

TROCIT+2

IPOCT+2
SPLOOP
IRQQT

roair
DOIST
#0
SPFOG4

DELAY TO MATCH TIMND

IT TAKES TO EECUOTE THE
INCREMENT OF BYTES 3&4
OF THE 100D QOUNTTR
WHEN COMT CARRIFS 10
HIGH 2 BYTES & 4 VT
JUP 70 CONTITNM 1L.OO2
PREPARD FOR TINER INT
STOP PROCESEQR & WAIT

RET'ZD FROM INT, TIiC COONT
SIWE IT

COUNT CCV FPPE 1O 06007
YES, THC BYTFS 2&d

e

SAVE QOuTTr
IS DONE T08T SATICTRIED?

NO. KEEP LOCPING

ARk A Ak hdhhkk kAR A A KA Ak F A A kAT ARKRKAARRA XX R AR RIS kFdn FhdAk

*
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TOLAN-

01820
preen

Olued
0160
01700
01710
01720
01730
01740
01750
01760
01770
01780
01790
01800
01810
01820
01830
01840
01850
0180
01870
01880
01890
01900
01910
01920
01930
01940
01950
0190
01970
01980
01990
02000
02010
02020
02030
02040
02050
02060
02070
020¢€0
02090
02100
02110
02120
02130
02140
02150
02160
02170
021¢e0

8

0188
0169
018&C
01¢8F
0192
0193
019
0la¢
019R
019D
oLor
0122
0175
01A8
0171
01AD
01R0
01583
0116
0119
01nC
o1y
01C?2
01C4
01C6
01C8
01CA
01¢D
01D0
01D3
01D6
01D8
01D
01pn
01Kl
01r%
o1r7
01rA
01D
oire
0113
01r6
01r9
011C
cire
0201
0204
0207
o208
020A

or

0
Pr
B7
01
T

27

81
26
FE
Fpr
CE
Pr
&5
B7
7F
CE
FF
I'r
e
re
20
81
26
66
B7
B7
cE
PR
20
FE
re
'E
PP
TE
PG
BB
B7
IS
b9
D7
77
76
€6
77
76
it
26
b6

4000
E500
E400

0245
ar
0245

25
024C
0248
03C8
“IES
00
0250
0251
0000
022A
024C
3404
E5C0
FAVAN
02
10
55
0251
0250
poeo
E5C0O
3.
024N
3290
g2C
3402
01¢C
0249
02D
0247
0248
024C
0246
0246
c2.7
o»
0244
0247

F7
0247

* EID BASIC

*

xR AW f Y E ey b

*

FATNISP

PARSHV

SFDAUE

CrLAr

SEI
LDX
STX
STA A
NOP
DEC
BIQ
IDA A
CMP A
BNE
LDX
Si¥
LDX
STX
IDA A
STA A
CLR
DX
STX
STX
STX
STX
BRA
CMP A
RVE
IDA
STA
STA
ILDX
STX
BERA

V4
3N

STX
LDX
STX
Jrp
I.DA
ADD
STA
TOA
/‘&Lt
STA A
ASR

RCR

IDA A
PER

ROR

DEC A
PNT

IDA A

> > >

s >

~
s

> > >
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TINING IACY POR e 1TsT

R R AR R R N B I S 3 A S R

#54000
DACZERO
ADCZRO

CALGT
SPDONE
CALCNT
33
MAINSP
TROCNT+2
CALCGRE
#SAMPLE
IRQVEC
£30
paITsT
FIRST

#0
IROCHT
TROQNTH2
SAMPIO
DACZRO
SPOO1

#2
PARSEV
#$55
FIRST
DONTST
#0
DACZRO
SPOO1
IRQQIT
1.00PCT?
IRQCII+2
LOOPCI+2
TTMCAT,
CALONT+)
IPOC T2
CALZ00R
CALUNT
T2
CAL2VO
CALZLO
CALZDOH]
9
CALZTO
CALZEO+]

CALSHF
CALZROR)

PREVENT SER TO MORE INTR
PICK UP INTR OFF $%.CID

DISPELE INTR PRGY TTNER
CLR ST6 800 INT FLIP FLOP

CEC TIME CAL I.OOP COUNTER

IS COUXT 32 YRS, GO SAVE DATA
NO. GET COUNT

IS counT 372

NO. CO TO MAIN SPL LOOP

YES, SAVE TIIE LOCOP COUNTER

NOW PUT SAMPLE ADDR I IRQVEC
SET UP DONTST

RESET FIRST SI'P FLG
CLR LOCP OQOUNT ZIND SAMPLE COU

NMARLE TIMER INTERFPUPTS

GO VWAIT FOR INTERRIPT

IS counr 272

NO, SAVI RARMETER FRPOM ERG
SET FIRST I'LING

SET DONTST POR SMPL COLLIC
EVABLE INTR CLOCK

GO WAIT FOR IUTLRRUDT
SAVE 1OOP COUNT

GO EXBECUTE ANOTYER TIME CAL
IVURSCE W0 TINE CAL TTNE
ATD TG IYUEDS

SICRI I T IR

PICK 0P ¢ :

I et REEE TR RINEN
STCh Lo n

DIVIDZ B3Y 2 "0 aviioo

SET UP QTR por
MOV DIVIDY BYO256
[OCDs/ Ty

8 SHIME YRT?
PICK U SHIFITD REDTY
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TOLAN-8

02190 020D B7 24 STA A LICAL SOCRE I PIIL te pitn
02200 0210 B0 SR JSR DTACIT MO OOUNY s O DATA TIPS SR

2290 U216 FF FLLS S [EERARRS

02230 0219 CE 0336 LDX ESAVISG

02240 021C BD CA&F JSR  OUINCR  "SAMPLING (OF ua

02250 021F ED CA2C JSR  KEYED  GET SAVE DRCIC

02260 0222 FE 3002 DX ENDDUL

02270 0225 09 DEX

02280 0226 E6 00 IDA B 0,X ‘
02290 0228 C1 59 QP B #'Y IS DECISION YFS?

02300 022A 26 0OC BNE P NO. RTNON0 BRG=IYEC !
02310 022C BD 0240 JSR  SAVEFL  YES. SAVD TUE P'ILE O DIsK :
02320 022F CE 03A4 DX #SDONE 1
02330 0232 BD CASF JSR  QUTHCR i
02340 0235 BD CA2C JSR KEVDD :
02350 0238 7E 1D00 EXJMP JMP  START  JU'? BACK TO [KG-[NLC :
02360 *

02370 *FUNC: RELOC JUMP ‘
02380 *INPUIS: A ;
02390 *OUTPUTS : NCHIE ‘
02400 *CALLS: FILIDR,SAVEPL (EKG-TXEC ROUTINES) .
02410 *DESTROYS: A, R,CC,X 5
02420 *PURPOSE : THIS ROUTINE INABLES TCLAN~A T0O PE RFTCCA

02430 *MTTHOUT VORRY OF CEANGILG C/LLE 10 [EG-1XEC,

02440 * ;
02450 023P FE 1CAl FILIDR LDX FILILC  GET FILIDR ADDRESS

02460 023E 61 0O JMP 0,X JUMP TC IT ‘]
02470 *

02480 0240 FL 1CA3 SAVEFL LDX SAVILC  GET SAVLFT, ADDCRESS

02490 0243 6% 00 SMP O 0,X JUIP 10 17T

02500 *

02510 0245 06001 CALCIT P 1 TEST CAI, LOCGP (CInITER

02520 0246 0002 CALZTO RI'B 2 AVG'D CAL 1QOPS DURTLE DAT QO

02530 0248 0002  CAI(YF RMB 2 TEMP BUP POR FRE O0LTEC CAL

02540 024A 0004 10T BB 4 TEIIP INTR LOCD QOFTR

02550 024E 0002 DUTTR Rl 2 PUFFER POV (0 10NT AUATL

02560 0250 0001 DOHTST RMB 1 DOME TEST IiG IR 2 FOLL

02570 0251 0001 FIRST RM3 1 FIRST A/D SALTL FILG

02580 *

02590 0252 1A07 STRMSG FDR $1007

02600 0254 54 FCC /TS row DEOSRIPLLE VR THC /

02610 0270 49 FCC /INDUT R 81 VC-J-:; I DATA

02620 028A ODOA FDR SODOA

02630 02¢C 43 FCC /CCHTRFSSID VIA MAOR D01 A -7/

0264C 0279 ODOA FDR SODOA, SODO/,

02650 (28D 44 FCC /DO YR TSN TO ISICUTE T

02660 02C9 4D FCC  /MODUTE (Y OR 1)/

02670 028 04 FCR 4

02680 0209 1A IPQNSG ICR S1A

02690 020N 49 FCC /'IF»ISUR[-I SUrGECT AND BHG i ie

02700 0218 52 FCC /RIANYL/

02710 02T ODOA FDB «r.nm\ “OP\.\,M A

02720 0304 50 FCC /PRISH LI, TN CLONT TR e

180




TOLAN-8

02720 0
! 02740
l SITTOG
, C2ic0 0
' 02770 0
02780 ©
027¢0
02800 0
02810
02820 0
02830
02840
02850
02660
02870
02880
02890
02900
02910
02920
02930
02940
02950
02960
02970
02980
j 02990
i 03000 ©
! 03010 0
03020
: 03030
, 03040
N3050
! 03060 0
03070 0
03080 0
03090
03100 ©
03110
03120 0
03130 0
03140 0
03150
03160
03170
03180
03190
03200 0
03210 0
03220
03230 0
037240 0
03250
03260 0

N335 0

0375
0323

03Bl

3n2

03ra
03578
031%
0317
e

310

03DR

03FD

30
03C1
(03C2
03Cx
03C4
03CH

326 -

FETES
357 .o
361

3%

324

0001
ce0l
CoCL
001
cnel
0001
ooel
0001
0001
00l
0001
Q001
0C01
onel
nnn1
0001
o601
00C1
0001
oem
6001
000l

33

3r9

anc

3nE

re

3C6
3C7

08 T 3494
3CH 08

3CC it 3494
3CH 100

ANE
FCP
AT

FUC
FCC
FDB
PCC
FCC
FCB
FCC
FCB

SDONE

*
*

* END TOLMAN-A

*
%
*FUNCTTCN
*INPUTS

1 &7
1 STAIU

| At
Wil
vy

SODOA, SODOA, SODOA

,,,,,

VRS TR SR
DS INCHL/

/DO YOU WISH TO SAVE "H1S DATA O/
/DISK (Y OR 1)/

4

/ PRESS RETURN/

4

PLE

be

5 PUTITRS

*OUTPUTS «CCLMILESID, 2CCND0D DATA TN MEM BUPE

*CALLS

:NOTD
*PURPOSE :T1
* ROUNDS THE VALUES 0 8 BLIZ

S ROUTID SANPLLS THE ERG LLFDS,

(RGO

* CALCULAIFS AN, MIN,® OF BITS, S Uaps

*
*

*

*

SHFBUF RMB
TiHPAl KB
TP 1B
TIAPAZ HB
THRIFRZ DB
TIVPAR 103
RIS B SR
XEANTA R
YDATA  RiB
ZUATRA TR
XELOMD Tl
YSLOUD 1B
FASHE SICID R ECG
P OReN DB
ERIRAE IR

o
NACCRL W
YACCEL I
7oCCEL T
STPTIG R
T
DITTTR
*

SAMPLE

IEDXS
MY
&TX

SIS

18

1

b e e b b b b e b b b b b b b b o e

SAMANO

SANPO

- N
STREAY

ETC,, AND SAVES TI:ESE PARANM AMD DATA
TO DATA MEI FILE,

TEMP SEIFT PUHFFER
TEMP REG, MSB (I
TP REG, LEH CH
TTIHP RIG, Msp CH
TP REG, LED Ci
TP RIG, 'SR CH

N M= O

TEMP RIG, LG CH
THIP X CH DI'a BUE

TEMP Y CH BPTA BUD

TFMP 72 CH DPA PUP

181 DIFF X (M) =¥ (1+1)
18T DIFF Y(N)-Y(14]1)
18T DIPF 72000 =7 (3e+1)
FXPECTED VAL G X (1743
FXPECITD VAL (0 Y {I7+1)
EXPECITD VAL ¢ 20
DIFF Y (3+))~I V-
DITF Y (M+]) -1 A
DIPT 2 (M) -1 (0
I BAVE JUST vl 107
TIHE CUT VAR (<1270

BIT POTNTER PCROGIT v 0

)

ST

GI'T CUR &by, oo

SAWE STRCR BT



u_____------I!!!lIllIllllI==:a:n............-....!!.___.-._________FH:

0 s
G3770 302 BE 3280 DS £83260 INITIALIVE ST700 I UTeiD bice
: Tt o) TPy p TTham CYomIneT B
; 03360 030 BD 05CE Joi SAMPLO YRS, &80 & U
f 03310 03DD P& Q245 LDX BUPPTR  NOW STR FIRST DATA VIUES
03320 03F0 PG Q3r9 IDA A XDATA
03330 032 A7 Q0 STA A 0,X
03340 0355 08 INK
03350 03(6 16 03ra ILDA A YDATA
03360 03F9 A7 (0 STA A 0,X
03370 03F3 08 INX
03380 03rC B6 03PB IDA A ZDATA
03390 03rF A7 00 STA A 0,X
03400 02r) 08 NX
03410 03F2 VI 024E STX BUFPTR  UPDATFE MNT, EUFPTR
03420 03F5 & 55 IDA A %S$55 SET STRFLG & F1RST FLIG
03430 0377 D7 03C5 TA A STRFIG
03440 QA 17 0251 STA A FIPST
03450 03FD & 08 IDA A #8 UPDATYE X,Y,2 BIT CITiS FOR It
03460 Q3FF B7 34m2 STA A XB1TSH+2
03470 0402 B7 23415 STA A YPITS+2
03480 0405 BT 34R8 STA A ZPIT5+0
03490 0406 7F 0250 CLR DOITST  CLOAl DONTST FLAG FOR 1 SMVL
03500 0401B BE 1C%5 IDS SRS
03510 040L 3B RTY
03520 040F 7D 03C5 CUIPRS TST STRELG  DAS DATA JUST REZY STCRED ?
03530 0412 27 05 BED QOMPR1 0. KEEP COULTING TTiE
03540 0414 £ 01 IDA A #1 YES. SET 110 COUNT 90 1
03550 0416 7 (3C6 STA A ICNT
03560 0419 B6 030G CCMFRL IDA A XOATA  GI7T X VLU
03570 041C PB 031C MDD A XSTCPY 7DD % (0-1)-N{=2)3
03580 Q41F B7 C37TF STA A YEXP CRIAT T YD VAL CF X (N41)
: 03590 0422 06 03rA DA A YDATA  GET LS SUTL, VZILTE
i 03600 0425 BB 03!'D ADD A YSLOPD  ADD § (Y (» 1) SUIN=2Y )
‘ 03610 0428 R7 03C0 STA A VENP CREANT FRPECTFD VAL OF V(N41)
j 03620 042P 15 030D IDA A 7DATA  GET IAST 7 7T, VALLY
‘ 03630 042F DB 03FZ EDD A CSIOTN ADD {(4(0m1)-r=2))
‘ 03640 0531 17 03C1 STA A 7ZEYP CRIZGT YXOFCTIT VAL €7 7 (8
i 03650 0434 D 058 JSR SAMPLO NG QO GET I QMTT, Nelld
1 03660 0437 P& (379 YW A XDATA CALC DIF () -LIX 00
{ 02670 0434 10 0317 SI'D A YEND
J 03680 043D B7 03C2 SYA B XMCEL  SAUT DT 72 VIR
| 03690 0440 15 (3FA IDA A OYDATR 10 DIF Y (D =LY ()
03700 0443 10 03C) STR A r<“
03710 0426 B7 03C3 STA A YACT SIUR DTE T VAR
03720 0449 TG 027D L R RS e =TT
03730 044C D0 03C1 R A
03740 0427 BT 03C4 STA A % SAVIT DI 1T UAR
03750 0452 1’6 03C2 LDA A NACCTHI,
03760 0455 26 21 N (G BIERS AL AL TG ATYOTIS (W YT
03770 0457 16 0303 IDA A YZCCTL, TENO, NWUED U0 STROALL DI
03780 045/, 26 1C N0 e izel
03790 045C PG 0D IDA A MO
03600 0451 6 17 e QiTRD

182



TOLAN-8
(3610 0461 D6 C3C6 A A ICT UPDATE N mIN (uanTrn
PN QS AC ™C A
: Coeo NN o (1 )
0300 0a07 210 71 Bl CCUTID YLD, Gl o s i
03650 04569 B7 03C6 STA A INT N0, INC ICIT & RTI
03860 0456C 7F 03C5 CLR SIRPLG ~ RESET I HAVE JUST STRED FIG
0370 046F &6 55 ILDA A #S$55
03880 0471 B7 0250 STA A DONTST  KFEP DONL TEST SET
03690 0474 BE 1CY6 LDS STKSAV ~ RETRIEV STACK
03900 0477 3B RTI
03910 *
03920 0478 CE 34B0 COMPR2 IDX 4XBITS  UPDATE X BIT CIMR
03730 047R BG 03C2 or A XACCL
03940 047F BD 0568 JSR BITCIT
03950 0481 CE 3600 LDX 4XPDIM UFDATE CH N FREQ CF OCQUR HIS
03960 0484 B& 03C2 ILDA A ¥ACCLTL
03970 0487 PN 0661 JSR FDPSTR
03980 048n B6 03C2 oA A XACCrL
03090 04 B6 03C2 IDA A XACCUL,
04000 0480 BB 031C ADD A XSLOTE  CALC & SPVE X (N=-1) =¥ (N=2)
0401C 0493 B7 03RC STA A XSLOE
04020 04% CE 34R3 LDX $YRITS  UPDATL Y BIT QTR
04020 0499 B6 02C3 LDA A YACCTL
04046 049C BD 0568 JSR BITCIT
04050 04%F CE 3&.0 LDX £YPDFIY UPDATE CH Y FRIQ G OCCUR HIS
04060 072 B6 03C3 IDA A YACCIL
04070 04°5 ED (G6D JSR PDFSTR
04080 04A% BG 03C3 IDA A YACCET
04090 0475 P5 03C3 IDA A YACCEL
04100 O4NE BB 030D ADD A YSLOPD  CALC & SAVD V(N-1)-V(XN-2)
04110 04m1 27 63D STA N YSLODL
- 04120 0404 (3 3405 ILDX £7BIS  UPDATE 2 DIT CITP
i 04130 0417 b6 (3C4 IDA A ZACCEL
04140 04rA BD 0568 JER RITCHT
¥ 04150 04rD CE N0 LDX #7PDFM UPDATY (71 ¢ PRI O OCQUR HIS
| 04160 04C0O 16 (C4 DA A ZACCHL
: 04170 04C3 D (66D JER IDFSTT
1 04180 Q4C6 16 03C4 LDA A ZACCLL
-, 04190 04C9 16 03C4 IDA A 72CCHL
| 04200 04CC 112 031E ADD A ZSLOPE CALC & SAVE Z(N-1)-I2(N-2)
i 04210 Q4CT B7 Q20E STA N ZELOTD
04220 04D2 Cr 34B0 LY EPITS  NOY UPDATE 71N RIT QT
3 04230 04D5 6 06 LA A £6
; 04240 04D7 I'D 076¢ JER PITCIT
] 04256 04DN B6 (202 Criim3 IDN A MACCTL  TTICR UD YACCTL UiV
‘ 04260 045D BD 0510 JER QSTR GO QOP L a1
' 04270 04K0 T 0203 IDA A YIOCL, VICU U ANCCT T
| 042F0 0453 D 0511 JER COMSTR GO Qb s e o
: 04290 0476 I (03C4 IDA A GACCTL PTG U vy
04300 0479 1D (31D JER QOUSTR GO QT
04311 041C BH 03CA IPA A TC MOV R 1O b
04220 0415 CE 3700 10X £TPDI
; 04330 0412 I'D 066D JER PO
| 04240 G4rS ID 0758 JER RroT TTOTI0
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TOLAN-8

04350 04F8 79 03C6 RCL aiT ROL 7 BIT IQIT TO IS PCSITIC:
04360 O4FB 86 08 IDA A #8 SET CITER FOR TIME STORE LOOP
, 04270 041D 4A CO'FR4 DEC A DECRIZTENT 1CCD QTR
* 04380 04rg 27 OF BLO COFRG6  TIME SIRID YET?
04390 0500 79 03C6 ROL ICNT NO. ROTATE TIME WORD ONCE LEF
04400 0503 25 05 BCS OOMPR5 1 IN CARRY?
04410 0505 BD 055A JSR RESET NO. PUT 0 IN MEM FILE
04420 0508 20 F3 BRA COIPR4
04430 O50A BD 0534 COMPRS JSR SET YES, PUT 1 IN MEM FILE
04440 050D 20 EE BRA COMPR4
04450 O50F 8 55 COMPR6 ILDA A #855
04460 0511 B7 03C5 STA A STRFIG NOJ SET "I HAVE JUST STORED"
04470 0514 B7 0250 STA A DONTST  SET DONTST FLAG
04480 0517 BE 1C9% LDS STKSAV
04490 051A 3B RTT
04500 *
04510 051B BD 055A COMSTR JSR RESET PUT 0 IN MEM FILE FOR DELIM
04520 O051E 4D TST A NOW TEST STATUS OF A
04530 O51F 2A 06 BPL COMSTI IS IT +2
04540 0521 40 NEG A NO, CGET 2'S COMP FOR }MPG
04550 0522 BD 0534 JER SET NO, STORE 1 FOR SIGH BIT
04560 0525 20 03 ERA COHST2
04570 0527 BD 055A COMST1 JSR RESET YES, STORE 0 FOR SIGN BIT
04580 0527 4D COMST2 TST A NGY QNT DOWN & STORE DATA
04590 052B 27 06 BEQ COMST3  CONT 072
04600 052D BD 0534 JSR SET NO. STORE 1 TO MEM FILE
04610 0530 4A DEC A DEC QONTR
04620 0531 20 F7 ERA QOMST2
04630 0533 39 COMST3 RTS
04640 *
04650 *
04660 *FUNC: SET
04670 *INPUTS: BUFPIR,RITPTR
04680 *OUTPUTS: BIT SET PT'ED TO BY ARCOVE
04690 *CALLS: NOTHING
04700 *DESTROYS: B,X,CC
04710 *PURPOSE: THIS ROUTINE SETS THE BIT POINTED TO
04720 * BY BITPTR & BUFPTR AND THEN UPDATES THESE COUNTERS
04730 *
04740 0534 FE 024E SET DX BUFPTR GET CUR MEM WORD FOR DATA STO
04750 0537 F6 03C7 IDA B BITPTR GET BIT IN THAT WORD TO BE SE
04760 053A EA 00 ORA B 0,X SET THE BIT
04770 053C E7 €O STAB 0,X SAVE IN MEM FILE
04780 053E OC SET0 CLC CLR CARRY FOR PROFER LEFT ROT
04790 053F 76 03C7 ROR BITPTR  ROLL BITPIR Q}ICE RICI™TY
04800 0542 24 15 BCC SETRTS WAS BITPTR DOWM 70 1:7 BIT?
04810 0544 76 03C7 ROR BITPTR YES. IN BUFPTR ¢ SET BITPTR T
04820 0547 08 INX
04830 0548 FF 024E STX BUFPTR
04840 054B F6 024E ILDA B BUFPTR
04850 054E C1 80 CMP B #4580
04860 0550 26 07 ENE SETRTS
04870 0552 7F 0250 CLR DONTST  YES. STOP DATA COLLEC & RTI
04880 0555 BE 1C9% LDS STKSAV
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g4tce
04200

VR
04930
04940
04950
04%0
04970
04980
04990
05000
05010
05020
05030
05040
05050
05060
05070
05080
05090
05100
05110
05120
05130
05140
05150
05160
05170
05180
05190
05200
05210
05220
05230
05240
05250
05260
05270
05280
05290
05300
05310
05320
05330
05340
05350
05360
05370
05380
05390
05400
05410
05420

358 3R
0559 39

055A FE
055D Fé
0560 53
0561 E4
0563 E7
0565 7E

0568 2A
056A 40
056B 4C
056C 4C
056D C6
056F AB
0571 A7
0573 8
0575 E9
0577 E7
0579 C6
057B A9
057D A7
057F 86
0581 FB
0584 F7
0587 C6
0589 B9
058C 1»7
058F 86
0591 F9
0594 F7
0597 B9
05%A B7
059D 39

024E
03C7

00

053E

01

RTI
SETRTS RTS
*

*FUNC: TIO0T
*INPUTS: BUFPIR,BITPIR

*OUTPUTS: BIT RESET IN MEM FILE PT'ED TO BY ABOVE
*CALLS: NOTHING

*DESTROYS: B,X,CC

*PURPOSE: THIS ROUTINE RESETS THE BIT IN THE MEMFILE
* POINTED TO BY BUFPIR & BITPTR & UPDATES THESE COUN
*

RESET LDX BUFPTR

IDA B BITPTR

COi1 B

AND B 0,X RESET BIT IN MEM WORD
STAB 0,X SAVE BIT IN MEM FILE

JMP SETO UPDATE C(NTR'S AND CK IF MEM F
*
*FUNC: BITCNT
*INPUTS: ACCEL VLU IN A, BIT QVIR IN X
*QUTPUTS: UPDATED BIT COUNT
*CALLS :NOTHING
*DESTROYS:A,B,CC
*PURPOSE: THIS ROUTINE IMNC 3 RYTE BIT COUNTER WITH
* NUMBER OF BIT USED TO STORE X,Y,Z,& TIME.
*

BITCNT BPL BIT(N1 IS ACCEL +

NEG A NO., GET ABS VLU
BITCN1 INC A ADD 1 FOR DELIM 0 BIT
INC A ADD 1 FOR SIGN BIT
DA B #0 RESET B WITHOUT AFFECTING CAR
ADD A 2,X INC LSB BYTE OF COURT PTED TO
STA A 2,X
DA A #0
ADC B 1,X
STAB 1,X
ILDA B #8 NGJ UP COUNT OF ACTUAL DATA B
ADC A 0,X
STA A 0,X
IDA A #0

ADD B ACELCT+3 NO, INC ACELCT COUNT
STA B ACELCTH3
IDA B #0
ADC A ACELCT+2
STA A ACELCT+2
LDA A #0
ADC B ACELCT+1
STA B ACELCT+]
ADC A ACELCT
STA A ACELCT
BITRTS RTS
*

*FUNC: DTACNT
*INPUTS: NUM ON SMPLS COLLECTED
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TOLAN-8
05430 *OUTPUTS: BITCIT=TO SHPLS*24
05440 *CALLS: NOTHING
o 0N *DESTROYS: A,1,X,CC
05460 *PURPCSE: TO CALC NUM OF BITS STORED DURING CCLLLCTI
05470 *
05480 059E FE 3494 DTACNT IDX  SAMPNO
05490 OSAl 8 18 DTACN] LDA A 424
05500 05A3 C6 00 IDA B #0
05510 05A5 BB 34AF ADD A DTABITH3 .
05520 05A8 B7 34AF STA A DTABIT+3 1
05530 05AB 86 00 LDA A #0
05540 O0SAD F9 34AE ADC B DTABIT+2
05550 05B0 F7 34AE STA B DTABIT+2
05560 OSB3 C6 00 IDA B #0
05570 05B5 B9 34AD ADC A DTABIT+1
05580 05B8 B7 34AD STA A DTABIT+1
05590 05BB F9 342C ADC B DTABIT
05600 OSBE F7 34AC STA B DTABIT
05610 05C1 09 DEX
05620 05C2 8C 0000 CPX  #0
05630 05C5 26 DA BNE  DTACN1
05640 05C7 39 RTS
05650 *
05660 *FUNC: SAMPLO
05670 *INPUTS: DATA VIA A/D COQW
056 80 *QUTPUTS: ROUMDED DATA TO XDTA,YDTA, ZDTA
05620 *CALLS:PDFSTR (UPDATE PDF HISTOCRAMS)
05700 *DESTROYS:A,R,X,CC
05710 *PURPOSE: THIS ROUTINES SAMPLES THE A/D AND THEN
05720 * ROUNDS THE DATA TO 8 RITS FRCOM 12. THE DATA
05730 * IS PLACED IN XDTA,YDTA,ZDTA AND THE COLLEC
05740 * STAT ARE UPDATED,
05750 *
05760 05C8 CE E400 SAMPLO IDX  #ADCZRO NOJ PULSE A/D TO START CONV
05770 05CB A7 00 STA A 0,X ON CHANNEL 0
05780 05CD 01 NOP
05790 05CE A6 00 IDA A 0,X
05800 05D0 E6 01 IDAB 1,X
05810 05D2 B7 03B3 STA A TEMPAl
05820 05D5 F7 03B4 STA B TEMPBI1
05830 05D8 08 INK
05840 05D9 08 INX
05850 G5DA A7 00 STA A 0,X NO{J PULSE A/D TO CONV
05860 05DC 01 NOP ON CHANNEL 1
05870 0SDD A6 0O IDA A 0,X
05880 0OSDF E6 01 DA B 1,X
05890 O5EL B7 03B5 STA A TEMPA2
05900 05E4 F7 03B5 STA B TEMPR2
05910 05E7 08 INX
05920 O5E8 08 INX
05930 05E9 A7 00 STAA 0,X NO# PULSE A/D TO CONV
05940 O5EB 01 NOP ON CH 2
05950 OSEC A6 00 IDA A 0,X
05960 OSEE E6 01 IDA B 1,X
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PRS-

TOLA -

€5970
05980
G56°0
G6C00
06010
06020
06030
06040
06050
06060
06070
06080
06090
06100
06110
06120
06130
06140
06150
06160
06170
06180
06190
06200
06210
06220
06230
06240
06250
06260
06270
06280
06290
06300
06310
06320
06330
06340
06350
06360
06370
06380
06390
06400
06410
06420
06430
06440
06450
06460
06470
06480
06490
06500

8

0SFO
05F3
05F6
05F9
05FB
05FD
0SFE
O5FF
0600
0601
0602
0603
0604
0605
0608
060A
060D
060E
060F
0610
0613
0615
0616
0619
061C
061F
0621
0624
0627
062A
062C
062F
0632
0633
0636
0639
063B
063E
0641
0644
0646
0649
064C
064D
0650
0653
0655
0658
065B
065E
0660
0663
0666

B7
F7
ce
26
E6

56
47

47

47
56
F7

B9
36
08
08

26
32
B7
FE
Bl

B7
FF
Bl
2C
B7
FF
32
B7
Bl
2F
B7
FF
Bl
2C
B7
FF
32
B7
Bl

B7
FF

2C
B7
FF

03R7
0358
03r3
00
01

03B2
00
03B2

03B9
E4

03BB
3494
3497
06

3497
3498
3492
06

3497
349B

03BA
349D
06

349D
340E
3420
06

34A0
34A1

03B9
34A3
06

3473
3474
3406
06

3476
34A7

STA A TEMPA3

STA B TEMPB3

IDX $THIPAL
SAMPL1 IDA A 0,X

IPAB 1,X

ASR A

ROR B

ASR A

ROR B

ASR A

ROR B

ASR A

ROR B

STA B SHFBUF

LDA A #0

ADC A SHFBUF

PSH A

X

12 BIT TO 8 BIT RQUNDED CONV

SAVE 8 BIT RESULT OF SHIFT
AND ADD CARRY OUT OF LAST
SHIFT ROUMDING UP OR DO
SAVE TO MEM FILE BUFFER VIA S

CPX #TEMPA3+2 CHANNEL Z ROMMNDED TO 8 BITS

BNE SAMPL1
PUL A
STA A ZDATA
ILDX SAMPNO
CMP A MAXZ
BLE SPZMIN
STA A MAXZ
STX MAXZLO
SPZMIN CHMP A MINZ
EGE SPYMAX
STA A MINZ
STX MINZLO
SPYMAX PUL A
STA A YDATA
CMP A MAXY
BLE SPYMIN
STA A MAXY
STX MAXYLO
SPYMIN CMP A MINY
EGE SPXMAX
STA A MINY
STX MINYLO
SPXMAX PUL A
STA A XDATA
CMP A MAXX
BLE SPXMIN
S5TA A MAXX
STX MAXXLO
SPXMIN CMP A MINX
BGE MMDONE
STA A MINX
STX MINXL.O
MMDONE RTS
*

187

NO. GO SAMPLE NEXT CHANNEL
GET Z DATA

GET CUR SAMPLE COUNT

IS CUR Z MAX GVE SAMPLE SET?
NO, GO CHECK FOR HIN

YES. KEEP CUR VLU

KEEP CUR SAMPLE NUM

IS CUR Z MIN OVLR SAIPLE SET?
NO. GO CHECK FOR Y iAX

YES, KEEP CUR VLU

KEEP CUR SAMPLE NUM

GET CUR Y DATA

IS CUR Y MAX OVER SAMPLE SET
NO, GO CHEK FOR MIN

YES. KEEP CUR Y VLU

KEEP CUR SAMPLE NU!

IS CUR Y MIN OVER SAMPLE SFT?
NO. GO CHEK FOR X MAX

YCS. KEEP CUR Y VLU

KEEP CUR SAMPLE NUM

GET QUR X DATA

IS CUR X MAX OVIR SWMPLE SET?
NO. GO CHECK X MIU

YES, KEEP CUD2 X Vil

KEEP CUR SAUPLE V.U

IS CUR X MIN OVER S0 .CLE SET?
NO, EXIT I'AX,MIM UFTA'FE

YES, KEEP CUR X VI.U

KEEP CUR SAMPLIN COUGIY

-
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TOLAN-8
06510 0667 0002 TEMPDI® RI'B 2 TEMP VORKING BUL'FER
06520 0669 0002 TEMPST RMB 2 TEMP STACK SAVE BUFFLR
06520 *
M 06540 0G6E BF 0669 PDFSTR STS  TEMPST SAVE STACK PIR
06550 066E FF 0667 STX TEMPDF  SAVE PDF PTR
06560 0671 16 TAB
06570 0672 BB 0668 ADD A TEMPDF+1 NOW CALCULATE ADDRESS IN INC
06580 0675 B7 0668 STA A TEMPDF+l IN THE PDF MEM BUFF
06590 0678 8 00 LDA A #0
06600 067A C5 80 BIT B #$80 IS THE DATA VLU NEG
| 06610 067C 2B 05 BMI PDFST1 YES. SRC MSB VS ADC
06620 067E BY 0667 ADC A TEMPDF NO, ADC MSB
06630 0681 20 03 BRA PDFST?2 AND STORE
06640 0683 B2 0667 PDFST1 SBC A TEMPDF VLU IS NEG. SBC
06650 0686 B7 0667 PDFST2 STA A TEMFDF AND STORE
06660 0689 17 TRA RECOVER VIU AND ADD (SUB) AGA
06670 068A BB 0668 ADD A TEMPDF+1 FOR PROPER ADDR CALC
06680 068D B7 0668 STA A TEMPDF+l
06690 0690 8 00 LDA A #0
06700 0692 C5 80 BIT B #S80 IS VLU NEG?
06710 0694 2B 05 BMI PDFST3 YES, SBC MSB VS ADC MSB
06720 069 B9 0667 ADC A TEMPDF NO. ADC MSB
06730 0639 20 03 BRA PDFST4
06740 069B B2 0667 PDFST3 SBC A TEMPDF VLU IS NREG. SBC
06750 069E B7 0667 PDFST4 STA A TEMFDF AND STORE
06760 06Al FE 0667 LDX TEMPDF NO LOAD CALC ADDR FOR INDEX
06770 06A4 AE 00 LDS 0,X GRAB VLU IN CALC ADLR
06780 06A6 31 INS INC IT
06790 06A7 AF 00 STS 0,X AND STORE IT BACK IN BUFFER
06800 06A9 BE 0669 LDS TEMPST RECOVER STACK POINTER
06810 06AC 17 TBA
06820 06AD 39 RTS
06 830 *
06 840 *FUNC: CALINT
06850 *INPUTS: NONE
06 860 *OUTPUTS: NCNE
06870 *CALLS: NOTHING
06 880 *DESTROYS :NO REG (INTR HANDLER)
06 890 *PURPOSE: THIS ROUTINE IS USED FOR CALIRRATING
06900 * THE MAX NUMBER OF LOOPS POSSIBLE DURING
06910 * AN INTERRUPT PERIOD. THIS ROUTINE UPDATES THE
06920 * DONTST FLAG AND RESETS THE ST6800 INT FLIP FLOP
06930 * AND THEN RETURNS.
06940 *
06950 06AE 7C 0250 CALINT INC DONTST  INCREMENT DONE TEST FIAG
0690 06B1 B7 E400 STA A ADCZRO CLR ST6800 INTR FL1P FT.0P
06970 06B4 01 NOP
06980 06B5 3B RTI
06990 * ‘
07000 * END OF TOLAN-A OVERLAY ROUTINES i
07010 *
07020 END
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DECIIG-)

0030
00040
o
OCCuy
00070
00080
00090
00100
00110
00120
00130
00140
00150
00160
00170
00180
00190
00200
00210
00220
00230
00240
00250
00260
00270
00280
00290
00300
00310
00320
00330
00340
00350
00360
00370
0C380
00390
00400
00410
00420
00430
00440
00450
00460
00470
00480
00490
00500
00510
00520
00530
00540
00550
00560

0500

CASF
CA2C
0100

0020
3C00
3C0l
3C02
3002
FFF8
3400
3C00

PROGRAM NAME: DECPRS
RUTHOD ¢ CAPT, MEL TGISIID
VERSICN : 1.3

VERSION DATE : 29 NOV 80

* % * % ok F

kkkhkhhkhdkkhkhkkhkhkhddhhhhhhkdhdbdhdhkhdhhtdhhdrrhhhhdhhid

PROGRAM DESCRIPTION

THIS PROGRAM PERFOR!S THE DECOMPRESSION OPERATI
ON THE DATA COMPRESSED BY THE TOLAN-A,TOLAN-B,DOWE
ETC. THE ROUTINE ASSUIES THAT THE DATA IS IN !IEMO
AND READS THE COMPRESSION TYPE FROM THE MEMORY FIL
BUFFER HEADER, AFTER PRCQMPT TO THE TERMINAL, THIS
PROGRAM BEGINS DECOMPRESSION AMD OUTPUTS THE DEOOM
DATA TO AN ANALOG DISPLAY DEVICE (IE OSCILLISQOFE)
D/A OONVERTER 0., THE ROUTINE REQUIRES AN INTLRRUP
CLOCK VIA THE A/D BOARD (ST6E00) AND THE ASSUMETIO
IS MADE THAT THE INTERRUPT CLOCK FRECURNCY IS ADJU
TO THE SAMPLE RATE AT WHICH T.IE DATA WAS TAKEN.

* Ok %k ok %k ok F ok K N N F * ¥ %

Khkkkkhkkkkkhkhhkhkkhkkkkkkhrkhhkhkhhkhkrhkhhrhhkhhkhhkk
*
* START OF DECFRS
*
Khkkhhhkkhhhkkkkkkhkhhkkkh kR kdkkkhkhkkdkkkkhkkdkkkbhkkk
*

ORG $0500 PROGRAM ORIGIN
*

OPT 0 ASSB OPT. LIST ASSMBLY

OPT NOG ASSB OPT. SUPRESS FCC LIST

*
kkkhkhhkhkkkkkhkhkkkhkhkhkkhkhkhhkkdhkkkkhhhhhkhhkhhhhkrhkkhkkhkkk

LABLE DESCRIPTIONS

* X ¥ %

SUPPORT SUBRCUTINES

*

OUMNCK EQU SCABF EPROMDOS. CUTPUT STRING
KEYEDO EQU SCA2C EPRODOS. INPUT ALPH STRING
DISPLA EQU $0100 EKG-EXEC. TERMINAL INTFC DRIV
*

* DATA BUFFERS
*

CHNLBF EQU $0020 CHNL SELECT FLG FRM DISPLAY
XINIT EQU $3C006 INITIAL COND CH X

YINIT BEQU $3C01 INITIAL COID CH Y

ZINIT EQU $3C02 INITIAL COND CH 7

HDBUF EQU $3002 END-OFP-STRING FRIM TERM INPUT
IRQVEC EQU SFFF8 MASKABLE INTR JiP VECTOR ADDR
HDRSTR EQU $3400 MEM FILE HEADER ADDR

SECZRO BEQU $3C00 DATA START LOCATION

*




0500
0501
0504
0507
050A
050C
050F
0512
0515

0518
051C
0538
053A
054F
0553
056C

056D
056F
0571
0573
0575
0578
057A
057C
057E
0580
0583
0585
0587
058A
058D
0590
0593
0596
0597
0599

E5CQO
£4G0

OF
FE
FF
8C
27
CE
BD
BD
7E

3400
0538
5441
61

0518
CA8F
Ca2C
0100

1A07

44

0002

20

0D0A

50
04

%
81
26
C6
F7
20
81
26
C6
F7
20
C6
F7
CE
BD
BD
FE
09
E6
Ccl

20
00
07

0846
10
01
07
59
0846
05
5A
0846
0811
CASBF
ca2C
3002

00
45

* HARIWARE ADDRESSES

*
DACZRO ECU
ALCZIO L{U
*

*

*FUNCTION: DECPRS
*INPUTS : CHNL SEI.ECT VIA CHNLBF
*OQUTPUTS : DECRPRSED DATA VTA D/A
*CALLS : OUTNCR,KEYBDC,DISPLAY

*DESTROYS (REG)

D/AC 0

/D0

: A,B,X,CC

*PURPOSE : THIS IS THE SIT UP ROUTINE WHICH INITIALI
* THE PROGRAM CONSTANTS AND, DETERMINES VAT TYPE OF
* COMPRESSION WAS USED, AND ENABLES RECONSTRUCTION

* INTERUPPTS,

*

DECPRS SEI
IDX
STX
CPX
BEQ
LDX
JSR
JSR
JMP

NOTDNE FDB
FCC
NOTDN1 RMB
FCC
FDB
FCC
FCB
*
TADECP LDA
cMP
TADECO BNE
LDA
STA
BRA
TADEC1 CMP
BNE
DA
STA
BRA
TADEC2 LDA
STA
TADEC3 LDX
JSR
JSR
LDX
DEX
IDA B
CMP B

ww b= o w >

ww

190

HDRSTR  GIT CMPRS TYPE FROM MEM FILE
NOTDN1  STIR CPR TYPE 1IN ERROR MSG
#5441 IS IT TOLAN~-A?

TADECP YES. CO DECPRS IT.

#NOTLNE NO,. CPRS ROUTINE NOT DONE
OUMNCR  PRINT ERROR MSG & RETURN
KEYBDO

DISPLA RUTURMN TO DISPLAY RCUTINE
$1A07 ,SODOA

/DECOMPRESSION FOR FILE TYPE /

2

/ NOT YET IMPLEMENTED./
$ODOA, $ODOA
/PRESS ZNY KEY TO CONTINUE/

4

CHNLBF
#0
TADEC1
#'X
CIINASC
TADEC3
#1
TADEC2
#'y
CHNASC
TADEC3
#'2
CINASC
#GAMSG
CUINCR
KEYBDO
ENDBUF

0,X
#'N

GET WHICH CHANKEL TO BE DECPR
IS IT CHNL X?

NO, CHECK IF Y.

PUT ASCII X IN ERROR MSG

IS IT CH Y?

NO, MUST BE Z.

PUT ASCIT Y IN ERROR MSG
PUT ASCII Z IN ERROR MSG

GET FROMPT MSG LOC
NGV PRINT PRCMPT

GET ANSWER FROM TERMINAL

WAS IT NO?

i




DLCPRS-3

C1110
01120
[N RO
Cilep
01150
01160
01170
01180
01190
01200
01210
01220
01230
01240
01250
01260
01270
01280
01290
01300
01310
01320
01330
01340
01350
01360
01370
013¢0
01390
01400
01410
01420
01430
01440
01450
01460
01470
01480
01490
01500
01510
01520
01530
01540
01550
01560
01570
01580
01590
01600
01610
01620
01630
01640

059
059D
RY
Coi3
05n6
05A8
05AB
05AE
05B1
05B4
05B7
05BA
05BD
05C0
05C3
05C6
05C9
05CC
05Cr
05D2
05D5
05D8
05DA
05DD
05E0

05E3
05E4
05E7
05E9
05EB
05EC
O5SEF
05F2
05F5
05F8
05F9
05FB
05FC
O5FE
0600
0603
0605
0607
0609
o60B
060E

26
7E
ce
bF
€6
B7
7F
F
TF
B6
B7
B6
B7
BS
B7
F
F
FE
FF
CE
FF
86
B7
CE
FF

OE
B6
81
26
OF
CE
BD
BD
FE
09
E6
17
90
97
F7
cl
2D
al
2E
7L
7E

03

0100
ZCa3
611

0613
0617
0618
0619
3Co0
0614
3C01
0615
3C02
0616
0629
061A
FFF8
061D
062F
FFF8

C62A
0000
E500

0627
00
F8

0878
CAEF
CA2C
3002

00

28
20
0846
58
07
57
03
05A0
0100

RIE
JMP
TADECA LY

.
FAN

STX
LDX
STX
LDA
STA
LDX
STX

TAINTR CLI
LDA
CMpP
BNE
SEI
DX
JSR
JSR
LDX
DEX
LDA
TBA
suB
STA
STA
P
BLT
aip
BGT
JMp

TADECS JMP

*

o

A
A

W worp>» W

TADLEC4
DISPLA

YES., EXIT ROUTINE

SHUEOH3 S POSITIC: DUOITOR TO L 8T

IR
#$80
BITPIR
XSLOPE
YSLOPE
ZSLOPE
XINIT
XDTA
YINIT
YDTA
ZINIT
ZDTA
TARTLG
DELT
IRQVEC
VECSAV
#TARECN
IRQVEC
#SAA
DONTST
#0
DACZRO

DONTST
#0
TAINTR

#GOAGIN
OUTNCR
KEYBDO
ENDBUF

0,X

$28
CHWLBF
CINASC
#'X
TADECS
$'7
TADECS
TADEC4
DISPLA

INITIALIZE BITPIR TO LEFT BIT

INIT SLOPES TO ZERO (2ND INIT

GET FIRST INIT COND
& PUT IN DATA BUF

CLR DECFRSION FLG
INIT TIME COUNTER
PICK UP CURRINT INT VEC
SAVE IT IN TEHP BUFFER
PUT NEW INT VEC IN

SET DONTST FLAG

SEND ENABLE PLS TO INT CIRCUI

ENABLE CPU FOR RBCONS INTR'S
CHECK IF DECPRS DCNE

DONE YET7?

NO. KEEP LOOPING

INSURE INTR DISABLE

PRINT GO AGAL 118G

"ENTER CONTINUATION OOMMAND"

NOY GET COMMAND

PUT IT IN A

TRANSFOR!M X TC 0

PUT IN CHML FLAG

PUT ASCII IN ERRCR MSG

WAS IT .LT. 'X?

YES. EXIT ROUTINE

wWAS CMD LGT, 'Z ?

YES., EXIT ROUTINE

NO. GO FXECUTE DECPRI AGAIN
RETURN TO DISPLAY

dkkkhhkhkhhkhkhkhkhkhkhkhkhkhkkhhkhkhkhhhkhkhkhkhkhhhhkhkhdkrttdddhtdd

* END DECPRS INIT ROUTINE
L T T R AL T L T T T TR e e ]

*
*

* PARAMETER BUFFER
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F'm-.m-e..:«-. .

DECIRS-3

C1650
01660
Cyve .o
016 v
01690
01700
01710
01720
01730
01740
01750
01760
01770
017860
01790
01800
01810
01820
01830
01840
01850
01860
01870
01880
01890
01900
01910
01920
01930
01940
01950
01960
01970
01980
01990
02000
02010
02020
02030
02040
02050
02060
02070
02080
02090
02100
62110
02120
02130
02140
02150
02160
02170
02180

0611
¢l
0ol
0615
0616
0617
0618
0619
061A
061R
061C
061D
061F
0620
0621
0622
0623
0624
0625
0626
0627
0629
062A
062B
062D

062F
0632
0633
0636
0639
063R
063D
0640
0643
0645
0647
0649
064C
064F
0651

0002
Cocl
buil
0001
0001
0001
0001
0001
0001
0001
0001
0002
0001
0001
0001
0001
0001
0001
0001
0001
0002
0001
0001
0002
0002

B7 E400
01

BE 062D
B6 0846
81 58
26 08
B6 0614
D 07%
20 12
81 59
26 08
B6 (615
BD 079
20 06
B6 0616

*

PUF RMB 2 CURRENT ME!I FILE WORD POTMTER
PR i GV AP SN AP SO
DSOS N 1 Cit X Lol b
YDTA R'B 1 CH Y DATA BUG
ZDTA  R'B 1 CH Z DATA BUF
XSLOPE R'B 1 CH X 15T DIFF BUFFER
YSLOPE RMB 1 CH Y 1ST DIFF BUF
ZSLOPE RI'B 1 CH Z 1ST DIFF
DELT R'B 1 TIME COMPRESSICH RUN LEN BUFF
VALUE RNMB 1 DATA RET BUF FROM GEIVLU
T KRB 1 COUNTER IN GETTIM
VECSAV RMB 2 IRQ VECTOR SAVE BUF
BITVLU RB 1 BIT SET/RESET FLAG FROM GETBI
SICN RB 1 SIGN BIT ON DECODED DAT/
XACCEL R¥B 1 UNCODED CH X ACCLL DATA
XTIMP RB 1 TEMP BU¥ USED IN DECERS
YACCEL FMRB 1 UNCODED CH ¥ ACCEL DATA
YTEMP IUB 1 TEMP BPUF USED IM DECERS
ZACCEL RMB 1 UNCODED CH Z ACCELL DATA
ZTEMP KRB 1 TEMP BUF USED IN DECPRS
WORKBF RIMB 2 TEMP WORKING BUFFER
TARFLG RMB 1 FLG USED IN DECPRS ALCORITH!M
DCNTST RMB 1 FLG USED TO EXIT ITR LOCP
DADUEF RMB 2 D/A CONV OUTPUT BUFFER

2 TEMP STACK SAVE BUFFER

STKSAV RIB
*

*FUNCTION : TARECN

*INPUTS : BUFFER VALULS

*QUTFUTS : D/A VALUES VIA ST-6200

*CALLS : GETVLU,GETTIM, CUTDA

*DESTROYS AR X, CC

¥PURPOSE : THIS IS THE INTERRUPT SERVICE RQUTINE WHI
* PERFORMS RECONSTRUCTION (31 THE TOLAN-A EXCODED DAT
* FILE 1IN MEMORY. THE DATA IS DECODED AND OUTPUT O
* D/A (ST6800) CH O,

*

L T T e T L T L 2y

*
TARECQN STA A ADCZRO  ACK INTR, RESET INTR FF ON ST
NOP
STS STKSAV ~ SAVE ENTRY STACK FCR RTY
IDA A CHNASC  CHECK CiiiL SELECT, OUTPUT CQUR
air A #'X IS CHNNL SELECT X 2
ENE TAREC1 NO., CIIK IF Y
ILDA A XDTA YES, GET CUR XITA vALUT,

JSR CUTDA OUTFUT VALUE VIA D/A 000
RRA TARE22
TARECL CMP A #'Y IS CHMNI, SELECT Y ?

BNE TAREC2  NO. MUST RE 2
IDA A YDTA GET CUR YDTA VALUE.
JSR QUTDA OUTPUT Y VALUL VIA D/ CH G
BRA TARE22
TAREC2 IDA A ZDTA GET CUR ZDTA VALUL.
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m

DLCTR

02190
02200

0200

Urw d
02230
02240
02250
02260
02270
02280
02290
02300
02310
02320
02330
02340
02350
02360
02370
02380
0230
02400
02410
02420
02430
02440
02450
02460
02470
02480
02490
02500
02510
02520
02530
02540
02550
02560
02570
02580
02590
02600
02610
02620
02650
02660
02670
02680
02690
02700
02710
02720
02730
02740

0654
0657
Uou
065E
0660
0663
0666
0669
066C
066F
0671
0674
0677
067A
067D
0680
06 82
0685
0688
06 €8
06 8E
0691
0694
0697
0699
069C
069F
0612
0675
06A8
067B
06AE
0611
06r4
06B7
06BA
068D
06CC
06C3
06C6
06C9
06CC
06CF
06D8
06DB
06DD
06DF
06E1
06E3
06E6
06ED
06ER
06EE

BD
B6
Ry

L0
86
B7
BD
B6
B7
B7
86
B7
BD
B6
B7
B7
&6
B7
kD
B7
B7
BD
TF
TA
27
7F
IF
7F
BS
BB
B7
B6
BB
B7
B6
BB
B7
B6
BB
B7
B6
BB
R7
B6
B6
27
81

27
86
B7
20
B6
B7
B6

TARE22

TAREC3

TARLCA

TARECS

JER
IDA A

R e

LDA
STA
JSR
LDA
STA
STA
LDA
STA
JSR
LDA
STA
STA
LDA
STA
JSR
STA
STA
JSR
CLR
DEC
B

PP > >

>

CLR
DA
ADD
STA
LDA
ADD
STA
IDA
ADD
STA
LDA
ADD
STA
LDA
ADD
STA
LDA
LDA
BEQ
CcMP
BIQ
LDA
STA

e R R Y

> > >

LDA A
STA A
IDA A
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aTDA
TARFLG

L

#'X
OVFLCH
GETVL.U
VALUE
XACCEL
XTEMP
'y
OVELCH
GETVI.U
VALUE
YACCEL
YTEMP
#'2Z
OVFL(H!
CETVLU
ZACCEL
ZTEXP
GETTIM
TARFLG
DELT
TARECA
XACCEL
YACCEL
ZACCEL
XSLOPE
XACCEL
XSLOPE
YSLOPE
YACCEL
YSLOFD
ZSLCOPE
ZACCEL
ZSLOPE
XIXTA
XSLOPE
XDTA
YDTA
YSLOPE
YDTA
ZDTA
DELT
TARRTI
#]
TARECS
#55
TARFLG
TARRTT
XTEMP
XACCEL
YTEMP

QUITUT 7 VALUE VIA D/A CH O
WAS LAST DATA PT EXTROPOLATED

C o e st w ey 4t
(SN (v. ¢z -

PUT' ASCII X IN GETVLU ERROR M

NGY GO GET NEXT XACCEL VALUE
AND PUT XACCEL

SAVE XACCEL IN TEMP BUFF
PUT 'Y IN GETVLU ERROR MSG

GET YACCEL DTA

PUT IN YACCEL VAR
PUT IN YACCEL TEMP VAR
FUT 'Z IN GETVLU ERROR MSG

GET ZACCIL DATA

PUT I ZPCCCL VPR

PUT IN ZACCEL TENP VAR

NGO GET TIME COPRESSICN RUN L
RESET FLAGS

NG7 CK IF RUM LEY OTLY 1

YES, ACCEL VAR NOT ZIRO
ACCEL WAS ZRO SO CLR X-Y-ZACC

NG7 GET LAST SLCPE
& CALC NEW SLOPE WITH ACCEL

NGV CALC DATA VALUL USING SIO

WAS RUN LEN ,GT, 2 PIS ?

IF YES, DONT GET LT/ 70 PLL
JUST EXTROPCLATL DY InIL
DELTA IS REDUCED TO 1

SET TARFL1

RETRIEVE ACCEL VLUS I':EVIOUSL




Oﬁﬂr‘

PO ROAN

02760
02772
6278
02790
02800
02810
02820
02830
02840
02850
02860
02870
02880
02890
02900
02910
02920
02930
02940
02950
02%0
02970
02980
02990
03000
03010
03020
03030
03040
03050
03060
03070
03080
03090
03100
03110
03120
03130
03140
03150
03160
03170
03180
03190
03200
03210
03220
03230
03240
03250
93260
03270
03280

06r1
O6r4

OoF7

(\rn-
RS UV SN

061°C
06FF

0760
0703
0706
0709
0708B
07CD
0710
0713
0716
0719
071C
071E
0720
0723
0726
0729
072B
072E
0731
0733
0736
0737
0737
073C
073F
0741
0744

747
0740
074D

7
16
r7
or
B7
3B

F

£l
27
CE
7E
7F
ED
B6

27
73

26
FE
78
24
79
09
FF
20
7C

CE
78
ED
B6
81

€523
0626
0627

ce
=

0629

061B
07ED
061F
00

Co

097D
07F5
0620
07ED
061F
Co

03

0620
07ED
061F
11

6611
0613
2A

0613

0611
21
G51B
06
oorn
07F5
07FD
061F
00

STA A YACCTL
DA A ZTENP
STA N ICCTL
N A N SO0 DT TUEPLL ULAG
STA A TARFLG
TARRTI RTI
*
Ty T T T T R T P P T e e P T
* END OF INTERRUPT BANDLER
22 T T T L T T I P T e S P T ST

*

* SUBROUTINES

*

*

*FUNCTION : GETVLU

*INPUTS : BUFPIR,BITPIR,SICN BUFFERS

*OUTPUTS :VALUE DUFFER

*CALLS : GETGIT

*DESTROYS : A,¥,CC

*PURPOSE : THIS RCUTINE SCANS MIIORY STARTING AT POI
* DEFINED BY BUFPTR,DITPIR IND G&TS ACCEL VALUD. BUF
* AND BITPTR ARE UPDATED.

*

*

GETVLU CLR VALUE INSURE VALUE IS CT.EAR GV STAR

JSR GETBIT GET LCCLIMITER BIT
LDA A BITVLU
CPA % IS DELIN BIT =0 ?
BEQ GETVL1  YES, CGET NENT BIT
LDX #SYNCHMS  NO, SYWC ERRCR HAS OCQURED. E
JMP ERROR
GETVL1 CIR SIGH INSCGRE SICN CLR

JSR GETEIT GET SIGR BIT
LDA A BITVLU

MNP A #0 IS ACCLL POS?

BED GETVL2  YES. LEAVE SIGN CLR
co SICN NO, SET SIGN FLAG

GLTVL2 JSR GETEIT  GET FIRST CODE BIT
LDA A BITVLU
RIE GETVL4

CETVL3 LDX ECFPTR  EMND OF VALUE DEQODE, PBACK UP
ASL BITPTR  FOR CORPECT PCSITICNING I'OR N
BCC CGETVI6  VALUE FETCH
ROL BITI'TR
DEX
STX BUI'PTR
BRA GETIVI6

GETVL4 INC VALUEL NOY PAST DELIM & ST, NOW CO
BPL GETVLS  BITS. 15 QODL WORD > 127 ?
LDX SOVFLMS  YES. OVERPLOW BAS OCC.ED, PR
JMP ERROR

GETVLS5 JSR GETBIT  NGY7 GET DATA VALUF (CiN. BITS
LDA A BITVILU
CHP A #0 DELIM DETICTED YET?
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Dt -5
320 U74AFR 26 ID AN GEWL4  NO, KFUT [ °FCHTNG DBITS
03300 0751 RS 0620 IDA A SIGN YRS, GET SIGN AND ALJUST CIT
¢ SRS B Cloaom0
032 w0 27T L CLTVL3  SIC G VALV GOT, 0 lg i
03330 0756 70 061D NEG VALUE SIGN 1. TARE 2'S CCiiP, ADJ PT
03340 075B 20 CE BRA GETVL3
03350 075D 39 GETVL6 RTS
03360 *
03370 KEA A AR A A A KA A A KA A AR A A A AR KA AR KA A KR A AR KT Ak vk *d S hhkhkk
03380 * END OF SUBROUTINE GETVLU
03390 AEE A AR KA A A A IR A AR A A AR TR AR AR A K AR T Ak TRk A kA RIS Ak kA Kk khkd k%
03400 *
03410 *
; 03420 *FUNCTION : GETTIM
; 03430 *INPUTS : BITVLU (CURR BIT VALUE PT'ED TO)
: 03440 *OUTPUTS : DELT (CURDINT TIME OOGNT)
03450 *CALLS : GETBIT, ERRCR
03460 *DESTROYS : A,¥,CC DOCISTIRS
‘ 03470 *PURPOSE : THIS ROUTINE, NH!QmMUZWUR3<Tﬁm
| 03480 * RETURNS THE VALUE OF THE FUM LEIGTH TIME COUNTER I
i 03490 * VARIABLE DELT.
f 03500 *
! 03510 *
! 03520 075E BD 07BD GETTIM JSR GET"IT  GOT DELIM BIT
03530 0761 £5 051F IDA A BITVLU
03540 0764 81 0O MP A #0 IS BIT 0?
03550 0766 27 (6 BEQ GETTI1  YLS. PROFPER DELIM. CONTINUE
03560 076€ CZ 09RA LDX £SYNCTT KO, SYNC ERRCR, PRINT & ERR O
03570 0768 7E (7F5 JNMP FRROR :
03580 076E 7F (51A GETTI1 CLR DELT TNSURE TINE QT INITIMLY CLR
03590 0771 & 07 IDA A #7 INIT CNT I'OR 7 BIT TIME
03600 0773 B7 061C STA A QT
03610 0776 ED 07ED GEITI2 JSR GCTSIT  GET DELTA T GIT
03620 0779 BG CG1F IDA A BITVLU
03630 077C BA 0612 ORA A DELT SET LSB BIT ACCORD TO T BIT
03640 077F B7 C61A STA A DELT
03650 0762 78 0512 ASL, DELT SHIFT DELT FOR NEMT BIT |
03660 0785 7A 061C DEC T DO WITHE TTIE Y“”°
03670 0788 26 EC BNE GETTI2  NO. KEED FETCHING TIMD BITS
03680 078A BG O61A IDA A DELT YES. CGET TI'E anUz
03690 078D 26 06 BNE GETTI3 IS TI'E QT 0 ?
03700 078F CE OA3F ILDX S#TINERR  YES, ERRCR, PRNT iR MSG
03710 0792 7E 07F5 JMP ERROR AND ERRIRCR CFF
03720 0795 39 CETTI3 RTS
03730 *
03740 L33 F T P I R S T TR PR ST SRR S SR L S F TS ETE LSS LRSI S L 2T
03750 * END GETTIM SUPPCUTINF
03760 F R T T Y I e P e R e R P RS PRSI E I RS LTSS LSS LS L 'i
03770 * ‘
03780 *
037% *FUNCTICN : OUTDA
03800 *INPUTS : DATA VALUT TO BE D/A'FD TN ACC A
03810 *OUTPUTS : VALUL 1IN ACC A VIA D/A CH 0
03820 *CALLS : NOTUING




) ‘—"—-___\j

PR

DECPRS-3
03630 *DESTROYS : B,CC
02020 FPURROSE : THTS ROUTIUR OUTFUTS THE DATA I
n2rro *FACCUITHAC ATO TR DA YO QT et D
03660 * TRALGHISSICH. TLL € BIT VALUL 18 €ifiiD
03870 * TO FORM THE 12 PIT OPERAD REQUIRED BY THIE
, 03880 * D/A (ST6800) .
i 03890 *
! 03900 *
! 03910 07% 36 OUTDA PSH A SAVE VLU IN A ACC
i 03920 0797 B7 062C STA A DABUF+1 PUT VALUE IN D/A QUT EUFF
| 03930 079A 7F C62B CLR  DABUF  CLR ISB BYTE CF D/I OUT PUIT
! 03940 07¢D 78 062C ASL  DABUF+l LEFT SHIFT 2 BYTE D/A w.ORD
! 03950 07A0 79 0623 ROL  DABUF  FOR CCNVERSION OF 8 PIT
| 039%0 07A3 78 062C ASL  DABUF+l VALUE TO 12 BIT
03970 0726 79 0628 RCL  DABUF
03980 07A9 78 062C ASL  DABUF+l
03990 07AC 79 06283 ROL  DABUF
04000 O7AF 78 052C ASL  DABUF+1
04010 0712 79 0623 RCL  DABUF
04020 07P5 FE 0628 IDX  DABUF  NOY [D INDEX WITH 12 BIT VLU
04030 07B8 FF E500 STX  DACZRO  AND OUTFUT 10 D/A
04040 07BB 32 PUL A RETRIEV ENTY A ACC VLUE
04050 07EC 39 RTS
04060 *
04070 KhkhEkAKKRIKIRRKKKA I A AR AR I K AK AR R AR AL I KT R ANA R Ik kck ks
04080 * END SUBROUTINE CUTDA
04090 Thhk kA kAR AT KA XK A AR KA KA A AR AR AR A AR AR A A I I A Ik ARk kA k%
04100 *
04110 *
04120 *FUNCTION : GETBIT
04130 *INPUTS : BUFPTR,BITPTR POINTERS
04140 *QUTPUTS : RITVLU, DOMTIST FLAGS
04150 *CALLS :NOTHING
04160 *DESTROYS :7,,CC
04170 *PURPOSE : TUIS ROUTINE CHECKS IHE STATE CI' THE BIT
04180 * POINTED TO BY TUE DUFPTR,BITPTR PAIR AND SETS TVE
04190 * THE RITVLU FLAG ACCORDINGLY, THIS ROUTTRE CHECK
04200 * FOR END OF MENORY AND FORCES EXIT OF RECCHSTRUCTIO
04210 * ROUTINES IF ECH IS DETECTID.
04220 *
04230 *
04240 07BD 7F 061F GETBIT CLR  BITVIU INSURE BITVL.U STARTS RESET
04250 07CO FE 0611 IDX  BUFPTR  GET IEM KORD POINTLR
04260 07C3 F6 0613 IDA B BITPTR  GET BIT POINTLT I TVAT MEM W
04270 07C6 E5 00 BIT B 0,X CHECK IF BIT s
04280 07C8 27 03 BED  GETBI1  NO IT HAS RFSF™, 10707 BITVIU
04290 07CA 7C 0G1F INC  BITVLU VES, RIT 1S s:r. €7 ATTVLU .
04300 07CD 74 0613 GETBT1 LSR  BITPIR NG/ UEDATE POINTELS y
04310 07D0 24 22 BCC  GETRTS J
04320 07D2 76 0613 ROR  BITPTR
04330 07D5 0¢ INX
04340 07D6 FF 0611 STX  BUFPTR
04350 07D9 F6 0611 IDA B BUFPTR  CHDCK FOR D OF MIOPY
04360 070C C1 &0 CMP B #5860
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C437¢
04760
(\ " .

0
04410
04420
04430
04440
04450
04460
04470
04480
04490
04500
04510
04520
04530
04540
04550
04560
04570
04580
04590
04600
04610
04620
04630
04640
04650
04660
04670
046 80
04690
04700
04710
04720
04730
04740
04750
04760
04770
04780
04720
04800
04810
04820
04830
04840
04850
04860
04870
04880
04890
04900

(7D
Q7EQ0
1

Coad
077
07EA
07ED
07F0
07F3
07r4

07F5
07F8
07rB
07FE
0e01
0862
0805
0€e08
080B
080E

0811
0815
0827
082E
0846
0847
084B
0877
0878
0gic
089E
08A2

26

or

I3
FE
FE
v
BE
3B
39

BD

BD
BD
or

Pr
FE
FF
E

14

oA Ay
AN OO

PG
061D
FFF8
062A
062D

CA8F
0oDF
cagr
CAZC

4000
E500
061D
FFr8
0100

1A0D

44

0DoA

43

0001
DoA

44
04

0DOA

44

0DOA

45

B GEIRTS  NO, QOnTiuE

SEI NO7 TURN OFF INTR AND RET
X 54000
NS DACYIG
LDX VECSAV
STX TRQVEC

CLR DONTST  YFS. CLR DONTST FLAG A RTI
LDS STKSAV ~ RETRIEVE INTR STACK PIR
RTI

GETRTS RTS

*
kkkkhkkhkhhkhhkkhkhkhkdhkhhkhkhkhkbkhhhhhkhhhhkhhhhhkhhkkhkhhkkk

* END OF SUBROUTINE GETRIT
E Rt e e e Y R R R R R R R R A R L R R R R Rt L
*
*
*FUNCTION : FRROR
*INPUTS : MESSAGE STRTNG BFOINTID 70 BY INDX RFG
*OUTDUTS : FRROR [ISSMGE TO CCIISCLE CEVICE
*CALLS : OUTICR,KEYTDC,DISPLA
*DESTROYS : A,B,X,CC
*PURPOSE : THIS ROUTLIE FRINTS ERROR MESSAGES UPON
* ERROR DETECTION BY THE DEQOMPRESSION ROUTINES.
*
*
ERROR JSR OUTICR
DY #$PNYILY GET ANYKEY MESSMAGE
JSR OUTNCR  PRINT "TO CONTINUE DPRESS ANY
JSR KEYBDO
SEI NOW CLR INTR QONDITION
LDX $#$4000 AND RETURN TO DISPLAY
SI% DACZRO
LDX VECSAV  RETRIEV IRQ VEC ADDR
ST IRQVEC
JHPp DISPLA  RETURN TO "DISPLAY"
*
KERRAAIRA Ak A AT KA I Ak F kA k kb Ak kA vk kkkkkkkkkhkkkhkdk
* END ERROR HAMDLING ROUTINE
IREATKIARKA A I A KA RKR I AR XK A AR R ARAR R AL A A ARk Ak khkkkrk
*
* MESSAGE STRINGS
*
GOSG  FDB S1A0D, SOADT
FCC /DECCHPRESCION OVERLAY/
FDB SODOA, SODOA
FCC /CURRINT CHANNEL FLAG IS /
CHNASC RI'B 1
FDB SODOA, SODOA
FCC /DO YOU WISH TO EXECUTE THIS MODULE (
FCB 4
GOMGIN FDB SODOA, SONO7
FCC /DECOMPRESSION AND DISELAY COMPLETE/
FDR SODOA, SODOA
FCC /ENTER COLNTINUATION COMMAND/
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C4%iu
04420

0l
04950
04%0
04970
04980
04990
05000
05010
05020
05030
05040
05050
05060
05070
05080
05020
05100
05110
05120
05130
05140
05150
05160
05170
05180
05190
05200
05210
05220
05230
05240
05250
05260
05270
05280
05290
05300
05310

0auc
ORI
i
090E
0910
0937
093B
0966
096A
097C
097D
098l
09Aa7
09A9
0SAA
0SAE
09C5
oonc
09pF
09E1
0SFA
09FB
09FF
0A2F
0131
0A3D
OA3E
0A3F
0A43
OAGF
0a71
0A82

ODOA
20
NN
20
ODOA
20
ODOA
41
ODOA
45
04
1A07

ODOA
04
1A07
53
54
04
ODOA
54
04
1A07
41
ODOA
20
0001

1A07
54
0DOA
54
04

FDB
FCC
FDB
e
FDB
FCC
FDB
FCC
FDB
FCC
FCB
SYNCMS FDB
FCC
FDB
FCB
SYNCTI FDB
FCC
FCC
FCB
ANYREY FDB
FCC
FCB
OVFLMS FDB
FCC
FDB
FCC
OVFLCH R'B
FCB
TIMERR FDB
FCC
FDB
FCC
FCB

*

SODOA

/ =DISPLAY CHANNEL X ON D-A CHAMNE
SCDOA

/ YEDISHAY Childios ¥ OF D=5 Qwli
SODOA

/  Z=DISPLAY CHANNEL Z ON D~A CHANKL
SODOA, SODOA

/ANY OTHER KEY RETURMNS COHTRCL TO "DI
SODOA, $SODOA

/ENTER COMMAND NGhi=/

4

$1A07,S0DOA

/SYNC ERROR DETECTED BY TOLAN-A DECOD
SODOA

4

$1A07, SODOA

/SYNC ERRCR DETECTED BY /

/TOLAN~A DURING TIME FETCH/

4

SODOA

/TO CONTINUE PRESS ANY KEY/

4

$S1A07 , SODOA

/ACCEL VALUE OVERFLOW DETECTED BY TOL
SODOA

/ IN CHANKEL /

1

4
$1207, SODOA

/TIME COUNT EPROR DETECTED BY TOLAN-A
SODOA

/TIME QNT (DELT)=0/

4

khkkhhkkhkkkkkhkhkhkkhhhkhkkkhkkhkrkkdhhkhkhkhkhhkhkhhkhkkkhkhkhkhkk

*

* END OF DECPRS OVERLAY RQUTINES

*

khkhkhkkhkhkkhkkkhhhhkhhkhkkhhkhkthkkihhkhhkhhkhhkhkhkhhkrhdhk

*
END

198



ENTROPY

0100
Grre
0130
0140
0150
0160
0170
0180
0190
0200
0210
0220
0230
0240
0250
0260
0270
0280
0290
0291
0292
0293
0294
0295
0296
0297
0313
0325
0326
0327
0328
0330
0340
0350
0360
0370
0372
0373
0374
0375
0376
0377
0378
0380
0385
0386
0387
0390
0400
0401
0402
0403
0404

REM *kdxkhkhhkkhkkhhkhk bk hh kA khkkhk Ak kA Rk k%
Nl EXC DINTRCDY CALCUT AT mheorps
REM *

REM khkkhhhkkdhkhkhhhkhhhhhhkhkkhhhhhhhkdhhhdhkhhhk
REM *

REM * THIS PROGRAM READS THE FREQUEMCY
REM * OF OCCURENCE DATA IN MEMORY FROM AN
REM * EKG DATA COLLECTION AND CALCULATES
REM * THE ENTROPY OF THE X,Y,AND Z DATA
REM * SOURCES. THE CALCULATED ENTROPY IS
REM * STORED BACK IN THE MEMORY FILE HEADER
REM * IN ASCII. THIS HEADER CAN THEN BE
REM * INSERTED INTO THE DISK FILE USING
REM * MINIDOS.

REM *

REM khkhkkhkhkhhkhkhkhkhhkhhhkhkhkdhhkhkhkdhhkdhhthhhhkdhkhhkk
REM

DIM D(255) ,NS$(8),T(255) ,M9(6) ,TS(3)

STRING= 8

DIGITS= 4

T$(1)="X"

T$(2)="Y"

T$(3)="Z"

LINE= 80

L7=6

E1=13507

REM

REM *hkkddkdhhdhhhhhdhdhhhdhdrhd kb h kb i kb ko kA r ARtk

REM * NOW GET FILENAME FROM MEMORY & PRINT IT
REM **********************************************
REM
FOR I=1 TO 8

J=13313+I

NS$(I)=CHRS(PEEK(J))

AS=AS+NS(I)
NEXT I

P$=CHRS(12)
PRINT PS$

PRINT

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT "EKG ENTROPY CALCULATION"
PRINT .
PRINT

PRINT "FILENAME.:eseesecesoees";AS
PRINT

PRTINT
GOSUB 1696

GOSUB 1900

IF G$ = "S" THEN GO TO 1120
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' SNTROPY

€410 REM

041] REM *kkkhkhhkdhhdhhdbhhdhdhdhdhrhkdhhkdhhkxhhkdhkdhhhhhhkk
L oE TUATION UON ANCIT pLeTLTe

C.l By A EI=MEN FILD LUO0T ARCTI S0
Cal3 LIN * 13856=$3620 (I .)=ff,w ILID Uil oY D0o01C. DATA 0 0Ls
13567=34FF (HEX)=XPDF BUFFER-1

]
i
o}

0414 REM *

0415 REM * 14079=36FF (HEX)=YPDF BUFFER-1

0416 REM * 14591=38FF (hEX)=ZPDF BUFFER-]

0417 REM * 13500=34BC (HEX)=BASSAV. MEM BUF FOR $3620 DATA SAVE
0419 REM *kkhhkhkhhkkkkhkkhkhkh kA khh Kk kh Ak khhkhh ke hk Ak hkh ok &

0420 REM

0421 REM

0424 REM

0425 REM *F,kkdhkkhkhhhkhhhhhhkhdhhkhkhhkhhhkhhhhhkhhkhRthbkdhkkhhok

0426 REM * NOW GET VLU IN BASSAV & STR TC $3620 (HEX)
0427 REM *kkhkkhkhkhhhhahhk ko kk kA ARk ok kA k Ak khk ki h kA kkk &k &

0428 REM

0429 B=13856

0430 Cl=1

0432 N=PLEK(13500)
0433 POKE( B,N)
0435 FOR I=1 TO .55
0436 T(I)=0

0437 NEXT I

0438 T9=0

0439 82=0

0440 S=0

0441 REM

0442 REM **kkdkkkhkhhkhkhhhkkhhbhkdokdhkhh kb ko khkhk bk kA Ak kR bk AL nk

0443 REM * NOW BEGIN LOOP TO CALC X,Y,Z & TOTAL LNTROPY
0444 REM **hdhhhhkdhhhhkkkhkk kA Ak khkkkhhhhhkkkhhhkkkkhkk k%
0445 REM

0450 IF Cl1 <> 1 THEN GO TO 480

0460 K=13567

0480 IF Cl <> 2 THEN GO TO 510

0490 K=14079

0510 IF Cl <> 3 THEN GO TO 540

0520 K=14591

0540 IF Cl>= 4 THEN GO TO 800

0542 REM

0543 REM %%k kkkhhdhhkdhkhhhhhrhdh kb hhhkhk bk kb h kb hk ks hkhhkkkhkkk k&

0544 REM * GET 2 BYTE PDF DATA & MERGE INTO FLTING POINT NUMBER
0545 REM *krkkkkhhk ok ki kkhh ok kv ko kA k kR kR A AR AR Rk kA Rk kA kAR Kk oA & & &

0546 REN
0550 FOR I=1 TO 509 STEP 2

0560 M=(I+1)/2

0570 D(M)=256 *PEEK (I+K) +PEEK (I+K+1)
0572 T (M) =T (M) +D (M)

0590 S=D (M) +S

0592 S2=D(M)+S2

) 0600 NEXT I

| 0605 D9=256*PEEK (K+511) +PEEK (K+51 2)
0606 S=S+D9

0607 T9=T9+D9

0608 S2=S2+D9
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ENTROPY

(610
0612
6613
061<
0615
0616
0617
0620
0630
0640
0650
0660
0663
0664
0665
0666
0667
0668
0672
0673
0674
0675
0676
0677
0678
06 80
0681
06 82
06 83
06 84
0690
0700
0710
0712

0713

0714
0715
0716
0717
0720
0740
07 85
0790
0800
0801
0802
0803
0804
0805
0806
0807
0810
0820
0822

E=0
REM
REN
REM * NOCW CALCULATE PRCBABILITY OF CCCURilrCi Ci &:0In1T
REM * VLU'S FROM NUM OF OCCURENCES. THEN CALC ENTROPY SUM,
REM *hkhkkhd ke kk ke kA k ke kk kR Ak hhkk ok kA ko k kA kk kA KA Ak kA kA &

REM
FOR I=1 TO 255

D(I)=D(I)/S

IF D(I)=0 THEN GO TO 660
E=E+(D(I)*(-(LOG(D(I))/.693147)))
NEXT I

D9=D9/S

IF D9=0 THEN GO TO 666

E=E+(D9* (- (LOG(D9)/.693147))) ;
IF E=0 THEN GOTO 672
C2=8/E
GOTO 683

Cc2=1
GOTO €80

REM
REM *%hkkhkkhhhdhhhhhhkhkhhhhh ko hhhhhhhkhkhhkhhkkkhhkkkh k%

REM * PRINT RESULTS OF CALC TO TERMINAL (PRINTER).
REM 2 RS R R R A R L E R E R R R R R R R R E R R R R R R R Y e P TR TR T TR ]
REM

PRINT ’
PRINT "MAXIMUM COMPRESSION FOR CHANNEL ";T$(Cl);" IS INFINITE"

GOTO 690

PRINT

PRINT "MAX COMPRESSION RATIO FOR CHANNEL ";T$(Cl);"™ IS ";C2;" ; 1"

PRINT

PRINT "EKG LEAD ";TS$(Cl):" ENTROPY = ";E;" BITS."

PRINT

REM
REM *kkkhkhhhhhhhhhkhhhkhhhhhhhhkh v hkdhhhdhh ke hkhkhhhhd ko k&4

REM * NOW CONVERT CALCULATED ENTROPY TO ASCII & STORE BACK
REM * 1IN MEMORY BUFFER

REM th ke ke ko k kR R Ak ok sk kA Ak AR KRR AR AR AR A AR AT Ak hh kAR ARk k kA A & &
REM

LET ES=STRS(E)

GOSUB 1750

FhhkhRhkdhk kA dkhh X khkhhdhhFrhhk Tk hk kb AR Ak kA kkdhk ks ks Fdxdtdhhkhhsk

s e

Cl=Cl+l
GOTO 440
REM

REM * ki kkkhkkkh ke kA kAR A A A ARk kh kA kA A Ak hkx ko kA XA A Ak k%
REM * WITH X,Y,Z ENTROPY CALCULATED, NOW CALCU!'..TE TO7AL,
REM * COMBINED ENTRCPY BY ADDING X,Y,Z BTN COUITSs & DIVIDING
REM * BY TOTAL SAMPLE COUNT
REM ** stk hhhhhkkkhkhhh kA Ik Rk Rk kkkd AR AR AR A A ARk kR kAR kA % &
REM

E5=0
FOR I=1 TO 255

T(I)=T(1)/S2

IF T(I)=0 THEN GO TO 840
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ENTROPY
C830 ES=ES5+(T(I)*(-(LOG(T(I))/.693147)))

0840 NEXT I

S R R A 3¢

Cel2 IF T9=0 THEN CO L0 &7u

0860 ES5=E5+{T9*(-(LOG(T9)/.693147)))

0870 C3=8/E5

0872 REMNM

0873 REM AAKRAKK KK KR A KA I A A AT AR AR A A Ak A AR kAT AR Ak Ak kA Ak kA hkhkhkkhhwkkk
0874 REM * PRINT COMBINED ENTROPY TO TERM & STR RESULT IN MEM BUFFER
0875 REM IS XSS SR LSS RS R AR SR SRR R R RS EE RS E R R TR R SRR TR R E R TR S S
0876 REM

0880 PRINT

0890 PRINT "MAX COMPRESSION RATIO FOR 3 LEAD EKG SYSTEM ";C3;"
0910 PRINT

6920 PRINT "3 LEAD EKG SOURCE ENTROPY = ";ES;" BITS."

0930 PRINT

0940 LET E$=STRS(E5)

0950 GOSUB 1750

1000 LET E$=STRS(C3)

1005 GOSUB 1750

1010 REM

1020 REM krkhkdkhhkrkAddbhkdhhdbbrd kA kb hkhh kX hkhkkhbkhhkhhkhkhkhkkdhhhkdtk

1030 REM * NOW GET OTHER STATISTICAL VARIABLES &

1040 REM * CALCULATE CHANNEL MAX,MINS,COMPRESSION RATIO

1050 REM * ORTAIMED, AND CONPRESSION TIME EFFICIENCY

1060 REM [ E R EFEE RS EEEREEEESEE L EE R TR TR T T T DR T TR TR TR TR T

1070 REM

1080 REH khkkhkkkhkhAhkdhkdtt kbt dkdbdbddddrhkdddhkbdhkkdk v drrhkhkikdth

1082 REM * START WITH ACHIEVED COMPRESSION RATIO. THEN

1090 REM * PRINT THE TIME COMPRLESSION EFFICIENCY. THIS IS
1091 REM * THE PERCENTAGE OF THE TIME AVALIABLE TUAT WAS USED
1092 REM * TO COLLECT,COMPRESS, & CALCULATE STAT VARIARLES.
1100 REM kkkhkbhkhkhkkthkhkhhbdxdbrd kA rdrxhkhkk kA kA c Akt hkxkhxk

1110 REM

1120 DIGITS= 4

1130 L7=6

1140 M4=PEEK(13483) +PREK(13482)*256+PEEK(134¢€1)*256%*256
1150 D4=PEEK(13487)+PEEK(13486) *256+PEEK{13485)*256%256
1160 DA4=PEEK(13484)*256%256*256+D4

1170 C4=D4/M4

1180 LET ES$S=STRS$(C4)

1190 GOSUBR 1750

1200 PRINT

1201 PRINT "COMPRESSION RATIO ACHIEVED = ";C4;" : 1"

1210 IF G$="S" THEN GOTO 1260

1211 REM

1212 REM (R SRS EE RS EETEEIIEEEEE RS E RS T E TR E XX E R R T T TGN R
1213 REM * CALCULATE OVERALL COMPRESSION EFFICILNCY

1214 REM R R Z SR RS RS REE SRR EEER SR FX TR EREE R LT R T L E R IFE IR LI
1215 REM

1216 DIGITS= 1

1217 C6=((C4-1)/(C3-1))*100

1218 PRINT

1219 PRINT "ACHIEVED COMPRESSION EFFICIENCY = ";:C6;" &"
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ENTROPY

1220
1221
1222
1229
1230
1240
1250
1252
1260
1262
1264
1266
1270
1272
1274
1276
1278
1280
1282
1284
1290
1291
1292
1293
1294
1295
1296
1297
1298
1299
1300
1301
1302
1310
1320
1330
1339
1340
1350
1360
1370
1380
1390
1400
1401
1402
1403
1404
1405
1406
1407
1408
1409
1410

LET E$=STRS(C6)

1.7=4

COSUR 1750

REI!

REM *khdkhkhhk ko k ok ok h hkk ko k ok ok k kA Ak k ok hh kk kR kkhkk hk k&

REM * NOW CALCULATE COMPRESSION TIME EFFECIENCY
REM *kdkhhhkhdkhkkhhkhhhhhhkhkhhhhhkhkkkrkhhhhhkk k&

REM
S4=PEEK(13461) +PEEK (13460) *256

L4=PEEK(13462)
L5=PEEK(13459) +PEEK (13458) *256+PEEK (13457) *256*256

L5=PEEK (13456) *256 *256 *256 +L5
T4=(1-(L5/(L4*S4)))*100

DIGITS= 1
L7=4
LET ES=STRS$(T4)
GOSUB 1750
PRINT
PRINT "COLLECTION TIME EFFICIENCY = ";T4;" g"
PRINT
REM

REM **kkkdhhhhkhdhhkhkhhhhdhkkdhhdhhdkhhkdhhhhkkkrhhkhhbrkkhk

REM * CALCULATE COLLECTION DURATION
REM *khkkdhhh ok kk kA Ak ke ok hk kAR Rk h Rk kA hh ok k kA kA kkhhhk kA Rk k&

RE¥

TG=S4/S8
PRINT
PRINT "COLLECTION DURATION = ";T6;" SECONDS"

PRINT "AT A SAMPLE RATE OF ";S8;" Hz"

LET ES$S=STRS(T6)

GOSUB 1750

REM

REM *hkkdddkkdh ko hkkkk kb h ok k ok kA kAR A ARk k kR kh kA kA k%

REM * RETRIEVE DATA MAX & MINS & CALC VOLTS
R R e i e I I I ™M™
REM
DIGITS= 5

FOR I=6 TO 1 STEP -1
M9(I)=PEEK(13460+1%*3)

IF M9(I) > 127 THEN GOTO 1390
MI(I)=M9(I)*.03290625

GOTO 1400
MI(I)=-(10-M9(I)*.0390625)
NEXT I

E1=13408
FOR I4=5 TO 1 STEP -2

LET ES$S=STRS$(M9(I4))

L7=7
GOSUB 1750

I3=T4+1

LET E$=STRS(M9(I3))
GOSUB 1750

NEXT 14

REM
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ENTROPY

1420
1430
140
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1632
1640
1650
1652
1660
1662
1670
1672
1680
1682
1683
1690
1691
1692
1693
1694
1695
1696
1697
1698
1699
1700
1701
1702
1703
1704
1705
1706
1707
1708
1709
1710

REM **khhkkkhhhhhhhhhhhhh Rk khhk Ak hhhkk Ak hkhhkkkkhkkk k%
RPFM *  NOW PRIMT MAX & MINS TO TERM (PRINTER)

RET Ak kA kA h ok kR kR A h R A7 A AR R G ok Rk F R AL R T Ak h KRR Kk K%k kK& KA
REM

PRINT

FOR I=1 TO 6 STEP 2

PRINT

PRINT "CHANNEL ";TS$((I+l)/2);" MINIMUM
PRINT

PRINT "CHANNEL ";TS$((r+l)/2);" MAXIMUM
PRINT

NEXT I

REM
REM *kkkkkkkhhhhk kA h Ak kA hhh kA hk ki khkk bk kkkkhkkk k k%

REM * FPINISH WITH A PRINT OF NUM OF BITS USED TO

REM * STORE X,Y,Z IN MEM WITH THIS COMPRESSION TYPE
REM *kkkhkkhh ke Rk hkkkkhkkkk kA Ak hkh Ak kkkh Ak R hkkkkkk ok k &

REM
X3=PEEK(13490) +PEFK(13489) *256+PEEK (13488) *256*256
Y3=PEEK(13493) +PEEK(13492) *256+PEEK(13491) *256*256
Z3=PEEK(13496) +PEEK(13495) *256+PEEK (13494) *256*256

".M9(7-I);" VOLTS."

"sMO(6-I);" VOLTS."

1]

T3=PEEK(13499) +PEEK(13498) *256+PEEK (13497) *256*256
DIGITS= 0

PRINT

PRINT "NUMBER OF BITS USED TO STORE CHANNEL X =";X3
PRINT

PRINT "NUMBER OF BITS USED TO STORE CHANNEL Y =";Y3
PRINT

PRINT "NUMBER OF BITS USED TO STORE CHANNEL 7 =";Z3
PRINT

PRINT "NUMBER OF BITS USED TO STORE TIME =";T3
PRINT

PRINT

GOTO 2000

REM
REM *kkkkkkhhhhhhkhhhkhkhkhhkhhkhhhhhhkhkkhhkhkkhhhhhkk*

REM * SUB TO PRINT OUT COMPRESSION TYPE
REM I E A EE AT R R R R E SR T T ETT RS XN LTS EESEEEESESEESEEEEEE LR X84
REM

H=PEEK (13312) *256 +PEFK(13313)

IF H=20035 THEN HS$(1)="NOT CCMP"

IF H=20035 THEN HS$(2)="RESSED "

IF H=21569 THEN HS$(1)="TOLAN A "

IF H=21569 THEN HS$(2)=" "

IF H=21570 THEM HS$(1l)="TOLAN B "

IF H=21570 THEN HS(2)="
IF H=17487 THEN HS$(1)="DOWER n

IF H=17487 THEN HS$(2)=" n

IF H=21584 THEN HS(1)="TURNING "

IF H=21584 THEN HS$(2)="POINT "

IF H=18766 THEN HS$(1)="2ND ORD "

IF H=18766 THEN HS$(2)="INTERPOL"

PRINT "COMPRESSION USED......";HS(1);HS(2)
PRINT
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ENTROPY

1711
1700
1732
1733
1734
1739
1740
1750
1760
1770
1780
1781
1790
1800
1801
1810
1820
1830
1840
1850
1860
1870
1880
1900
1910
1920
1930
1932
1934
1935
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030

RETURN

' AN A A AR AR AXN AL AN A AKR AR AR A AR RKA A AN A A E A A AR Ak kA k%

REM * SUBROUTINE 70 WRITE ASCII Do7A 1IN ES 70 MLn

REM * LOCATION POINTED TO BY El. WILL WRITE 8 CHAR
PEM * STRINGS TO MEMORY,

REM IR R R R R R B E R R S R E R R R RS R R R R R R R R R R R R R ]

REM

FOR I=1 TO L7

FS$=MIDS(ES,I,L7)

F=ASC(FS$)

POKE( E1,F)

El1=E1+1

NEXT I

PCKE( E1,4)

El1=El+1

RETURN

REM

REM I X P R R R R E R A RS SR R SRR E RS T EREELESEEE R XL R EEE N TR EE X

REM * SUBROUTINE TO PROMPT COMMAND FOR SHORT RUN OR LONG
REM * RUN, SHORT DOES NOT CALCULATE ENTROPY OR COMPRESSICN

REM * RATIOS.
REM [ E R R R R e S R R R R R R R R R R Ry R R N Y R R R R R e R R R R ]
REM
PRINT
PRINT "ENTER S FOR SHORT RUN (lQ ENTROPY CALCULATED)"
PRINT "ENTER L FOR LONG RUN (WITH ENTROPY CALCULATED)"
INPUT G$
PRINT "ENTER COLLECTION SAMPLE RATE (IE., 500)"

INPUT 0OS

58=VAL{0$%)
RETURN
REM
REM I Z 22T R R AR E R A R R R X R R R R R R RS R RS R E LRSS R R EE R R R T TR RT N

REM * END OF ENTROPY CALCULATION PROGRAM

REM #*,hk kb hk ko kkk ok hk k kAR AR R Ak kK AR A ARk Rk kk ko hh sk hkh kA k Kk &
REM

PRINT

PRINT
PRINT "ENTROPY CALCULATION & STATISTICS PRINTOUT COMPLETE"

END
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Appendix D

|

This appendix contains a listing of the data conprecoca

by the TOLAN-A8 module for the thesis experiment.
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EKG SAMPLE COLLECTION STATISTICS : PAGE 1
FILENAME, o . o . o . . . TA1359PA
UUARCT L. . . . . . . . PARNILL
SAMPLING RATE « o o . . o 500 N2
DATE OF COLLECTION, ., . . 23 OCT 80
TIME OF COLLECTION, . . . 1359
COMPRESSION USED. . . . . TOLAN-A
CHANNEL X ENTROPY . . . . 2.4871 BITS
CHANNEL Y ENTROPY ., . . . 2.4751 BITS
CHANNEL 2 ENTRCPY . ., . . 2.,4217 BITS
TOTAL SOURCE ENTROPY, . . 2.4796 BITS
PRESS RETURN FOR PAGE 2 OF STATISTICS=

EKG SAMPLE COLLECTION STATISTICS : PAGE 2
APPROX MAX COMPRESSION

RATIO POSSIRLE. . . . . . 3.2263 : 1
COMPRESSION RATIO

ACHIEVED, . . . . . . . . 2.2595 : 1
ACHIEVED CONMPREESSION

EFFICIENCY, . . . . . « . 56.5 % OF MAXIMUM
COMPRESSION TIME

EFFICIENCY OBTAINED , ., . 77.8 % SMP INTERVAL
COLLECTION DURATION ., . ., 26.2 SECONDS
CHANNEL X MAXIMUM . . . . 2.50000 VOLTS
CHANNEL X MINIMUM . ., , , =0.1171 VOLTS
CHANNEL Y MAXIMUM . . . . 2.50000 VOLTS
CHANNEL Y MININUM . . . . =-0.1171 VOLTS
CHANNEL 2z MAXIMUM . . . . 2.50000 VOLTS
CHANNEL 72 MINIMUM . ., . . -0.1562 VOLTS
COMIENTS, . . . X,Y,2 IN COMNMMON LEAD 1

PRESS RETURN FOR PAGE 3 OF CTATISTICS—

EKG SAMPLE COLLECTION STATISTICS: PAGE 3
NUMBER OF SAMPLES TAKEN (SAMPNO)}= 3336 (HEX)
MAXIMUM LOOP COUNT PER INTERRUPT {(LPCAL)= 27 (HEX)

TOTAL VWAITING LOOP COUNTS DURIKG COLLECTION (LOOPCT)= 0001BI9DB (HEX)
TIME EFFICIENCY = (1-(LOOPCTS (SAMPNO*LPCAL)))*100

CHANNEL MAXIMUNS AND MIMIMNUIS

XMAX= 40 (HEX) AT SAMNPLE NUIBER 0DA7 (HEX)

XMIN= FD (EEX) AT SAMPLE NUNBLR 0171 (HEX)

YMAX= 40 (HEX) AT SANPLE NUNDLR ODA7 (HEX)

YMIN= FD (EDX) AT SANMPLE MNUI'BER 0171 (HEX)

ZMAX= 40 (I'EX) AT SANPLE NUNBER 0DA7 (HEX)

ZMIN= FC (HEY) AT SANPLE NUMELER 0171 (HEX)

COMPRESSION STATISTICS:

NUMBER OF !EINORY RITS AVAILABLE = 021FFC (HEX)

NUMBER OF BITS AVAILABLD TO VAR LEN CODER = 00040000 (HEY)

TOTAL NUMBER OF DATA BITS STORIED = 0004CD1C (1BX)

NUMBER OF BITS USED TO SY%ORE CHANNFEL X = Q06652 (IirN)

NUMBER OF BITS USED TO STORE CHMANNEL Y = Q066A8 (Pi'3)

NUMBER OF BITS USFD TO STCRE CHAMNEL 7 = 006G1le0 {vI)

NUMBER OF BITS USED TO STORE TI{I OR OTHER PA-I7ri't = 610000 (NHFEX)
COMPRESSION RATIO = TOTAL DATA BITS STORED I'ER L'l I'ITS AVALINBLYE
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FILE TA1359PA
CUANMTT ¥ AMPLITUDE DISTRTIRUTION
Sy MRRAER SN SR QAN W
B0uosesasosas G000 (hlX)
Bl.eearsosasss 0000 (HEX)
82ceseaeasesss0000 (HEX)
B3.iereseseas 0000 (HEX)
B4eeeeoaraonse 0000 (HEX)
85.cc0eseessea0000 (HEX)
86veeoanseeesa 0000 (HEX)
87 eeeeeaesesss0000 (HEX)
88eevsesseseeas0000 (HEX)
89ceueoesonsss0000 (HEX)
BAeeeosssnssss 0000 (HEX)
BBuvassssesess0000 (HEX)
BCevaeassossss0000 (HEX)
BDuvsocooeasss 0000 (HEX)
BEeeaosesosess 0000 (HEX)
BFuuseesesesass0000 (HEX) t]
90..0esssensss0000 (HEX) i
91 .evecaveesss0000 (EHEX) .
92.ceeaanessss0000 (HEX)
93.ceeeseessss0000 (HEX)
94, uueusenesss 0000 (HEX)
95.eseaaseess 0000 (HEX)
96 eaasesseesss 0000 (HEX)
97 ceesanesesss0000 (BEX)
98.cusassesses0000 (EEX)
99.eetenoasse 0000 (HEX)
9A.eeeaassesss 0000 (HEX) 4
IBuseesssnesss 0000 (HEX) 2
9C.eesesaeeses 0000 (HEX)
OD.serseesess 0000 (HEX)
9E..etesesess.0000 (HEX)
OFieeneessnsss 0000 (ILEX)
ADiieveaossss.0000 (HEX)
Bleveeesesesss0000 (HEX)
A2.vesesesees 0000 (HEX)
A3.ieeeesnsss.0000 (EEX)
Adiveeenonsss 0000 (HEX)
B5.ceneessssss0000 (HEX)
A6uvevenonssss0000 (HEX)
AT veenesssssss0000 (HEX)
ABuveveeosaas 0000 (HEX)
A9.¢evvenesas 0000 (EEX)
AMiveeeeoesss 0000 (HEX)
AB.vseveesnas 0000 (HEX)
ACivessseessss 0000 (HEX)
ADiv.voeoesss 0000 (HEX)
AE...cceseeess0000 (HEX)
AF.seeeeeeesss 0000 (TEX)
BOueseoosoess 0000 (HEX)
Blesesaaoaess 0000 (BEX)
B2:veesosassss0000 (HEX)

!
i
{
!

[ TN
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|SX S U
Bd.vveeeosese 0000
BYeeeaeonnnnn .00
BGasesessoess s 0000
B7eeceresoeasers0000
BB.veeeeeoass 0000
BY.vseoeoesse 0000
BA. . vsveoessss 0000
BBevsveeososasa0000
BCuisoosooaose 0000
BDuveseoeoeaass 0000
BE.veeeoeoeas. 0000
BFceeeeesesees 0000
COivseveoseeass0000
Cliveveeeessss0000
C2iveeesaeess 0000
C3ieeeseneeeas 0000
Cd.veneeeeesss0000
Ch.icvennenesa 0000
Cheoucseoeeseas0000
CTlieeceneeesss0000
C8.iveeesoeess 0000
CO:vvveoensess0000
CAuveseseeeasss0000
CBueveseeosasea 0000
CCutrveeesaasa 0000
CD.veeasessseaa 0000
CEiveeeeaeases 0000
CFuveeeeaseesa0000
DOieseeesosesa0000
Dlivseeeeeasss0000
D2.eeeeeaeess 0000
D3ieeecsesees 0000
Dd.vseeeeoss.e0000
D5eeeeeeeeesa 0000
D6uesececesesss0000
D7 cecveeeeeesa 0000
DBiesesososeea 0000
D9ueeeessessss0000
DAieeeveeseas 0000
DB.eveeesesesas0000
DCivevesesessas0000
DD.vseeeosese-0000
DEveeeeeeeeess0000
DFieeeeseeess 0000
EO0.eeevenenee 0000
El.ieeoeosesss0000
E2ieeceeeesses 0000
E3ieeceeesess. 0000
Ed.veeeeoasessas 0000
ESieeeneeoee..0000
E6eeveeensasea 0000
E7veseceeesas 0000
E8.cevsvesss..0000

(REX)
(HEX)
(EEX)
(BEX)
(HEX)
(HEX)
(EHEX)
(HEX)
(HEX)
{BEX)
(HEX)
(HEX)
(EEX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(EEX)
(HEX)
{HEX)
(HEX)

jas}
&}
bod

S M Sl
— e e e e

BIE G e e

(HEX)
(HEX)
(HEX)
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EQveveseaeeessa0000
FAveseoooanen 0000
| R S I I aongG
| G T A
EDeeeeasasesas 0000
EEveseosasesss 0000
EFeieeeeaeseas0000
FOuveeoaooosso 0000
Fl.oveeeoseaaans 0000
F2eeoesnnoess.0001
F3evieeeoneasas0001
Fdueveuoono. 00003
| o 000C
F6uveanonnoess 0012
F7ceiaaoneaeas0016
FBeveessnaoeos 000F
FOuvessonaosos  000L
FAuerevaeseoea 0005
FBueeoeososoo s 000K
FCuveveseooon 0018
FDueveososooaso004D
FEeevreonoeaas0260
FFoveeosnaneess0961
00cessaoooess s 06A2
0l.eeeeeoesess09A5
02.eeeocesees 024
03.evesecessss005F
04.0veeenessea0027
05.esseeeosesss001]
1]
07 cevsnseeess 0008
08.eveeeesnss 0008
09cevereeeesr 0004
OB.vsaeeeossss0001
OBeveessseasss0001
0Civeeeeseese 0006
ODeveeeeeooss 0003
OEcevessonessa 0003
OF ceveseesses 000
10ieseceaeesss 0009
1l.veeevoees..0000
12000 eeeeess0003
1300000 eeeeess0002
14 cieeeeeess0000
15iccceseeess.0000
16ceeeaeasses0000
17 cecsneasess 0000
18cveveessssss0000
19.cceeeeeee..0000
1A eeeeeeeses 0000
1B.veeeoseess 0000
1Cevevseosees 0000
1Dieceseesesss0000
l1Eciesevseees 0000

(HEX)
(HEX)
(HEX)
(HEX)
(EEX)
(BEX)
(HEX)
(HEX)
(HEX)
(HEX)
(BEX)
(HEX)
(HEX)
(HEX)
(NEX)
(HEX)
(BEX)
(REX)
(HEX)
(HEX)
(HEX)
{HEX)
(HEX)
(Hex)
(HEX)
(HEX)
(IIEX)
(HEX)
(1IEX)
(HEX)
({HEX)
(HIEX)
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1F..iieeeeess 0000
Y P U T
2l eeeiieiiaes 0000
220 0eresenssl 0000
23iiieneeeaes 0000
24,0000 essse 0000
25.ieeeeeeassl 0000
260 cieaieeasa.0000
27 i eeenaaeassl 0000
2840 eeeeenass 0000
29, et ss 0000
2Bt eiianeaes 0000
2Beeeieeenases 0000
2Ciieeeeeeesal 0000
2Dieeeeeeesess 0000
2Eieieceasness 0000
2P eeteneeaesa 0000
300 0.eeeeesss 0000
3leeeeeeeess 0000
3200 eeenassa0000
33iieeeeseasas 0000
34000 vees...,0000
35¢ccetecseass 0000
36scceceanssa 0000
37 ceeeeesesssa 0000
38evereceesssa0000
39ccieeeeness 0000
3Aciiieeeeessl 0000
3Bovesevesasas0000
3Ceeeeeneeaaas0000
3Deeeesoceassa 0000
3Eieeeeeeesasas0000
3Fiieeeoeesssas0000
400iceeeeessss0000
4l...000000...0000
42. 0000000 e...0000
43,0000 eesaasa0000
44, 000000000000
45,000 eeeass 0000
46000eveeens.s0000
47 eeeveeenass0000
48, 0utieeeaae.0000
49,0000 eeess 0000
4B, e 0eeerenaal 0000
4B.veeeeveaasl 0000
4C.civvnensss 0000
4D.vevieeesss.0000
4E.evveeeeess 0000
4F.eevevesessa 0000
50cececeesaaa 0000
Slececeseeassa0000
52.....'.'...'0000
53 ceeecneeeas 0000
54000 i0eee...0000

(HEX)

(FEX

(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
{HEX)
(HEX)
(HEX)
(EEX)
(HEX)
(EEX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
{(HEX)
(HEX)
(HEX)
(NEX)
(HEX)
{(HEX)
(IEX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
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55 s eesessseseal000
56 v sesacssassa0000
57 vevessneseea0000
¥ AN S Y
59, eccansesss0000
SReeesssnassss0000
5Besecesssesss0000
5Cuvenssnneses0000
5Dusesosesssss 0000
SEevesvsnaess.0000
5F esesesanses.0000
60veescseesss 0000
6leiecaceaness.0000
62.'...'......0000
63ceesorosssss0000
64..esanaeass 0000
65¢eensesnasss0000
66evescsoness 0000
67 eeansconess 0000
65B8eeenaceanass 0000
69eeeveseeses 0000
BRAeeerassssess0000
6Beeessccasss 0000
6Cevenseaseees 0000
6Dvesccocnsss.0000
BEevecocessss0000
BF eceescesssssa0000
7T0eveseoseesss0000
Tleeessssoesss0000
T2ceensaseeess0000
73 euensneessss0000
Theeiseoeaeaesa 0000
750".‘...'.'.0000
76.0'.'...'."0000
77........."'0000
7Bueeraessse..0000
79 eeresenesss0000
TAveeseoosssss 0000
7B"'l.0..l'.’0000
TCueveooonosess0000
TDeeesaesoss,.0000
TEeeeeeaneeeaa0000
TFueeersonsss 0000

(HEX)
(HLX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(FEX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(EEX)
(HEX)
(EEX)
(HEX)
(HEX)
(HEX)
(HEX)
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EKG SAMNPLE COLLECTION
FILENAME., . . « . . .
SUDIECT o v v 6 o e
SA0VLITG RATE o . .
DATE OF COLLECTION, .
TIME OF COLLECTION. .
COMPRESSION USED. . .
CHANNEL X ENTROPY ., ,
CHANNEL Y ENTROPY , .,
CHANNEL Z ENTROPY .

TOTAL SOURCE ENTROPY.
PRESS RETURN FOR PAGE

EKG SAMPLE COLLECTION
APPROX MAX COMPRESSION
RATIO POSSIBLE., . . .
COMPRESSION RATIO
ACHIEVED., . . . . .
ACHIEVED COA“PESS]OW
EFFICIENCY., . . . . .
COMPRESSION TIME
EFFICIENCY OBTAINED ,
COLLECTION DURATION ,
CHANNEL X MAXIIUN . .
CHANNEL X nINInut . .
CHANNEL Y MAXTINO!M ., .,
CHARNEL Y MIMIDUIT . .
CHANNEL Z DAXINUM . .
CHARNEL 2z MINIMUM . .,
COMMENTS., . o e .
PRESS RETURW FOR PAGE

EKG SAMPLE COLLECTION

.;------lllI'llllIlI-I--..-.-----------grq

STATISTICS PAGT 1

. o TAl413LU

. o LUTZ

. « 50C I2Z

. . 23 0OCT 80

. . 1413

. . TOLAN-

. . 3.7826 BITS

. . 3.7950 BITS

. . 3.8149 PITS

. . 3.8028 BITS

2 OF STATISTICS=
STATISTICS PAGE 2

. . 2.1036 : 1

.« 1.2519 1

. . 22.8 % OF MAXINMUM
. « 95.4 % SMP INTRRVAL
. « 14.5 SECONDS

e « 1.79687 VOLTS

.« . =1.0156 VOLTS

. . 1.75781 VOLTS

. . =1.01%6 vOLTS

. . 1.75781 VOLTS

« « —1.0156 VOLTS

. X,Y,Z IM COMNMONM. LEAD 1
3 OF STATISTICS=
STATISTICS: PAGE 3

NUMBER OF SANPLES TAKEN (SAMPMO)= 1C60 (HEX)

MAXIMUM LOOP COUNT PCR

INTERRUDPT

(LPCAL)= 27 (DF'X)

TOTAL VAITING LOOP COUNTS DURING COLLECTION (LOOPCT)= 000031E3 (HEX)
LOOPCT? (SANPHO*LPCAL) ) ) *100

TIME EFFICIENCY = (1-{
CHANNEL MAXIMUMS AND M

XMAX= 2E (HEX) AT SANPLE

XMIN= E6 (HEX) AT SAMNP
YMAX= 2D (HEX) AT SANP
YMIN= E6 (!HEX) AT SAMP
ZMAX= 2D (HEX) AT SANP
ZMIN= E6 (HEX) AT SAHMP
COMPRESSION STATISTICS:
NUMBER OF MEMORY BITS

NUMBER OF BITS AVAILAD
TOTAL NUMBER OF DATA R
NUMBER OF BI?S USED TO
NUMBER OF BITS USED TO
NUMBER OF BITS USED TO
NUMBER OF BITS USED TO

INTINUIS

NUNBER
LE NUIBER
LE NUIBER
LE NUNBER
LE NUIIBER
LE NUNBER

AVAILMABLE

LE TO VAR
ITS STORED

STORE CHANNEL X
STORE CHANNEL Y
STORE CHANNEL 2 = 007¢H4

STORE TIM

OLE7F (REX)
11C4 (REX)
OE7F (HEX
11C4 (BEX)
OE7F (HEX)
11C4 (HEX)

= 021FF0 (HEX)
LEN CODER = 00022740 (DIEX)
= 000272900 (BEX)
0C7766 ("‘)
(i
(v

fnn

0077?8

E OR OTHER PAP”“-"* = 0CCASC (LX)

COMPRESSION RATIO = TOTAL DATA BITS STORED Piix iir @ 178 AVALIARLE
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FILE TA1413LU

CHMINEL X AMPLITUDE DISTRIBUTION

DrSoA VALUR N{NPRLR CF OCCURENCES
BOueoeooosesess 0000 (HEX)
Bleveassesesss 0000 (HEX)
B2c0esescesess0000 (HEX)
83.ceecaacseses0000 (HEX)
Bldeveeeoseoeaaa 0000 (HEX)
85.----.-00-000000 (HEX)
86ceeaencssess 0000 (HEX)
87 coeneaneeeass0000 (HEX)
880...-.4-0-.-0000 (HEX)
89.iecesesees 0000 (HEX)
B8Aieereanesess0000 (HEX)
BBevessososss 0000 (HEX)
8Civeerassseess 0000 (HEX)
BDieesessossss 0000 (HEX)
8E."0000000000000 (HEX)
8Fceveeaseess 0000 (HEX)
90.eceaesseess 0000 (HEX)
91..ice0eeees 0000 (HEX)
92cisesessesss0000 (HEX)
93 . 4ieeensees 0000 (HEX)
94.c0eaesesss.0000 (HEX)
95 . ceesessess 0000 (HEX)
96.000sesseess0000 (HEX)
97 ceevesnssess 0000 (HEX)
98cevscsnosess0000 (HEX)
99, veeeseeses0000 (HEX)
9A.eesesnesers0000 (HEX)
OBiveeaanesss 0000 (HEX)
9Ceevsesnseeses 0000 (HEX)
9D..vseseseeses0000 (HEX)
9E.evesessess 0000 (HEX)
OF ceveoseseess 0000 (HEX)
AQ..eseeseeses0000 (HEX)
Al...seeseeses 0000 (HEX)
A2..veeeeeess.0000 (EEX)
A3.eiseosesess 0000 (HEX)
Ad.eieeaseeses 0000 (HEX)
AS.ceevereees.0000 (HEX)
ABovevessseses s 0000 (HEX)
A7 eeessnoesess 0000 (HEX)
AB.ceeeeesessas0000 (REX)
A9.ioveeresss.0000 (HEX)
AA,veesesnsss 0000 (HEX)
AB...seosansss 0000 (HEX)
AC. . ieeeseesss 0000 (REX)
AD.vseseeases 0000 (HEX)
AB.vieeeeeees 0000 (HEX)
AF-...........OOOO (HEX)
BO.vvreoesssso 0000 (HEX)
Blevieooeoaosr 0000 (HEX)
B2eearsorsess 0000 (REX)
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Bld.seseossee..0000
Bdiveveeeooss 0000
BSieeeeensees 0000
B6esseaeseaesas0000
B7.l'......'.l0000
BBevessoseere 0000
BYieeosonsesls0000
BA.eseseseess 0000
BB.....'....I.OOOO
BCiveveososasso0000
BDiveseoeosases0000
BE.veveeneeseas0000
BF....'.."!.IOOOO
COivrneeneesss0000
Cliveeeoeessss 0000
C2.veveceeee. 0000
C3eeeneeseesas 0000
Cdiveeeeaesa.s0000
C5.vvnecneese 0000
CGOOQDOCQIOCOCOOOO
CTeeevesnness0000
CBuivervienneses0000
CO:evveeeses. 0000
CAuieeneossesss0000
CBueeovseosneeas0000
CCuiveveeeeessas0000
CDuvsveceasesas 0000
CEvevveresse,.0000
CFluvevseseessals0000
DOieecsoecoee 0000
Dl'.......'.'.oooo
D2'C..ll.l....0000
D3.veveceseees 0000
D4.cveeeeeees. 0000
D5.¢eveceesss 0000
D6.seeeeeeeess 0000
D7veeveoseeeses0000
D8..'.‘..l.'.‘0000
D9.ceveeeesss000C
DAseevecaaees 0000
DBevesecsosass0000
DCiveceveseeses0000
DD.iveeeesoess 0000
DE.C....'.....OOOO
DFesesecseees 0000
E0ceeeeenoesa0000
Elieeeeeeeess.0000
E2...'.'Q....COOOO
E3.eeseeasess 0000
Ed4,.ieveeee...0000
ES5.0ceeeeeee, 0000
E6ivevecoeesas0000
E7veeeeocose. 0000
EB.veveceasesa 0000

(HEX)
(HEYX)
(LEX)
(EEX)
(HEX)
{ HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
{HEX)
(HEX)
(HEX)
(HEX)
(HEYX)
(HEX)
(HEX)
{EEX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(ELX)
(HEX)
(HEX)
(HEX)
(FEX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(KEX)
{(HEX)
(HEX)
(BEX)
(HEX)
(HEX)
(HEX)
{HEX)
(HEX)
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SR

E9.eeeeaseosss 0000 (LEX)
“‘7\............000] (HEX)
i............(‘O“f.‘ (v
ECyeeooeasanees0000 (HEX)
EDveeecseeoess 0000 (HEX)
EE.veeeesesses0000 (HEX)
EF.uveeeesossss0001 (HEX)
FOuveosoaooee 0000 (HEX)
Fl..coeeeoseees0000 (HEX)
F2ueeesaeossss0001 (HEX)
F3n.0000..‘...0006 (HEX)
Fh.vueeeeonsseo0007 (HEX)
F5.veeosesseses0012 (HEX)
F6.eoeaoenoaee0012 (HEX)
F7ueeonasoness0022 (HEX)
F8.ceoesseness0035 (HEX)
FO.veesoooonssos0050 (HEX)
FA............0082 (PEX)
FB.veoseoeoass00CC (HEX)
FChuveoesooesso0136 (HEX)
FDueoversoaseo01D9 (HEX)
FE.......--...OzEF (HEX)
FFuveeoaesensss03D0 (HEX)
00ceoeseeesses0164 (HEX)
0l.eeensossees040A (BEX)
02.cosnosseess02BB (HEX)
03.ceseesesses01E4 (HEX)
04.ceeneeoesees0132 (HEX)
05cccencnsseses 002D (EEX)
06.cconecesess006B (HEX)
07 vooosseseess 0058 (HEX)
08ceeosecssses004l (HEX)
09..0.--.00...0015‘ (HE):)
OMveveosanessss00135 (HEX)
OBeveossooesses0013 (HEX)
0Ceevseaeesess000C (HEX)
ODveeesseseses 000N (HEX)
OFceeoseeesses0002 (HEX)
OF o eveesoseess0002 (HEX)
10.ceeecoseese0000 (HEX)
11............0000 (KEX)
12..00-0-0-0..0001 (I]E}{)
13.ceesecseeess 0000 (RHEX)
14..00-0.000..0000 (HEX)
15.ceeeseeesss 0000 (HEX)
16ceeeasesess 0000 (HEX)
17 ceeeeeesess 0001 (HEX) ;
18.0eseoeceses0000 (HEX) ;
19.0ceeeeseess0000 (HEX) i
1Aeeesssesesss 0000 (HEX)
1B.cecesesses 0000 (HEX)
1Ceeseacosees 0000 (HEX)
1Deeeosceeeee 0000 (HEX)
1Eeeeesoaeeses 0000 (HEX) ]
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1F.ieveessness 0000 (HEX)
K T U L U C Y
5 R LIV VS PR G SO
2240cesesseses0000 (HEX)
23 00000 0000..0000 (HEX)
240000000 see..0000 (BEX)
25¢evesseeess 0000 (HEX)
26c00eesceess 0000 (HEX)
27 cevesaasess 0000 (HEX)
28.4v4eeesees..0000 (HEX)
29..000000e0..0000 (HEX)
2h.iieeesessss 0000 (HEX)
2B.viesesssss.0000 (HEX)
2Ceetstassess 0000 (HEX)
2D.vo.-cc000000000 (HEX)
2Eceeectecssess 0000 (HEX)
2Fceieeanesees0000 (HEX)
30eeesaeceesees0000 (HEX)
3leeeceacesess 0000 (INEX)
32¢ececseeess 0000 (HEX)
330ecesceces. 0000 (HEX)
34000000 eees.0000 (HEX)
35¢e000ecensss0000 (HEX)
36ccaencesess 0000 (HEX)
37 ceeeneeeaees0000 (HEX)
38iceeneceess 0000 (HEX)
39:cesasesesss 0000 (HEX)
3B ceenseeee. 0000 (HEX)
3Biesceeceese 0000 (HEX) ‘
3Ceeaennnsess 0000 (IEX)

3Deevensasesss 0000 (HEX) ]
3Eeecsnssessss 0000 (HEX)
3Fieecoveeess 0000 (HEX)
40 00000 seeess0000 (HEXD
4l .000u0eeess.0000 (HEX)
42-0.....0-...0000 (“EX)
43.000eseesss 0000 (HEX)
44,0000 eeese.0000 (HEX)
45,0 0000000+..0000 (HEX)
46.000seaeess 0000 (HEX)
47 e evevasssse.0000 (HEX)
48.veeeeeeses 0000 (HEX)
49.¢cvseeees..0000 (HEX)
R, ieeaesess 0000 (HEX)
4B-ooo--cooco.0000 (HEX)
4C. e vavaseses s 0000 (HEX)
4D.vveveseese 0000 (HEX) %

4Eo.'tt'.oo!u.0000 (HEX)
4F e 0eeeveeess0000 (HEX)
50ceessssesss 0000 (HEX)
5lcescecceessa0000 (HEX)
52ceerecsesses 0000 (HEX)
53ceeesseess.s0000 (HEX)
54.ci0eeeeess 0000 (HEX)
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55 .eaassssessas0000
56 vesoscessss 0000
F e eeenennee 000D
58ueceanassssB0GE
59, cenvsesesss0000
SA...'...‘.'..OOOO
5Beesevseasss.0000
5Ceeeessensess0000
5Deevccnsesss 0000
SEeeevessssee.0000
BF vveaossseees0000
60cceevsseesss0000
6levassanseess0000
62cecensansss 0000
630escsscnesss0000
B4.uaaavonees 0000
65....'..."'-0000
66 ceeconacensa 0000
67 ceeessssesss0000
68ecatsaseess 0000
69cecennssesss0000
6Aeeecsaonsss 0000
BBeveceassesss0000
6Cavevssonsssa0000
6Deeeesonsssss0000
BEevocoaeneess 0000
BFeesssaoness 0000
7O0ueeeasesesss0000
7leeeeoeoeess 0000
T2veesssesesss0000
73eeosseoness.0000
T8eeessvenesss0000
75'0.'0.'0....0000
T6eesaeeonnsss 0000
77 eesssseneess0000
TBevaeeanasneasas 0000
79 eesesceeess 0000
Theereeenseesa0000
TBeseaaasssess 0000
7Ceveeeoonsss 0000
TDuvessasnsess 0000
TEeueeansaass s 000D
TFeuseesasnssss 0000

(HEX)
{(NEX)
(T
(i)
{HEX)
{HEX)
{HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(NEX)
(HEX)
(HEX)
(NEX)
(HEX)
{(hEX)
(HEX)
(HEX)
(HEX)
{HEX)
(REX)
(EEX)
(LEX)
(NEX)
{HEX)
(HEX)
(HEX)
(HEX)
(BEX)
(HEX)
(HEX)
(IEX)
{HEX)
(BEX)
(FEX)
{HEX)
(HEX)
(RLX)
(ELEX)
{HEX)
(HEX)
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EKG SAMPLE COLLECTI1ON
FTL.ENAMF,

SALPLING RATE
DATE OF COLLECTION,
TIME OF COLLECTION,
COMPRESSION USED.
CHANNEL X ENTROPY
CHANNEL Y ENTROPY
CHANNEL Z ENTROPY
TOTAL SOURCE ENTROPY.
PRESS RETURN FOR PAGE

P e

ST

ATISTICS PAGE 1
. TAl44 ?T,
IS .
. 206 EZ
. 23 OoCT 80
. 1449
. TOLAN-~
. 2.9299 BITS
. 2.9243 BITS
. 2.9564 BITS
2.9436 BITS
OF STATISTICS=

FKG SAMPLE COLLECTION STATISTICS : PAGE 2

APPROX MAX COMPRESSION

RATIO POSSIBLE. . . . . . 2.7176 H ]

COMPRESSION RATIO

ACHIEVED, . . . . .« . 1,6008 : 1

ACHIEVED COlPRESSIOu

EFFICIENCY. . . « . . . . 34,9 % OF MAXIMUH

COMPRESSION TIME

EFFICIENCY OBTAINED . . ., 90.6 % SMP INTERVAL

COLLECTION DURATION , . 18,5 SECONDS

CHANNEL X MAXIMUM . . . . 1,79687 VOLTS

CHANNEL X MININUHW ., . . . -0,7421 VOLTS

CHANNEL Y MAXI!MNUM . . . . 1.79687 VOLTSE

CHANNEL Y MINIMUNM . . . . -0.7421 VOLTS

CHANNEL 7 MAXINUOM . . . . 1.79687 VOLTS

CHANNEL Z MINIMUM . . . . -0,7812 VOLTS

CONMMENTS, . . « . . « X,Y,Z IN COMION. LEAD 1

PRESS RETURN FOR PDGE 3 OF STATISTICS=

EKG SAMPLE COLLECTION STATISTICS: PAGE 3

NUMBER OF SANPLES TAKEN (SANPNO)= 2448 (BEX)

MAXIMUM LOCP COUNT PER INTERRUPT (LPCAL)= 27 (HEX)

TOTAL WAITING LOOP COUNTS DURING COLLECTION (LOOPCT)= 60002845C (HEX)
TIME EFFICIENCY = (1-(LOOPCTS (SAMFNO*LECAL))Y)*100

CHANNEL MAXIMUNS AND MINTHUNS

XMAX= 2E (BHEX) AT SANPLLI MNUIPER ODOA (PEX)

XMIN= ED (FEX) AT SANPLL NUMBER 1DOA (EEX)

YMAX= 2E (HEX) AT SAMNPFLY NUMBER 0DCA (HEX)

YMIN= ED (LEX) AT SANPLEF NUNBLER 1DOA (PEX)

ZMAX= 2E (HEX) AT SAIPLY NUNBER ODOA (PEX)

ZMIN= EC (HEX) AT SAMPLE NUMRBER 1D0A (HEX)

COMPRESSION STATIETICS:

NUMBER OF MEMORY PITS AUVANILARLE = 021FPO (REX)

NUMBER OF BITS AVALLABLY 70 VAR LFN CODER = Q00377 “u [iVX)
TOTAL NUNBLER OF DAT. RITS STORED = C00366C0O (1 ‘)

NUMBER OF BITS USED TO S7TQORE CHANNEL X = 0069AA (.

NUMBER OF BITS USED TQ S7UCRE CHANNUL Y = 00693E ( )
NUMBER CF BITS USED TO S7TCRE CHANNEL 7 = 00673¢ fi'ﬁ\
NUMBER OF BITS USED 70 S7TORE TIME OR OTHER FARAII™ it = 00LBI8 (HEX)
COMPRESSGION RATIO = TOTAL DATA RITS STORLD PLK "YH PITS AVALIALLE
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FILE TAl448L7T

C

HANNEL X AMPLITUDE DIST!

D S EPEES

A~
e 0 00 e e e e o Un

Blieeeesesnens 0000
82.¢eeveeesees 0000
B3.eevssesass.0000
84, 0eeeenesss 0000
B5.eeeseneess 0000
86 .eseeeeessss 0000
87 cevecaaesas 0000
B8ecaecesneseaes0000
BY.vssesaeassa0000
BA.iieereneess0000
BB.eeveseessss 0000
BCeveoeoeeaass 0000
BDevereeseeeeaa0000
BE.veeoseeeess 0000
BF eereeseeess 0000
90ceesenceesssNOO0
9l.veeseesss.s000
92, ceeerecasss 0000
93 .. ieeeeees..0000
94, 0seeneeses0000
95 . eueseosssss 0000
96 .veesesoeess0000
97 ceeveeeasssss00C0
98.0eeeveees..0000
99 eeeesecsse 0000
M. ieeeeeeaess 0000
9B.vsesecesse 0000
9Ceereoseesass 0000
75 IR L Y
9E, ceeeeesess 0000
9F teveereesss 0000
AQ..veeevessa 0000
Al..oeeeees.. 0000
A2.ceitvesesseas0000
Adiieseeseesss0000
Ad,ierieeeeeeass0000
ASeeeseoesesss 0000
AB.viieseoeees.0000
A7 ieeeeeeessas0000
AB..veeeeaesss0000
AS.veieesess. 0000
AMieiveeoesss 0000
ABiviesoesess 000
ACiveeseaassss0000
AD.veseoosesas 0000
AE.cieeeeees..0000
AF.eeveveeess 0000
BOiveoeseeoee 0000
Blieeeesooess 0000
B2.veerooesss0000

R e

(EEX)
(HEX)
(BEX)
(HEX)
{HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(REX)
{(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(BHLX)
(HEX)
(HEX)
{(HEX)
(HEX)
(HEX)
(REX)
(HEX)
(REX)
(EEX)
(LEX)
(HEX)
(HEX)
{HEX)
(HEX)
(REX)
(REX)
(EEX)
(HEX)
(INEX)
(HEX)
{(HEX)
(HEX)
(HEX)
(REX)
(HEX)
(HEX)
(NEX)
(HEX)
(HITX)
(HEX)
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PB3.vseeceases 0000
I‘4l.......‘.l00000

M laRRIa]
I Deeseeee 00'0.0\“‘9

}«‘:\)o-ocoo-o-o.o(‘(-!\“\'

BT eeveaoasesas 0000
BBeeeossoeass 0000
Bueessoooess 0000
BAeeeesooooss 0000
BB.uvessvoosso 0000
BCuiveuooseneass 0000
BD.veessoosss 0000
BE.eesasoeeas 0000
BFeeeseoeoaes 0000
COivovsssesesa0000
Cleeesoeoosees 0000
C2eeveneosesess0000
C3ieeeesaeess 0000
Chiveveeenees 0000
Chevenennsasss 0000
COhevveveasoass 0000
CTleeonneneess 0000
C8eveveveeess0000
COivvnnenensasl 0000
of . W L R
CBiviseeeasees 0000
CCesuvoeseesass 0000
CDevoveooosnss0000
CEveernceasesss0000
CFuveenoaeess 0000
DOceveseseses 0000
Dl.veseessess 0000
D2.esesenssass 0000
D3.eseceosessss 0000
Ddieseeeeeess 0000
D5ceeeccceess 0000
D6eeesseesesss 0000
D7veeeceseess 0000
D8.vesecesass 0000
D9:eeseveeess 0000
1), S U )
DBivessoosees 0000
DCeviesseoneess 0000
DDivveeeeesees.0000
DEeevesessess.0000
DFivecsvonesss0000
EOQeeoeoeoeses0000
EleeeseeesessaC000
E2ceseceeeessa0000
E3ieteeeeeees 0000
Fdiveeeeoeesss 0000
ESieeeoeaeaesas0000
E6ueeeessnsses 0000
E7¢ceeeecesees 0000
EBivereososees 0000

(PEX)
(HEX)
Coon
(

)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
{(HEX)
(HEX)
(HEX)
(HEX)
(REX)
(HEX)
(HEX)
(REX)
(HEX)
(NEX)
(HEX)
(LX)
(HEX)
(HEX)
(HEX)
(HEX)
(LEX)
(1:EX)
(HEX)
{(HEX)
(HEX)
(HEX)
{HEX)
(KEX)
(LEEX)

HEX)

(HEX)
(EEX)
(IEX)
(FEX)
(REX

(HEX)
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Eg............OOOO (REX)
EAn e o s s s 9 o0 o ® 00000 (I‘lh‘:";
L goey )

I 1 e a o oo oo e 00

1.
X
o)

)

e

N
PEX) !
HEX) i
HEX)

m

a2 ]

.

.

-

.

.

.

.

»

.

»

o -

[e] 7

o 7.

o N
o~~~

EF............OOOO
FO............OOOO (HEX)
Fl............OOOO (HEX)
F2............0000 (HEX)
F3............0000 (HEX)
F4............0000 (HDX)
FS............OOOO (HEX)
F6............0002 (HEX)
F7............0001 (HEX)
F8............0003 (FEX)
F9............0007 (BEX)
FA............OOlC (BEY)
FB............0034 (v
FC............008F (HEX) !
FD............0180 (HEX)
FE............03F7 (HEX)
FF............06A2 (BEX)
00............030D (PEX)
01............0714 (HEX)
02............03?0 (HEX)
03............018A (PEX)
04............008A (BEX) :
05............002A (HEX) ¢
06............0013 {BEX)
07............0006 (HEX)
08............0002 (HEX)
09............0002 (HEX)
0A............0002 (HER)
OB............OOOO (hEX)
OC............OOOO (REX)
OD............OOOO {(HEX)
OE............OOOO (BEX)
OF............OOOO (HEX)
10............0000 (NEX)
11............0000 (REX)
12............0000 (HEX)
13............0000 (HEX)
14............0000 (HEX)
15............0000 (HEX)
16............0000 (NFX)
]7............0000 (BEEX)
18............0000 (NEX)
19............0000 (LEX)
1A............0000 (HEX)
lB............OOOO (
1C............0000 (1
(
(

1D............0000
ll‘j.l.'l.".ﬂ"oooo
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26..."....0.
27 cvesaesaess s 0000

28.eeessosses 0000
29 it oneacnn
2D eeecneesesas0000
2Betesseseesss 0000
2C.. .
P20 I 0000

30 ieeeerenses paoce
3leeecencons
320eeecannccns
330000

34, cieeecoenns

35ceessaseees 0000
36ceccccecasocs 0000
37 ceceneneees 0000
38cesensesess 0000
39 0eeecseess 0000
3Aceeesneeses 0000
3Bevecseesseass 0000
3Cieecensessss 0000
3Dievcesessseas0000
3Eeeceeesacens
3Fueeeseeesess 0000
40ceeseaneese0000
4leeececesssss0000
420000000 e....0000
L
44, 000eees..0000
45, 00eeseses.0000
846 cevveensesss0000
47 v e evensees0000
48.csvesaeesss0000
49, eveeneess.0000
4D, eeveneaaes 0000
4Biesseoceses 0000
8C. s eessasees 0000
Deveveaneeses0000
dE.eeeeeees..0000
4F e v esesveses.00C0
S04eesseesaesa 0000
5lececenes eee.0000
52cecssensssss 0000
53t ecaccssssa0000
54 ceesseeeessd000

SRR vECRC AR RO RG

R T P

AAAAA

3
AN

=3

[ -

lssnalas)

~A
oA

e

e i o

e e e et e e e
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B esssnsessss 0000
56....'.."'.'0000
57 cvvevans «...0000

59.uteseseness 0000
5Aeeessncseess0000
SBuevessceeeess0000
5Cevessaseesss0000
SDevevecaceess00C0
SE.vesecessssa0000
S5Feeeasasseseas0000
60cuvsesenesss0000
) ..0000
6240seceeseess0000
63ceecsaneesss 0000
64ceeennenesss0000
654erceseneess0000
66cervcsecesss0000
67 eereoreeasesas0000
68ievecseeeass 0000
69eeeesseeesss0000
BA.ernseseesss0000
6Beececessesas0000
6Ceevvnan eees.0000
EDvecessesesss0000
BEeeercaseneas0000
6F eeceeasessa0000
70eeaeosnesesas0000
Tleeeeseeeessas0000
72¢eseoaesaees0000
730esesseeesss0000
Theeeeennesess0000
7S eeseoseeasass000
T6ueeeeeesossea0000
7T eeeoenoease0000
T8eseoeoeasess0000
79 eeeeseaeaess0000
TBeweseoanees 0000
TBeweossesssss 0000
7Cevesneaosesaa0000
TDueveveseosessas 0000
TEeweososaess s 0000
TFeeeesaeneess 0000

(REX

DR

(HEX)
(HEX)
(HEX)
(BEX)
(HEX)

(HEX)
(HEX)
(HEX)
\hib Ay
(EEX)
(HEX)
(HEY)
(EEX)
(HEX)
(HEX)
(HEX)
(HEX)
(HEX)
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ERG SANPLE COLLECTION
FILFEAME. o« o o o o o .
S
SANPLING RATE « ¢ o o .
DATE OF COLLECTION, . .
TIME OF COLLECTION., . .
COHMPRESSION USED., . . .
CHANNEL X ENTROPY
CHANNEL Y ENLTROPY ., . .
CHANNEL 2 ENTROPY , , .
TOTAL SOURCE ENTROPY,
PRESS RETURN FOR PAGE

O .

EKG SANMPLE COLLECTION
APPROX MAX CONPRESSION
RATIO POSSIDLI. . . . .
COMPRESSICN RATIC
ACHIEVIED, . + . « .+« « &
ACHIEVED COIPRESSICH
EFFICIENCY. . . « . . .
COMPRESSION TIME
EFFICIENCY OBTAINED ., .,
COLLECTION DURATION . .
CHANNEL X MAXIMOIl . . .

STATISTICS

ST

: PAGE 1
. TAIS45T

. 200 il

. 23 0CT 80

. 154¢

. TOLAN-

. 3.2801 BITS

. 3.2716 BITS

. 3,3188 BITS
3.3026 BITS

OF STATISTICS—
ATISTICS PAGE 2
. 2.,4223 ¢ 1
. 1,3617 : 1

. 25.4 %

X

. 93.9 &
. 15.8 SECONDS
. 3.59375 VOLTS

CHANNEL
CHANNEL
CHANNETL
CHAINEL
CHIANNEL

X

Y
Y
2
Z

[T IH0M
MAXTIUIN
MIMNINMUH
DAXINUN
MINIMUM

-1.4453
3.59375
-1.4453
3.55468
-1.4453

VOLTS
VOLTS
VOLTS
VCLTS
VOLTS

COMMENTS, . .
PRESS RFTURN FOR PACB

J e

EKG SAMPLE COLLECTION ST
NUMBER OF SANPLES TAKEN

X,Y,Z2, IN
OF STATI STICS=
ATISTICS: PAGE 3
(SALPNO)= lEDD

COMMON,

OF MAXINUN!

SHP INTERVAL

LEAD 1

{HEX)
MAXTIMUIl LOOP COUNT PLR IITERRUPT (LPCAL)= 26

(BEX)

TOTAL WAITING LOCP COUNTS DURING COLI.ECTICH (LOOPCT)= 0000470E (EEX)
TIME EFFICIENCY = (1-(LCOPCT%(SAMPNO*LPCAL)))*100

CHANNEL MAXIMOUIS ALD MINMILUNS

XMAX= 5C (HEX) AT SAMPLE NUNBLR 03DD (’EX)

XMIN= DB (FEX) AT SAMNPLE NUIIBER 145D (HE

YMAX= 5C (HEX) AT SANPLE NUMDRER 03DD (P'E )

YMIN= DB (HEX) AT SANFLE NUIBBR 145D (UFX)

ZMAX= 5B (HEX)} AT SAMPLE NUMRER 03DD (EEX)

ZMIN= DB (HEX) AT SANPLE WUMBER 145D (ilBX)

COMPRESSION STATICTICS:

NUMBER OF MENMNORY DRITS AVAILABLFE = 021FF0 (LEX)

NUMBER OF BITS AVALLABLE TO VAR LEN CORER = 0003200 (I'E'X)

TOTAL NUINBER OF DATA BITS STORED = Q0Q02E4B8 (hHEN)

NUMBER OF DITS USED TO STCRD CHANNEL X = 0071DI (07

NUMBER OF BTITS USED TO STCRE CHAVUNEL Y = 007199 (- )

NUMBER OF BITS USED TO STCRE CHANNEL 2 = 007013 (? )

NUMBER OF BITS USED TO STORE TIDE OR CTHIR PARANDT!I LR = 00D220 (0OFX)
COMPRESSION RATIC = TOTAL DATA BITS STORED PER NEN BITS AVALIABLE
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EKG SAMNPLE COLLECTION S
F‘]LF_'Y‘J.’\:”.H. o e s e 4 e s
RO T N G S A,
DATE OF COLLECTION., . .
TIME OF COLLECTION. . .
COMPRESSION USED, . . .
CHANNEL X ENTRORY , , .
CHANNEL Y ENTYROPY ., . .
CHANNEL Z ENTROPY . . .
TOTAL SOURCE EMTRODPY,
PRESS RETURN FOR PAGE 2

.

EXG SAMPLE COLLECTIOM S
APPROX MAX COMPRESSICON
RATIO POSSIBLE. . . . .
COMPRESSION RATIC
ACHIEVED. . . . . .
ACHIEVED COLPhVSSION
EFFICIENCY. . . . . . .
COMPRESSION TIME
EFFICIELCY OBTAINFED , .
COLLECTION DURATICN . .

CHANNEL X HMAXIMON ., .,
CHANNEL X MINIIUHN . . .
CHANNEL Y MAXINUM . . .
CHANNEL Y MININMUM . . .
CHANNEL 2 MAXTHUM . .
CHANNEL 2 MINIMUM . . .

COMMENTS, . . . . .
PRESS RETURN FOR PAGF 3

EKG SAMPLE COLLECTION S
NUMBER O SAMPLES TAKLN
1AXINUON £.00P COUNT Prh
1OTAL VAITING LOOP °

)t

TATIETICS o TAGH
« TA1S46T

N REVEE
. 23 OC” 80

. 1548

. TOLAN-A

. 3.0171 BITS
. 3.01124 BITS
. 3,0373 BITS
. 3.0355 BITS
OF STATISTICS=

TATISTICS : PAGE 2
. 2.6354 1
. 1,4998 1
. 30.5 & OF MANIMUM

91.4 S SMP INTERVAL
. 17.4 SECONDS

. 2.77343 VOLTS

. -1.3671 VvOLTS

. 2.73437 VOL%S

. -1.3671 VOL"S

. 2.73437 VOLTS

. -1.367) VOLTS

. X,Y,Z IN COMNMON, TLEAD AVT,
OF STATISTICS=

TATISTICS: PAGE 3
(SANDPHO) = Z21FLE (FEX)
INTERRUD?T (LPCAL)= 27 (HEX)
NTS DURIVG CCLLECTION (LOOPCT)= 00007134 (1IN}

TIME EFFICIENCY = (1 (LPUPC‘Q(UAATHO*LP "AL)) ) *100

CHANNEL MAXINUNS AND MI
XMAX= 47 (IEX) AT SAIDL
XMIN= DD (HEX) AT SAMPL
YMAX= 46 (LEX) AT SANPL
YMIN= DD (UEX) AT CAH)L
ZMAX= 46 (HENL) AT SANPL

ZMIN= DD (BEX) AT SANPLE

COMPRESSION STATISTICS:

MINuns

E NUNBER OASE (FIX)
£ ONUIBER 1447 (HEN)
FORUHNBER 0954 ([TEX)
[ JL.ILP 1447 (HEX)
E NWIRER 09%A (I'EX)
NUIBER 1447 (LEX)

NUMBER O HENORY BITS AVAILABLE = 021FF0 (VEX)

NUMBER OF BITS AVAILARL
TOTAL NUNHBER OF DATA I
NUMBER OF BITS USED 70
NUMBER OF BITS USED 70
NUMBER OF BIWS USED T0
NUMBER OF BITS USED TO
CONPRESSION RATIO = TCT

L TO VAR LN CODPR = 00036 © {111 YX)
T& STORED = 000221D0 (PEX)

STORE CHAMNEL X = QO6LRE (1 M)

STORT CHANNEL Y = 006150 (1 )

STORE CHANNFL 7 = 00GPLE (1 1)

STORE TIME OR OFHER PARATI IR = Q0DRAE (NEX)
AL DATA BITS STORLD PLK DI BITS AVALIABLE
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— -N.__‘_

Lind SAUPLE COLLECTION SYATISTICS @ PAGL )

AR RSN RS o)

.........Tf\lc:r)()f%
S s A L\.‘a;l . . . . . rOO xiz,

DATE OF COILICTIOW « . . 23 0CT 80
TIME OF COLLECTION. . . . 1559
COIMPRESSION USED. . o . . TOLAN-A
CHANNEL X ENTROPY « « « o 3.01€5 BITS
CHANNEL Y ENTROPY , . . ., 3.0038 BIT'S
CHANNEL 7 }‘”hOVY « o« . 3.0261 BITS
TOTAL SCURCE FPWPO“-. . 3.0233 RITS
PRESS RETURN PPOR PAGE OF STATISTICS=

N e

EKG SAMPLE COLLECTION STATISTICS : PAGE 2
APPROX NAX CONPRLSS1ON

RATIO POSSIPLI, . « . « . 2.646¢C : 1
COMPRLESSION RATIO

ACHIEVED, + « + « « « . . 1.5280 I
ACHIEVED CCIHFRISSIQN

EFFICIENCY, . . . « « . . 32,0 & OF MAXIMUII
COMPRESSION TIME

EFFICIENCY OBTAINFD . . . 93.0 &% SND INTERVAL
COLLECTION bURATION . . , 17,7 SECOUDRS
CHANNEL X MANIIUHM . o . ., 2.9205¢ vOLYS
CHANNEL X MINIHUN . . . ., 0.19531 VOL7TS
CHANNEL Y MAXTHUIl . . . . 2,R9062 VOLTS
CHANNEL Y MIVIMOM ., . . . 0,19531 VOLYS
CHANNEL Z MAXTHUM . . . ., 2.89062 VOL.S
CHANNEL 7 MInIMODIL , . , . 0.15625 VOLTC
COMMENTS., . « + + . & X,Y,2 1IN COMICON, LEAD 1
PRESS RETURN FOR PAGE 3 OF STATI TICS=

EKG SAMPLE COLLECTION STATISTICS: PAGE 3
NUMBER OF SAMPLES TANLN (SAUPNO):= 22A2 (HEX)

MAXIMUM LCOP COUNT PCR INTLERRUPT (LDPCALY = 26 (LEX)

TOTAL WAITING 1LOOP CCUNTS DURING CCLLECTION (LOOPCT)= 00005B1L (HEX)
TIME EFFICIERCY = (1~(LOGPCT® (SANIMIO*LPCALY)Y)*100

CHANNEL MAXINMUINS AND MININMUMS

XMAX= 4B (HEX) AT SANFLL IIUNDER 1FA2 (HEX)
XMIMN= 05 (HBEZX) AT SAlPLT NUUIBLR QORD (LX)
YMAX= 4A (HEX) AT SANFLE NUIMBER IFA2 (10X
YMIN= 05 (HEX) AT SANPLE NUMNBLR 0050 {(IrN)
ZMAX= 4A (EEX) AT SAMPLE MNUUREER LEA2 (HEMY
ZMIN= 04 (HEX) AT SAUDPLD NUBBLR 0IDS (1&Y)

COMPRESSION STATISTICS:

NUHBER OF MEMNORY LD1TS AVAILARLY = 021770 (1)

NUMRER OF BITS AVALLACLE TO VAR LFI COGHNR = 0303ATEN (HEX)
TOTAL HUNMBER OF DATA BITS STORED = Q009337030 (I'by)

NUMBER OFF BFYTS USED TO S10ORL CI'AIEL N = 006BES (UEX)
NUMBER OF BITS USID T0 SUCRE CHa Y = 006ACHO (FFXN)
NUNBER OF BITS USED T0O STOIY CHINNEL 7 = 006857 (HEX)
NUMBER OI' BITS USED TO STORE TIHE OR OTUENR PARAMETER Q0RO (VLX)

COMPREGSION RATIO = TOTAL DATA PITS STORED PER HMEN BITS AVALIABLE
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tERG SANPLE COLLECTION STAVIETICS ¢ PAGE 1
PITENRME . O . o .« « « « TA15118
SAHPLING RATE o . o + o« « 200 4

DATE OF COLLECTION, . . . 1511

TIME OF COLLECTION, . . . 1511
CONPRESSION USED. . . . . TOLAN-A
CHANNEL X ENTROPY . . . . 3.3255% BITS
CHANNEL Y ENTRCPY , . . . 3.3341 BITS
CHANNEL 2 ENTROPY . . . . 3.3560 BITS
TOTAL SOURCE ENTROPY. .« 3.3457 BITS
PRESS RETURN FOR PAGE 2 OF STATISTICS=

EKG SAMPLE COLLECTION STATISTICS : PAGE 2
APPROX MAX COMPRESSION

RATIO POSSIBLE. . . . . .+ 2.3911 |
COMPRESSION RATIO
ACHIEVED. . . . . . .
ACHIEVED CONPRESSION
EFFICIENCY. . . . . . « « 31.0 % OF MAXIMUM
COMPRESESION TIIE

EFFICIENCY OBTAINED . . . 94.0 % SHMP INTERVAL
COLLECTION DURATION ., . . 16.6 SECONDS

CHANNEL X MAXIMUM , . . . 1.32812 VOLTS

CHANNEL X MINIMUR . . . . =-2.0703 VOLTS

CHANNEL Y MAXIMUM , . . . 1.32812 VOLTS

CHANNEL Y MINIMUIT , . . . -2.0703 VOLTS

CHANNEL 2 MAXIFUN ., . . . 1.32812 VOLTS

CHANNEL 2 MININMONM , ., . . -2.0703 VOLTS

COMMENTS. & o o o o« & . X,Y,7 IN COMIION. LIZAD AVL
PRESS RETURN FOR PAGE 3 OF STATISTICS=

.« 1.4319 : 1

EKG SAMPLE COLLECTION STATISTICS: PAGE 3

NUMBER OF SAMPLES TAKDN (SANPIIO)= 2074 (BEX)

MAXIMUM LOOP CCUNT PER INTERRUPT (LPCAL)= 27 (HILY¥)

TOTAL WAITING LOOP CCUNTS DURING COLLECTION (LOOBCT)= 00004ADC (LHEX)
TIME EFFICIENCY = (1-(LCODCT: (SANIPNO*LPCAL)) ) *1C0

CHANNEL MAXIMUNMS AND MININUINS

XMAX= 22 (HEX) AT SAMPLE NUMBLR 1171 (iIEX)
XMIN= CB (HEX) AT SANPLE NUNBER 021D (LEX)
YMAX= 22 (HEX) AT SANPLE NUNDHR 1423 (LEXN)
YMIN= CB (HEX) AT SANPLE NUNBER 021D (BEX)
ZMAX= 22 (HEX) AT SANPLE IIUNBEOR 1423 (HEX)
ZMIN= CR (HEX) AT SpAUPLE MUNBER O00ES8 (HEX)

COMPRESSION STATISTICS:

NOINBER OF MENORY FITS AVAILABLE = 021770 (HEX)

NUMBER OF BITS AVAILABLE TC VAR LEN CORLR = QOC2¢0 ¢ (7 0N)
TOTAL NUMBER OF DATA BITS STORED = 0003CAEQ (i5X)

NUMBER OF BITS USED TO STCORE CHANNEL 3 = 00717A (.0
NUMBER OF BITS USED TO STOFE CHALNEL Y = Q07130 (VD
NUMBER OF BITS USED TO STORE CUANNEL ¢ = 000 27 (0 1)
NUMBER OF BITG USED TO STORE TIND OR OTHUR DATANRT. - = 001000 (PRX)

COMPRESSION RATIO = TOTAL DATA BITS STORUD PLR MON L1190 AVALIABLD
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EKG SANMNPLE COLLECTION
FILENAME, . . . . . .
SUPILCT o0 0 e e
SALPLING RATE . . . .
DATE OF COLLECTION, .
TIME OF COLLPFCTION, .
COMPRESSION USEL. . .
CHANNEL X ENTROPY . .
CHANNEL Y ENTROPY ,
CHANNEL Z ENTROPY .
TOTAL SOURCE E”TLOPY.
PRESS RETURN FOR PAGE

EKG SAMPLE COLLFCTION
APPROX MAX COMPRESSION
RATIO POSSIBLE. . . .
COMPRESSION RATIO
ACFTIEVED, . . . . . .
ACHIEVED CONPRESSION
EFFICIENCY. & o o o o
COMPRESSION TIIE
EFFICIENCY OBTAINED .
COLLECTION DURATTON .
CHANNEL X MAMIMUI . .
CHANNEL ¥ MINIMUZL . .
CHANNEL Y MAXIMUM . .
CHANNEL Y MININUL . .
CHANNEL o MAXINUM . .
CHANNEL 2 “INnIMUl . .
COMMENTS, + + « . .
PRESS RETURN FOR PAGE

EKG SANPLE COLLECTIOU

S

TATISTICS : PAGE 1
. TALS52(CH
. RALSLLO
. 500 Bz
. 23 OCT 80
. 1520
. TOLAN-
. 2.6012 BITS
. 2.5808 BITS
. 2,6229 BITS
2.6104 BITS
O“ STATISTICS=

STATISTICS : PAGE 2

3

STATISTICS

NUMBER OF SAMPLES TAKEN

MAXIMUM LOOP COUNT PER INTERRNITT (LPCAL)=
TOTAL WAITING LOOP COUNTS DULRING COLLLCTIO!
{LCORCT: (SAMEPNC*LPCAL) ) ) *100

TIME EFFICIENCY = (1-

. 3.0645 D
. 17247 1
. 35,1 % OF MAXINUN

90.9 % SMDP INTERVAL

. 20.0 SECONDS

. 2.07031  VOLTS
. =0.5468 VOLTS
. 2.07031 vCLTS
. -0,5468 VCLTS
. 2,07031 VCLTS
. -0.5468 VOLTS

. X,Y,2 IN CONION. LFA D 2

Ccr S"m STICS=

: PAGE 3

(SAIIIO) = 2717 (LEY)

27 (HEX

{LCOPCT)= C0008A6D

CHANNEL MAXIIIUNS AND NINTINULNES
XMAX= 35 (HEY) AT SANPLE Ebn“’h 1F9L (FEX)
XMIN= F2 (HEX) AT SAMNPLE NUNBER OAG2 (HEX)

YMAX= 35 (HEX) AT

YMIN= F2 (HEX) AT SANPLE
ZMAX= 35 (BhLX) AT SANPLE bUHBV

ZMIN= F2 (HEX) AT
COMPRESSIO] C”ﬂ“7“”T(
NUMBER OF HENORY PI1TSH

i
SANPLE NUJQLL 11 6E

A

(}LX)
NUNBEe CHAR (0 )
R 1IFORE U
SAVPLE NUNDER 054F (BE )

HAILAFIT = 021¥ro (T ED

NUMBER OF BITS AVAILARLYE TO VAR LEN CODVR = 000D 0N (PF1¥)

TOTAL NUNBER OF DATA
NUMBER OF BITS USED TO
NUMDILR OF BITS USHD 20

NUOMBER OF BITS USID TG S

NUMDER OF LITS USHD TC

COI'PRESSIO!N PATIO = TOTAT. DATA BITS

RITS STORED = Q00 a2l (v

229

(NEX)

AN

CTOGRE CHANNEL 20 = 00660 Y

STORE cprynrn v = 000606 (0. 71

TORE CRAEL & = 0003¢C (b )

STORDD 7IXE OnR (/v )Il T ' CoraRn (v
STCREL ooy TS AVRELTARLL



EXG SAMPLE COLLECTION STATISTICS : PAGE 1

PRESS RETURN FOR PAGE CZ

P FILENAME, . . . . . . . . TA14398T

i STRJLCY o . 0 . v . . . . STROUP

; SANPLING RATE o . . o . . 500 1z

! DATE OF COLLECTION. . . . 23 OCT 80

! TIME OF COLLECTION, . . . 1439

) COMPRESSION USED. . . . . TOLAN-

; CHANNEL X ENTROPY . . . ., 3.2669  BITS
CHANNEL Y ENTROPY , . ., . 3.,2756  BITS

) CHANNEL 2 ENTROPY . . . . 3.3094 BITS

; TOTAL SOURCE ENTRCPY. ., . 3,2912  BITS

OF STATISTICS=

EKG SAMPLE COLLECTION STATISTICS : PAGE 2

APPROX MAX COMPRESSION
RATIO POSSIBLE. . . «
COMPRESSION RATIO
ACHIEVED. . . . « . « .
ACHIEVED CO!IPRLSSION
EFFICIENCY. . . . . . .

COMPRESSION TIME

EFFICIENCY OBTAINED . . . 93.4 % SMP INTERVAL 1
COLLLECTION DURATION , . . 16.6 SECONDS

CHANNEL X MAXINMUM . . . . 3.35937 VOLTS

CHAMNEL X MINIMUM . . . . -0.5468 VOLTS

CHANNEL Y MAXIMUM . . . . 3.35937 VCL7?S !
CHANNEL Y MIUIMOM . . . . -0.5468 VCLTS

CHANNEL Z MAXIMUM . . . . 3.35937 VOLTS {
CHANNELL, Z MINIMUM . . , . -0.5859 VOLTS

COMMENMNTS., . . . X,Y,72 IN COMNMNON, LEAD 1

2.4307 : 1
1.4314 : 1

30.1 % OF MAXIMUM

OF STATI(TICQ—

W oe

PRESS RETURV FOR PAGE

EKG SAMPLE COLLECTION STATISTICS:

NUMBER OF SAlNPLES TAKEN

MAXIMUM LOOP COUNT PER INTERRUPT (LIFCAL)= 27 (LLX)
TOTAL VIAITING LOOP COUNTS DURING COLLECTIOM (L
(SAMPHNO*LPCAL)) ) *100

TIME EFFICIENCY =

(

{(1-(LoorcCrs

PAGE 3

SANENIO)Y = 2071 (BEX)

CHANNEL MAXIMUNS AND MININUMNS

XMAX= 56 (HEX) AT SAHMPLE
XMIN= F2 (HEX) AT SANMPLE
YMAX= 56 (HEX) AT SAIPLE
YMIN= F2 (HEX) AT SAHPLE
ZMAX= 56 (HEX) AT SANPLT
ZMIN= Pl (HEX) AT SANPLE
COMPRESSIO!N STATISTICS:

NUMBER OF MFMORY RITS
NUMBER OF BITS AVAILABLY

TOTAL NUNBLER OF DATA BITS

NUMBDER 1472 (HFRYX)
MULIBER 1ES5A
NUNBER 1472 (
MUNDER OFD8 (IiLY
MUIIPLR 1472
NMUMBEE 1ESA (

AVAILABRLE = 021FF0 (BFX)
CODER = (00"
STORED = 00030A02 H““

TO VAR LFD

P )

CcOoPCT)= 0000526C (EEX)

(Hry;

.«

NUMBER OF BITS USED TO STCRE CPANUERL ¥ = (0C6MY P
NUMBER OF BITS UsrD TO STORE CHANNEL VY = OUGLDK Frh
NUMBER OF BIT JEED TO STORE CHAMNNEL 2 = CCaCHO 1 )

NUMBER OF BI;;) UuSsED

TO ST

COMPRESSION RATIO = TOTAL

JRE TTME OR OTHEL Proals

DATA BITS STORED THR

[
oo

ooDDCO (1IFY)
"5 AVALTADLEL !




Appendix E

This appendix contains a photocopy of the

specifications for the pertinent equipment used in this

thesis.
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DR-8 RESEARCH RECORDER

MONITOR

The Model DR-S Research Recorder is desimred to operate from a 106-139
volt, 60 Hz linc., Power consumption is about V00 watts. The cireut s
protected by a 10 ampere circuit breaker which is incorporated in the power
ON-OFF switch on the camera pancel,

It is essential for safetry and to minimize 60 Hz interference in the tracings
that the Research Recorder be connected to a zood "eround”. A third wire

is brought out at the power pluz for this purpose. A good "sround’ can usually
be obtained at a cold water pipe,

The instrument combines as many as eicht amplifiers with a cathode ray
tube recording camera and two cathode ray tube monitors,  The multitrace
monitor displays anv number of iraces up to eight, The sincsle monitor
displays any one of the traces enlarced or reduced in size. It is also used
for the presentation of loons, such as the vectoreardiosram or the ang
compliance and lung resistunce loops, and for balaneing =train cause ampiid-
iers. All phenomena can be monitored continuousiy, Recording s done ot
will, merely by turning a switeh,  The display on the cathode rav tube in the
camera can be identical to that on cither the multiirace wbe or the smale
trace tube, It is therciore possible to phoieoroph eltner scalar tracines ov
loops. In actual oncration, =ize adiustments and prefiminary measurements

arc made by obscerving the monitor scereens without recording, Thus, the camera

runs for only short intervals.

The multitrace tube has only one beam, but beeause the amplifiers ave connectcd

to it throu h an electronic switch operating at a rate of -, 000 1 coL, 1t g~
possible to disnlay as muanv as cignt traces simubianeoustv, 0 T swan oS
rapidly from once trace to the next, with hlankin of the carnde 1 abe oo
place during the savvitehims period,  Thus, each bom ooon serven v 1 =t of
time, althoush viviner the impresaon of bemns coninmouds, A\ sWi 0 o providod

to make pos=ible more frequent ~amplims jor hich specd phonor e Db Tedacr

the numhber of channels displaved.
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POWER switch, located on the richt side of camera panel, wrns the Researeh
Recorder on. A minute or two is required before the traces on the monitor
screens are stabilized. Adjustments mayv now be made.

INTENSITY and OCUS control adiust the eathode rav tube beams. The
upper two controls arc for the uitiirace wse, the lower two jor the sinzsie
trace tube. The intensity s set according

which the instrumont is bems used, The traces will he sharper at v immton-=
sities. Focus is adiusted tor the sanrpest oot andd spoukd be donoon the
beams are approximaiely 1 ord of the distance trom either side ot i tube 1o
allow best overall focusineg,

to e hromntness ol the roam i

FUNCTION sclector switch determines the presentation on the single trace tube:
the multitrace tubv will dispiay scalar traces continueusiv, The sangle troaee whe
will displav the trace 1rom any ampiitier when the FUNCTION Celeetor switeh s
in the SWEEP poation, In e BALANCE position, o vatiern e don vinved o he
single trace sercen wineh permuats rapid bhalinein s ot the pros sure trane tieers

In LOOPS, any channel can Le presented on the borzontad aaas of e smele uraee
tube, and at the sanee bune aay ot ' ) Topresentod on e verveal asas,

This position is used tor the VCG ops (X-Y ploy,
234




SWIEEP switch determines the speed at which the troces move aeross the
screen., The propeor setimz depends on the repetition rate ol the phonomena

displaved, Nine monitorr vy oods are ovorlahles 2050 5, 10, 25, o0, 75, 100,

vy AW, L

Yy s s \
PORRRL S S T N

The MULTITRACE MONITOR permits the digplay of up to eizht chanrels

at one time. The positions ol the individual traces on the multitrace tube
are controlled by the CEXNTER mob on the individual chanrels, Each of the
traces can be positioned anvwhere on the serceen, superimposced on other
traces, or can bhe moved off screen n either direction 1t it is not being used.
The amplitude of the traces on the multitrace screen wiil depend upon the
setting of the AMPLITUDLE controls on the individual amphtiers.

The CHANNEI S switch determines the number of amnlificrs thar will be displaved
The multitrace presentation 1s the resulr of an ~ channel electron syireh, whose
basic frequency is > K Hz. In the 1-x position, caen ammnilificr will! i
equally 6,000 times sccond, or every 10 microsceonds, Inthe 1-5 rositaey,
channels l, 2 and 3 are sampled at 12,000 times sceond or every N7 microseconds.
Channels -1 and 5 are sampled at the novmal 6,000 times wnd channels 5, 7 and S
are not displaved at all. Placing the muliitrace swateh at 1-6 will samole channels
1 and 2 at the 12,000 rate and 2, 1, 5 axad o at “ae normal 6,000 rate. Charnets T and
8 will not appear on the multitrace screcn. Amplilicrs providms {ast rise time
phenomena, such as heart sounds, action and nerve potentiais, should e in
_positions 1, 2 and & to take advaniaze of the faster sampling rate and to minimize

the dotting effect.

When the SURTRACT SELECTOR switenh s in the OFTF position, the built-in
baseline, gradicnt and subiract tunctions are moperative,  Turning switeh 10
BASELINE will allow built in baseline to be posinioned 1o any pomnt op feveon with
POSITIOXN countrol.  An event MARK bution and ook oy marans irom a comote
position) are provided. To display cither baseline or cradient -5, T-d, [==
switch must bhe in 1-~, since baseline or sradient trace ropiace choannel <0 When
BASELINE or GRADIENT position is wICMUu channel ~ amphrier wall not be seen.,

A PRESSURE CGRADIENT ean be dizplaved on the multitrace sereen worethior
with the two pres=ures. The ndjustmvm procedure is as follows:

1) Attach pressure transducers 1o pressure amnlifiers: allow them
to warm up, balance tie amplitiers. Povition the traces to o ool
from which measuremenis are 1o te made: cquatbize the a, b =,
(See SGA-SGM nstructions)

2) Turn the SUBTRACT SELTCTOR switch to "GRADIENTT 7o crndient
trace will now be substitured for Channel = and s poson o onradied

by the baseline POSITION contrai.

3)  Turn HORIZONTAL SIZ1 and SUBTRACT SIZI5to zer0 teouniereloea el

c A3




A4

4) Seleet the channel to be subtracted from with the Horizontal switch:
the channel to be subtracted with the Subtract switeh,

5) Sooatton e gradent truaee to the busaaine 5o o ol the tao
pressure channcls. There are now 3 or 4 lines superimposed i.e., 2
pressure amplificrs, the difference trace (gradicenty and optionatly

a baseline, which can be a baseline, marker trace, or any unuscd pressure

amplificr.
6)° Turn the +/- switch to +,

7) Turn HORIZONTAL SIZE slowly clockwise: note in which direction

trace moves. If it moves upwards, wrn HORIZOWTAL CENTIR counter-
clockwise to return trace to its oricinal numtnw. Advance HORIZONTAL

SIZE fully clociavige and readivst HORIZONTATL CENTER., i neccssary.
wated, turnine 21\,P1A(>f\"1'.'aL SIZE should
not affect the position of trace. Bewwrn (JJORIZGNTAL SIZZ to soro. Hepaat
procedure with SUBTRACT SIZE und CENTER c¢ontrols, returning SIZE to

When the center is optinally ac

zero after obiaining halance.

8) Turn CALIBRATE control on pressure arnwnlificr which was selected
by HORIZONTAL SWITCII so taa 1

e~

¢ omoves approximately full

screen; adjust HORIZONTAL SIZI0 wntll rradient trace coincwdes with the

pressure trace. Remove the CALIDRATE siimal from the prossure
amplifier and both lines will return to theiv orizinal positions

9) Turn the CALIDRATE on that amplifier selected by SUBTRACT switch until

the pressure trace moves approxinmutew full screen. Adjust U z>IR.~XCT

SIZE until lincs are superimposed. Return CALIBERATE switch to zero
and both lines will retura to thetr orizinal positions,

10) The "Gradient" trace will now represent the sum of the two pressures,
To observe the cradient, turn the - - switch to -, Readjust gradient

POSITION, if neccssary,

For the H and V sections of SUBTIACT SLLICTCR switch, sce loops.

SINGLE TRACE MONTITNN nresentation is Jdeto rminecd by the FPUNCTION switch,

Any individun! amoniier can booarynisved winen o FUNCTION switeh s in the
SWEEP position. Turn the VERUICAT. -oleet 0 2viteh U the ehannel number
representing the desired amnitier. ~I wocortam Chis anphidior e visihic on
multitrace screen. The position of the s elected trace ean he conteolled by the
CENTER control on the channel, or by the VERTICATL CUNTER control, The
amplitude on the sereen = adrosted by the VERTIC ‘.) 2170 control and can be

2 1/2 times the ampiiinde of the corrvspondimg trace on the multitrace tube, or
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can be reduced as low as zero um:)litut!v. When the SIZE control i ot zero
(completely counterclociavise), the CENTIHR control will h'n'c no cifeer. I

trace is more than 1" from mid-screen, (.\I'/i-" control Tully courterclocinvisd)

turn corevdriver oot beion vertieal Cl ':Il‘.:x;x-‘..::;'.r/:;f-\‘;::.":»:-_17

Turning the \I'/}~ control Clou CISe may move wace ofl screen. Note in bl
direction it moves (up or down) and refurn trace to screen with VERTICAL CENTLR
control. If trace moves upward, turn CENTER counterclociawvise; if trace moves
downward, turn CENTER clocinvise. -

The BALANCE position of the FUNCTION switch will display a lissajous fisure,
which is used as an aid in balancing 2 transducer in 2 pressure amplificr.

Turn VERTICAL seclector switch to pressure amplifier (with transducer connected) j
to be balanced. The horizontal deflection represcents the transducor exciration

, : 3
voltage, the vertical represents the ouiput voilage from the transducer trouyn .
a pressure amplifier.

The vertical SIZE and CENTLER controls do not have anyv effeet in the BALANCL p
position. When the transducer is brouziiv Lato baiance, there will not be any

output voltage, and the lissajous prescntation viil be o siraight horzonial line. !

. &

3

In LOOPS poszition, the VERTICAL selector switeh seleets the chanvel to be
presented on the vertical axis, ana the vertical SIZE waa CENTER controls are
used to adjust vertical amplitude and position.

[PRENUY

The HORIZONTAL switch selects the channel 1o be preseated on the 1‘01 fzental
axis, and the horizontal SIZE and CUNTIER cortrols are uscd ro nigjus
amplitude and position, When the HORIZOXNTAL (or VERVICATL, S0 ool
is turned to minimum counterclockwise, the CENTER controls witl not huve on
effect. A dot should avnear ar mid-screen. I it is more than 17 from mid-soro o
adjust screvadriver conirels below VERTICAL CENTLR or HORIZONTAL SI1Z10
until dot is at mid-sereen.

1y .

Advance HORIZONTAL S1ZT clockwige and adiust HORIZONTAL CUNTER o roturn o

to its original pusition near mui-sereen. Proper adiustment ol vener s

when it is possible to turn novizontal SIZE from o S ceunetcloe 10
maximum clockwise without movinz dot when there fon't anv applicd =tuoral, .

the same with the VERTICAL and SUDTHACT switches: return the subirnet SUAL
to minimum counterclocky ise

The H or V positions of SUBTRACT SELECTOR minke it possthic o ade o nh et

the sigmals from two channvis on cithor the herzoral or verte b whes o
loops. This is especiaily uscrul wnen measuriag b Comaries 0 L o .
For example: Lot us suppose it 15 desired to suhirnet irom e e o ISR
HORIZONTATL switeh selvets the amphier to e subtracted oo, en, U
SUBTRACT selector switch iz uzed to ‘:(“C(" thechannel to e s e - - sunted)
is turned to ~. The SULRTRACT SELECTOR o rmed i o0 00 Cariroat oy,
The SUBTRACT. S1700 and RN xI 1L conmer ﬂ.s wodl now oo s rad e s
tal amplitude and posttien 2urm a direction onposite T ot b e oo TA L
controls. See instructions jor Lun s Resistance and Lang Compt e o e
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Timing and direction marking con be introduced to the loop patterns by turninsg
the camera sclector to LOOPS and choosineg the annropriaie TINING rate, Th

camera ON-OFF switch necd oot be Xt disnloy temin | on Doy 1t o
when photouraphing loop.  Camera tinung should be in . 001 or .02 to pr

.

operly

display LC. LR loops; or . 004 tfor VCG.

PMB
9/69

ELECTRONICS for MEDICINE, Inc., 30 Virginia Rd., White Plains, N.Y,
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MONI{TOR
MODEL DRR-12

The U7 2 recorder is a modified version of the DR2-<,  The DR-% instruction

pius .o toavwing information covers the operation vl (e Dit-12,

The amplifiers in the DR-12 are numbered from ! through 12. Ten of these, 1-10,
starting from the top, are located on the left side of the recorder: numbers 11 and

12 are located beneath the monitor panel. The eight digplayvable channels of the
recorder are lettered trom A through H with a dial tvpe switeh supplicd {or cach
channel which permits anyv of the 12 amplifiers to be seleeted on any of the ~ channels.
Since it is possible to select the same amplifier on more than one c¢hannel, the user
should be certain that each of the dials is set to a different number or the same trace
will appear on the scrcen more than once.
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The A-E, A-F, A-H switch on the moenitor panel can be used to sample two or three
channels more frequently than the others. The electronic switching rate is 45,000
Hz/second; cach of the = channels is sampled 6, 000 times per second when the swit. o
is in the A-1I positior A-F position, channels A, B, and C are sampled
12,000 times, 'seconr ae channels D and B are sampled 6,000 times second. Only
239




T

5 channels are operative in this position. In the A-F position, channcls A zrnd B
are sampled 12,000 times - second while channels C. D, F and F are sampled £, 00

1 N3 b

times sceond, Oneration is b dtel to 0 o b s b s ey 8

be sampled at these hisher rates by setectins them on channels A op 13,

SUBTRACT SELECTOR switch marked BASELINE, GRADIENT, OFF, H and V, when
positioned on BASELINE or GRADIENT, will remove channel H (A=, A-F, A-H switeh
must be on A-H) from display on multitrace scereen and replace it with a baseline

or gradient trace. With switch in BASELINE, the POSITION control, below the
switch, can be used to set the baseline to anv desived point, A MARK push bhutton

and remote MARK jack can be used as an event marber. A hund. foot switeh can be
patched into MARK jack, to mark cvents from a remote point,  Placins switeh on
GRADIENT position will permit the disvlay of gradients usins built i oradient amp-
lifier (POSITION control is the same as for bascline). The suntraction is done
horizontally. See gection on "subiraction™ in DR-~ instruct:ions, The H and V position
of the SUBTRACT SELICTOR switch, permit subtraclion on veclor cereen, ether
vertically or horizontally in the OFF position, subtract or GRADIENTS and DASELINE
are inoperative. Sec¢ DR-8 instructions.

PMB
9/69
ELECTRONICS for MEDICINE, Inc., 30 Virginia Road, White Plains, N.Y.

240




SINET

™

nAC SENIES
MODEL ST-6800
A/D-D/A PERIPHERAL SYSTEMS

INSTRUCTION MANUAL

Part No. 58-12140-25

JANUARY 1879

KT AR LA VLI DS T U L LTRSS KSR SEOW Y
1 I -~
b s Y
EHR '
. . \:.\\\\\\\‘\ ) M. .
e *t\\t\i“.\“‘\‘\‘\ .
. M . 3
0 Ly
| et U
N Y A
; 3 . A
i ’ < b - \
s ST
T T X N
,.-«r.-//";t R - 1
o’ — . ‘. Lo -
- ) R LA v i .
‘ NN 3 B .
- - 3 W A A t
\ - . a I ,%\ :\: .‘\ 1
. . Y.
N A s O P
! ‘:_ 3 o
‘ii“" o
. PPt - v
— cit o v i
c—— AV -
n-ﬂ‘\'?' . ‘ et 1 .;.-/,,.»'.l
Y e
7 ! SRARE e
} T ") {‘ e T
PR \ (S RRRAAR
- AL -
241
‘rrtm e TTTTe W
‘ ¢ o)
e e N
8 boE T e (‘j“"""_,\ ~ABOT BOULEVARD AMANGE IF LD, LIAGS 02048 TEL (6170370 7141 an (17 o
,J SYbltJ Iy, ‘N(_J TWX (J100340 1073 T g x o0 o3
a -




p————

ST-6820
M6E-CHI7305

SPECTFICATIONS

DATA ACQUISITION SECTION

Specifications

Typical @ +25°C, dynamic conditions, unless otherwise specified.

Analog Inputs

Number of Channels 32 Single-ended or 16 differential

Channel Expansion Up to 128 single ended or 112 differenticl
using ADC-Slave Expander Cards (Model S7-4.°

Full Scale Input Ranges 0 to +5 Volts ADX)

0 to +10 Volrts
-5 to +5 Volts
-10 to 410 Volts

Current Input Channel Range 4-20 mA type
(8 Channels)

Common Mode Rdnge +10 Volts

Input Overvoltage +35 Volts Max. continucus

Input Impedance 100 Megohms differential or to ground

Input Bias Current 3nA typ., 10nA max.

Input Capacitance 5pF, OFF CHANNEL, 100 pF ON CHEANNLL
to ground

Performance

Accuracy @ +25C Within +0.025Z of input ranye
Resolution 12 Binary bits (1 part in 4090)
Nonlinearity +1/2 LSB maximum
Differential non-linecarity +1/2 LSB maximum
Gain Error Adjustable to zcro
Offsct or Zero Error Adjustable te zere
Gain Temperature Drift (Bipolar) . Within +10 ppm of Fox e
Zero Temperature Drift (Unipolar) Within +5 ppm of FSR'TC max.
Common Mode Rejection 70 dB min, DC to 1 ki with 1x§& unbalance
Power Supply Rejection 100 dB to +5V bus
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ST-6820
MEE-DH1705
Dvnamic Characteristics
Typical Data Transfer
1/0 Period (Total) 36 microseconds
Throughput Period 20 microscconds
Acquisition Time 8 microscconds
A/D Conversion Time 12 microseconds
Aperture Time 100 nanoseconds
Sample/Hold Switch .017% Max,
Feedthrough
MUX Crosstalk from OFF Channels .007% @ 1 kHz, Rs = 1K
Digital Qutputs
Qutput Coding Straight'Binary.'Unipolxr)\L Jumner
Offset Binarv (ﬁl?ﬂiﬂr) Scl;rtad
2's Complement (Bipolar) )
Output Format 2-Byte group electrically compatible to

Motorola's EXORciser bidivectional bu-.
Sign extension is jumper selected on bice
12 thru 15 for 2's complement unitn.  Bit:
12 thru 15 are loyic zero {or all other
units.,

Channcl Addressing Random channel addressinge mav be started
by external interrupt input tor event
operation or by interaal program contrel.

Base Address Prewired by ?C Board jumpers for one of 123
base addresses.

Data Distribution Section (D/A Analog Outputs)

Number of Channels 2 (Expandable only by stand-nlone ST-08000
Boards.)

Resoiution 12 Bits

Frnll Scale Output 0 to +5 Volts

Voltage Ranges 0 to 410 Volte

-5 to +5 Volts
-10 to +10 Volres

Input Coding Straight Binary {Unipolar)
Offset Binarvy (Bipolar)
2's Complement (Bipolar)

Output Impedance

.05 ohm
Output Current 45 mA nmin
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ST-65827
M58-0n1703
Non linearity + 1/2 LSB, maximum
Differential Nonlinearity + 1/2 LSB, maximum
Gain Error Adjustable to zero using pot. for cach
channel
Offset or Zero Error Adjustable to zero using pot for cvach
channel
Gain Temperature Drift +20 ppm of output/°C
Zevro Temperature Drift (Unipolar output) +5 ppm of FSR/YC
Offset Temperature Drift (Bipolar output) +10 ppm of FEr/9C
Settling Time (20V change) 4 microscconds to + 1/2 LSB
Slew Rate 20V/usec
Power Supply Rejection +0.027% of FSR per 17 variation

Power Consumption

1.2 ampstypical @ +5 vdc supplied from MPU bus connector. On-board DC to DC Convert

supplies +15 vdc to linear circuits.

Physical

Operating Temperature Range 0° to +70°C

Storage Temperature Range -259C to +859C

Card Sizve 9.75"W x 5.75"H x .062"D

A

244




v ——

1
o . *
; \

i oL

m'"lsr.:::.t TN, WU T o
, o ‘
"szs ’ ==.

l ! ! , \. . ' B ] B
n..‘.m-_) Lol hoam Nz l.cxm ./ f._m L__.@

© P E A S 5
V| A bo-~a Ly ¥ ia .- N

TTh OBTTE 1T e WL s B N N
. 1

aNg . NN s >
E L‘\J :....) U Lo P W b N hand <.

Brush Recorcaer Mark |
Model RD 2522 20




Y

[T

e

Sensitivity . ........

Measurement range

Single-ended input (5 megohm)

B ,

Balanced input (10 megohm) ..

Common mode rejection . .. ... .

Zero line stability .. . ..... .. ..

e

Noise

L R A R I R R

-y

e

Frequency response .+ oo v vevwn.

Maximum amplitude . .. .. ..., ..

Specifications
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cof a nonmanal 10 Lo - trone o, 0,

General Information

10 millivolts per chart lins tmm),

Full scaledeflectionirom el t eonter - 200 mlhivalts,

.01, .02, .05, .1, .2, .5, 1, 2, Sand 10 volts prr
chart line (mim). Maximum attenuator error 1 with
balanced input.

.010 volt to 400 volts

010 valt to 400 volts, suir tn side, allowable vialeass
off-2rount at anv attenuator Step e 1600w velvs ooy

i

chart line switch sotting up ta 500 wolts orl-around,

Better thun 1000 to 1, attenuator sct in .01 voll po;
chart line position,

Less than 1 4 chart Une tmm) per four, Totod 4
over eicht hour period not more than 1 2 chars

line (mm),

Not noticeable on chart wath shorted input.

The recorded peak-toopeam vopLrr e of 4 et
voltuve s aaye el b s - bt T

LRERANTY] (PR

40 lines (mumd peak-to-pood, DUC) 00 40 e,
20 lines (mvmd o ak-tope o, Do, o0 T oy
10 hines (m) peasc-tos b, iy o TUd epes,
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Specificalions

PenBias (.. i iiii i,

Trace Hnearily o4 i i v v v o oeenonnnas

Trace width ..., 00t iinee .. ..

Writing method .. oo ve v v v o

Number of recording channels o o ... o ...

Number of event channels ... ... .. e

Channel width & 00 i v et it s e e s e s s o e

Chart Supply v v et it st e v v e en e e

Chart sperds

Chart speed regulation o .., . 0.

N IR R Y

s s s
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General Information

Permits positieming  of pen oon chiart, 20 rchart
lines (mm), FEffective for cither single-ended or
balanced input.

D. C. within 27 full chart width,

A. C. within 37 full chart wiuith, any frequency
within limits of maximum umplitwic I electrie
writing.

0.00€ with Model RA 2£22-31 pen,

Electric stylus.,

1 actuated by external switeh,
1 actuated by panel switeh.

40 mm (40 divisions).

150 fent

1.5, 25, and 125 mm por second

Synchronous mictor, direet drive,

Pare 1.3




General Information |

1
1

Speccifications

Operating Temperature range, ambient . « v e v v e v s 0°C to 55°C.

Power requirements .. ..ecveessvescsasoneasses 105-125 volts, 60 cps, 135 watts at 115 volts,

Transistors v o eeveeseoveessoansosneesoeseness 1-5651 and 2-5€87 #
i
1

Tubes ..o evun... Cr et s e C e et 1-6BW4, 2-12B4A, 2-12AT7, 2-12AX7

Input terminals
Front (signal) + .. ev v e v e v et Binding posts.
Rear (event Marker) e e ee e s e Binding posts.
Supplies
DESCRIPTION BRUSH PART NO,
Chart Paper, 2 channel RA 2922-22
Elnctric Styli (4) RA 2822-31
Gram Gage Asscembly 227416-910
Pen Mounting Tuol 126717
i
248 )
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CUARTER

A dmes s . veem 8t

1-1 INTRODUCTION

The MOSOO EXORCer e ManS DT s asvstem
development wal used in the desien and desclopment of
MORO0 Microcompitter Svatems The BEXORer Debuy
and the users butlt wround the Moy
Microcomputer Famls of Paits, The Moxod Microcom-
puter Fanuly of Parts ure discussed i the toilowimyg

documents.

syslem e

o Moo Mictoprocessor Programnuing Manual
o MOXOD Microprocessor Applications Manual
o MOSUD Microprovessor Famuly of Parts Dutu Sheets

The ENXORCIser niay be vontieuredim a vanety
of apphications and with vanous ENORGsereptions . This
manual, rather than discussing eveny possiple contieuta-
tion and option, discusses oy the tasic ENORciver wath
each option exvept the Wirewrap snd bBatender Moditles
discussed oo seppletent oty manuals Thie basie
EXORciser v discussed i Paraziapn U S and the options
are adenutied in Paregaph 1o,

This manual provides penerui intornation, in-
stallation jastructions . appiioctons imtoriation, operat-

Lol Bed BN

IRt daNal il nishd Fu R |

AR P I TV I bbb ww o

ing procedures. and theory of operation, tor Motorole's
MOX00 EXORCer The MOS00 ENORCser s aifusitated
in tieare 141
-2 EXORciser FEATURES
The teatures of the basic ENORGer mneide.

e Ficnible, aduptable. und expandihice design dovelop-

ment ol
o Fasy toouse

o Provides the Microprocessing Ui capubiling o bt
the EXORCIser and the user » o

e Swves syvatem desien and dovelopmen

e Decreases system desiyn and deveiopannt costs
o boaluates and debups the wser’s procram
o Dvaluates and debugs the user’s svarem hndaere
-3 EXORciser SPECIFICATIONS

Table 1-1

specifications

wdentities the basic FNORGeer

TABLE 1-1. Basic ENORuiser Specitications

T T T T T
CHARACTERISTION I SPECIHFIO N TTONS :
b e e —— o _— - - —q
Power Requirements 1 OSPR3 208 2800\ g ‘
47020 Hy 25 ‘:
Word Siee
Data N bits |
Address 16 bits I
Instructions R, 16 or 24 b !
b T e .
Memony Size S IR N AV i
Instrastion Set ‘ T2 vanable oo "
o e e e
Clock vsdde time i Selechablos T v o oo
‘ clock betwes o
! lmcn]?nr—h"_ﬁw'WAA T Noaskabde ol e
Phyacial Chare ton tes |
Table wp . :
Length 19 25
Depth IR ‘
“L‘l:_'hl S0 n
[ Rach Mosiniable | !
Lenyth 19 (/) gy
Peprt 17 et )
Heretn AT |
— . = . 1 ‘
Baud Roate iSwach Sobo i Jlos e s e e T
AR T ENET BRTRE RN TR
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P FUNCTIONAL DESCRIPTION
The Moxou EXCGROser dlastrated 1o Frpure
NG R T I L AR G BARRIRE

of Paric The BN ORGser ay be casty tlored o mect

the user’s neads i the desten and devcelopment ot his

ssatem. N medalar desson reduces the ume required to
develop o osstem and at e same tme, provades great
tleubility an contivunny an enmulanen ttuncuonad rep-
resentation) of the user’s systemn The ENORGars
EXbue Fyrmware, through it debug and program control
teatures, mummizes the ume required o develop user’s
swatems. The P Xbuy trmware prosides the ENORGiser
with the vapabidity o

o Divnlay the contents of the MPU recisters

e Step through the program

o Trace throuvhuser's progianis o docate problem areas
o Stop the prograni on o ~selected program step

e Provide an oscilloscope trgger signal on o selected

program sep

e Abort from the user’s program and return to the EXbuy
control program on command

e Remmtialize the EXORciser on command

e Chunge the contents of memory

The user commumicates with the EXORGisern
one ob o s
O lanons BN 00 on LY e
e Through the EXORCIser front panel controls and irds-

cators

The ternunal device pernis the user to com-
municate EXORCer’s EXbug
Firmware, The EXORGser's tront punel permits the user

directhy wathi the
W oappiy power 1o the ENORCer o abort tenit) the
ENXOROser trom aroanne, cod tomiiadize and revant the
EXOROser. The EXORGsers annave tront parel was
designed o moeorporaie tuture EXORGser options such as
data keys and displays.

1-5 BASIC EXORciser SYSTEM (FIGURES

1-2 AND 1-3)

The boare FNORCser (2SO ¢ of
the MPU Module, the Debue Moduies the Baua Ruate
Muodule. the Power Supply, and the chussis Trese mod-
ules ure bult aroard the Moo Nycrocompuoter Famahy
Unit, MCos2o

Aovndhiionous

ol Parts (MCOsm Ncroprocessine
Peripheral Interrace Adapror. MCex3a
Communications hmertoce Adapiors MOMENT0 Rendom
Access Memoery, and MOMON30 Read Onls NMomony
devices).

—— e s ——

S VRS VS . —
5 u
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S ¢ e

Uear
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4
|
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]
b f The MPU Modul (Biccie T ancomponates the MPU sddressos vyt ant w0 0 o
‘ { the MCoNOU Microcompaier Unit e MPUY Gnd the systens oy The MPU o oo ve P o g O

¢ t
{' cloch. This module aaalfesnated s boure 720 soves vanable fenpthonsract e ot o e
| a - :
o T A e N CoL RIS i otenoch
\; [ B e T - S N
!2 tem. The MPU Module also mmttates-an ENORGier 1e- tdelayedis the MPU NG ey cvacthy e
\f{ start operation and amtiadizes the EXORGser The MOOSO0 AMictoprocessing Umt wath aninned FEL bus
| MCONOO M croprocessing Umit s an St parallel aeviee dnive capabihity
capable of addressing 63k bytes of memars In addition,
i
v
<
. ’ N 1
ad ~
v‘. .
Y , N
' < N
) U
) 2
t U
\x‘ ‘ ‘
’ %
i N = 4
( . . . .I
AN N
. < l
Ve
1 Y
FIGURE 1-3. Basic EXORciser System \
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Delvin D, Uownrond wal bLoern o0y rid Y000
Springs, Colorado. Upon graduation froem Cen., Willien
Mitchell High School in 1970, he enrciled in undergracuate
engineering study at Colorado State Univerzitv. In
Decembher, 1974, he was awarded the BSED dcyrec and

commissioned as a second lieutcnant, USAF, vis ArnOTC,

. ~

igned to the

4]
6

Entering active duty immedicately, he was a
Foreign Techneclogy Division (AFSC), WPAPB,0Ohic. After three
and one half vezrs working tecchnical intelligence
engineering, he was transfered PCA to the AF avionics
Laboratory (AFSC) whecre he performed R&D enaoinecring on
electro~optical target acquicition systems. In June, 1979,
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EKG data comprescion technicues verc inveatiaated for
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operations in conjunction with variable lenath encodina werrs
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revealed conprescion ratios ranging from 1.25:1 to 2.26:1.
Investigation of the poor pecrformance of the compression
aloorithm showed significant deqracdation of the 2nd order
difference "decorrelator" due to a noisy collection
environment, It was concluded that real time EKC data
compression is feasible on the 6800 but that time
compression techniqgues which store a zero value segquence
counter versus the value of zcero are not cfficient in a high
noise environment,
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