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Foreword

This Final Report documents the work accomplished for the duration of
Contract NAS 9-12597 from March 1, 1972 to November 30, 1972. All
requirements of the Statement of Work (Exhibit A of the Contract)

have been completed within the budget and time allocated.

All technical concepts developed under the contract have been
demonstrated to the cognizant NASA-MSC technical personnel. There

is no deliverable hardware under this contract.



I. BIOINSTRUMENTATION PROBLEMS

Although no major problems arose during the performance of this program,
several small problems were investigated and solved under direction of the
Technical Monitor. These problems were largely associated with support of
SMEAT testing. Also, specialized measurements of electrodes were performed
and the results were reported in support of specific bioinstrumentation

prcblems,



II. ECG/VCG ELECTRODE HARNESS SYSTEM EVALUATION

INTRODUCTICN

The following study was undertaken to explore the possibility of selecting a
new electrode system for Project Skylab'both for experimental and continuous
monitoring purposes. The present electrode configuration utilizing the sponge
wetted with electrolyte and recessed in the plastic housing has been found to
be troublesome and inconvenient in its use. This electrode has exhibited a
continuing problem with bacterial contamination of the wetted sponges even
though they are sealed in foil packets and treated with Benzoates. The sponges
also tend to take a "set' and not provide the necessary thickness for proper
skin contact. This electrode was originally chosen over the traditional paste
filled electrode because of the messy:and time consuming task involved in

filling the electrodes.

The selection of an improved electrode system would greatly enhance the efficiency
with which the astronauts can conduct their experiments. Three major parameters
were measured in the evaluation of various electrode:systems: impedance, voltage,
and actual recorded EKG waveforms. The impedance and voltage measurements gave
an approximation of time required to produce noise free recordings. Actual EKG
strip chart recordings were utilized to confirm findings taken in the impedance

and voltage measurements.

MATERIALS AND METHODS
For the present electrode study, 20 healthy male subjects were chosen with ages
ranging from 30 to 40 with an average age of 32. All subjects were of average

complexion and with one exception, average build. The experiment was conducted

S



during the months of May and June. Laboratory conditions were maintained
throughout the study. Temperatures ranged from 70° to 74°F and relative

humidity ranged from 50% to 80%. All subjects were Caucasian.

Four types of electrode systems were utilized in this study. The ECG/VCG

system consists of a recessed silver/silver chloride pellet of approximately

2 sq. cm. in area. The electrolyte wetted sponge is placed in the recessed
electrode and attached to the skin with Stomaseal adhesive discs. The

second system consists of an electrode with a silver/silver chloride disc
mounted flush with the surface of the electrode., It was then wetted with a
paste designated KM129B. The third system again consisted of a flush electrode
utilizing a paste designated KM136. The fourth system consisted of a flush

type electrode and standard flight electrode paste. All flush electrodes had

a surface area of 2 sq. cm. They were also held to the skin utilizing stoma-
seal adhesive discs. Prior to application of the electrodes, the electrode

skin site was prepared utilizing the Zephiran Chloride wipes planned for
utilization during the VCG experiment. No rough treatment or decornification
was utilized in preparation of the skin. The underside of the forearms was
utilized as the placement sites for the electrodes extending approximately

half way between the elbow and the wrist. This application is shown in Figure 1,
For waveform measurements, the electrode sites were the manubrium and V5 place-
ments. For exercise recordings, a friction type ergometer was utilized.
Impedance measurements were made using a NASA-designed impedance meter with
ranges from 1000 ohms to 1 megohm. This system uses a chopper to reverse
polarize the electrodes at the chopper frequency thus preventing any polarity
buildup. The voltmeter utilized for voltage measurements was a Hewlett Packard
412A with an input impedance of approximately 10 megohms. The ECG recordings
were made utilizing two sets of commercial clinical instrumentation. These

were Abbott Medical Electronics, Model EK2 (EKG amplifier) and a CR1 (chart
recorder). For a simultaneous recording, the recorders were initiated simultan-
eously and marked at their initiation point. The set up for the ECG recordings
is shown in Figure 2. This recording system has a frequency response (plus ar

minus 3db) from 0.5 Hz to 100 Hz. é;
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reproduction methudy
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ELECTRODE IMPEDANCE/VOLTAGE
TEST SETUP

FIGURE 1
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With the subject sitting at rest at a table, the electrodes were attached to the
underside of the forearm following a brief cleansing of the forearm with Zephiran
Chloride wipes. Immediately after application, the electrodes were checked for
impedance and voltage. At 4 minute intervals, this data was rechecked. The
intervals of measurements consisted of 4, 8, 12, 16, 20, 30, and 40 minutes
respectively. After data was taken 45 minutes after appliction, the electrodes
were removed and the underlying skin was checked for any irritation. No irri-
tation appeared on any subject for any electrode system. The ECG recordings were
taken both at rest and under vigorous exercies on the ergometer. To nullify any
effects of instrumentation, the channels were reversed on the two systems and
recordings were again taken both at rest and at exercise. The electrodes selected
for exercise were the current ECG/VCG electrode with its internal sponge and the
electrode that showed the best promise as far as impedance and voltage. The
electrodes were placed 1/8" separating the two electrode housings. Approximately

2 minutes of recording were taken on each period of recording,

RESULTS

After all data were taken, graphs were plotted on both impedance and voltage for
each subject. Extrapolation was used in many instances where the initial impedance
was above 1 Megohm. After all graphs were drawn, the data were averaged as to

time and magnitude of impedance and voltage. Figure 3 depicts the average impedance
of the four electrode systems tested. As can readily be seen from this graph,

the KM129B and KM136 electrode systems were far superior in their performance with
impedance versus time. The voltage measurements were also averaged and their plot
appears on Figure 4. As can be seen from this graph, the voltage measurements

are quite random and centered about 4 millivolts. No particular system seemed

to be superior as far as the voltage measurement was concerned. As can be seen
from the impedance chart, the two KM-type pastes out-performed both the VCG and
standard flight paste. Following the analysis of both the impedance and voltage
data, the KM129B was selected as a candidate to compare with the VCG paste. To
evaluate the KMI29B in reference to the VCG paste, electrodes were attached to

both the highest impedance subject and low impedance subject to evaluate the ECG

recordings. Figure 5, 6, 7, and 8 depict the results of the ECG chart recordings.

7
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CONCLUSIONS

Test data indicated that the two KM type pastes produced impedances'approximately
one half the VCG impedance at the end of 45 minutes. The KM129B was selected

as a candidate to compare to the VCG because of its consistency and probable

ease of dispensing. Analog strip chart recordings from eacﬁ of the two subjects
indicated that the KMI29B paste used in conjunction with the flush electrode did
not significantly differ in quality from the sponge/recessed electrodes. There-
fore, because of the KM129B low impedance characteristics and its apparent ease
of application, this electrode system has been found to be far superior to the
VCG sponge electrode,
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ELECTRODE TEST SHEET TEST NO.
Subject Data:
Name Age Weight Height _ Complexion
Additional comments or observations on test subject
TMPEDANCES EXTRAPOQLATED T(O GET POINTS. GREATER_THAN I1MEQ
Test | Paste Type Electrode Type : Llmpedance and Voltage after elapsed time (minutes) L frr{fatibn.
No. S 0 4 8 12 16 20 3 45
ohms | mv_johms[mv Tohmsl my fohms | mv [ohms| mv Johms | mv. [ohms| mv | ohms] mv
XCG 608.4 351 280 247 .7 225. 207 179 .6 152
KM 129B 634, § 334.4 207.2 167. 1 135.4 118; 89.4 76
KM 136 564.3 278.% 192, 7 150 .6 124 .4 111.p 91.4 77.1
Flight Paste 648 352.8 P55.6 218. 5 187. 160 138 116.4
LN L LN AT X TN TN AT AT V7V A7 X TN 77
VCG ' . 5.03 5.54 5,61 5 .67 5.87 5.43 4.76 3.86~ )
KM 129B 4.21 3.34 3.59 3,51 3.72 4.88 5.82 5.00
KM 136 4.89 3.90 3.09 2 .46 2.86 2.85 3.74 3.36
Flight Paste 3.88 3.47 5:52 5.07 5.27 4,94 4,72 3.41
AT AT 7 A AT T 2 A X T VA AT AT AT

Comments regarding test+
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ITI. ARRHYTHMIA DETECTION

Project Summary

The purpose of this project was to design and develop hardware/software ECG
signal processing techniques suitable for use in a multi-subject real time
cardiac arrhythmia detection system. In essence, the work is based on the
concepts developed by Cox, Nolle, and Fozzardl. This technique reducés the
incoming data, in a series of steps, to features essential to the proper

classification of each QRS complex.

A portable ECG preprocessor has been designed and a breadboard has been built
of the unit. This unit will sample ECG input data at a rate of 500 samples
per second. The preprocessor will filter the ECG data input for noise,
correct the base line, and provide significant data reduction by supplying
the computer with digitized ECG data only when that data exceeds certain
adjustable limits which have been set around the base line. When these
limits are exceeded, the preprocessor will also provide the computer with
information as to the length of time between data samples. In most instances,
this will mean that the computer will receive information only during a QRS
complex along with data which can be identified as the R-R interval. The
programs were also developed for this project to provide for the detection

of arrhythmias and the discrimination of probable premature ventricular

contractions (PV(C's).

The programs which SCI has developed for this project consist of a very fast
small multi-programming real-time "executive", a display driver program, a
waveform feature processor, and a general multi-dimensional statistical

analysis program for analyzing selected QRS features.

1 Jerome R. Cox, Jr., et.al., "Some Data Transformations Useful in
Electrocardiography,' Monograph No. 83, Washington University School
of Medicine, St. Louis, Missouri, September, 1968.
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Initially, it was planned to interface the hardware preprocessor to the
Varian 620F Cbmputer and to develop the software for that computer. Because
of the work load on available NASA computers, however, it was decided that
the concept feasibility could be proved utilizing another computer. SCI
therefore offered the use of some existing equipment at no cost to the
Government for the development of a breadboard test system. The Data General
Nova computer was used for the development of the software and the Ann Arbor
CRT display was utilized to display the processed information. It should

be emphasized that use was made of available SCI equipment for testing
concept feasibility and this equipment does not constitute a final deliverable
system. The concepts, however, were kept general so that the programs can

be easily translated to operate on another computer.

To date, the system has been given preliminary tests utilizing a QRS simu-
lator and recorded data provided by the Dallas Heart Institute of patients
residing in a coronary care ward. These tapes contain most of the classic
arrhythmias (PVC's, nodal beats, abnormal rhythms, etc.)}. The results so

far have been very encouraging in that the arrhythmia monitoring system

seems to be able to classify the various shapes of the QRS complexes quite
accurately and in most cases was able to discriminate the ectopic beats

which should be classified as premature ventricular contractions (PVC's).

The software has been able to "learn" what is normal or abnormal for a
particular individual based on an analysis of the relationship of the current
waveform to preceeding data. Much more qualitative work needs to be done

in testing this system utilizing additional tapes (preferably those provided
by NASA) and utilizing a chart recorder for an in-depth analysis of the
quality of the computer's discrimination. The preprocessor has been designed

with the ability to output data to a recorder as initiated by the computer.

For test purposes the. computer provides only one output display to the CRT
(See Figure 1). This allows the display of up to 10 families; a family
being a statistically significant group of QRS complexes along with data
desc;ibing the pertinent features of that family. Among these features are

the maximum positive amplitude of the QRS complex, the width of the QRS,
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the area under the curve, the heart rate in the form of the Q-Q interval,
the maximum negative amplitude of the QRS complex, and the maximum slope.
Included in this display are the number of members in each family and the
amount of time since a member has been added to a particular family. In
addition, on the lower part of this display is inc¢luded information on the
number of probable PVC's detected and how many beats have occurred normally
during the time that these probable PV(C's were indicated. Also, an instan-
taneous indication comes up on the bottom of this display when a probable
PVC is detected or if the information is noisy enough to be classified as

chaotic by the computer.



EXECUTIVE ROUTINE

The Executive Routine used on the NOVA computer in this project is a
previously-developed proprietary package. It is designed to control the
operation of real-time systems while allowing maximum flexibility in

application programs.

Associated with each program to be run under executive control is an
information list which defines features desired by the program and contains
the present status of the program. Thus, by setting one bit the program
may request exclusive use of a device when it needs it. It can call for
queueing of data to be handled by other programs. The program can be

scheduled to be run on a regular basis at given time intervals.

When running, the Executive Routine controls the flow of data throughout
the system. It identifies "interrupts' from devices and switches control
to the proper handling routine. It keeps track of program priorities and
makes best use of available machine time. By spending as little time as
possible performing its own bookkeeping chores, it is able to allow quicker
response'of the system to external events. In this way the system can come

ever closer to acting upon the data as the external event occurs.

At the lowest level, the executive program is an assistant to both the pro-
gram and the programmer. By performing necessary functions such as time-
keeping and device coordination it frees the other programs to spend all
their energies on the particular application at hand. In this way the

Executive Routine reduces programming time, effort, and error.

While this version of the executive is written for the NOVA computer, its
philosophy and form are easily adaptable to other dedicated minicomputer
systems such as the Honeywell 316's and the Varian 620's. The fact that -
it is written in the particular machine language of the machine means that
it is particularly tailored to that machine rather than a result of a slow,
core-devouring, higher level program such as FORTRAN. Furthermore, the

general nature of the Executive Routine makes it easily modified to control

special or unusual applications. A%/{//



DISPLAY PROGRAMS

The display package developed to assist in the checkout of this monitoring
task is easily adaptable to other systems possessing a similar hardware
configuration; that is, a NOVA-family computer and an Ann Arbor Terminal

Video Controller.

The package is requested by programs within the system which require display
of a particular page. Associated with this page number is a table of
formatting instructions which call other display routines to fill a buffer
with octal, decimal, or alphabetic information. Since these three basic
routines are already available, additionalldiSPIays may be included merely

by adding more table entries.

The numerical display routines are designed to allow tables to be displayed
in either rows or columns with only one change required. Alphabetic labels
are easlly set up and also readily changed. Provision has been made to
allow for graphic information to be formatted, although at this time, a

graphics-generating program is not being used.



FEATURE PROCESSOR

The Feature Processor program measures the features of.the curve. Currently
the six features which it measures are Amplitude, Width, Area under the
Curve, Q-Q interval, maximum Change in Amplitude for a 2-millisecond (ms)
interval, and maximum amplitude of opposite sign of the major amplitude.
The program is requested every 2 ms after the preprocessor detects a signal
with exits from the baseline aperture. Every 2 ms the Change-In-Amplitude
samples are stored in a buffer by the interrupt response code. This code
then requests that the feature processor be run at the first opportunity.
When the feature processor is called, its first action is to pick up the
measured data from the buffer. If this is the first sample for a curve,
this first sample is multiplied by a constant to give the initial amplitude
of the signal. Subsequent samples are added to the amplitude to give the
current amplitude. Each time a sample occurs, a counter is incremented.
When this counter exceeds 400 {or .8 second), the curve is considered

noise and the "K" aperture is reset. This counter is reset at the beginning

of each curve.

The data is exponentially smoothed by the formula: Vi = 8; + 1/2 ( Vi_1 - Si)
where Vo = the initial change in amplitude and Sj is the input sample. This
removes sharp spikes from the data. The new amplitude value is divided by

2 and added to the area. It is then divided again by 4 to give the criterion
for judging when the curve has flattened out and QRS complex is complete.

The width is measured by the number of samples required for the QRS to be
considered complete. This occurs when a sufficient number of samples have
satisfied the flat criterion. Each time the sample is "flat', a counter

is incremented. Each time the sample is not flat tbe counter is decremented.
to a minimum of zero. When the .counter reaches 64, the QRS is considered

complete.

Comparison and selection are performed to obtain the maximum positive ampli-
tude and maximum negative amplitude. The sign of the maximum negative

amplitude may actually be positive. This is because the signal may be

.



inverted. Then the amplitude of positive sign will be classified as
negative. The amplitude with largest absolute value is the positive

amplitude and the amplitude of the opposite sign is the negative amplitude.

Each exponentially smoothed change of amplitude sample is compared to the
maximum (absolute) value obtained thus far. If the new value is greater,

then it replaces the previous maximum. This gives the maximum slope.

The Q-Q interval is calculated by adding the width of the previous curve
to the "long-line'" length between QRS complexes. This long-line is

measured in 16 ms intervals.

When the QRS is complete, the calculated features are stored in a buffer

and the statistical processor is requested.

If the sample counter reaches 400 (.8 second), the curve is considered
noisy or chaotic and no statistical examination is requested. The "K"
aperture is reset and the feature processor quits looking at data for this
curve. (This is done by resetting "K'. The initial interrupt on K exit

always causes all counters to be reset.)



STATISTICAL PROCESSOR

The statistical processor is general in design and thus easily modified to
classify different features or numbers of features. It classifies the data
given to it into related groups or families. Additionally, there is a
section of code which looks for premature ventricular contractions (PVC's)
and keeps a record of these. This program is activated by the Executive

Routine upon request by the feature processor.

The first action of the program is to retrieve the feature measurements

from the buffer of the feature processors. It then compares each feature
to a high and low allowable limit value. If any feature is outside its
Iimits, the statistical program rejects this set of features as unusable
and terminates itself. 1If all the features are within these gross limits,

a search is make to determine if this curve fits into an active family.

A family is called active if it has added a member within the last 20 heats.
If it is not an active family, it is an inactive family and the storage is

make available for a new family.

There are per cent limits for each feature. Thus, if the percent limit is
30 for amplitude, a new curve must have an amplitude of between 70% and
130% of a family's amplitude to fit in that family. There is also a count
value which.may override the percent value. If the amplitude is 60, the
percent value 30%, and the count value 25, then a new amplitude will fit

if it is from 35 to 85, since the 25 is greater than 30% of 60.

Each feature of the new curve is compared to that of the first family. If
any feature does not fit, the comparison is repeated for all features on the
next active family. This continues until either a family is found into
which the curve fits or all the active families are exhausted. If the curve
fits, then the family age is reset to the maximum of 20, one is added to

the number of members in the family and the family is modified by the new
member. This modification is a weighted average of each feature giving a

weight of 0.1 to the new member and 0.9 to the previous value to yield the

new family value. ffg



If the curve does not fit into any active family, then an inactive family
slot is taken and turned into a new active family whose features are those

of the new curve. The age is set to 20 and the number of members to 1.

If there are no more slots available, the curve is ignored and all the other
families are aged by one. The aging process is performed on each family
not receiving a new member after each curve has been placed. After aging

is complete, the processor looks for PV('s.

The first step in abnormality classification is determining what is normal.
It is assumed that the family with the most members is normazl. If the new
curve is in this family, it is not a PVC: If it is not in this family,
comparisons are made. To be a PVC the new curve's area must be greater
than 110% of the normal family's area, Q-Q interval must be less than 93%
of normal, and maximum change of slope must be greater than 70% of normal.
This last criterion is to eliminate T waves from being called PVC's. If

the curve is a probable PVC, a PVC counter is incremented.

Before terminating the NOVA console switches are scanned. If they are set
to a value of 177777y, a display of the families is requested. This
includes a report of how many probable PVC's have been spotted in the
previous N beats. This display will not be updated until some switch(es)
is toggled for one beat's duration to reset the display request (flag).

A switch value of 77777g will cause the beat and PVC counters to be zeroced.
(This alsc resets the display request flag.) Finally, 377774 causes all

feature and member tables to be zeroed.

1
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THIS ROUTINE STORES DATA IN A CIRCULAR BUFFER.

3
3 TO ADVANCE ONE WORD AND STORE CALL STD.
3 TO STORE IN THE PREVIQUS LOCATINN CALL STD1.
3 TO PICK UP WDORDS STORE INITIAL ADDRESS
H IN BFPO. SUBSEQUENT VALUES MAY BE
3 PICKED UP BY A CALL TO STO.

«L0C 51608
STD: 1582 BFCT

JMP .¥2

. JMP STD2

I1SZ BFPT
STD1: STA® ~ @sBFPT

JMP B,3
STDh2: LDA 2,BFST

STA - 2,BFPT

LDA 2,5M110

STA 2,BFCT

JMP STDt .
STO: LDA® @#,BFPO

IS8 BFPO

LDA 2,BFPO

LDA 1 ,BPEND

SUBZ 1s25SNC

JMP 253

LbA 1,BFST

STA 1.BFPO

JMP @3
BFPO: BUFF
BPEND: BEND
CSM110:  -200
BFCT: -200

BFPT: BUFF-1
BFST: BUFF '
@ SPLAY SAFE

BUFF? « BLK 200
BEND3 @
« END
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IRNSP:
5TDA:
BFPT:
BFPO!
PTSV:
PNSF:

6809

s ey e w
3333133333533 533333333333333333

1]

THIS IS INTERKRUPT RESPONSE CODE FOR DEVICE 37.
THE ROUTINE INPUTS THE DATA FROM DEVICE 37,

+BLK
-1
DIA
coM
ADDZEL
ADDZEL
JSRE
LDA®
STae
5TA@
SUBZL
STA®@
sSuB
JMF e
1533
5109
5138
5124
6471
6480
» END

19

Q.37
D0
G,d
H,0
5TDA
A.BFPT
2.BFPO
UsPTSV
U,

Vs PNSF
2.0
IRNSP

FJINPUT 8 RITS OF LONG LINE
3COMPLMENT INPUT

3MULT BY 4

SMULT BY 4 AGAIN :
3 STR CODED LINE IN CIRC BUF

3SET NEW SAMP FLAG

SRETURN TO EXEC
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1516150 §%]
YT
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B6B333

Ba6411°°

gosinz
bEgyod
Gueed
BO6124
Paoong
182459
UeE755
B6e3877
2E5189

3333333333335333333335353333333333333333333

;
H
3 INPUT NEW DELTA V
3
3353 3333333533333333333335353333353353333333333
«LOC 6180
IRNSP: 1533 3 INT RESPONSE CODE RETURN ADDRESS
3 THIS ROUTINE INPUTS A NEW DELTA V FROM
H DEVICE 33, FORMATS ITs, STORES IT IN THE
3 CIRCULAR BUFFERs AND SCHEDULES THE PRIMITIVE
3 PROCESSOR IF IT IS TIME. EACH DATA INPUT
« BLK 10 ’
-1 : .
AZIRC: DIAS 3233 $ INPUT DELTA V FREOM 33
NIOP 33 JFLIP SWITCH FIRST TIME
JSR® . STDA $ GO STORE SAMP IN BUFF
JSR2 2 JREQUEST PRIM .
9 s REQUEST PROGRAM
3 JPRIM RANK IN TABLE
AZER 3ERROR RETURN ADDIMESS
7] INOQ COMMUNICATIONS
SUB 0,0

JMP@ "IRNSP
AZER: HALT ‘
SThA: 5130

L END
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16121
lg122
16123

10124
16125
16126
16127
16136
10131
16132
1133
16132
15335
16136
1£137
161 40

1] a1
16142
19143

026475
(48 &40
$55435
Cab 440
026434
£ 40 a3y
C6E2TE
cep17C
L36465
C6MHETT
pee4asT
E61070
L1425
14427
CGETT4
G2G423
(S AL
12240¢
142233
G636TT
a1 s
B4 £Y5
baasle
0l441 4
EGBT62
B6E2T0
G6G17T
Eoe7al
CEELOE
C63CTT
013646
GECL2E
poHp120

BRCEER

GUpree
LEROEG
CeEeCo
16124

316132
13046
@13057
$1375%
G130667
(13G6Z
1141

16173
DLLEES
GLESRE
€55133
Carene
LOELOE

DIRA:

FDTP:
DERR:
OCC1:
QDCc2:
CEG:
GBCT:
GC11:
gCcTZ:
QCT13:
FG:

3  DATA
FGTF:

FGEe

e e

H
CLEF

LDA
S1A
LDA
STaA
LLA
STA
NIOC
NIOS
L.DA
INTDE
LDAE
Eoa
152
Dez
JMF
LDA
LEA
SUB
SUEBEZ #
HALT
5TA
STA
STA
DSE
JMP
NIGC
INTEN
JiiFe
o
HALT

0. 8BFF

Cs0BCT -
@s.0aDCe

@G,0CT2

G2CEDQ

©.0CT3

76

e

" 2,BFP 3 SET FOR ERROK CHECK

©-0BCT GET CEER

€, 76 JOUTPUT CEAR

OBCT JEUMF P1R

OCT3 JEB COUNTER

DIRA JMOFE

©20CT15CALC NEW LINS STRT
1,CRU

1s06

2,0, SNC 3 SKIP IF OK
s ERRGE HALT

Ps0ECT

€-0CT1

1,0CT3 FRESET 8@ CTR
0cT12 JDEC LINE CTR
DIRA - #MORE

¢ 3CLEAR DISP
SRTN 3 RETIN

s FORMAT DATA FOINTER
i CLOCK ERKOK KET

BLFF+128G.

16.
Bl
]

G

G

]
FGTF

TAELES
FGO
PG1
FGe
FG3
FG4
FGS
CLEF
GCTD
2
eng
5133
4

9

CLEF
LbA

LDA
LDA

3NLM OF LINES

sONTERS

JPAGE & DISP INFO
3PAGE 1

s FAGE 2

sFAGE 3

JFULL CYC DISF

JFVC

3 CLEAFR BUFFLEk

3UCTAL DISFLAY

SFIRET FOSITION IN BUFF
JNLME OF NUMES

3 STARTING ADD OF DATA
i SFACES BETWEEN NUMES
JDISFLAY IT

INITIALIZES THE BUFF TO SPACES

2s» bFF 3BUFF PTR
1-Clzge
By CELNK



16144 G41GEEC  CLLF STA fala2 3 STORE SFACE

16145 151460 INC 22 3INC BUFF FTK
10146 125464 INC 1,1252RK 3INC CTR '
10147 0GBT75 JMF CLLF

10156 6B1460 CJME Bs3 3 RETURN

1G151 175460 C128@: ~-1286.
106152 177745 CELNK: 177740
10153 G18446 BFF: =  BUFF

OCTAL DISPLAY - OCTD

CALLING SEGUENCE:

OCTD

A 3A 15 15T POSITION IN 1282. »OFRD BUFF
IN WHICH 10 STOKRE FORMED DATA

B 3B I& NO OF “ORDS TO EBE FORMATTED

c 35C IS ADDRESS QF DATA

D 3D 15 NO OF SFACES BETWEEN OCT NOS

(S b Ys e wa ur Ms e e Yr Ye e ms e e

168154 22736 DEC: LDA® @,FDTF 3 FIRST FOSITION
16155 b24a776 LDA 1.BrFP
1156 12300 : ADD 1.6
PAL5T Ca464 STA . 0CF
10160 1732 : I5& FDTP
16161 22731 LDae B.FDTF  3NUMB OF NUMBS
16162 ©46A5T STA " GasONMB
16163 010727 152 FDTF
10164 022726 Lbae 6.FDTF 3 DATA ADDRESS
16165 240453 ' STA . 8, 0DAD
loléee ©iET724 - 152 FDTF
iB167 wee723 LDag C»FDTF 3 SPACE TWEEN NUMES
16170 G4g452 : STA 0, 05BN
18191 01721 Ise FDTF
16172 GE1460 JMP 8,3
16173 054444 OGOCTD:. STA 3, 0RTN
18174 Q4766 J Sk OBEC
3CONVERT ONE NUMEER AND STORE 6 DIGITS
10175 620446 OMCL: LA G.0CF
1€176 G2445¢C "LDA 1.Ce
161797 123666 ADD 1.8
16200 Gapsal 81A EsOCF
1261 CEZ437 Lbaeg bs,0DAD
1262 ¢38443 L.DA 22CM6.
1E223 Ceh464 JinpP OCFL
15204 1601220 OCLF: MOVER SFR]
16265 161220 “OVZER el 3S5HIFT RT 3
16266 101226 MOVE K E.E
106267 ©40435 UOCFL3 =1A Zs0SHV
1216 (24437 LA 1.C7 iMASK OFF KHI BITS
16211l 123480 AND 1.0
10212 24436 LDA 1.C60°
16213 123460 ADD i,cC
o2l s 634436 L DA 3»CGRF 3 GET GFAFHIC INFO
16215 26426 LDA@ 1.0CF
16216 167450 AND 3,1
162197 12316o £DD 1,6

102G LaR4ED STAO £, 0CF



1221
10222
16223
16224
10225
16226
1G22y
16230
10231
186238
165233
1G234
1B235
16236
16237
1eam
kel
10248
10243
10244
16245
1BE46
16247
16258
12251
16252

16253
13254
16255
16256
16257
16262
1é6261
16262
16263
16264
16265
10266
16267
1LE TS
16e7l
iogie
16273
10274
1C27S
16276
o2 T
163606
1,301
16368
10363

Bla4p22
cetsze
151404
QBLT6E
Lef4ale
p2a4al 4
123066
L2441 6
1235606
L4z all
L16425
514465
GEUT4D
U e4CL
crelarolole
i aoicisle.
GHEOGE
EUUES
geosee
LELGEE
177772
GorEes
QEboe7
Loebol
615150 i
177768

B54764
L2eé36
W34£676
1630060
HaLa34
B1ée3e
(32631
£16630
L36627
L54426
BilE6ES
ve1els
E0a4L7
1613wl
445
151460
Ora417
cep7Te
Ghedaz
54413
CeaThE
V23400
C36£12
12400
137400

:D\-hoh'-m\-hl\uho

ORIN: G
QDAD: ¢
ONMB G
OSBEN:(Q
QCF: %
QSHV:O
ChMé:
Ccé&:
C7s
Cel:
C77s:
CGRP:

r
T
)

ALLF:

58K

DEE
LDA
INC
JMp
Lba
LDA
ADD
LDA
ADD
STA
182
LSz
JMF
JiiF@
SRETURN

OCP
CsO5HVY
222,52k
OCLF

B, COCF
1, 05BN
1,8
1,C6
1.8
0.,0CF
QDAD
ONI4B
OMCL
OFRTN
ADDRESS

i INFUT DATA ADDRESS

FNvUNMBER OF NUMBERS TO DISFLeY
3 SPACE BETWEEN NUMBERS
30UTBUF ADDREES

3 5AVE SHIFTED

-6

6

7

60

77
1777006

ALFO

VAL UE

i MASK FOR GRAFH INFO

STORES PACKED ASCII IN THE OUTELFF.

CALLING SEQUENCE:

ALFO
A
B
C

STA
LDAg
LDAa
ADD
STA
15
LCAae
152
LGAS
ST1A
I1S2
LA
J5k
MOVE
JER
INC
Lse
JME
JMFE
S1A
L DA
AND
LLAG
COis
AND

3 START ADDRESS IN

BL’FF- 9'12790

3 TEXT DATA ADDRESS

#LORD COULNT

3>0RTN
U»FLTP
3s BFF
3,0
GrALST
FOTF
2+ FDTF
FDTF
3»FDIF
328L%C
FDTFP
Uals 2
58k
G0
S5R
2,2

AL YC
ALLF
ORTN
3s 55R3
1,C77
1,8
3,ALS5T
.1
1.3

OF TEXT

3 SAVE RETN
3GET START

ADD
AED IN EUFF

3GET DATA ADD

JGET WORD COUNT

5 UNFAC AND STORE CHAR

3 L0 ZND CHAR



10364
163065
16306
16367
16310
14311
10312
10313

16314
160315
16316
16317
16326
10321
16322
16523
14324
16325
10326
16327
.. 1833¢e
16331
16332
10333
12332
18335
16336
18337
1034€
16341
16348
16343
10344
10345
13346
16347
160356
1351
16352
16353
A6354
1355
15336
1{:357
16360
10361
16362
1363
1(:364
10365
1L366

V17666
056466
LG1O4GS
g2108e
Epzagl
peoce
PEEEOC
E000bE

054723
OB 4637
Gl1E725
pefs501
C4EA4ATT
168520
CaL4aT4a
Lebbué
GAGShA
Cee2T713
@z24a4516
ictlie
E245063
4451 4
1ei112
1506460
G4U8006
1C2400
GA6G500
426473
C4a4475
CeasT4
ggu4aie
106033
EOkaz7
C20L471
1E10es
CEC433
LELATHE
123046
Lpad4l1z
10457
Gl1uas3
ELOTER
014440
Boca42
Gl14663
DPL66T
Glasane
LOLA36
L3666
26656
147450

SER3:0

ALWC:E3 WOKD

G»3

ADD

STae 3sALST

Ise AL ST

LDA BaBas2

JMEe S5R3
COLNT

ALST:2; STARTING ADDRESS

j

e e W

we wr s

2 v e
5]
!
c

(v
™
o
wn

DEC1:

CEC2:

LECG:

GECE:
DECT:

DECIMAL

CALLING
LEADING
SIGN IS

57A
JSk
15%
L.CA
STA
SUBZEL
57A
LbA
STA

- LDAE

LDA
MOVL #
LDa
51aA
MOVL #
NEG
STA
SUB
S1A
LDAag
3TA
LDA
LbA
ADCE#
JMiP
L.DA
MOV
JdisE
LA
ALD
JSR
15z
I&2
JinF
DS
JiF
DSz
LDA
JSh
Jhik
LEA
LLAE
AND

CONVERSION ROUTINE - DECD

SECUENCE SAVE AS QCTD.
£EROES ARE SUFFRESSED AND
FUT BEFORE FIKRST NON=-G DIGIT.

3,0RTN 3 8AVE RETURN
OCEC 3 GET PARANS
OCr

Y LCH

GsDCT

0,6

BsZSF

G TENT STENS TABEL FOINTER
@2 TNFT

2s0DAD

1,CBLN

GrGaSzC

1aCMIN

1,51IGN

. Ba0Gs 8ZC

g,0 JNEGATE NEG vaAL

0+ DX

B0

GaDlJ

1,TNFT 3GET NEXT FOWEER OF 1G

1sDK JSAVE I7T IN DK

1-CK

Ca DX

£s 15 SNC

DEC1D

B, bd

Cs@s SNR

LECY

1.C6E

1,0

LSTD ;MASK ON GRF AND STORE
INFT JFOINT TO NXT FK OF 1@
DCT '

BEC1

= SF FCHECK IF vaL WAS LT 1
DNXT 3O IT WASNT

OCF

GsCe0 FSTORE A FINAL ©

DSTD 3 8TORE @ IN BUFF

DINAT

2s CGEF

12UCF 3GET GRAFHIC DATA

e |



13367
14374
133711

1:43712
13373
109374
13373
1031715
11377
iy
134"

14432
1247533
19444
153495
17496
YA447
13413
411

11412
193413
13414
13415
13416
13487
15423
134121

17423
193423
177434

13425

134326
15427
144303
19431
11432
19433
14434
13435
13436
13437
14443
1344])
19442
19443
1Jd4a44
13445

131495
1394
13731
13351
Y3492
Y3453
13134
{.3193
1310
13427
1346
13461

123333
342633
J1i16a2
A1 4m3
F17443
122439
143437
B1442%
A3 42
FI441 9
U740
132323
424413
13241 4
133443
171633
11 44
434433
114632
120433
444791
52431
FB R R I
SER RIS TR
RN
1771773
J2d6:2:2
32346210
12309y
40517
14613
A145613
MIA6dT
@267
111437
13434
999193
4933973
FAFFIA
YA
234723
A1 T3
A1 44
112

UEDGETE

DiPiiag
24409
J1E1 4l
G BAED RY M TG
J171 4t
J14253
J31116
13227
A 34494
SIS IE IO
4111353
1A
S
A4

iJ3N3e

503X:0
ESF 1)
DG e

D IMGH

B AVE S

rZnie
FNPIe
Criloe
DX
0K e
N
FENse

Cdblve
Sluane
FIFE s
rual:

PGl

ADD 1,3

3042 23737 35TURE FINISHED wWIID
154 JOT ~ e
Jiip 3123

ISZ 2.

5473 143

37A Da DA

D32 ESF

Jua? D2

JiaR D3NS

JmP vEC?2

3JRAL 2,2

oA s 25K

Sdn3# 1s25352R

JiR DECSE

I3Z% JC

Jiw2 QECT

si4 35505

D3z JCcp

LA Geslan

Ja D3l

JiPa 3053

3REL ADD

3AERD SdPPHESS FLAG

ey 3 CIINTER

-3 ’

LA e JOP

LBA 153330

ADD 1.2

310A WaJIOP

IsZ JAayn

D5 & JIN4B

JiHpP " DECS

JtpPra IR

FENs :

FENs

35

B3ndM BEING DISPD

AsicN [J THE W

giolaly

185933

1037

1A%

13

1.

43 3 3LNK

18]

e gl 1250 3OISPLAY 3BUFFER
CL3r 3raar 1 rACH Jai F1833 CLEAR 3JFF
] ’
sl sPAGE 2 CHAITIC:CLEAR BJFF
ALPJY 35I1CK IN aLpHASs

59:5. :

CHAJ

4 .
J
alpJd SRELIRAT PVEC aND 30 CF

™
V4
o]



u

U

L

U

13562

13063
13064
13865
13666
13667
138 7¢
13671
136712
13873
13674
13875
13676
13677
1316k
13161
13162
13163
131k 4
13165
13106
13187
13110
13111
13112
13113
13114
13115
13116
13117
13120
13121
13122
13123
13124
13125
13126
13127
1313w
13131
13132
13133
13134
13135
13136
13137
13140
13141
13142
13143
13144
12145
13146
13147
13156
13151
13152
13153
13152
13155

16253
GUL304
£13234
CHBGE2
PEEELE
G10141
L1031 4
EEOU363
BEGoLe
CLansg
CRE1LE
G16E253
GEG245
013164
GEOE a2
G10314
GGE373
GLHE1L
BCROSE
Coot11e
G1831 4
GOG4A03
GLEE12
GHEGOO
GoE1Le
016314
EOLAa13
GEOE12
COLEGE
gne11e
516314
GEO 423
GUEG12
COOEGE
GECL12
616314
BOD 433
CEpe1e
COLERE
EGC112
£12314
LE044d
GoEE12
COECCE
5E112
(16:314
LOE453
LEEO1E

GLOCLE
LLG112
1253
el 6a
13237
Erioeg
10314

FG5:

FGa:

ALFO

1226,

FVC

2

0]

CLBF

DECD

243-

10.

AFT F}éﬂ@;
Téhe

ALFO

165.

LN2

34.

DECD

251

1G.

CRTIT 1485885
T

DECD

259.

10. ,
CRT2T [95667
74- o
DECD

267.

10.

CR13T /4GOI
T4

DECD

275,

]gl

CR14T /9613

74
DECD

283,

10. :

crRisT [ ¥ 62S
T4

DECD -

291.

10.

CRT6T (4637
721e

DEGD

299.

1@.

ru1 1965/

T4

DECD

37

16.
ra7 (F063
74, _ ] 2 }
ALPD
11435 :

REFT

18

DECD



13155
13157
U 13160
13161
13162
13163
13164
13165
13166
13167
13170
12171
131752
13173
13174
13175
13176
13177
1326€
13201

13282

13203
13264
13265
13266
13267
13215
13211
13212
13213
13214
13215
13216
13217
13226
13221
13222
13223
13224
13225
13226

QLI M)

WO IR IR L R L]
[P |

e i S Ry Y
oL W

%]

13234
13235
13236

13237
13240
13241
13242
132843
13244
13245
13246

CLE166
OGBS
L9020
CELEET
BELERD
LREEGE
Laps0e
LeEH11s
GELDL A6
Lennan
46561
oeples
LeLE 4R
L0845
44527
G521104
peslle
C2EC 40
G511
L ak 565
Baodad
LEOC 40
56440
{152 455
LEGEAG
geeoen
GAZ 455
G56115
G2oRan
L46440
51530
C5C114
L2su a6
L2006 48
42515
041115
LEG123
GEGE LB
G43501
26165
uoeaee

G44163
47501
L aaSe 4
G103
Uelsl

£53120
C2E163
GLLBED

G43117

GebL 4l

LEGDL 4R
Lebh 4t
A Repds
D40L56LS
£:51524
N2ce 54

LNZ2: +« TXT "FA
M

-A
MNP

AS
LF

ME
]

AG

"

CHAO: +TAT "CH
AQ
TI

FUC:  «TXT "B

REFT: « TAT "OF

H
EA
15

/



13247
13250
13251
13252
13253
13254
13255
13256
13257
13260
13261

G2E0 40
LECDLE
G260 4L
51120
ca1117
Ga1161
42514
Z560 46
B4152¢
B2e123
LGELEE

Fi
0B
AB
LE

vC

«END

/



1 a0EL

LUCe1D
1410 177777
14501 200, Ut
1412 (30797
146132 LEILOE
14514 040547
1£015 ffl(ll
14516 40 Zc
140,17 ’31
140:2¢ LALDAS
1aizl wWelitd
14008 4L 544
V4ihe s welihd
140284 544543
14025 CE1G0S
14226 Has547
14227 Co6565
140350 geLbat
14131 (C£L54E
14058 weldar
14033 (40542
147234 CEE2E4
14035 121112
14036 1504000
YLULUT 34537
1440 D30 EC33
14541 157,040
140,408 Lesalt
| EAVPACIN B ICH!
14644 L2551
140645 L34538
14048 157L0C
14047 8540,
14280 106433
14i:51 L2542
14052 10523
14055 L1tSen
14594 L1760
144,55 Le5515
140856 L,£&051%
14557 el 515
140560 w4aL515
1461 L34Sl d
1ol 68 0305611
14,658 157000

L

e Yy ks e W s

LTI TR T )

s br e

LFtz

Li-£As

L3

1777771 -

77777 -
37777 -
.LOC

«ELK
-1

G5 unPLT

LEA
LDA
g1A
LDA
SETA
LDA
STa
LA
s5Ta
LLA
ST8
LDA
51A
JSRCG
Lpa
STA
L.LA
STA
LoAE
v VL #
NEG
LA
LTA
ALD
LA
SLnSd
JEFE
L&
AlLE
LA
SUkz#
JriF g
Is=
152
JigF
L DA
518
Lba

:: 'l f"l
L L&
LEA
Fsynly

L SWITCH ENTRIESS

- STATISTICAL (CYCLICY FROCESSOR

KRECUEST DISPLAY OF FAKMILIES .

ANE FVC COUNTe SETS FROGRAM FLIP«FLOP.D
RESET FLIP ANY SWITCKR FOR 1 BEAT DURATIR
(NOT 177777 RESETS).

ZERU SEAT AND PUC COUNTS FOR DISPLAY.
eERG FAKILY STORAGE FOR BLL FAMS. GE:R
RESET ACTIVE FAMILY TABLE.

14C50

13

CYEF ADE

“ZsCW
Galisl
s IS
G’l' 2
O, INE+1]
Gsa?
GalMS+2
Ca3as2
GaINE+3
Cs a0 &
Ga ING+ 4
BaSs2
EaIlNE+S

GTAFS

CalINS
P2 INCTHR
CaSINF
G INFTR
O:I”FTT
DJC, C
EFRY
3sLLFTR
s INCTT:
253
1,0,2
1»02ENC
RE'T
JsLEPTK
£23
1,0:53
Lo ls NG
RET
INFTR
INCTH
Li-1
DBaNINSG
NaINCTh
Lo ST
Co TodlToe
HJPCFih
2, INCTR

;‘Jd

HERE s
$GET INF ADDRESS
5CGET FIAST INP
3GET 2ND INF
5GET 3RD INF
3CET 4TH INF
5GET STH INF
3GET 6TH INF

ISETUF INF CTR

3 SETUP INF PITER
SCHECK TJ LO LIM

$SKIF IF EITPIn

JCHECK TO HI LI
FJSKIP IF WITHIN
s EAD INFUPT

sGET ¥ FIR



14664 UELAGE L& Gs0is 3 3GET %
1406465 134514 LEA 3,FINSF 50GET F1E TO Fi5 CRIT
14666 1STE0E ADD £,3 h
14067 0 354%¢ LDA 3,023 5GET CKIT FTR
14071 35513 " LDa& 25 AFNN 3GET Fain INDEX
14571 1 SToLG ADD 253
14072 L254%0 LDA 15653 3G
14073 (44511 STA 1-CVS 38
14074 L6512 JSRE EC1T 51AKE ACE % OF AC1sFUT IN 1
14575 125112 LOVLE 1215 S:C
14076 184400 NEG 151
14977 ¢RL474 LA Gs INCTR
141006 L3502 LLA 2»FEPTHE
12411 113000 ADD fis 2
14108 521000 LLA Cislst
1413 106633 ADCE # T b SNC
V4104 105000 OV D1
124108 DEc 477 LGA GaCWVus
14106 L5E467 LLAE 2, INFT
141065 115400 Lz s 5CALC AES CIFF
14110 15111¢€ MOVL# Cs D25 SEC
14111 YE&at) NEG 2.2
14115 146432 SUBE# 2513 SNC 3 SKIP IF IN
14113 05504 JiaF GieF I 3GET NERT ACT FaMm
14114 L1L461 S INEFTR 3STILL IN SO TST NEXT INF
14115 ¢10L.456 1ss INCTR 3 INC INP CTR
14116 CuG743 JiiF LF3

FFOUND A FARILY IT FITS IN
14117 430470 LDA 2sFiiPT  3F&N MEM TAE FT
14120 L4463 LDA 1, AFN 5GET Fal
14121 44560 S1a 1,CURE
14122 1338060 - ALD 1.2
14123 ©114L00 : 1ss Gs2 sINC FAM SIEE
14124 L5040 JHF ot 1 :
14125 GoLARD LA SsFAFT  BRESET AGE OF FaM
14126 135005 LDD 1,2
14127 080462 LDa DsMXAGE 3 SET TQ MEX AGE
14130 CA1C4LE 578 Galis©

3ADJUST FAMILY CRITEFIL EY WEL VALLUE
14131 Sat 441 LD& aNINS  3NO OF INFUTS
14136 25441 S1p s INCTR
14¥35 el £l LA Ge SINF
14152 &t 241 1A fio INFTR
141435 {80456 LF2: LDA (s INCTF
14136 (50443 LEa CyFINSF
137 112000 ADD Ga &
14140 (1510090 LDA 2sGaE
1414) .22848 Lpa 15 AFN
1al4c 123000 ADD 152 3CLLC ADD OF Fai CRIT
141405 L840 SR S5 FiLAD
14144 L5500 L LLA 15052

T FAM MEMBER

14145 GGy 445 LDA £330 5
14146 LLGALS JSEE FC

14147 1 645535 £160 1, SVFT  3SEVE RESULT
14150 {26425 LEAT 1, INFTR 3081 INPUT

TAKE ACO % OF aCt (OLD valo

e

ue
&3]

14151 LAL 447 Lbh AW ERY UTEKE OYREL L UF InFUT
14150 T4 845« i PO

1355 wE.531 Lis La SVIFY FCGET RICG FART

1atoa b7 HLED Cal INEL FA CRIT V&
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IV, ECG SIGNAL PREPROCESSOR

Development

As previously discussed six features of the QRS are to be continucusly examined:
amptitude, width, area under the QRS, Q-Q interval, max change in amptitude

per unit time, and max amptitude of opposite sign. It was determined that by
measuring the § to Q interval, determining an initial value amplitude of the QRS
complex as it crosses the "K' apeture threshold level, and incrementaly measuring
amptitude changes of the QRS complex, software could be developed to calculate
all of the QRS features needed. The processor to be discussed performs this

pre-software signal processing.

The processor consists of a band pass filter which limits baseline drift and
signal slew rate. Following this filter is a sample and hold circuit,
difference amplifier, and a MOSFET switch which-is sequentially selected for
slope or -amplitude data. 1In addition an A to D converter, a set of counters,
and a 2 msec clock (which establishes the basic timing for the processor)
establish the major signal processing circitry . The remainder of the circutry
is invelved in timing requirements for computer' interfacing and data

transfer.

In order to meaningfully synchronize the signal processor to the computer
an interface code has been developed which permits the computer to dedicate
its time to other jobs until an interrupt from the signal processor occurs
signifying a QRS has exceeded the K" aperture threshold. This event starts

the cycle sequence to be discussed.



CYCLE SEQUENCE

Note: Each device is referred to by its schematic designation and the board
number where it is physically located. For example Z5-B3 refers to J-K flip

flop designated Z5 located on board 3 of the signal processor chassis.

When an ECG exceeds the "K' apeture threshold level established by the front

panel potentiometer setting, the next clock pulse from 21-B2 sets Z5-B3.

Z5 Q terminates counters Z1, IS (B4). Simultaneocusly the interrupt pulse

from Z3-Bl begin. The first interrupt pulse clocks the éounter data in the

MUX (Z2, Z6, Z7,-B4) to the computer; then the computer generates a DATIA and
DEVICE 37 code, toggling Z9A via Z3-B4. This event converts Data Select Line

Z29-Q from a 0 to a 1 establishing a Device Code 33. 293—6;84 has been keeping
Q3-Bl in an "on" state permitting ECG amptitude data into the A/D (B2) which

has been continuously converting but not sending its data to the computer since

a Device Code 33 is required. When the 33 code is generated the MUX is activated
for amp-slope data permitting the current ECG amp (initial value above "K'
apeture) to be presented to the machine. Immediately the software generates a 33P
pulse turning Q3-Bl "off'" and QZ-Bl "on'" thereby permitting slope data to be

sent to the A/D. Slope data is calculated by taking the difference between the
current value of the QRS amplitude and the previous value stored in the sample

and hold circuit consisting of Ql and AR2 on Board 1. The sample and hold circuit
is updated every 2 msec. Figure Jy-1 shows some of the important wave forms
associated with this process. At the end of the slope data (software determined
by slope settling) a 37P code is generated resetting the initial conditions

of Z3-B3 and Z5-B3 as well as Z9-B9 thereby permitting the interval counters to

begin again.

Each completed cycle resets the counters as described above and each time a

QRS exceeds the "K' aperture level the value in the counters representing a

length of line value, which when added to the width of the QRS (software calculated),
provides the Q-Q interval data. The width of the QRS itself is determined by

the computers clock which is set when the QRS exceeds the '"K" apeture threshold

and 1s stopped when the slope of the S-T segment flattens out. The remainder

of ‘data is calculated from the change in amptitude per unit time (2 msec) and

the initial amplitude value. 5



e

Test Signal 2v/em
Sample § Hold Signal
. 2v/cm
Difference Signal 0.5v/cm
Conversion Timing Sv/ecnm
I' = Zmsec

Figure 1IV-1

Note constant amplitude‘of difference signal except at the

peaks of the test signal where’the shape changes sign.
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V. SLEEP MONITORING SYSTEM M 133

CAP ASSEMBLY EVALUATION

The Work Plan on the following page is a summary of the objectives of
the Sleep Monitoring Cap Assembly Evaluation Task. These objectives and
several additional ones were accomplished during the program as discussed

in this section.

SCI engineers worked closely with NASA-MSC engineers to develop techniques

for refilling and refurbishing cap assemblies which were delivered under a
previous contract. These techniques are documented in the NASA document
MSC-06080, '"Procedure for Refurbishing M133 Cap Assembly Electrodes'. Supplies
sufficient to refurbish quantities of caps for testing purposes were delivered

to NASA-MSC.

Over 80 electrodes were built to flight specifications, but without flight
inspection. Some of these electrodes were hand-carried by an SCI engineer

to the Union Carbide facility to Boundbrook, New Jersey. Approximately 50
electrodes were coated with a 1-mil. thickness of Parylene C. The process
appeared to be a feasible one, and the enviroments were not too harsh for the
electrodes. Union Carbide has used this Parylene C coating process on other
flight hardware and is equipped to handle the quality control procedures
associated with flight hardware. Thus, if this study were to prove that the
Parylene coating provides a sufficient moisture barrier for the electrodes,
it would be suggested that Union Carbide apply the coa£ing as a subcontract

activity after the electrodes are coated with the vinyl coating, but before

they are filled with electrolyte. 23151



10.

11.

12.

WORK PLAN

SLEEP MONITORING SUPPORT PROGRAM

Build 70 electrodes to flight specifications using commercial parts

and including 100% inspection - do not fill with electrolyte.
Ship electro.’es to Union Carbide for application of Parylene.

Manufacture 6 sleep caps to flight specifications using commercial

parts and excluding 100% inspection.

Fill Parylene-coated electrodes with electrolyte, mount to caps with
vinyl sheet backing, assemble final cap assembly, seal in retort

stock bags. X
Store caps on shelf for periodic opening and inspection.

Do a literature material search for coating materials that would

make electrodes less permeable to water vapor.
Try out various coating materials on electrode samples,

Explore other methods for increasing the shelf life of the cap

assemblies.

Support NASA-MSC as required in refurbishment of existing cap

assemblies.
Support NASA-MSC in tests invelving cap assemblies.

Coordinate all activities with Dr. Frost and NASA-MSC.

Report activities and vesults to NASA-MSC. fiﬁ%i)



Work Plan (Cont'd)
Sleep Monitoring Support Program

13. Write process specifications for any new processes designed to

increase shelf life.

This task specifically excludes the following activities:

1. Thorough studies of the effects of ambient pressures on the electrodes

and studies of methods for alleviating these effects.

Studies of electrostatic discharge design changes and modifications

of the cap assembly not related to increasing its shelf life.

/



One problem was experienced during the evacuation of the coating chamber
prior to the first application of Parylene. The vinyl coating on some of the
electrode# was stretched out of shape by air entrapped on the back side of
the electrode. Of the batch of electrodes, approximately 20 did not stretch.
It is felt that, in the future, a small hole be placed on the back side of
the electrodes to allow this trapped air to escape without deforming the
vinyl coating. (This procedure was subsequently shown to work in preventing

this problem).

The electrodes were filled with electrolyte using flight specifications and
procedures. Caps were manufactured and the electrodes were attached to the

caps in the following configurations:

1. Parylene coated electrodes (7) attached to a layer of

vinyl 20 mils. thick and then cemented to cap.

2. Standard electrodes (7) attached to a layer of vinyl 20 mils.

thick and then cemented to cap.

3. Standard electrodes (7) cemented directly to a cap in a

standard (control) configuration.

One cap assembly of each type was placed in the clean bench on March 28
without being bagged. One cap assembly of each type was bagped under an
evacuated nitrogen atmosphere using standard procedurgs. In addition,
five electrodes of each type have been left exposed to room ambient

conditions without being attached to a cap.

All of the electrodes and cap assemblies were weighed on a daily basis,. ;?%ZEZ_
Preliminary results were that the Parylene-coated electrodes are loosing

weight at a far less rapid rate than those that were uncoated.



The following configurations of electrodes and cap assemblies were stored

for life testing at the end of March, 1972:

1. Completed Electrodes, Unbagged

A. Parylene-Coated

B. Original Configuration

2. Completed Cap Assemblies, Unbagged

A. Parylene-Coated, Vinyl-Backed

B. Non-Parylene-Coated, Vinyl-Backed

c. Original Configuration

3. Completed Cap Assemblies, Bagged

A, Parylene-Coated, Vinyl-Backed

B. Non-Parylene (oated, Vinyl Backed

C. Original Configuration

4. Cap Only, Without Electr odes, Unbagged

It was found that the unbagged caps varied in weight directly with the

relative humidity of the room,

Thus, a cap was built without electrodes

and left exposed to the same room environment as the unbagged test cap

assemblies.

Figure 1 is a plot of the weights of the three different configurations of

unbagged cap assemblies versus the days from the start of the test. It

is anticipated that an exponential decrease in weight will occur when the

caps are exposed to laboratory ambient conditions for a sufficiently long

period of time. For this plot, a straight line approximation has been

made. Thus, the following weight losses were measured for the 40-day

duration of test data:

1. Parylene-Coated, Vinyl-Backed - 0.015 grams/day

2. Non-Parylene-Coated, Vinyl-Backed - 0.015 grams/day
3. Original Configuration - 0.130 grams/day

z
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Thus, the loss in weight was significantly reduced by the 1-mil thickness

of Parylene coating. The average weight of electrolyte per electrode was 1.25
grams per cap assembly. The original configuration cap assembly lost approxi-
mately 5.10 grams (or 58.2%) of its electrolyte in 40 days, white the Parylene-
coated electrodes lost only 0.6 grams of its electrolyte over the same period

of time. Some improvement in weight loss was wbserved on the cap which was built
with a vinyl-backing but without Parylene. On the basis of these data, it

would appear that the loss of electrolyte is improved by approximately an order

of magnitude by the use of the Parylene coating.

The moisture absorbing properties of the cap material are apparent from
Figure 2. This property makes the interpretation of a limited amount of

early data difficult.

The weights of the caps which have been sealed in the metallized bags have

not changed more than + 0.01 grams for the entire 40-day period -- the

resolution of the scale being used. Thus, it appears that the metallized bag

is retaining the electrolyte within its boundaries.

Table I is a summary of the data from Parylene-coated and non-Parylene

coated electrodes taken of May 1, 1972, 34 days after the start of the test.

75
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TABLE I

SUMMARY OF DATA AFTER 34 DAYS

Weight
Weight  Change
Electrode Parylene Original Weight of on In Electrolyte
Number Coated Weight Electrolyte 5/1/72 34 Days Loss
12 No 4,84 1.70 3.97 0.87 51%
13 No 4.75 1.49 3.90 0.85 57%
14 Ne 4.92 1.67 4.19  0.73 44%
105 No 5.26 2.11 4.28 0.98 46%
123 No 4.59 1.44 3.75 0.84 58%
3 Yes 4.82 4,77 0.05 2.9%
4 Yes 4.80 4.76 0.04 2.4%
5 Yes 4.62 Avg. = 1.7 4.59 0.03 1.8%
6 Yes 4.90 4.85 0.05 2.9%
7 Yes 4.64 4.60 0.04 2.4%



The average loss of electrolyte for the uncoated electrodes is 51% after 34
days while it is only 2.5% for the Parylene-coated electrodes over the same
period of time. Figure 3 is a plot of the weights of two representative
samples of electrodes, coated and uncoated. The improvement in weight

loss due to the Paryvlene coating is obvious.

On the basis of the test results, it must be concluded that the Parylene
coating reduces the electrolyte loss by approximately an order of magnitude.
Thus, the shelf life of the coated electrodes is predicted to be: sufficiently

long in order to permit immediate fabrication for Project Skylab usage.

It is obvious that the 1-mil thickness of Parylene reduces the flexibility of
the tip of the electrode. It is felt that this will not significently impair
the comfort of the cap, and limited tests were run to insure that this is

true.

During the month of April, SCI manufactured and delivered two prototype caps

- with conductive thread sewed into the fabric and with a resistor included
within a cover patch. This design was to provide a safe electrostatic dis-
charge path. The Principal Investigator (PI) subsequently tested and approved

this design,

Of the two samples of conductive thread furnished by NASA-MSC, the KARMA
No, 1219015Z was chozen as being the most satisfactory from a handling
viewpoint. A zig-zag stitch was used to loop the thread around the cap.
The resistor was connected to the thread by wrapping the thread around the
lead wires and further securing the junction with conductive epoxy. The

cap drawings weremodified in accordance with _the chosen approach.
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’
The differences in weight loss and performance between these two caps are

obvious. The Parylene coating is reducing the loss of electrolyte from the
individual electrodes; however, the performance of the Parylene-coated cap

assembly is still marginal after this period of time.

The lectrodes were dissected and inspected. Inspection of the silver chloride
plated disc within some of the electrodes revealed the onset of corrosion,
especially in the Parylene-coated electrodes. Measurement of dc resistance
between pins of the cap connector revealed low resistance paths (on the order
of 100 M) between electrodes. Thus, a conductive path exists across the cap,
between wires, and/or between pins on the connector. Electrolytic corrosion
and possible.electrolysis of the water in the electrolyte are suspected because

of the dissimilar metals used within this assembly.

/00~



Modified sized cap patterns were received from NASA-MSC. These patterns were
designed by the PI for a better fit in the EOG and occipital regions of the
cap. Prototype caps were built with this pattern and furnished for further

evaluation.

New cap materials were submitted to NASA-MSC for approval during May. The cap

patterns and conductive thread routing were finalized during the program.

The three experimental cap assemblies which were sealed in flight bags on
March 28, 1972 were opened on May 23, 1972. The results of the tests on these
caps were observed by the PI, NASA-MSC representatives, and SCI bioengineers.

The data taken on this date are summarized below.

I. Original Configuration Cap (Bagged)

The weight of this cap just prior to bagging on March 28, 1972 was 78.90 grams.
The weight of the cap when it was removed from the bag on May 23, 1972 (56 days
later) was 78.87 grams. The relative humidity in the room at the time of un-

bagging was 64% and the temperature was 75°F.

The following weight changes were observed on this cap:

78.90 gramg - when bagged

78.87 grams - when unbagged

78.46 grams - 2-1/2 minutes after unbagging
78.33 grams - 5 minutes after unbagging
78.20 grams - 6-1/2 minutes after unbagging

The cap was prepared for application and applied. The following data were
taken utilizing the NASA-MSC electrode impedance measuring instrument.

Subject: C.R. Booher

Times Measured from application /ﬁ/



IgEedances

Time EOG 1 EQOG 2 Cl C2 01 02

1 min. 1M 1M 1M 1M 1M 1M

3 min. 440 X 120 K 150 K 200 X 740 K 385 K
5 min. 490 K 130 K 150 K 175 X 600 X 310 K
On SMS NO YES YES YES NO NQ

The last line in this table indicates how the electrodes checked when the cap

assembly was connected to the SMS DVTU approximately six minutes after appli-

cation.

11, Parylene-Coated, Vinyl Backed Cap (Bagged)

The following data were taken on this cap:

Temperature - 75°F Relative Humidity - 64%

Weight prior to bagging (3-28-72) 83.95 grams

Weight after unbagging (5-23-72) 83.92 grams

Weight 2-1/2 minutes after unbagging 83.78 grams

Weight 5 minutes after unbagging 83.70 grams

Times measured from application

Subject: C.R. Boocher

Time EQOG 1 EOG 2 Cl C2 01 02

1 min. 1M 50 K 100 K . 91 K 310 X 240 K
3 min. 1M 55 K 100 K 80 K 250 K 185 K
5 min. 1M 42 K 86 K 77 K 200 K 150 K
On SMS NO YES YES YES YES

y




A meeting followed this test at which the following items of cap assembly critique

were discussed:

1,

Pouch - Two objectives were found with the current pouch; (1)

the preamplifier can slip out at a corner and (2) the electrodes
under the pouch are difficult to "rock'" during the electrode
stabilization period.

Action - Look at making pouch smaller or at designing shell for

preamplifier.

Silicone Electrode -to-Wire-Seal - The electrode-to-wire seal at the

base of the electrode was thought to be too large and might ittitate
the scalp. It is required to seal the Vyna-Kote to the silicone-
insulated wire.

Action - Make smaller.

Wire Routing on Cap - The wire on the cap is sufficiently tight to

not allow a full stretch of the fabric.

Action - Allow more slack in the electrode wires.

Strain Relief on Cap Connector - The strain relief on the cap

connector is too long and interferes with preamplifier installation.
Action - Reduce length of strain relief. Suggest looking at NASA-MSC

strain relief molds for this application.

Bond between Parylene and Spandex - Samples of epoxy bonding were shown.

It was decided that the epoxy stiffened the back of the electrodes
enough to reduce the comfort of the cap.

Action - Find a flexible adhesive that.will adhere to both the Parylene
and the Spandex. (Subsequently, it was shown that a silicone adhesive,

with proper cleaning and priming of all surfaces, will do an excellent

job for this application.) //ny;gg



6. Continuity of Conductive Thread - A completed cap assembly with //éﬁ

conductive thread and current-limiting resistor was shown for
approval. It was pointed out that the continuity of the conductive
thread must be assured.

Action - Make sure that the continuity of the conductive thread is
checked at several points in the ATP.  The routing on the con-

ductive thread and the mounting of the resistor were approved.

Electrodes were built for life testing of wire attachment of back of silver
disc. Five electrodes were built using Eccobond conductive epoxy and Scotchcase
8 epoxy sealant. Five additional electrodes were built using silver bearing
solder and RTV-112. These electrodes were filled with electrolyte and sealed

in metallic bags for inspection at a later date. A decision on which approach
to use was made prior to the completion of SMEAT, The silver-bearing solder and

RTV-112 will be used.

On June 12, 1972, a design review of the cap assemblies was conducted at
NASA-MSC. Several decisions on the configuration of the cap assemblies were

made as documented in the minutes of this meeting.

A two-part connector mold that has been used at NASA-MSC for several years
was evaluated by SCI for potential use on the SMS cap assemblies. Drawings
were generated for this new potting procedure for the strain relief of the cap

connector.

All drawings, process specifications, and material specifications were updated,

to reflect the latest changes in configuration.

Four caps were built from government-furnished. flameproof "Spandex''. One
was delivered with electrodes and one without. Two chain strap assemblies were

built and delivered to NASA-MSC.



Two special caps were built and delivered to the PI in November. These caps
were wired such that the 01 and 02 electrodes and the Cl and C2 electrodes

were in parallel. The ground electrode:was also relocated on these caps.

This configuration was subsequently approved for the remainder of the cap

assemblies.

Meetings with the PI and NASA-MSC representatives resolved two remaining

problems. It was decided to package the cap assemblies in the metallized

bags with small holes punched in the corners to allow ambient pressure equalizatiom
The one-mil thick coatiné of Parylene was causing some irritation of the skin

local to the cut-off electrode tip and was causing the wire (also coated in the
process) to bend at right angles such that it appeared to break. It was

decided to reduce the thickness of the coating to approximately 0.5 mil.

Electrodes which were subsequently coated appeared to be improved in the

qualities of concern.

All of the objectives of this program have been completed and flight cap
assemblies are currently being manufactured which incorporate all of the

improvements identified and tested during this program.

/05





