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INTRODUCTION

In the early development of the Cardiopulmonary Data Acquisition System (CDAS)
for the NASA/JSC Cardiovascular Laboratory, one of the main requirements was
a device which would provide reliable measurements of instantaneous heart
rate during treadmill and ergometer stress testing. Cardiotachometers which
were commercially available generally were not designed to handle the rather
large amount of noise, baseline wandering, and amplitude changes that are
frequently seen in the electrocardiogram (ECG) during exercise testing, In
addition, most commercial units were not reliable enough for research use and
generally would be difficult to interface with the existing laboratory
instrumentation and computers. As a result, the development of a completely
new cardiotachometer was undertaken so that highly accurate and reliable

measurements could be made of the heart rate of test subjects.

In summary, the principle requirements for the new cardiotachometer were as
follows:

(1) Reliable heart rate mesurements during either rest or exercise
stress testing.

(2) Accurate heart rate measurements over the range of 30 to 250 beats/
minute.

(3) Analog output for interfacing with an FM tape recorder and a micro-
computer analog to digital (A/D) converter.

(4) Instantaneous (beat to beat) updates on the system output were also
desirable so that occasional noise artifacts or ectopic beats could be more
easily identified except that occasional missed beats caused by switching ECG

leads should not cause a change in the output.
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The first unit developed for this task utilized discrete transistors and

small and medium-scale integration integrated circuits (IC's) for all of

the logic and digital-to-analog (D/A) conversion required, This original
system has been in use for about 3 years and has been fairly reliable, but

its accuracy and noise immunity sometimes were not satisfactory. In addition,
modifications to this system were difficult to make since any lcgic modifi=
cations would requivre wiring changes and hardware additions, As a result, a
completely new cardiotachometer was developed, using an improved analog

filter and R-wave detector and an Intel 8080A microprocessor to handle all of
logic and arithmetic necessary. By using the microprocessor, all of the above
requirements could more easily be met and future hardware modifications could

be minimized if functional changes were needed,




GENERAL DESCRIPTION

In the implementation of the new cardiotachometer, a new approach was used

to calculate heart rate. Instead of using the discrete transistor D/A con-
verter to invert and display the count as was used before; a 16 bit precision
software math routine is used, together with a monolithic 8-bit D/A converter,
Also the previous model used 8 bit wide counters while the new one uses 16
bit wide registers. Thus accuracy and resolution is greatly increased.

The interface hardware was built around an 8255 programmable peripheral
interface IC, To this IC was added a D/A IC, switches with debounce circuits,
Tight emitting diodes (LED's) with drivers, and a single bit A/D consisting
of a special filter, automatic gain controller (AGC), and pulse detector,
Also a calibration circuit was used consisting of an 8253 programmable inter-

val timer, opto-isolators, and a digital multiplexer.

By using a microprocessor based system, future modifications can be added
easily. Such modifications could be software digital filtering, a continuously

updated averaging heart rate output, or other similar features.

A summary of the characteristics of the new cardiotachometer is given in

Table 1,

b




TABLE 1
DEVICE OPERATIONAL SPECIFICATIONS

Input -Single lead ECG ]
Output -Analog voltage 0-3VDC representing 0-300 beats/min. (BPM) ‘
Accuracy -Better thar 2% of reading over entire range

Typically better than 1% over the range 30-230 BPM
Qutput Resolution =~1,13 BPM

Internal Resolution-0.45 msec. in R-R interval measurement

Under & Over Range ~LED il1luminates and output drops to O when heart rate
Indications drops below 30 BPM or increases aboye 300 BPM

Calibration ~60 BPM or 180 BPM pulses obtained by dividing CPU crystal-
controlled clock pulses can be switched to the system
analog input for calibration and troubleshooting,
Accuracy: + 1 msec,




HARDWARE DESCRIPTION

The Central Processing Unit (CPU) board consists of the following:
8080A -~ CPU

8228 - System controller
8224 - System clock generator
74L5138 - Memory decoder

2708 - 1K x 8 bit Erasable Programmable Read-Only Memory (EPROM)
2111-1 - 256 x 4 bit static RAM (2 ea)

C6136P « =5VDC 50 MA regulator

7404 - Hex inverter

18.432 MHz - crystal

The 8080A chip set is configured as a 2 MHz system using isolated I/0-Tinear

select. This allows up to 14 devices to be selected without a decoder chip.

The memory is configured by using a 2708 EPROM and two 2111-1 RAM's. This
gives 1K of ROM and 256 bytes of RAM's. Due to using wire-wrap techniques
and the availability of 2716 2Kx8 and 2732 4Kx8 EPROMS and 2114-1 1Kx4 static
RAM's, the memory could be expanded up to 8K of ROM and 2K of RAM, Only

minor changes in the wire-wrapping would be needed.

The 8224 system clock chip uses an 18.432 MHz crystal which gives a system
clock frequency of 2,048 MHz.




The Input/Output (I/0)board consists of the following:

8255 - Programmable peripheral interface

8253 ~ Programmable interval timer

DAC~IC8BC - 8 bit D/A conyerter ,
LM1458 - Dual 741 op-amps ' |
SN7404 - Hex inverter 4
SN7406 - LED Drivers ’
74153 « 4 to 1 digital multiplexer
6N158 - Opto~isolators

74123 - Dual one-shot multivibrators

The 8255 is the main IC for interfacing inputs and outputs to the CPU-Memory
board. Port A (PA0-PA7) are used to feed the 8-bit output to the D/A converter
and half of a LM1458 op amp to produce a 0-3VDC analog signal, This signal
represents heart rate (0-300 BPM),

Port B (PBO-PB7) is not used at the present time,
Port C (PCO-PC7) 1s split via software control to use (PCO-PC3) as input and

(PC4-PC7) as output. A1l outputs used are latched outputs so no refreshing is

required.

Port C inputs (PCO-PC3) are not latched,
The 8253 is configured via software as a rate generator (mode 2) for constant

output, and has three separate 16-bit timers.

Timer 0 is used to divide the main CPU clock via 2048 to produce a 1KHZ signal.
Timer 1 is used to divide the 1KHZ output from timer O to produce the Low Cal
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signal, This signa’ is fed tu half of the 74123 to produce a 10 msec. wide

60 BPM Low Cal signal. Timer 2 1s used to divide the 1KHZ output from timer

0 to produce the High Cal signal. This signal {is fed to the other half of the
74123 to produce a 10 msec. wide 180 BPM High Cal signal.

These two signals plus the TTL pulses from the conditioned ECG input signal A
are fed to a 74153 4~input, 1 output digital multiplexer. This multiplexer is ‘
controlled from the main CDAS computer via two 6N138 opto-isolaters, Control
codes are:

00 input to the 6N138's connects the ECG input to the cardiotachometer

peripheral interface input.

01 input to the 6N138's connects the 60 BPM Low Cal pulses to the input,

10 input to the 6N138's connects the 180 BPM High Cal pulses to the input.

11 1nput to the 6M138's disconnects the cardiotachometer input for the Standby

mode,

The raw ECG signal is specfally conditioned by 3 circuits which were developed
from a modified Skylab type cardiotachometer to produce a 10 msec. pulse which
represents the R-wave of the ECG. The ECG is first sent to a 10 HZ-30HZ

bandpass filter. The output of the filter is then sent to the automatic gain

control (AGC) circuit. The AGC circuit outputs a pulse with constant amplitude
even with varying ECG input amplitudes. This output is then sent to the

pulse detector.

The pulse detector outputs a 10 msec. wide pulse. The pulse detector also

incorporates a pulse width controller. This circuit produces a constant pulse




width output even with changes in the ECG input. This allows the 8080 CPU

to do all of its calculations and displaying during the pulse., The output,
along with the 60 BPM Low Cal, 180 BPM High Cal, and Q BPM Standby signals,
{s then fed to the 74153 digital multiplexer, The multiplexer output is then
fed to the PCO input of the 8255 peripheral interface, '

PC1 and PC2 are also inputs which are connected to two SPDT push button
switches via 7404 debounce circuits, Switch 1, connected to PCl1, causes the
CPU to select a D/A setup routine, This routine outputs via the D/A either

a 0 or full scale signal each time switch 1 is pushed, This allows for
adjustments of the D/A for zero and full scale values. Switch Z,connected to
PC2, causes the CPU to select a ramp routine. This allows for checking D/A
1inearity and missing code conditions, and checks other functions of the

microprocessor as well.

The front panel LED's are connected to other 8255 port C outputs via 7406
LED drivers as follows: ECG LED to PCO, Underrange LED to PC4, and Overrange
LED to PC5. PC3, PC6, and PC7 are not used at present.




SOFTWARE DESCRIPTION

Heart Rat-- ‘lonitor

Refer to the flowcharts and program 1isting for this discussion. The program
starts at address 0000, None of the interrupts are used,, The stack pointer
is set and then the initialize routine initializes the 8255, 8253 timers,
ectopic flag, pause flag, misheat reference storage area, and the ectopic

reference storage area.

It next calls the input routine from the start routine and waits for either

# ECG/Cal input or for switch 1 to be pushed. If switch 1 is pushed, the

program jumps to the D/A setup routine. If an ECG/Cal pulse is present, it returns
and waits for the ECG/Cal pulse to end.

When the pulse has ended the program enters the Count routine, where the HR
counter js initialized and then a timing loop is entered, The program Toops
until either the count reaches the under range count or there is another

ECG/Cal/Switch input.

If the count reaches the underrange count, it then jumps to the underrange
routine ERR1. The D/A is set to 0 VDC and the underrange LED is turnhed on.

The program then jumps to start.

{f an ECG/Cal pulse is detected, the program then enters the Check routine.
There it first determines if the ectopic flag, ECTFLG, was set on the previous

beat. If so, the Pause flag is then set, since there may be a compensatory

i
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pause (longer than normal R-R interval) following a premature beat, If
ECTFLG was not set, then the current R=R interval count is compared with the
missed beat reference value (MISBEAT), which is a number equal to slightly
less than twice the previous normal R-R interval count, If the current count
is greater, then the program simply assumes that one or more beats have been
missed due to an ECG dropout, lead change, or similar temporary problem.
MISBEAT is then reset and the program jumps back to Start.

Nothing is changed on the output, and this procedure therefore keeps a short

signal dropout from causing an erroneous heart rate from being output,

If there was no missed beat condition or if the Pause flag was set, then the
current count is compared with the ectopics reference count, ECT, This
humber is approximately 3/4 of the previous normal R-R interval count. If
the current count is less, then the curreﬁt beat is probably an ectopic and

therefore the ectopic flag ECT is set before continuing,

Next, the count is checked for an overrange condition., If the count is less
than that corresponding to a heart rate of 300, the program jumps to ERR2.
There, the D/A converter is set to 0 VDC, the overrange LED is turned on, and

the program jumps back to start.

If it is not overranged then ECTFLG is checked. If ECTFLG is set, the program
goes to the output routine. If not set, the pause flag is checked, If the
pause flag {s set the program goes to the output routine. If the pause flag
is not set then a new MISBEAT reference count and ECT reference count are

calculated and stored and then the program goes to the output routine,

o eak il



The MISBEAT reference and ECT reference are variable indicators, based on the
previous normal R-R interval count, which are used to determine if a missed

beat or ectopic has happened.

The program then goes to the OQutput routine, The count is divided by a
constant. The result is an eight bit number which is sent to the D/A and
outputed, Both under and overrange LEDS are turned off and the pause flag
is reset. The program then goes back to Start for the next heart

beat.

D/A Setup Routine

In the Heart Rate Monitor Program if the Input routine detects switch 1 it

then jumps to the setup routine.

The setup routine first outputs a 00 to the D/A converter. This sets the D/A

to zero volts output, This allows for adjustment of the D/A zero.
When switch 1 is pushed again a FF is sent to the D/A. This is the full scale
condition and allows for adjustment of the full scale value (normally 3 volts)

on the ‘D/A.

Each time switch 1 is pushed either a zero or full scale output appears on

the output of the D/A.

D/A Ramp Routine

If switch 2 is pushed during the setup routine, the program jumps to the D/A

Ramp routine. 1his routine first outputs a zero to the D/A. It then enters
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a wait loop., Upon completion of the wait period the D/A is updated by one

count and the routine jumps back to the wait loop,

This routine allows for checking that the D/A responds correctly and if the

8255 outputs a wrong code,

Pressing the reset switch at any time returns the program to the beginning

of the Heart Rate Monitor routine.

. &
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From Clear
MISBEAT, ERR1,
ERR2

START ROUTINE

Start

Set SP

Initialize

[ ]

<

Call Input
Routine

YES

Call Input
Routine
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INPUT ROUTINE
(For Switch 1 and ECG/Cal Pulses)

Start

Bit High
?

Input
Port C

Mask Out
Bit 0

Return
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COUNT ROUTINE

Start

Initialize
Counter

Advance
Counter

Wait 422us

Call Input

Check
Routine
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CHECK ROUTINE

. Reset
| MISBEAT Ref

Set Pause
Flag

ng?t Set
ECT ECT Flag

Reéet
ECT Flag

-

Calculate
Calculate
MISBEAT Ref | 2 ETCE?E?IC

To
Output
Routine
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OUTPUT ROUTINE

Start

Calculate
Heart Rate

Output
to D/A

C1eaf
Leds

Reset Pause
Flag

.

To
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ERR 1 (Underrange)

Start

Set D/A
Zero '

1 Turn on
Under Range
LED

ERR 2 (Overrange)

Start

Set D/A
Zero

Turn on
Over Range
LED
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D/A SETUP ROUTINE

Start

Set D/A Zero

Call Input 2

Set D/A
Full Scale

P
<

Call Input 2

YES

&
~

Call Input 2

Call Input 2

YES _~ Input 2

Low ?
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Lo

D/A RAMP ROUTINE

Start

Load C with
00

Set D/A Zero

Wait

Advance C

Move C
to D/A
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INPUT 2 ROUTINE
(For Switch 2)

Start

Input
Port C

Mask Out
Bit 2

Is
,,/’/;gsked

Byte?High

Input
Port C

Mask Out
Bit 1

Return
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0000
0003
0006
0009
0ooc
000F
0012
0015
0016
0019
001A
001B
001D
0020
0021
0022
0024
0027
0028
002B
002E
0031
0032
0035
0038
003B
003D
0040
0042
0045
0048
0049
004C
004%
0052
0054
0057
005A
005D
005E
0061
0062
0065
0068
006B
006cC
006D
0070
0072
0075
0078
007A
007D

31FFIC
CDCAO00
CDOAOL
CA0600
CDOAOL
€20C00
110000
N
011301
oD

79
FEO0O
C21900
05

78
FEOO
C21900
EB
11F813
CD1801
CD3EOQ!
EB
CDOAOlL
CA1500
3A041C
YEFF
C27401
3EO01
32041C
2A021¢C
EB
Ch1801
D2 5A00
3A041C
3E00
32041C
C36100
3A041C
2F
32041¢C
00
11Cc001
CD1801
D24901
EB

00
3A041C
FEFF
CA8DOO
3A051C
FEOL
CA8DOO
O0E1C

BEGIN:
START:
Sl:

COUNT:
Cl:
TIMER:
Tl:

UNDER:

C2:

MISBT:

ECT:

FLAGL:

QOVER:

FLGCK:

HRREF:

MOV
CPI
JNZ
DCR
MOV
CPI
JNZ

XCHG

LXI
CALL
JC

XCHG

CALL
JZ
LDA
CPI
JNZ
MVI
STA

LHLD

D,E
HILO
ERR1

INPUT

cl
ECTFLG
A,¥FF
MISCNT
A,01
PAUSE

XCHG

CALL
JNC
LDA
MVI
STA
JMP
LDA
CMA
STA
NOP
LXI
CALL
JNC

HILO
FLAGI
ECTFLG
A,00
ECTFLG
OVER
ECTFLG

ECTFLG
D,E

HILO
ERR2

XCHG

NOP
LDA
CPI
Jz

LDA
CP1
JZ

MIV

ECTFLG
A,FF
DIVIDE
PAUFLG
A,01
DIVIDE
C,1l.75

24

3SET UP STACK POINTER
sINITIALIZATION ROUTINE

;WAIT FOR R~-WAVE
;TO END THEN GO
SINITIALIZE HR COUNTER

;SEE IF C IS ZERO
;IF NOT GOTO T1

;SEE IF B IS ZERO

sIF NOT GOTO Tl

;SWAP D,E WITH H,L
sLOAD UNDER RANGE CODE
;CHECK FOR UNDER RANGE
sIF SO GOTO ERRI

;SWAP D,E WITH H,L
sLOOK FOR WEXT R-WAVE
;IF NOT GOTO Cl

sLOAD ECTOPIC FLAG
sSEE IF SET

s IF FLAG NOT SET JMP
; IF FLAG SET THEN

; SET PAUSE FLAG

;LOAD ECTOPIC REF INTO H,L
;SWAP D,E WITH H,L
;CHECK FOR ECTOPIC BEAT
sIF SO GOTO FLAGL

;GET ECTOPIC FLAG
sRESET ECTOPIC FLAG
sSTORE ECTOPIC FLAG

sGET ECTOPIC FLAG
;COMPLIMENT FLAG
;STOR ECTOPIC FLAG
;SWAP D,E WITH H,L
sLOAD OVER RANGE CODE
;CHECK FOR OVER RANGE
sIF SO GOTO ERR2
;SWAP D,E WITH H,L

;GET ECTOPIC FLAG

3;IF NOT SET GOTO DIVIDE
;GET PAUSE FLAG

3yIF NOT SET GOTO DIVIDE
tMISBT CONSTANT

—— .




007F
0082

0085
0087
008A
008D
0090
0091
0092

0093
0094
0095
0096
0097
009A
009c
009D
009E
00Al
00A2
00A3
00A4
00AS5
00A6
00A7
0OAS8
00A9
00AA
00AB
00AC
00AD
00AE=
00AF
00BO
00B1
00B2
00BS5
00B6
00B7
0OBS8
00B9
00BA
OOBB
00BC
00BD
OOBE
00cCo
00cC2
00C4
0o0cv

CD5401

22001¢C

0EOC

CD5401

22021¢C

010507 DIVID:
7A

2F

57

78

2F

5F

13

210000

3E17

ES5 DVO:
19

D2A200

E3

El DV1:
F5

79

17

4F

78

17

47

7D

17

6F

7C

17

67

Fl

3D

C29C00

B7 CLEAN:
7C

1F

57

7D

1F

5F

79 OUTD/A:
3C

D304

3E00 CLEAR:
D306

32051¢C

C30600

CALL MULT

SHLD
MIV C,.7

5

CALL MULT

SHLD
LXI B,
MOV A,
CMA
MOV D,
MOV A,
CMA
MOV E,
INX D,
LXI H,
MVI A,
PUSH H
DAD D,
INC DV1
XTHL

POP H,L
PUSH PSW
MOV A,C
RAL
MOV
MOV
RAL
MOV
MOV
RAL
MOV 1.,A
MOV A,H
RAL

MOV H,A

7
L

yA
» B

>0

>

>

POP PSW

DCR A
JNZ DVO
ORA A

MOV A
RAR

MOV D,
MOV A,
RAR

MOV E,
MOV A,
INR A
OUT D/A
MVI A,00
OUT LEDS

STA PAUFLG

JMP START

25

;CALCULATE NEW MISBT
;STORE NEW MISBT REF
;ECTREF CONSTANT
;CALCULATE NEW ECTREF
;STORE NEW ECTREF
;THIS ROUTINE IS

;AN UNSIGNED 16-BIT
;DLVIDE ROUTINE

;REGISTERS H,L USED
;TO STORE DATA
;TEMPORARIL Y

;PUT RESULT IN A
sADD ONE TO A
:LOAD PORT A-D/A

sLOAD PORT B-~LEDS
;SET PAUSE FLAG TO 00

L 4




00CA
oo0cc
00CE
00DO
00D2
00D 4
00D6
0opn8
00DA
oopc
00DE
00EO
00E2
00E4
00E6
00ES8
00EA
00EC
00EE
00FO0
00F2
00F4
00F7
00FA
00FB
00FD
0100
0103
0106
0109

010A
010cC
010E
010F
0112
0114
0116
0117

ol18
0119
011A
0118
0l1¢
011D
0120
0121
0122
0123

JES8L INIT:
D307
3E34
D308
3E74
D30B
3EB4
D30B
3E00
D308
3EO08
D308
3EES8
D309
3E03
D309
3E4D
D30A
3EO0!L
D30A
3EFF
32001¢C
32011¢C
00
3E00
32021c¢C
32031¢C
320410
32051¢C
Cc9

DBO6 INPUT:

0602
A0
C29401
DBO6
0601
AO

c9

C5 HILO:
47

ES5

7A

B3

CA3901

23

7C

BS

CA3901

MVI A,81
oUT PPT
MVI A,34
OUT ITO
MVI A, 74
oUT IT!L
MVI A,B4
oUT IT2
MVI A,FF
OUT ITO
MVI 4,07
OUT 1ITO
MVI A,ES8
oUT ITl
MVI A, 03
ouUT 17Tl
MVI A, 4D
oUT IT2
MVI A,0lL
oUT IT2
MVI A,F¥
STA

STA

NOP

MVT A,00
STA

STA

STA

STA

RET

IN PORTC
MVI B,02
ANA B

JNZ SETUP

IN PORT C

MVI B,01
ANA B
RET

PUSH B,C
MOV B,A

PUSH H,L
MOV A,D

ORA A

JZ HILOL
INX H,L

MOV A,H

ORA L

JZ HILOL

26

;LOAD MODE 0 &
;OUTPUT TO PPI~8255
sLOAD MODE 2 &

;OUTPUT TO COUNTER 0-~82 53

;LOAD MODE 2 &

;OUTPUT TO COUNTER 1-82353

;LOAD MODE 2 &

;OUTPUT TO COUNTER 2-8253

sLOAD GOUNTER O
;DIVIDE BY 2047

;LOAD COUNTER 1
sDIVIDE BY 1000
;60 BPM CAL SIGNAL
iLOAD COUNTER 2
;DIVIDE BY 333

;180 BPM CAL SIGNAL

;INITIALIZE MISBT REFERENCE

sTO FFFF

sINITIALIZE ECTOPIC
sREFERENCE TO 0000

;SET ECTOPIC FLAG TO ZERO

3ySET PAUSE FLAG TO ZERO

;CHECK IF SWITCH 1
;WAS PUSHED

sILF S50 GOTO STEP

sCHECK FOR ECG OR
;CAL SIGNAL

;THIS ROUTINE COMPARES
;H,L WITH D,E

;IF H,L TS LESS
;THAN D,E THEN
;CARRY IS SET 0

sIF H,L IS GREATER
sTHAN OR EQUEL




0126
o127
0128
012A
0128
oL2cC
0l12E
OLl2F
0130
0131
0132
0133
0134
0135
0136
0137
0138
0139
013A
013B
013cC
013D

013E
0140
0142
0144
0146

0149
Ol4B
014D
014F
0151

0154
0155
0156
0157
0158
0159
015A
015B
015D
015F
0160
ol6l
0162

El
D5
3ETV
AA
57
3EFF
AB
5F
13
7D

7C
8A

78
cl
c9
El
78
ct
37
c9

3E00
D304
3E10
D306
C30600

3E00
D304
3E20
D306
C30600

D5
EB
29
29
29
29
EB
0600
1E09
79
189
4F
1D

HILOLl:

ERR1:

ERR2:

MULT:

MULTO:

POP H,L
PUSH D,E
MVT A, FF
XRA D
MOV D,A
MVI A,FF
XRA E
MOV E,A
INX D,E
MOV A,L
ADD E
MOV A,H
ADC D
POP D,E
MOV A,B
POP B,C
RET
POP H,L
MOV A,B
POP B,C
STC
RET
MVI A, 00
OUT D/A
MVI A, 10
0UT LEDS
JMP START
MVI A, 00
OUT D/A
MVI A,20
OUT LEDS
JMP START
PUSH D, E
XCHG
DA DH
DADH
DA DH
DA DH
XCHG
MVIB, 00
MVI E, 09
MOV A,C
RAR
MOV C,A
DCR E

27

3TO D,E THEN CARRY
;IS SET 1

;SET D/A TO ZERO
;AND TURN ON UNDER
{RANGE LED

;SET D/A TO ZERO
;AND TURN ON OVER
;RANGE LED

¢THIS ROUTINE MULTIPLIES
;2 UNSIGNED 8 BIT
sNUMBERS AND

;PRODUCES AN

;UNSTIGNED 16 BIT

;RESULT

sREGISTER D IS
sHULTIPLICAND

sREGISTER C IS
sMULTIPLIER

B —




0163
0L66
0167
016A
0l6B
016C
016D
0L70
0171
0172
0173

0174
0177
0178
0178
Ol7E
0180
0183
0186
0189
018¢C
018F
0192

0194
0196
0198
0198
O019E
01AOQ
01lA2
01A5
01A8
01lAB
O01lAE
0181
0lB4

01B7
01B9
01BA
01BC
01BF
o1co
01C1l
p1C3
01Cé6

CA7001
78
D26B01
82
183
47
C35F01L
60
69
D1
Cc9

2A001C
EB
Cnligol
D20045
3EFF
32001¢C
32011cC
31FFIC
C30600
000000
000000
0000

3E0Q0
D304
CDD501
CA9801
3EFF
D304
CDD501
C24201
CDD501
CAA801
CDD301
C2AE0QL
C39401

0300
79
D304
CDDDO1
iB

7A
FEOO
C2BCO1
cDDDOL

MULT1:

MISCNT:

ZERO & FULL SCALE PROGRAM

STEP:

Ll:

L2
L3:

Lé4:

JZ DONE
MOV A,B
JNC MULTI1
ADD D

RAR

MOV B,A
JMP MULTO
MOV H,B
MOV L,C
POP D,E
RET

LHLD HR REF
XCHG

CALL HILO
JNC ECT
MVI A,FF
STA

STA

LXI SP
JMP START
NOP

NOP

NOP

MVI A, 00
oUT D/A
CALL TIN2
Jz Ll
MVI A,FF
oUT D/A
CALL TIN2
JNZ L2
CALL IN2
JZ L3
CALL IN2
JNZ L&
JMP STEP

RAMP PROGRAM

RAMP:

Tl:

T2

MVI ¢, 00
MOV A,C
0UT D/A
CALL IN3
DCX D,E
MOV A,D
CPI A,00
JNZ T1

CALL IN3

28

;REGISTER B IS
{MSB RESULT

;REGISTER C IS
;LSB RESULT

;LOAD HR RE’

8080 MICRO CARDIOOTACHOMETER SOFTWARE

;THIS ROUTINE
;ALLOW ADJUSTMENT
;OF THE D/A FOR
;ZERO AND FULL
{SCALE OUTPUT

i



01c9 1B DCX D,E
01CA 78 MOV A, E
0lCB BA CMP D

0lce €2C6601 INZ T2

0lCF 79 MOV A,C
01D0 D304 OUT D/A
01D2 C3B701 JMP RAMP

SUBROUTINE FOR STEP & RAMP PROGRAMS

0lD5 DB0O6 IN2: IN PORTC

01p7 0604 MVI B,04 . .

01D9 A0 ANA B

01DA C2B701 JNZ RAMP

01DD DBO6 IN3: IN PORT C :
01DF 0602 MVI B, 02 ,1
01E1 AO ANA B

91E2 c9 RET

*

29




L 4

APPENDIX C

30




8080 MICRO CARDIOTACHOMETER SOFTWARE

REAL-TIME HEART RATE PROGRAM
EXECUTION TIMES

OPERATION ' TIMES
START-UP NO SIGNAL IN © 144.6 gis
DELAY TIMER ROUTINE 422.08 ys
EACH COUNT OF D,E REGISTER 584,26 ps
UNDER RANGE LED & ZERO OUTPUT 21,98 pis
OVER RANGE LED & ZERO OUTPUT 21.98 s
UNDER RANGE <30 BPM 2,307 sec.
OVER RANGE >300 BPM 187.07 ms
16 BIT DIVISION ROUTINE 1.74 ms
OUTPUT & CLEAR ROUTINE 23.94 ps
CALCULATE & DISPLAY TIME 1.77 ms
OPERATING SPEED RANGE >187.07 ms to <2.307 sec.
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WIRE WRAP LIST

CPU~-MEMORY
#5V0C =5V0C GND.
C20 to +5 Ad4 to J32 to A17 to GND
Al to A2 to A3 to J19 to C11 to , A25 to GND
A4 to A6 to *5 25 A42 to GND
A27 to A28 to +5 A46 to GND
B10 to +5 +12V0C B5 to GND
B18 to +5 ‘ B44 to B45 to GND
B36 to +5 1 to 7 to C2 to GND
D22 to +5 A34 to B17 to C13 to GND
D32 to +5 E12 to J21 to C30 to GND
J1 to +5 J34 C40 to GND
J16 to 45 D25 to GND
J29 to +5 -12VDC D35 to GND
A23 to +5 ' G14 to GND
24 to 30 to A45 G27 to GND
G40 to GND
J7 to GND
J22 to GND
J35 to GND

33
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i 1\ o

WIRE WRAP LIST

CPU~MEMORY
SIGNALS DATA
B1 to A36 to Al6 to 27 G13 to G24 to G37 to D29 to 23 (DO
B2 to A37 to Cl4 J13 to G25 to G38 to D28 to 22 (D]
B3 to B4 to 2 G11 to G26 to G39 to D27 to 21 (D2
A5 to A1l to 3 G9 to J27 to J40 to D26 to 20 (D3
B6 to Al2 G5 to J26 to J39 to D39 to 43 (D4
Al5 to 26 J11 to J25 to J38 to D38 to 44 (D5
A7 to A8 J9 to J24 to J37 to D37 to 45 (D6
B7 to B11 G7 to J23 to J36 to D36 to 46 (D7
B8 to B12
B24 to C15 ADDR
A13 to E18
A10 to C12 to 40 E16 to G23 to G36 to C25 to C35 to 19 (AO
Al4 to C19 E15 to G22 to G35 to C24 to C34 to 18 (Al
B16 to E19 E14 to G21 to G34 to C23 to €33 to 17 (A2
C10 to J14 E12 to G20 to G33 to €22 to (32 to 40 (A3
€9 to J12 E11 to G19 to G32 to D23 to D33 A4
C8 to G12 E10 to G18 to G31 to C26 to C37 A5
C7 to G0 £9 to G17 to G30 to C27 to C38 A6
C3 to G6 E8 to G16 to G29 to C28 to C39 A7
¢4 to J10 E7 to J17 to J30 A8
C5 to J8 E6 to J18 to J31 A9
C6 to G8 C1 to A18 (A10)
E20 to G2 E1 to Al19 A1l
C17 to G4 E4 to A20 Al2
C18 to G3 E3 to A2] A13
B34 to J6 E2 to A22 - (A14
J2 to 41 A15)
J4 to 42

CONTROL~SIGNALS

B19 to B27 to J20 (TS0
B20 to B28 to J33 2CS]
A24 to D30 to D40 CS7
D24 to D34 to J5 (MEMR%
C30 to C40 to J3 (MEMW
J6 to B34 .
J4 to 42 é RD )
J2 to 41 WR )

34



GROUND=~BLK

AC14 to GND
AA33 to GND
AD22 to GND
AH7 <o GND
AH15 to GND

-12VDC~-GREEN

AD4 to AD8 to
AB50 to AF10
to GA30

8255 & 8253 SIGNALS

GA23 to AA14 to AA29
GA22 to AA13 to AA28
GA21 to AA12 to AAZ7
GA20 to AA11 to AA26
GA43 to AAT0 to AA25
GA44 to AA9 to AA24

GA45 to AA8 to AA23

GA46 to AA7 tu AA22

GA19 to AC12 to AC27
GA18 to AC13 to AC26
GA17 to AHI

AH2 to AC15

ECG LED

AH13 to BAl6
AH14 to BC7
BD7 to 5821 (LED1 out)

UNDER LED

AC8 to AH9

AH10 to BC5

BD5 to 5B44 (LED2 out)
OVER _LED

AC9 to AH11

AH12 to BCh
BD6 to GB20 (LED3 out)

WIRE WRAP LIST
INTERFACE BOARD

#5YDC-RED,

AA6 to +5
AC22 to +5
AE15 to +5
AE9 to AF4 to 45
AJ1 to AJ9 to 45

35

+12VDC~-WHITE

AE1 to GA7
AG5 to B43
AE1 *to AES

8255 & 8253 SIGNALS

GA40 to AH 3 to AC25
GA41 to AA16 to AC23
GA42 to ACI6 to AC24
GA28 to AA15

DEBOUNCE SWITCHES

GB23 to AHb to AdJ7

GB46 to AJ6 to AH6 to AC6
GB22 to AJ3 to AJ4

GB45 to AJ2 to AJJ to ACS

LEDS 2 & 3

LED2 under
LED3 over




WIRE WRAP LIST
INTERFACE GROUP

FILTER CIRCUIT

SIGNAL GND
AG30 to GND ,
AE27 to GND
AG34 to GND
AD30 to GND PULSE_DETECTOR
AF33 to GND DS
AD37 o GHD AJTT B0 GND AJ24 to AJZ6 to GO
: 0 Gi
—— Az to g0
AD24 to AD25 to AG29 041 to o
AD26 to AD27 to AF28 Al4] o GO
AF29 to ADZ8
AEZ8 to AE29 to AE3] to AG32 12VDC
AD29 to AD33 to AG33 +12VDC
AE33 to AE34 to AE30 to AD3] AGTO to AG23 to AG27 to AG3] to AG3S
AD34 to AD35
AE35 to AE36 to AE38 to AF3] -12v0¢
ADS6 Lo D37 Lo AE3Z AF22 to AF26 to AF30 to AF34 to AH39
AJ18 to AJ19 to AG2]
AD40 AH19 to AH2] to AHz2
AH20 to AG22
QUTPUT AJ20 to ADA7
AD50 to AB43
AE25 to AF27 AJ22 to AF19
AH24 to AH27 to AH28 to AF20
QUTPUT? AH26 to AH35 to AH3G to AF2] to AF25
AJ28 to AH29 to AG25
AE24 to AG28 AJ29 to AG24
fULSE DETECTOR LSI-11_INTERFACE
SIGNALS GNDS
AH32 to AH33 to AG26
AJ36 to AJ37 to AJ38 to AF24 ood to GND
AFz3 to Al3] BA17 to BB11 to GND
AH3O to AH3!
BA12 to GND

AJ30 to AJ27 to AJ44
AH44 to AH2B
AH45 to AJ39
AH40 to AH41
AJ40 to AJ39

36




D/A

AC17 to AE10
AC18 to AEll
AC19 to AE%2
AC20 to AE13
AA20 to AD13
AA19 to AD]2
AA18 to AD1I
AA17 to ADI19

AGC CIRCUIT
+12V0C

AD33 To AE43
AF38 to AF34
AG35 to AG31
AD50 to AE50

SIGNAL GND

AF44 to GND
AG46 to GND

BB47 to BB48 tu GND

BBEO to GND

WIRE WRAP LIST
INTERFACE BOARD

SIGNAL GND

AG4 to GND

AG7 to A38 to AG4
AD6 tc AD7 to

AD3 to GND

AGl to AG4

37

SIGNAL

AF1 to AF2 to AF3 to
AD2,to AD9 to AC43
AD1 to AG3 tc AC50 to

GB18

AES to AG6

AG10 to AE6
AG2 to AA47

AF6 to AF5 to AF8

AF7 to AE7

CIRCUIT

AG40 to AG41
AF41 to AF43
AG44 to AF37
AG43 to BB44
AF45 to AF47
BA44 to BA4S
BB45 to BB4é
BA46 to BA47
BA49 to BA50
BB49 to AG36

OUTPUT
BB44 to AJ35

INPUT
AF27 to AF40

to AG42 to AF36
to AG46

to AF35

to BA48 to AG38
to AG37
to AG45




INPUTS

AJ33 to AJ35

ouTPUTS

AH17 to AH18 to AG20 to BA15
LSI-11 INTERFACE

+5VDC

BB1 to +5
BB5 to +5
BB10 to +5
BD3 to BD4 to +5

38

SIGNALS

BD1 to BD2 to GB42
BA3 to GB43 (CSRO

BA7 to GB19 (CSRI

BC1 to BA2

BC2 to BA6

BB3'to BC3 to BB12
BB7 to BC4 to BAll

INPUTS
AG20 to BA15 (ECG)
AE18 to BA14 (LOW CAL):
AD19 to BA13 (HIGH CAL)
QUTPUTS

BA16 to AC7

. 4




CALIBRATION CIRCUIT

+5YDC

AA32
AC32
AC30
AE15
AD16
AE19
AF11

to
to
to
to
to
to
to

GNDS

AD22

SIGNALS

GA26
AA31
AC29
AC33
AG11
AG13
AF12
AF14

QUTPUTS

AE18
AD19

to

to
tc
to
to
to
to
to
to

to
to

+5
+5
+5
+5
AD17 to +5
AE20 to +5
AF13 to +5

GND

AA30
AC28 to AC3T
AE22
AD15
AG12 to AE6
AGT4 to AD2]
AE17
AD20

BA14 (LOW CAL)
BA13 (HIGH CAL)

WIRE WRAP LIST
INTERFACE BOARD

39

4




Rk 1

APPENDIX E

40




S T QR

vy 1y -

ST TR R NN T T T e QRS T T R S

1 _ o
by
e Jum i
o 73
wm QNaJJ." .,A-‘
T 15E
R V<% N =] &%
<3¢ \2
LD jom oL
8Sy\| BB £328
=~ Wy
22 2
42 wwxl _n — T
Al s t
2 B[SH <~ oz
ST el \ o%
i L K SRR
SVT S\ =—i5
€Qidi WS L3 ¢ <
. 20%.. Jr
a 2kevl SS e
mm. Qal ol o Iva
jo
B SN : *
m...l..w W oy N x <5
> W\ o s 1v 20hL 2 9 1Y
= BEINY 85%t
B \ P Ay \ =2, 1= A §
B .
a 2 a L'} c H D | A a 2 = N
v 23 S+ v% Sy 9y +1L Nz 82 GE G4 A% Ih b bR Sy Ty
ML Sh OENY 243 MG \nAS - X0 B35 - TN ¥ ¥ QA SA %a 1a
94 R -3 -_—
) iNo ) ) .
ARL ¥ 2N B3R V43 IMS Mo 2H T\ N IN O¥ €d 24 \g@ oa
L1 ®’Y i o2 P T2 £ \ o W28 b 02 22 &
‘¥ AT < AL \ A1

W




h ‘ T ’ B :ﬂ
| |
: .

“FoLDo FrAMY

| )
| «

\4 58
(V) PLLSE DETRCT QUY
@Y POLSE PETECT N
(3) FILTRR OWY

(A) FILTER A\

L‘3\ T

(L) D/ OVX

TECHNOLOLY NCORPORNIED
WERE SOENCES DIVISDION
HOUSTION | TRYAS 711038

-] STYSCTNE VAN A TS T ST
]
o

i (X

MAL UTLEY  [amoqa| BOBO R SASED

. S CARD\OTRCROWMETER
DESIEN EliG COMPOWENT LRy QWY
| T A, DONALDSON |i-14-79] \WTERFRCS  RORRT
: ; PROT. NG, I PWG. NO.
S | W. G. CROSIER ! -14-79] YA CT ~ Lo OA -\ |
% S SRRERY x 1
\ OF <2
- ' . : ) P . - ”w_,} .




A

LbINZ

3o

t o2

U
0BT Ton
om}ﬂm
ATZ L Lod
AT Fos
22TV T
Lo Wisld vV (r!wﬂmuﬂ.v
. // B
i ".
A3 2
AV T
AT T
d«.ﬂwgr
vw..ﬂnm||..~ TH!I
4.m5ﬁn.¥ Tss
&m.(i— Y.
ArE YV
Q\ 5>

»u2 R
|j\/>\rﬂu.uvv

HLT

R

L 2>

3TN —'Jr».u

ERTen b et

4 ‘..J\((dl.. o

J)\(ﬂ#
J/\.zlf)\/\(tﬂ
MSh L8
am_waﬂgl as

25>

TN
o

> }J B
Megg
WD
%mﬂ&ﬁSﬁ%d
Aoser oYL

8 22

Ay .2

E A QL3
AgS 2\

—~AAA—
A5 . A
.m% ww
IV
A .lq MR
3 Ly
w.i/.* s
&Qﬂﬁ((f@&
Sy Ve
- £22
..vnllumu
o
Mu.flmul Tm...
AT
o AVA Al
A0S 2
siomtus
) L
waW.\(I\rlmJu
255

Yor.nouT \’i‘«"p AN

Aos Fux] -

2dGi Tvaud

* >

N O\ T
zoﬂ.;))}l..rfv

\ 22




¥or Dty

Py

© [TECHNOLOGY WNCORPORNKNIED
LIFR SOENCES ©WASAON
ROV ETON TRARS 71052

wmw;x Yy AT TATLE
MR UTEY [aega] BOd0 A - ?%agp .
| T NG C‘P\RD\OTF\Q-\‘\ “’\C-Qt& ~

_ COMPONMENT LIROVUT
TR DONALDSON  [11-1%-7F | AR W

O R
PLos: NG, | SW &, WO,
W, G.CROSIER [1-147] WA C< -0 0%~
| ERRCg

W OF W




we~\vL

L o)

i 1°%
1 YT h
¢ 20 L1 |
1
| i
|3
BT
[SoLL
o
1\
R22ILIT
B228
\
£ v ]
m\.
wou 5 m“ e
it O Z x T
e o o o °
e o o o °
2B :
g  a =
CHE
£ «
T OaA

-———= e . |V T
w A=A k i /l///dl . cg
r' ll!l'l* n... 5 xN.HM. uﬁﬂ:
P b AVNOD
~ 1o T |.m —~ (2 1%
| =M | Icy DL N
PV \-W\Z
L N o>t |32
A, z 8157HL
o k1
Ltowvht U
: STOADT v P> .
€ , o 5 yiie
= Jogos ¢z
g — =g a1
2 8
m M C Y
- 5 e AWOD
= 2
= \ ol i
- % o0 & w08 -
4 X ¥ Ao p p p
e
h
* ~ . - y alm - .
2 32 38 8 2 b
2 Gad NN aT




DR[(; Ay
Op 153”‘}5 Pyiogr

arvd 3000108

NOTES (D) PRTNED LINES IWIOACKNTE
LOCRTAOWMES  BOR .G S "0 R_E
BOOWED LATER TORN TLUTLVRS
AP RN O™ AT WMECESSHR.

TECHNOLOGY  WNCORPORAI®D

LUFE SOERCE S ©WAHON
HOVSTON . TE&ARS "TIOSY

DRAWN LB‘Y DAY Tgé-%a A - BN © Y)
ARLUUTALEY loing 2D .
™M 11O AR O TRCR OWEEE R

LTS COMPONETNT  WRYO
T ADONALDSON [i-1y-71] <oy %?s\m’b s

PROS, ¥ W& Jowe No,
W.G. CROSIER |N-14-T2] MR LN ~ L ON\N -\
SWEET

\N O




R

W

RiQJ AN'\K RIS AAA
K “

RIOY Atk ROL L0

GRi0Y '.qmqw

Re3 L SLOK

TAON MY
A
RICA: ¥
QLU 1 \CgF
"
WIAL ICAla ] e
iof o

TOMP. \ come L

A0l

\ M

P e S I




R - s A i i e e

(Ve ) ‘ g
: ]{‘.%%P
v o———y

A I e
1

Ta¥
Leh ”“

|

P omemne

'3 KI:?’E

QU

COMEP 3

For,
IDOUT FRANp

TECHOLOGY \WCORPORPIED
WEE  SORENCES OWABAON
HMOLETTO M USRS "VO%D

DRAWN Y OATE "}'\"}_%E\ . mpee
MRUTLEY 109 RTINS Ao an
DESIGN ENG, COMPONENT LEMOWLT
T A. DONALOSON|I-te-T7] (P BOBRY
TROS, EMG, BWn, WO,
W, G, CROSIER |[114-79] MNP LN "L ONWW-\

Teween

L OF .




e

APPENDIX F

45




AT
I
i1
s
Sk
v\
WS
ELG
A1 A
PARIR { }-——} 21NIeA
R S 3 ¢ sa >
+
LERAYAS 3

NTWAR O% FoVAL
AR R
R
=22
2,
[
PFOLDOUT FRAMT

\




-1

Y Y
® /i

G

=P

FOLDOVT FRAME

A

TREMMNOLOGY  \NCORPORKNTED
LFE SCIRNGES DIWISION

ROLSTION |\ TEXAS “TIOBR

ORAWN Y
\\l\\ \—\\ \s}l“ \'-E.1

onRe

A

PESDV\G W TSNG),

J A DONALDS N

11-14-79

“<T\IWR

BODORN- BRSED
CRRDAD TROUAOWE T ER,
T QG- R_-AAWERNE FWTERR

PRGOS, BN
M)u (5‘ L‘Rosl&ﬂ

N-14-79

VWV S DD
PO -TL.Oo0N2S

SRR
VO OF

|




i ol

vy T e e sy

AGC OFFSET

\O K R&B ,
L ¢ S=\1,

.

‘ a0y

a2 A

FROWM

A

RNNANR 5 oy
AT LNAB S e v.‘ .‘, ,

‘l'-_l
B
5
-

2 TLAO %0, @ e
- \ TEL INEEB WIS |
g CR\O RALENN _
L T s
Wy AN K Ic,\f !
| AT/BY
1
FOLGOUT FRAME




VO
'V».'%B ' ]
A ~o
L -1 OPVLSE | |
- DETNRLTOR
<
= |
. [raD |
| | BOLOOUT prach
o ;;AME
| ——
; TREOUNOLOGY  \NLORPORKLED
- | LIFE SCENGES DWIS\ON
IR 2 | WOLSTON ; TERAS T70%2
P RN &Y PRIE [ RvTiE
Lo , PABMAOTLEN ALY BOBR0 I - BRGQED
T | PRS\GN =N, CRLDADTROAOMMETER
! J.A. DONALOSON [ 1=14-79] DAY TONWASTAC  Gawi COWTRON
, ' RO, BNG. SRR
? MPLS "Mool -%
; N ERNEE
| VR N\




\ A3
‘ Y j
r. . el o
R’ -‘3474 N \v'\é}w% ’/_? |
WI4bA 5 —AAA X%
- RL2 ‘
¢ / CRS N~
\BY.
*\L 0-—-WV_?+-—- :
RS |
J 1
5. ¥ $L0% |
R»i")f‘ 4 R%O .\‘L‘
; ¢ 1 -
' [PARS
IC\“‘L.
| § 2N 1
P R :
ol XY nawe - |
FE- TN A A ¢ —-
5‘-\' CRL R.9
= LLF
T C\3




WOAENR PULSES

TS WP
\NAQON MOLTIPLE AR
? ERA,
v INTVS A

4 .
> |

-
A0 N { .
1 s\o &
» RU3 /\4
)

sa\"‘u”
4

; [
%puva\:. ovesEt —9

e
\ O X
v g
¢ Vywanad

o,

ow$
R4
i N A4
Y
R
3\0¥%
RLS
A
 RL b L BOLDONT FRAMY
'&NU“ }-’
1458 St

TROWNOLOGY \WLORPORMIED
WEE SCIEMNOES  TWNSION
HOUSTOM | TEXRD 17053

DKH\NNN av DATE [ TyT &

TADLOTLEY (v 2080 A DRhEaTeD
TESIGN BNG ] CARDADTROROFAETTER
TR, OONALDSON| 1< 14-T7 TULSE DEINTCIOR

PROS. ©EWNG \ DWGE , NO
WG CROSIER 7147 AP CT - 2.003 -5

SHERE
A\ OF. \




.

EN

g \\T MT Ve

\~NeolNe 8
R ——
07 o3
o S —
o4 o >
O o k.
2
Vi o
O o-——-—-—-—-\-—
ﬁfo——-——-—y—l
A O \_,[*\ \Z Ty
LSt
TGOS 0
A\ O
‘ \
N —l

YCC c»ms. W’HE C\MF

DO Cu&&
D\
o W &
D3 - AT
D OVY A
©S QLK
— p 253
1C
RARE T TN
COWAMAET
WR o0 2.
S35
[
A
N

2.048 MWL
QAN PWVT

\

%0




)
g C,\O“
22,;@ VALY

W 4

] VS \&.

£ Reéxr /Qux Caxr

13 LOW CAL
{ \/ \Q O~ WAUA
M A\LR
Lorces
D T e
&\

S i

™~ 7 i\

- 1] G .

> Raxy / C iy Ceav < N

L , Wy AL v

T TR~y 0 mur BOLIOTY FRAME

\
2 /AT ARE A
TC*

§

- AR

| \O WA SEC ‘1 |

L ‘o | TECHNOLOGY \NCORFPOKMLED
LIFE  QCAENCTS OWISAOW
\ YAORSTNMON L TERRS 088
DRERWNW 2N VTS Wé'g_gg N N
. - BADED
BTN \0-\399 h . vt 3o
Rl AR DG TROMCIAELER,
=R} " T N .
| WO AN LR PONSS:
[BA CONALDSON |1-19-7T7] oS O, S
PROS, i, TN, W0,
W, @, CROSIEEL 14- T3] AR ~ .00 & -%
ERNN IR g
! N O\




FOLDOUT FRAMY

S e S ’i
HY CAL T Lo O RAWIMNE
y 5y PULSES PLLSES PULGLES
Y o 9 Qo
7
L :
. i
. B R4 Sl e
PINA TFA~ R
S\M TS b 4le
v ' ) ,
3 W o 3| ENVR g STANDRY 3/,
PINT M4 l -
&
By ]
’ \ % “;
.
- ¥
,&5
. St ':
R44 Rt
W %
.'—\e'l's/L e Le\ & b 3
PINS 3| ONBR  ie
3V O
S\ LEA-
\2
CONTIROA. OP T\
ANPWTS THOLATORS




Y5V

W

\
|
]

i
>
b
:

il

=)
2 %

YL

TA\B
TA\DD
WY

\.

EBE $TRoBY
\G NS

,A

=~

R
1
=

\

——0T0 DIGVTRAL INTRERTHRCGE
TLET ~ P\ PO

G\Q‘E\‘;%%i\‘ ] 1aNSEY
X, | BN | outPay
X < B L&
‘ © WO CRN.
o \ N
\ Y ST
BOLDOUE FRAM®
S

TECUNOLOGY  \NCORPORKTET

LIRER SCOIENCESDS DWIS\ON
HNOLSTON , TERAS 17058

DROWN BY
MALOTLEY

OATE
D29

TES \G\N &N,
J A OONALOSCA

TN\ .

BO2RO N - BRSED
CARTAD TARCWOMETER
COMPATIER. COWTREL.

I1979] WDt MOLTAPLE RER

PRAOAY. €N TINN G, IO,
W. G, CROSIER |I-14-T9] AP LT -LOO S-S
SHE ST
\ O AN

B 12 el




,“K'm ‘—ﬁ
4
[
+5 4g +"
(o] (o] <
’ ’
<
AME = ‘
(|
) ‘ i \a
OO EL, Do Voo ‘PAQﬁ ‘2 '\t 4 .W‘" W Se, T | el
ARy R\‘}
Sy L N E Wen b =
15 15%
&1 o2 ehtE Wlavg  -wre A
; al_ . |
B3 o3 el B\wwm ;
Sl |
V4 o 20 D4 ChA 40 : LN s_:%ﬁ;% a NN &
Y "
DS oD S PR PR\ R 1C4
‘18 28 bl oy RG]
Dl Gurrmm | Dl =NA e Lo
—— 7:1 o — s Fb"] g 4w M FIERL Y z
o1 (S viNT AR SN G )
(M)
TGN
vé‘?’.z'iitsm . L B ¢
- \ R BALA N 4 . \
[‘\\ O A M\ VRS RTGS v CLIv RS, :
LA l
Ay o—1 B0 | E I PE
o HOLOUT Foase T
NL 9. TS \ . ;
. ~l___

4o TS o R Vo c»—-——ad
—_— — & |
R o—— R pco -

35 = 4
REHTo——RESTT P [ .
poa i
pey |0 :
PCA V> -

A A

ot |

' R A

WD
L

-




it ast il R A At i

s

6.S5% e
RV A ,
A
‘. Cl
S\
ApeE
Ca
! COW  GEAN W T
1 - RS
—e
IFA-D (©-aNb)
¢ ¢ o34 AWALDG
OLITPLY
, (WERRT RATE)
3100
AN HOLOOUY FRAMS
RS .
VO
x\VL
DET SET
— 0% Ll [ari W «
OSNN N AN © NS | TECRANOLLEY AN CORFPORAT FL
_ 0 SO AW \ LIFE SCIENQCES DWIS\ON
~ MODEVON (" TERNG TIO%RH
; 0 PR QT W™ RAWN BY SR T%%’%ﬂ - RS
- PG, (V0 I ) N i B S S S T
- oL RD2 U (unpe| M HVTLEY RO e DT RO WA e
s CRESLGN Fh, TNENTRL RO NI AL
- O\TVL OO (OVERT 4 ponatpsom 79| OUT PO AWMTRRENCE
- 0 IR OUY PRUS, WA TWVE N,
. . WP LN "LOOG-%
; N OF N\




—O0TD PP
SCh
(Pey

SYHTEM  CALIBRATE \ &
N RUT £ DRGDVNGE

UNDER  Fad |
RUN AT 1,

1

J

L e s A 3
hANGE '

j

i

ECejony, F2—3

1
1
3
c
|

LD




ABOR,
R R SO
\ =
21 'Z. A—-—-%% {D\..\ 3
\BOSL OLOOUE FBAY

1w\ -——w——-——o L.EVD\
Jaot 7

2 OVTPRT DRWRERS -

&

g gt

DRAWN BY TATE [TAVLE

BDODOA ~ BALTD
PANL UTLEY 164319 ; - .
N A ! CRRUTAD TN AODAL T

DEDON BNG, CALANTL \MPGT € UF BN
T.A. DONALOSONMII-14-79 pD \RD OUMPUT ORN®RS
PRGOS, i S Gy O,
W, G, CROSIER |)-14-19 MR LY =LOoQg1 - S
SR EET

\ O%\




w

i
1
|
ERT TN DN NANNY j
AR SIS LR SN SY AW xC.j
|

A
CONTROL,
(MALED)

2,
O#‘ OL
;&9 Oq’

LY

0

) sv e
(‘L\) "ot b \RSE
() senws
(&) QAN
(‘;‘3) Bl 02 K&

(o) vtz

() AW Lo ™y
(B) \ ™ (2B

(A} A BV

LDOUT PRAME

S
/00
(G AN

X 0!
|

i

ol o
|

o o
|

i

e

|

i

i

|

( »\‘L\ "::‘ "‘& r“*fl?-:
4

(2) s vw.g
( mv«a%g’

$

i‘f"} * U N .
(vu""'ﬁ £ S

e

(15" LB
|
3
GRNARRLY

1

: _
(& i e “4'-\3 ]

(A5 B




N

. COM™MANT CTOW
(R
Jo
2 MALEY
ot o)
SIPCR
ey
F
> PR BOLDOUT, PEAME ~
PR 9 5
PN 3
ESRY 1
b8 {
PR E |
ED % (ONuR vamxw) :
n — ‘ ‘
ND ( ><_:_ QE TRORNOLOGY  \WCORPORKIED |
b LAY vt LT < \5-
2\ (.\::‘ Q!';:-X/QP\\Q , Z‘I ) n,.\V:T:: =k BNCES WN..*.'.",\D\? |
RS MOUSTON | TERRS  TIONS
G "z..,(\,}‘mib\‘,‘f;’ii. x‘?ﬁ.m“&%ﬁ) DRAMNN 'Y DMIE [T LR
M. B UTLEY [A2439] 8CB O M- RRLED
DESIGN & NG, CARDAOTBONOTAETE R
0:A. ONALASON  [1-1%-79] COWTTRON-, [0 CONNBECTOR,
PROT, BNG, DWW, NO,
' MPLR=Z00 -\,
Svean
| ] \ OF \




F

R CEEE S

*S50 E2Nee AN (32 -
oy ] exne T VIR

ul i
. J' | 47 O 28 Vor AL D .
¥ hr\ C\03 C\bG ~ r’%%fﬁ“ o
= ‘ L. Vss AN |
AN WR P _I_ A |
T oLevaLe =' = MO 1
X . , .
.I. Bliow  AapPE—g ~

B L L NP
REQ PNy Q"‘\ ' } iy ] "“"‘"—""“ r

WRANT o L4 WAYY A\ LI

' \B.43U W
F_{ N Ao H— /)
.. % AR CK-C\Q*W \ D
- T\PFF BOROA )
SR et R T i
Wy A=) PR
TR R SN
i 0""“""*“'"\1;’0“ AV LU AL . L R ALDA 2 r_h
el : }&Z 10 \B e oo Re \S ‘3‘5"%
NG & o " \ ‘;
WD Roy | LN IOV i oy
CAON : ‘ i
TONO S g \ 9 SNINC DL @ L “"Lg
15\0\ \O—TI Af =578 9 . ) b va(%
dovouk CLOLY Ha _
= = GQF:w. oS \4 D‘%
I AR, oulEi— ] &
Reswt O —1*V¥R\ g2 gesey O D7
© Vi '
- Y& Qg g ¢,
'W()TJDOU%‘ FPRAME _ o
XLITYa® ¥OOd I0 o
SI A9Vd IVNIOIIO YL
| I— . 1L R
F R\g‘ﬁsw E__
L CEUR N = 4

Pe S



T AT —

o oty - va*‘-\-%-—-———-—dt.".:c:r
Bl o P T
- —Hen TLNOT ‘
2| 1A3B |-
= Lo 15
} 'L.. B\ e ut r-:‘-———-"o C-c.:; .
i \,
W l N}'\kc. \ |
_ )
L
}'\'o RLES PPL =
5y <
, -/
- x\,
S S CS0~0000-0Q3FF €PRoM 1\
’ \ N T5y ~ 0400 ~OIFF EPROWM T X
- S CBa "V COO = \FFF [b™
WROMEN | |
HEs s
} ’ j (@Y . -
W vo ‘_:\-__;—-—-0 ‘g\ FOLDOUT FRAME
Ly N S~
—q T oL 0 VL
C s oA . % FOR FLTIVRE E1RP AMBEVON
© 1oy SN B- SRS, 79 ‘
\ DL ’ o - -
s_‘uw;m% sshe  cos |4 ® | TECHNOLOGY INCORPORKTED
. E.M ., \: . ~ " o <
2 N ] WFE SOEMCES DNID\ON
i ke I XN AONSTON | YRR AR TTTTOEH
':-e—m A | —l———-—*-ob'i RN |/ SESEH AT IS
L2 e e MO UTARY o6 BOBO0 B BRSED
== ) TRAR fE a0 AR
e ’ » TRESVGN SN, CHRDAOT BCROTAE Y LG
TS W W LA DONALDSONM-MT L P\D
A "—— |18 — (TRES, SN DN & WO
AN 3o o OOR | 4 cRoSIER |IH47] AP CT-LONG -
LLlaT Xlow tfow T | SVAR T
o : N AT B
)




ST T e T T R R T -

8o
e
A GO
A 5O
20— \ @
ABO- -
Az2o :
Ao :
AOO 4
+5 =5 4L 45 -5 +N.
Lr T’L\ T\C\ T’LQL T\q
&\ﬁg as
— : 3y .
-9 HS o ‘*"—"—"—-TA
S A4 —1 A
A - o e K3
-2 p1 2l
TS AV TO\NO a1 (LR ALY
RIOS SV = Re 27108 - 2708 ¥
, , oofid 00
B — 8\ Hg— ———my —— |
so & KA Pry Ol 2 ey g%
o> .__ﬁ'___.___.__._.
\ 4 ('4_ \
04 J
K Vse gz :;;\5 \\-LV!aS 85
PROTRON, O ] apnoemm O
RAOGS \\¢

~ P - D

Fe)
v
29400000
[ 3 .
g1
s
®
Y

ddidddgd v

FOLDOUT FRAMR

\




v L A=l

3\';_‘3?:(5 NOTE W,

\
l.'\g
fa
- ‘
' (YW
ho
| 4}

NOTES 3 ()) FOL  TUTLR  SYPRNDSOWN .

YOL.DOUT FRAME

4

TECHNOLOEGY VNCORPORNIED
LAFE SOENCES  DINISION
HOLSTOW  TERAS 11038

DREMNN é,\{
MHA.VUTLEY

DRTE .
D109

DESVGN BN G,
JA.DONALOSCN

[1-19-77

STVTLE
DODOM ~SBSHNDED
CAKROAOTHROADOTMERNER
CPL

BROT ., CNG.
W, G, CROSIER

WG, WO,

1419 MP Y- L OVNO-S

SV Eeex

LOFD

TITEERARTTUL

»




A
\)‘l

= B e wes W -

4
"
+3 |
»,"'} "l T\% J,
A7 O AT Vel !
Alo O ghe  I/on|n ~
AS O— = AsS T/O'L-\} —
R4oO- Uy 2oshs -
h30 e A /04 P -
A20- TA’L —
MO A|A\ TLOS ~
Ao A2 2 \\1-y EE——
..“ * \0 é_s..{' v emomsamsme
’ el
AT
' | GHD TS
& NS
+S
. =N
-Lin1
e Ifo\ ‘\“_
AS Tl
1 pa. 1loy|Ad
3 he  T/0d = :
2BV 106
- ROZ1-
CS"I o- AL, (-'5'; 4
MEW RWO \olaog
MEM RD O-~mrome AkS
CaND | TS
® \S




) £ O

— 004
— %S

W

WOLAU T YR

S

6 [ TECHNOLOGY \NCORPORMI SO
)& LIFE SUERCES DWISON
HOUSTON | TRARS ~TT0SR

TORAWN Gy OME [T\ Tve
MM UTLEY (MO0 2020 A - BASED

TESIGN BNG, CRRDA\OTROANOMET B R
‘I‘/'??J

T.A. DOVALES0M 11 CPV
PROT., &N, ©WNG, NO, '
W, G, CROSIER {14 T9] M\P LT “LOVO -5
ERSSTEE
3 0OW3

e T T

1.




X1

o wMﬂt - }
INA&QOT :
|
o
1N 4QDT \
Iw‘

— 4 "-\Naroc'i

‘ / .

“AMS AL
N
4
0
FOLOOYT, FRAME
\

\
'%
‘1
,1




1805} o¥SV
I"%B
\OJSL
, O
A AN M 181, By oL
5 CPLUR~\
Y SoouE Y sooMs i oY
TF 5oV T SON L
i 4- $ 0 COMIMM O
A1 S00mF LLSOOMK -
=S5OV TR Sov T
..._NS{: S——ANA g 24 0=\LVY
\L \O . -
& St CPLD-LA

=OLDOUT FRAME

por

TECANOLOGY \SNCDRPORKIED
LIFE &
HOLSTON TEABRS TN 0S8

QENCES DIWNADION

ORAMNN BY

PRIR

PARNATLEN  p0AZAA

TNNTLE

DOBO N - BRSNS

WEDAGH &

Nen,

T AL DONALL SO 1177

CRR AL T SO IR,
POW TR SUPT LY

?%D.Sr "\?‘-NC-\ Q\N “;'u NO;
W @, CROSIER [1-14-79] TAPLCT = 1. O\ -5
‘ SHERT
\OF

. 4




APPENDIX G

58




. ‘ ol e 4

APPERDIX 6
SAMELE ouTRHT

ECG INpUT | BRTTRIN
Matatliad o e — - x

| % g‘i b }“i*i*j'zli“ |

U EcToPIc BEAT G Pl 0]

; : s

: i : . i i H H H 3 1 !
N ’ . i »

. . : . v » o B
LI L I R e R T ) .}-Neg £ wwn iR ek 2n H Eiaeans &

X I8 . I i . :

B ‘ §

o B P

[ERTs: STum. U

I

BUPFFALD. NEW YORK PRNTED % 8 A
S I T S L T N T R

(@
G e
—

O

F

TS

B s Jacais I S, s - e e ~ E ; SN RISV SO S red wn]
5 V.n e - i -.: retned & Jr f 1’. b m ;-é;.;;:: U SR y..,,

- dodojed ol COMPENSATORY | 1= |ii=l

1 S (U8 K 558 N S R S G R A O PAUSE b ol b b

EReng outcos Tl AR Sl LS SIS SN JONN SO SN PR S L B o R o R T T R TR [ T LNt IS RO D

e R R S R L Rt TR I B ]-}_ B L) RS (e PR 1._ N LT Ty f"”"i‘ e R T e T B i I 8 e |

L T ot e R S Rl [ FT oy el e R SR AT 2"5 MM/SEé
Y g [ ol e i s s W SO et B v 1O TP

£AD CHANGE

e B

ECG INPUT ~

(e

B —

W, D

300

T7OHR QUTPUT T2
{7 MAINTAINED -

=" w

59




	1980024574.pdf
	0001A02.jpg
	0001A02.tif
	0001A03.tif
	0001A04.tif
	0001A05.tif
	0001A06.tif
	0001A07.tif
	0001A08.tif
	0001A09.tif
	0001A10.tif
	0001A11.tif
	0001A12.tif
	0001A13.tif
	0001A14.tif
	0001B01.tif
	0001B02.tif
	0001B03.tif
	0001B04.tif
	0001B05.tif
	0001B06.tif
	0001B07.tif
	0001B08.tif
	0001B09.tif
	0001B10.tif
	0001B11.tif
	0001B12.tif
	0001B13.tif
	0001B14.tif
	0001C01.tif
	0001C02.tif
	0001C03.tif
	0001C04.tif
	0001C05.tif
	0001C06.tif
	0001C07.tif
	0001C08.tif
	0001C09.tif
	0001C10.tif
	0001C11.tif
	0001C12.tif
	0001C13.tif
	0001C14.tif
	0001D01.tif
	0001D02.tif
	0001D03.tif
	0001D04.tif
	0001D05.tif
	0001D06.tif
	0001D07.tif
	0001D08.tif
	0001D09.tif
	0001D10.tif
	0001D11.tif
	0001D12.tif
	0001D13.tif
	0001D14.tif
	0001E01.tif
	0001E02.tif
	0001E03.tif
	0001E04.tif
	0001E05.tif
	0001E06.tif
	0001E07.tif
	0001E08.tif
	0001E09.tif
	0001E10.tif
	0001E11.tif
	0001E12.tif
	0001E13.tif
	0001E14.tif
	0001F01.tif
	0001F02.tif
	0001F03.tif
	0001F04.tif
	0001F05.tif
	0001F06.tif
	0001F07.tif
	0001F08.tif
	0001F09.tif
	0001F10.tif
	0001F11.tif




