
U~~~~~ULr 1 ~iO IU ~~~9

p



1.0 ~~L L
_ _ _  

LL~ 12.2

i~ 1112.0I I ~~~
,

IIIl~~1.25 1.4 11111.6
_ _ _  m1I~~

MICROCOPY RESOLUTION TEST CHART
NATIONA L BUR EAU 01’ $TANDAROS-1963-A

L ~~~



.11at)

cY~ ____ 

_____

~~1i~~~L



I

II ___ 
_ _ _ _ _ _ _



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ - - - • — — - —~~- - — • - - - - - - --—- - .

SECURITY CLASSIFICATION OF THIS PAGE (Whm, bob fnb.r.dl

READ INSTRUCTIONSREPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
1. REPORT H 

I / 12. 
GoVT ACCESSION NO 3. RECIPIEN1’S CATALOG

J~~~~~~~L-TR-l9-2l 
_ _ _ _ _ _ _ _4. TITLE (i~w~~~bISU.) ~~~ 

U £

—_\
~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~DESIGN OF AJLCROPROCESSOR BASED CARDIOTACROMETER,B 6. PERFORMING ORG. REPORT NUMBER

~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

I. CONTRACT ON GRANT NUMBEN(a)

~~~1 _ _ _ _ _ _ _ _

k- -PLIU ORMING ORGANIZATION NAME AND ADDRESS / *0. PROGRAM ELEMENT. PROJECT . TASK
AR EA ê WORK UNIT NUMBERSAerospace Medical Research Laboratory , Aerospac

Medical Division, Air Force Systems Comeand , 622o2F~~~~9~~
,
~~~1

Wright—Patterson Air Force Base, Ohio 45433
II. CONTROLLING OFFICE NAME AND ADDRESS 12 REPORT

/ V Apr* m79 ]
(same as bloch 9)

36
14. MONITORING AGENCY NAME S AODNE$$(H dlfl.rmet Ire., Ccnb,oU lag OWe.) IS. SECURITY CLASS. (.1 hI. roped )

UNCLASSIFIED

IS.. DECLAISIFICATION100WNGRADING
SCHEDULE

_______________________________________________ 
N/A

IS. DISTRIBUTION STATEMENT (of diD. Ripen)

Approved for public release; distribution unlimited

17. DISTRIBU1ION STATEMENT (.1 U.. .bdtact snbm’.d in Block 20. II  dIU.rmel from Ripoff)

IS. SUPPLEMENTARY NOTES

IS. KEY WORDS (Calm ., me r.ved,. .Sd. ii n.c..omy aid SdsnlIb’ b, block n~~ b.r) -

Electrocardiogram (EEC)
Microprocessor Based Cardiotachometer
Beat—by—BeatReartrate Measurement
Digital Readout

Tn.,triomai~pot 4.w ~ ___________

ABSTRACT (Cmeffiiu. me ,., ~~a. iii. If n•caio~~~ aid id.neSfr 57 block nmedi.r)
A miroprocessor based cardiotachoaster has been designed and fabricated in—
house using 8080 Intel microcomputer hardware and assembly language software.
The cardiotachoiiieter accurately calculates and digitally disp lays beat—by—beat
hear rate in beats per minute. The design incorporates standard semiconductor
memory and I/O integrated circuits. Operational understanding does not require
extensive microprocessor design background. Ig fact , the cardiotach ‘5 design
provides excellent basic information in the use of micr oprocessor in the
instrumentation field .~~

SECURITY CLAhP,CATRMI OP ThIS PAS E (USs. 5ip•

DO , ~~~~~~ 1473 EDITION OF I NOV 5 6 $  OBSOLETE 1:) 0 q a

_ _ _ _  

79 oS ~~ _ _ _



-

SUMMARY -

The microprocessor based cardiotachometer described in this report was tested
and fo*ind to function very reliably and accurately. The cardiotachoineter requires
no calibration and yet produces an errorless digital heart rate readout. A simple
modular design approach was achieved through the utilization of 8080 Microcomputer
system compenents. A minimum number of integrated circuits were used to accomplish
the interfacing, timing, memory, and input/output functions. Both the hardware
and software aspects of the instrument are explained through the use of circuit
diagrams and the annotated assembly language program. The reason for writing
this report is to convey the knowledge gained to other interested people who
desire to design with microprocessors.
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INTRODUCTION

The rapid evolution of microprocessor and large scale integrated (IS!) circuit
elements is causing a major change of philosophy in the design and construction of
electronic apparatus and instrumentation. Highly complex circuit modules, avail-
able at low cost and in very small packages, ha. made it possible to package
complete computers in small portable units for single, dedicated functions. This
report resulted from the efforts made by the authors to gain .xp.ri.nce with the
use of microprocessor components in the construction of special purpose inatru.sn—

tat ion.

Since details of the inner—workings of microprocessor chips are complex and

f requently obscure, designs using these elements must proceed “cook—book” fashion,
using manufacturers suggestions and samples of working products as models. At the

outset, there was considerable skepticism about the early success of this effort.

A project was needed which would be as simple as possible, yet utilise computer
concepts and components and also result in a needed and uaeful product.

The cardiotachometer described here fulfilled all of these requirements. Cir-

cuits incorporate designs taken from information supplied by component manufacturers.

APPROACH
Obtaining an electrocardiograph signal and electronically processing it to

extract the QRS event as a standardized pulse of fixed amplitude, shape and dura-
tion, uses well established techniques. The following method was proposed for
developing a heart rate display. Start with tthe QRS signal, measure the interval
between successive pulses, from this interval compute the instantaneous rate in
beat s—per—minute , and use the result to drive a three digit display .

A facility for design and development work had to be established for this
project and for future projects as well. A number of microprocessor development
systems are co erically available using a variety of processor chips. These
systems cover a very wide range of flexibility and cost. For a number of reason.,

some necessarily arbitrary , the 8080 chip was chosen. Probably the singl. most
compelling reason was the very large number of manufacturers making parts based
on this chip, all within a singl e fra mework of campatab ility which has come to be
known as the “S—iN lu.. ’.

- 
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Thus, we built our development system around an IMSAI microcomputer mainframe ¶

(with operator panel), 16K memory, Tarbell Format Cassette Storage, Processor
Tech ALS—8 Operating System, CRT and Teletype terminals and an “Intelligent
Breadboard” (Model BBC—5) also by IMSAI. (see Figure 1). The breadboard forms
the heart of’ the system for circuit design purposes, as it is capable of accepting

a large nuMber of integrated circuit chips of all shapes and sizes along with
necessary capacitors-, resistors, etc.; while providing direct access to the inner
workings of the computer. In this way, the computer not only controls the signals

for testing new circuit configurations, but also becomes an -integral part of the
circuit ’á: aá they evolve.

-The .aroliitecture which was developed for the cardiotach consists of the

following. maifl.elements: -

1. Az~ 8080 central processor chip (CPU) which executes a program stored in

a 2708 EPROM, - using a 8810 RAM chip for 128 bytes of 8—bit read/write memory. An
8228 is used as the system controller and bi—directional bus driver. A 8224 is

the systems’ crystal controlled master clock.

2. A 16—bit binary counter (two 8—bit chips in tandem) driven to count at a
1 KHz - rate. ~ The 1 KHz signal, derived by decade countdown from the CPU’S 2 MHz
crystal controlled clock , serves as the precise time reference for counting
milliseconds. -

3. The program runs in a loop waiting for a pulse from the QRS circuits.

This pulse is received via a 8255A programmable peripheral interface chip.
4. Upon receipt of the QRS pulse, the counter contents are transferred to

the- CPU whereupor a division is performed to obtain the heart rate according to
th, trivial formula:

Z Ø  R = 60000/MS
Where — — HR ~ heart rate in beats per minute

116 = number of millisecond counts per beat .
5~~~The biflary results of this division is then converted to three 4—bit BCD

digits.. and. fe~ via an 8255A to three V—s.~~sitt LED numeric 4~spiays.
The proo~dure for implementing this design started with setting up the compo-

nents fOr the~oounters, displ~y LED med interfacing on the intelligent bread-
board, to al1~w development of the softwp.re. The first configuration used two
8255’S — one for input and the other for output . After debugging th. program
sufficiently to get correct results, various modifications in both software and

5
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hardware details were tried to simplify the entire system. This included eliminat—
ing one of the 8255’ s and using the remaining one for both input and output . A
stand—alone experimental prototype of the microprocessor system hardware was then

built using wire—wrap techniques (Fi gure 2 ) .  This was a crucial step for several
reasons .

First, the interactive terminal and software aids would not be avai lable in
the wire—wrapped prototype , making debugging much more difficult. Second , a great
majority of the circuit features needed in the full computer were not needed for
this unit and were eliminated in this design . The results of these changes would
not be known until the unit was ooinpleted and tried. And finally, the program
would be on EROM and not easily subject to examination or change.

As expected , results of first tests were negat ive. Very short test precedures
were programeed into 2708 EPROMS to aid in signal tracking . (The listing of one
of the test programs is included in Appendix A ) .  After considerable labor over
what turned out to be minor circuit omissions , the prototype worked. It was used
as a model for the construction of the final unit which included etched circuit
boards, power supply and display panel in a complete stand—alone enclosure
(Figure 3).
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METHODS AND MATERIALS

Hardware

Circuit Description 4~
.

This unit was designed to operate in an existing electrocardiograph monitoring
facility and the availability of an EKO signal of approximately one volt is

assumed. (A simple EKG amplifier schematic is included in Appendix B.) The EKG

signal processing section extracts the occurence of the QRS complex, rejecting

noise pulses and operating over a wide range of wave shapes ana amplitudes, and

producing a +2.5 volt pulse of 125 milliseconds duration. A detailed description

of this circuit may be found in another technical report (1). It should be noted

that the EKG processing section has an upper heart rate limit of 300 beats per

minute. Appendix C shows block and schematic diagrams for reference.

The circuitry for determining the time between QRS pulses and calculating the 4
frequency are shown in Figures 4 and 5. A 1 KHz clock is derived from the 2 MHz

phase—2(02) TTL output of the 8224 clock generator by counting down with a string

of 9310 decade counters. (The fourth 9310 could be replaced by a simple 2 to 1

flip—flop).

The 1 KHz square wave from U4 is applied to a NAND gate at U5 and appears at

its output to drive U6 as long as the other input to the NAND gate is high (see

the section of Sequence Control and Timing, below). Counter U6 advances on

negative—going edge of the clock pulse. The output of U6 clocks counter U7 in

tandem. U6 and U7 together thus form a 16—bit counter. Their parallel outputs

are gated through 8T97 tn —state buffers U9, UlO, and Ull to Ports A and B of

the 8255 (Ul8) under software control.

The QRS signal is monitored by the software via Port C of U18. The occurence

of QES causes the count since the last QRS to be input to the processor. The

program computes beats per minute from the interval count. The binary results are

reformated into individual BCD digits and output via Ports A and B of U18 (now

acting as output ports) to the latched LED numeric displays.

Gating of the signals from the counters buffers (U9, 10, 11) into the 8255

inputs, and from the 8255 outputs to the latched inputs of the LED5 (U22, 23, 24),

is provided by control levels from the RS flip—flop made up of the two NAND gates

of U15. The state of this flip—flop is under software control via output bits 6

and 7 of Port C of U18. A high to either of these select bits (6 or 7) enables

10
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the corresponding device by putting a low on the appropriate enable line.

The main processing elements consist of the 8080A and a typical config-
uration of support chips extracted from manufacturers manuals. The 8228 uses

-: U13 for additional control line buffering. The control program resides in
the 2708 1K by 8 UV—EPROM , with a 6810 128 by 8 RAM for stack and temporary

storage. Since the required memory space is so limited , elaborate 16—bit 
S

4 address buss decoding is unnecessary. A single bit (A—lØ) selects ROM at

address 0 if low or RAM address 400—HEX if high. The 8255 completes the

system by providing all input/output data and control connections.

I
Sequence Control and Timing:

The 74122 (U25) one—shot produces a negative going TTL pulse of 10 micro-
seconds which represents the QRS signal. This QRS signal is connected to pins
PC4 and PC2 of the 8255 via individual 5.1 K resistors. These resistors serve

to isolate PC2 and PC4 when Port C is in output mode and have no effect in

input mode. A low on this line strobes or loads counter data into input Ports

A and F , respectively. With the 8255 configured in Input Mode—i, the strobe
sets the input buffer full flip—flop (IBF) within the 8255. (See timing

diagram in figure 6.) The output of IBF appears at PC5 where it can be mon— 
S

itored by the software and also used to serve as an acknowledge signal to the
counter system as follows. The normally low PC5 is inverted and applied to

the other input of the gate (U S) which cont rols the 1 ICHz clock to the counters.
When PC5 goes high, input to U6 is held low , thereby stopping the count. It

- is essential that the count remain stable until the data can be read by the
software; first Port B, then Port A. Reading of the data on Port A causes S

IBF to be reset (this occurs within the 8255) which allows the clock pulses
to U6 to resume. However, the falling edge of IBF also triggers a one—shot
(U8) which delivers a 50 microsecond pulse to reset the counters to zero.

Counting thus restarts after the fall of the reset signal. The units power

supply is given in Figure 7.
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Software

Software development on the IMSAI proceeded without any significant difficulty
as each separate section of hardware interaction could be investigated in
isolation by small patches and test routines. These pitches included sending

intermediate results to the front—panel LEDs and the CRT terminal, while checking
signal levels and timing with an oscilloscope.

The annotated source listing of the final program (Figure 8) is generally self
explanatory, however a few additional comments may clarify some items of
particular interest :

The values for RAM and ROM addressing and for port assignments were assigned
parametrically at the beginning of the program to simplify changeover from the
development system to the prototype, since these values were different for the
two situations.

The program begins by disabling interrupts as a precaution. This instruction

should not be necessary, but itt s cost is small. The stack pointer is then set

to an available area of RAM. The hardware is initialized by momentarily setting

the 8255 to output state in order to disable the LED5 and enable the counter—

buffer circuits. The 8255 is then set to Input Mode—i and the program enters a

test—and—wait loop (LOPA), waiting for the occurence of a QRS pulse as detected
by PC5 going high. Upon seeing QRS, the counter data is input and saved , first
Port B then A. Port A in input last since this instruction also causes a chain

of events which reset the counters to zero , as described in the hardware section.
It is important to note that the QRS signal must be gone before the “In Port A”

instruction, or the counters will fail to be reset. It was found that any QRS

pulse length up to about 24 microseconds worked, so 10 microseconds was chosen

to provide a reliable margin.

The counter value is then divided into 60000 by an integer divide subroutine

(Dlv), giving the beats—per—minute result in binary. This result is converted

to five Sd) digits by subroutine BNBCD which are temporarily stored in RAM . The

8255 is then set to Output Mode 0. The counter—buffers are disabled, and the
8CD values for the least siQnificant three digits are packed and output to Ports
A and 8. The liDs aremomentarily enabled (setting bit PC6) to strobe the new
value s into the di splay , then the program jumps back to the beginning of the loop
to start all over again, waiting for the next QRS pulse. A readout of the EPROM’s

assembled program in memory is given in Figure 9.
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loll a c**oe
0121 a CARDIOTACKONETER.
1131 a )IMRTMTL DISPLAYED IN DECIMAL h ATS PER MINUTE.1141 a
uSi a -

1061 a NVIORY ASS IUNNI~ ?S
- - 0070 RON ~~U 0

lull **N LOU 40011
0090 a
liii a 025$ PORT ASSIISSN TS,
0)10 PGR?* LOU I
0121 PORTs LOU PORTA.)
1131 PO*TC ~~~ PORTA.2
0140 CNT*. IOU POMA.3 3 CONTROL PORT
0150 a
0160 PSV LOU 6
0)70 SP IOU 6
liSl a S

0)90 ORO RON
0200 a
0210 LOOPs DI S DISABLE INTERRUPTS
0220 LXI SP, STACK S RESET STACK POINTER
0230 a
0240 KVI A,80H 3 SET 1255 MODE I. AU. OUTPUT
0*50 OUT CNT*.
0260 NVI A.eIH 

-0270 OUT PO*TC 3 flIABLE BUFFERS (SET BIT 7)
- 0280 a

0290 NVI * 08TH 1 SE? 8255 NODE 1. ALL INPU T
0300 OUT GNT~ .0310 a
0320 a £VVIT PULSE SHOULD BE NO LONGER THAN APPROX.
0330 * 20 USEC. MUST BE CONPL1ETZD BEFORE THE
0340 a IMSTRUC?IOu - c IN PORTA ‘ a BELOV.
0350 L OPAs IN POR?C
0360 AM! 2011 3 8!? 5
0310 LOPA 3 MAlT 10* EVUIT PULSE
•381 a
0390 a READ MILLISECOND COUNT SINCE LAST EV~~ T
1411 a AND SAVE IN DE 10* COMPUTING EVBITS PER MINUTE.
0410 a
0420 IN PORTB S NSB’S
0430 NOV DaA
0440 IN PORTA S LSB ’S
0450 NOV L.A
1461 *E

Figure 8. Annotated source listing of cardiotachometer program
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/
0470 * COMPUTE BEATS PER MiNUTE..
1480 * NUMBER 07 MILLISECONDS PER MINUTE (60,000) DIVIDED BY
049$ a NUMBER OF MiLLISECONDS PER EVENT IN TERVAL
0500 * C I.E. NO. OF MSEC. COUNTS PER INTERVAL)
051$ a GIVES NUMBER OF EVENTS PER MINUTE.
0520 a
0530 LXI B,60000
0540 CALL DIV S OBTAIN QUOTIENT IN BC
055$ NOV DaB I MOVE TO DL
0560 NOV L.C 4
0570*  

- ‘

0580 LXI N.NUMI 3 SET NUMERAL BUFFER ,

0590 CALL. ENBCD
0600 *
0610 MVI Aa8IM 3 SET NODE 0. AU. OUTPUT
062$ OUT ~NT*L
0630 MV! A,0 —

0640 OUT PORTC S DISABLE COUNTER BUFFERS.
0650 *0660 LDA NUM3
0670 AN! 0111
0680 NOV BaA
0690 L~~ NUM4
070$
0710
0720 M.C
0730
0740 *111 ITOH S

0750 ORA B S PACK FIRST 2 DIGI TS
0761 OUT PORTA
0770 LDA NUNS
0780 OUT PORTB S

0790 a
0600 MV! A,41H 3 ENABLE LED’S -

0810 OUT PORTC -.

0020 MV! A .0 S DISABLE LW’S -

0830 OUT PO*TC
0840 a
0650 JNP LOOP
0860 at -

Figure 8. Continued

18

_ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _- :
— 5- — 

—

II? —



0870 a 16-BIT DI VIDE ROUTINE
0880 * ENTER WITH DIVIDEND IN BC, DIVI SOR IN DL
0890 a EXIT WITH QUOTIENT IN BC
0900 * IGNORE RENAIPJDER.
0910 *
0920 DIV MO’ A .D
0930 DIA S

0940 NOV D,A
0950 NOV
096$ ~NA
0970 NOV L.A S

0980 INX D S

0990 LXI N.e
10.0 MV! A .)?
lol l  DVI PUSH 0
1020 DAD P
1030 JNC DV)
1040 XTHL
1050 DVI POP H
1060 PUSH P5W
107$ NOV A,C
1080 Ml.
1090 NOV C.A
1100 NOV LaB
1110 ML
1)20 NOV LA
113$ NOV A.L
1140 fiLl.
1150 NOV L.A
1161 NOV A.H
1170 fiLL
116$ NOV lIs A
1190 POP P5W
1200 DCR A
121$ JNi DVI
1220 RET
1230 at

Figure 8. Continued
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1240 * CONVERT BINARY TO BCD
1250 * ENTER WITH ADDRESS OF STORAGE AREA IN Ml.
1260 * AND BINARY VALUE IN DL
1270 *
1280 BNBCD PUSH PSW
1290 PUSH B
1300 PUSH 0
1310 PUSH H
1320 XCHG
1330 LXI B,-11000
1340 CALL DEGNO
1350 LX! 8,—lOll
1360 CALl. DEC10
1370 LXI B.-100
1380 CALL DEC10
1391 LXI 8.-il
1400 CALL DEC10
1410 NOV AaL
1420 STAX D
1430 POP H
1440 POP 0
1450 POP 8
1460 POP P5W
1470 RET
1480 a
490 DEC10 XM A

1500 PUSH D
151$ NOV E.L
152$ NOV 0.11
1531 INR A
1541 DAD B
$ 550 JC DECNO.2
1560 OCR A
1570 NOV L,L
1580 NOV 11,0
1590 POP D
1600 STAX 0
1610 INX P
1620 RET
1630 *1640 TIP EQU S S DID OP RON AREA
1650 CON TIP S
1660 at

S~’.

Figure 8. Continued
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1670 * RAM AREA s
1680 ORG RAN
1690 *
1700 * DIGIT STORAGE
1710 NUMIs PB I S

1720 NLBI2s 08 0
1730 NUM3s PB I
1740 NUM48 PB 0
1750 NUM55 Oh I
176$ *
1770 a ASSIGN STACK SPACE
1700 PS 2011
1790 STACK s DV I
1800 at

Figure 8. Continued 
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0000: 13 31 25 04 3E 80 P3 03 3E 80 03 02 3E BF D3 03
0010 : DB 02 E6 20 CA 10 II D8 01 57 DB Il 57 0) 61 LA
002$: CD 55 00 50 59 21 00 04 CD 78 00 3E 80 03 03 3E
0030: 00 P3 02 3A 02 04 ES OF 47 3A 03 04 07 07 07 07
0040s ES 70 80 P3 00 3* 04 04 03 01 3E 40 D3 02 3E 00
0050, D3 02 C3 00 00 IA 27 57 lB 21 SF 13 21 00 00 3E
0060: 11 ES 19 02 67 00 £3 El F5 79 17 41 78 1 7 4 7  70
lI7Ot $7 SF IC I? 67 71 3D C2 6$ II C9 PS CS 05 ES LB
0080, 01 70 D8 CD 91 00 01 18 FC CD 91 00 01 9C 77 CD
0090: 97 00 II 76 77 CD 97 00 70 12 El DI Cl Fl C9 AT
00*0: D5 SD S4 3C 09 DL Al 00 3D 68 62 01 12 13 C9

Figure 9. Hexadecimal readout of the assembled progr
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CONCLUSI ONS

The microprocessor based cardjotachometer described here has proved to be
very accurate (due to its crystal controlled time base) and extremely reliable,
with no failures or tendency to instability after extensive bench testing. It

requires no calibration, and sj f l  packaged form would be expected to operate without
— 

problems indefinitely. Changes and improvements, such as adding a digital to
analog converter to provide a signal for driving a chart recorder, become iimnedi—

ately obvious. Using a microprocessor as the basis for any instrument makes it
possible to add large complexity in behavior with relatively small chinges in

hardware.

As the project progressed, the nature and operation of each of the circuit

elements became increasingly familiar. The 8255 programmable peripheral interface

S 
was particularly confusing however, and the Intel 8255A Application Note AP—l5
in addition to the Intel Systems Users Manual was required. The experience

gained wi th this instrument has provided a great confidence in the use of micro—
processor elements as integral parts of any instrumentation of control system.
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APPENDIX A

Cartest 2 Program
The following listing is a test program called CARTEST2 implemented on a UV

PROM used to check out the microprocessor system hardware for improper operation.
First, the number 124 is displayed. Then all digits are zeroed. Next, each digit

- in turn, displays the count from zero to nine.

S 

-
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0010 ~ 7.JULTh 1300W~ 0 4 L.A &k.S L~~.M
0030 4 CAhbI01ACi1O~iEiEh I~~~1 ~OU11N ~.
00410 *
0050 * ~4~~a0t~i AS$1G ’Ik.NIS
0060 hOi’~ C)
0070 hA~’1 4008
0080 *
O0~ J * rUi~1 A L G ~~~~ L~1b
Ol vO ~ O~~iA ~~ U 0
ouo ~‘oi~u E~u i~ChiA+1
0u~o t~0hLC ~J~U l’OIUA+2
01 30 C1’~~hL k~~U hCh1A +3 ; (..0~Th0L h~C~~
0140 *

UL~~u rS* 6
0160 S~ E~~U 6
0170 *
01~30 OhG n0t~01~~0 *
0~U0 L0u~~: LL ~ LI$MBL.~. l~~1Ehk~U1~t$
(7c~10 L~(1 ~F.S1AC~

( ; hESEl SIAC I ( P0I~\à1 E1i
0~20*
~~ 30 t,,~~0n i Sk.~* i’~&0b~ 0, ALL (UL& 1J1

0U~ C~~~tL
- ; c~ 50 *

0~60 A,~~1rt(Y~10 Out t~OhlA
(~~c~0 -

0~~0 O U l
5 0300 *

uJlO CALL 51k~0L~
U3~~t) ~hLL bL~L.l~LL
03410 CALL bLY
0350 *
0360 il~i?I  Aa O
0310 00* i~0t~~A
O3~s0 001 h .eohib

CALL UL~
ut~OU *
0410 eWI b,10
U4~0 L~1VL L aO
0430 LO1~1: CALL IJLY
0440 i~àOV A aL
0450 00 1
0460 CALL SIh0E~ 

S
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0470 C
0480 *A..h IS
U4~ t) COn
0500 4~~ S

0510 .~iL b.1U
0520 ~~ 1 L a O
u~~.SU LUr~ Z CALL liLt
0540 ~ OV A a C
0550 z~LC S

0560
0570 i~Li..
0580
0590 001 a O k ~1a
0600 CMLL ~ Lt ~0L~
0610 C
Ub~0 liCh b
06J0 LC)t-~- S

0640 *
065u ~lVL 1.l u
1)660 C a O
C~,10 LDP3: CALL liLt
0680 &~OV A s L
0690 001
0?OU CALL SThOb
(1110 i.~r. C
uI~~0 bCu b
0730
0140 *
0150 LOOP
0760 *
(1770 *

U1~ U ~ A~~ut: ~‘~vL Aa408 ~~AbL~. LEb’SW~I0 001 rOhiC
WOO Aabthi
W10 ( ju t  f r t T h l C  3 bL~~AbLE Lj~.i~ ’$, ~~~AbL~. C0W~1 BU?FE1~$.

W30 *
(J~40 * IJELA t 1 SECONb

S 0650 LtLY: Li( 1 8a1000
0660
(.670 liL.(0: bLi~ 8
0680 i’IVI M,132
06~ U L4.Y1 bLz~ A
(1~0O IiLil
0~ 1u ~0V A,rI
W20 Oti A L.

bLYO
tY~40 * Oa-

1h160 * S

1)110 £ L I ~
0~80 l i i
0190 *
1000 * siA~”3 AhEA
$010 OktG

26
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1030 ~~1ALet : b~ 0
1040 *~~.
1050 *
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APPENDIX B

Electrocardiogram Amplifier

An electrocardiogram amplifier that can be used to obtain an EKG input ~‘or
the cardiotachometer is given below. Circuitry is the courtesy of Mr. Donald 

:
McCollor , Raytheon Service Company.
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APPENDIX C

EKG Signal Conditioning Circuit Diagrams
The circuit diagrams given in this appendix are from reference 1. For a

detailed functional explanation of the diagrams, obtain a copy of the above report. S
The first is a block diagram of the EKG signal conditioning circuitry. The
second diagram shows the actual circuit components.
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