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Pre face

Thi s investigation is a continuing effort to the Air -

crew Inf li ght Physiological Data Acquisition SYSTEM II

started by Captains Jolda and ~4anzek. Their effort was a con-

cep t validation wh ile this effort is the systems and require-

men ts definition. The next effort required to produce the

third generation Inf light Physiological Data Acquisition

System (IFPDAS III) for the School of Aerospace Medicine

(SAM ) is fabrica tion of a full scale demonstration model

(FSD). The IFPDAS III specifications provided are general

enough to allow upgrading the FSD design with newly developed

integrated circuits. Only the digital portions of the man -

moun ted IFPDAS III are treated. In order to understand the

data bases discussed and the system de signs proposed , the

reader needs to be familiar with microprocessor system funda-

men tal s •
I am in debted to the Crew Technology Division of SAM

for presenting this challenge to AF IT and to Dr. Mathew

Kabrisky , my adv i sor , who provided valuable inspiration and

direction. This effort is an integration of my two major

sequences: Digital Information Processing and Bioengineerin g

and prov ided a great deal of satisfaction. My mentors:

Dr. Gary Lamon t, Ma j A l a n  Ross , and Dr. Lynn Wolaver provided

those motivations necessary to overcome the obstacles. I

am appreciative to the following for their assistance with

the magnetic bubble memory : Charley Stewart and
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B ill Manchuck of Texas Instruments , D a l l a s , Texas ; M ik e Wes t

of the Air Force Avionics Laboratory , Wri ght -Patterson AFB,

O hi o; an d L t Denn i s Kane ( U S N )  of th e N a v a l  Pos t Gra d ua te

School , Monterey , C a l i f o r n i a .  I wou l d l ik e to th an k Orv i l l e

Wrigh t and Dan Zanbon for their technical assistance in fab-

ricating the development tool.

My deepest gratitude goes to my wife , J e a n e a n e , and

children , Ty and Tro y, for their patience , continuing

encou ra g emen t, and tolerance of my absence during this pro-

ject.
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Notation

XXXX Sign ifies a dec imal numb er (e.g. 0017)

XXXXB Sign ifies a binary number (e.g. O1111I1IB)

XXXXH Signifies a hexidec imal number (e.g. 3C9AH)

(name ) Signifies positi ve true logic (e.g. STB)

(name ) Signifies posi tive true logic (e.g. ~T~)

Uxx Signifies an integrated circuit component

UCx Signifies non in tegrated circuit components
moun ted on an integrated circuit header

Px Signifies a circuit card edge connector

Jx Signifies a connec tor plug

Ax Signifies the A port pins of a parallel I/O
(e.g. A6)

Bx Signifies the B port pins of a parallel
I/O (e.g. B3) or DAS1128 data p in
(e.g. B8)

Cx S i g n i f i e s  th e C por t p i n s  of a pa r a l l e l
I/O (e.g. C7)

Dx Signifies positive true data lines
(e.g. 07)

Signif ies SBC 80/20 data lines (e.g. ~7)

Axx Signifies positive true address lines
(e.g. AlO)

ADx S i gn i f i e s  posi t i ve  true , m u l ti p l e x e d
address /data lines (e.g. ADO)

X5xx Sign ifies SBC 80/20 address lines (e.g.
AD15)
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Abs tract

A bas eline design of a School of Aerospace Medicine

sponsore d aircrew physiolo gy monitor was accomplished. The

mon itor design requ irements were: four hour battery opera-

tion; 2x5x9 inch size for man-mounting; record four hours

of 13 parameters with 1% accurac y ; and use nonmechanical,

nonvolatile data storage.

A system desi gn study verifies the feasibility of im-

plementing the mon itor usin g an 8-bit digital data system

containing magnetic bubble memory. The design is partitioned

into four module s . The Power Module contains +5 and +12

volt Lithium batteries and a module interface bus. The

Si gnal Conditioner Module accomodates sensor amplifiers and

a m icroprocessor based analog to digita l converter system

which amplifies and digitizes the sensor signal s. The

digitized signals are provided to a microp rocessor based

Da ta Manager Module which prepares data for storage. The

Bu bble Memory Module conta ins six memory locations each

ca pable of suppo rting quarter or one megabit bubble memory

chips.

The baseline design achieves the design goals. The

mon itor samples seven sensors every 50 msec with 0.4%

accurac y. The six megabit memory accomodates storage of 1/3

of the data samp led during four hours. Th is rate Is accept-

able for the parameters being monitored.

xv 
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AIRCREW MODULARIZED INFL IGHT DATA AC QUISITION SYSTEM

I. INTRODUCTION

Background

Aircrews are exposed to potentially adverse environ-

men tal cond it i o n s  w h i l e  f l y i n g .  These  con diti ons  c an be

na tu r a l  l i ke the low tem pera tures  an d decr ease d l e v e l s  of

oxygen found at higher altitudes or man-made such as the

ar tificial gravity forces resulting from maneuvering. Man-

ma de environmental conditions also result from the life sup-

por t and crew pr o tec ti on e q u ip men t worn by th e a i rcre w .

Adverse environmental conditions impose physiological

s tresses  on th e a i rcrew an d d ecrease  a i rc rew eff ec ti v e n e s s .

The Crew Technology Division of the USAF School of Aerospace

Me di c i ne ( S A M )  a t Broo ks AFB , Texas , r ecogn i zes th e nee d to

monitor aircrew activity , env ironmental conditions , physio-

lo gical stress, an d m i s s i o n  p e r f o r m a n c e an d to c o r r e l a te

changes in effectiveness to environmental changes and physio-

logical stress. The goal of the Crew Technology Division is

to improve a -h-crew effect iveness through optimum design of

V the life support and crew pro tection equipment.

1 
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Curren t System. The SAM currently has an “Ai rcrew In-

fli ght Physiological Data Acquisition System ” ( I F P D A S  I )

which records seven analog functions on cassette tape:

- A time code (to correlate flight events and physio-

logical effec ts)

— Pilot voice

- Electrocard iogram

- Cabin pressure

— Oxy gen  c o n s u m p t ion
- Expired flow

- Ver t i c a l  a c c e l e r a ti on

The IFPDAS I consis ts of a man-mounted unit to record the

functions on cassette tape and a ground based system to re-

produce the functions on a strip chart recorder. The strip

chart data is manually converted to digital signals and sent

to a computer for analysis.

The IFPDAS I has several problems centered around analog

recor ding of the functions. The analog recording technique

induces noise on the recorded signal and reduces the abi lity

to recover an accurate function signal. The cassette tape

recorder interferes with performance of cockpit tasks. The

casse tte tape drive mechanism does not operate at a constant

speed during accelerations caused by maneuvering the air-

craft. The IFPDAS I system is old and lacks reliability.

I t has no expansion capab ili ty to record other functions

such as: triax ial acceleration , inspired flow volume , or

2
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separa te in sp ired and expired oxygen concentrations.

The Naval Weapons Laboratory , Ch i na La ke NAS , Cal i-

fornia , is developing for SAM an updated version of IFPDAS

I. The Navy design added the ability to record 16 functions

by first multiplexing the signa l s, then digitizing the multi-

p lexed result and recording the digital data stream on a

casse tte recorder. The Navy design , I FPDA S I I , i m p r o v e s

upon IFPDAS I capabili ty and reliability but retains the

un desirable features associated with using a cassette tape

recor der.

IFPDAS Standards. The general IFPDAS standards , pro-

jected by personne l at SAM , require that it be able to

record :

- Ca bi n p r e s su re
- T i me co de
- Triaxial acceleration (G

~
, ~~ G1)

- Inspired flow

- Exp i red flow
- Insp i red concen t ra t ion  of oxygen

- Expired concentration a-f oxygen

- Heart rate

— Mask pressure

- An t I-G suit pressure

- Body temperature

The IFPDAS mus t record functions specif ied by prob es

w hich generate signals from 0 to 5 volts. It must record

3
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the functions by some means other than a tape recorder. It

mus t record for 4 hours on battery power alone. It is in-

tended to be carried in a survival vest and therefore must

be no larger than 2x5.x9 inches. It must be confi gured to

operate in one of the following modes:

- Amplify parameter signals and send th~m to an air -

craf t mounted recording system .

- Digitize parameter signals and send them to an air-

cra ft mounted recording system .

- Digitize and record parameter signals in a man - -

mounted unit , with and with out a time code link to aircraft

sys tern .

These standards apply to an IFPDAS III design to be bu ilt in

the eorly 1980’s. The IFPDAS III design uses the technolog ies

which are ava ilable as commercial products.

Sta temen t of th e P r o b l e m

The purpose of this effort is to design the IFPDAS III.

This design uses IFPDAS standards as design goals and con-

tinues the work started by Captains Jolda and Wanzek (Ref 4).

The IFPDAS III is an all solid state , digital system

utilizing microprocessor controllers and magnetic bubble

memor y devices. The IFPDAS III example design is based up on

the system requirements and supplements the system specifi-

ca tions. The specification detailing those technologies

and system specifications necessary to fabricate IFPDAS III

is provided. The specification documented together with the

4
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e x a m p l e  d es i gn are use d to specify fabrication of IFPDAS

III usin g ava i lable comerci-a l component s.

Sco pe

This design effort is organized In the following manner.

F i r s t, C h a p t e r  2 , System Requirements Stud y, d e f i n e s  the

operating requirements based on the parameters being

measure d. Although the general IFPDAS standards are identi-

fied by SAM , li ttle is said about accuracy of measurement

and sampling rate. Chapter 3, Theory of Opera tion , de-

scr ibes the module operations and interactions necessary to

accompl ish the IFPDAS goals and requirements. The System

Design , Chapter 4, deta ils the construction of the modules

identified in Chapter 3. The fabrication and testing of the

IFPDAS III develo pment tool is described in Chapter 5. The

fabrication was limited to integrating the power supplies ,

heart rate counter and 92 kilobit magnetic bubble memory

with the IFPDAS development system designed by Captains

Jol da and Wanzek (Ref. 4). The testing is limited to veri-

fication of the bubble memory operation. The IFPDAS III de-

sign considerations and specifications are contained in

Ap pendix A along with the IFPDAS III hardware designs.

Assum ptions

Four assump tions are made in order to achieve a fea-

sible design in the alloted time . The first assumption is

that the function signals accurately represent their respec-

tive physiologica l functions. Second , no physiologica l

5
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pro be design is required. Time does not permit custom design

of probes in this effort. The IFPDAS III will accept zig - 
V

na l s , from an y type probe , whic h are cond itioned to range

from 0 to 5 volts and do not exceed 10 KHz in frequency.

The sensor development program at SAM specifies that all

newl y developed pr obes/sign -al conditioners shall produce out-

put signals in the 0 to 5 volt range. When the signal range

of interest spans only a portion of the 0 to 5 volt range ,

additional amplification stages can intr oduce offsets and

expand the range of interest up to 0 to 5 volts. Third , the

data does not need to be stored as frequently as it is

sample d. Physiological functions change slowly and therefore

need no t be stored at rates greater than every few seconds

exce pt when rapid changes occur. This assumption establishes

one parameter for memory sizing. Fourth , i f  more  th a n four

hours of operation is required , memory storage is limited to

aircra ft mounted memory modules. Size , power and memory

sizing require that the four hour operating limit be a maxi-

mum for the man -mo~ ited design.

Prev i ous Work

The work by Captains Jolda and Wanzek established that

digital signal conversion of physiological functions is

feasible for a system of the size of IFPDAS I. It is pos-

sible to store the digital data , return the data to an ana-

lysis sys tem and reconstruct the physiological profile of

the subject. Their work is the departure point for the

IFPDAS III des ign study.

6 
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Approach

The approach to this de sign study consists of two

parallel efforts. First is a system s requ irement study to

determine the requi rements for measuring physiological

func tions. The systems requirement study detailed in the

nex t chapter Includes a review of physiological and environ-

men ta l f u n c t i on  me a su r emen t wi th th e a c c u r a c y o f m e a s u r e m e n t

an d sampling rate determ ined for each function. Following

the system requ irement study is the definition of the algor-

ithm used to dec ide which data is stored and how often it is

stored. The parallel effort is the hardware design which

cons i s ts of mo d u l e  d e f i n it ion , module specification , module

d e s i g n , and feasibility determination. Module definiti on

identifies those major system components which can be used

selec tively to tailor IFPDAS III to the desired mode of

operation. Module specification is the detailed design of

eac h module. The module designs are implementations of the

mo dule specifications.

7
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II. SYSTEM RE QUIREMENT STUDY

The system requirements study defines the character-

istics of the parameters monitored by IFPDAS and the effects

these cha racter istics have on system design. The types of

p arame ters , their range of values , ra tes of change , and

accurac ies are identified. The overall digital system re-

qui rements necessary to achieve the desired system accuracies

are then specified.

Parame ter Typ e

The 13 parameters specified by SAM which must be re-

corded by IFPDAS III are placed in three groups. The physio-

logical group contains those parameters which are physiolo-

gical in their origin or are a direct consequence of physio-

logical occurrences. The physiological group consists of:

- Inspired oxygen flow

- Expired oxygen flow

- I n s p i re d par ti al p r e s s u r e  of ox yg en
- Exp i re d p a r t i a l  p r e s s u r e  o f ox ygen
- Heart Rate

- Body temperature

- Oxygen mask pressure

The environmental parame ter group consists of those para-

me ters used to determine the phase of flight and stress

loa ds on the aircrew. This group con sists of parameters

w hi c h occu r  as a c o n s e q u e n c e  of t h e a i rc ra ft al tit ude and

8
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accelerations. The environment al parameters are:

- Cabin pressure

- V e r t i c a l  a c c e l e r a t i o n  ( G z )

- Longi tud ina l  acce le ra t i on  (Gx)
V 

- Lateral accelerati on (Gy)

- Anti -G suit pressure

The final parameter group consists cf time correlation words.

The time words are used to identify when a pa rticular pheno-

menon  occu r r e d . T h e ti me wor d s a l s o  corre l a te a l l even t s

into a time history of the airc rews physiological and environ-

mental conditions during the mission. Each parameter

measure d is tagged with a tim’s of occurrance word wh ich makes

the correlation possible.

Parame ter C h arac ter i s ti cs

Parame ter c h a r a c ter i s ti cs cons i s ts o f th e ran ge o f

v a l u es , ra tes of c h an ge , and required sampling rates for the

parameters being moni tored by IFPDAS III. The char acter-

istics for physiological parameters are specified by the

med i cal p ro f e s s i on bu t t he ch a rac ter i s ti cs for env i ronmen tal

parameters of interest to SAM are only subjectively speci-

fied.

The range of values , ra tes o f c h a n g e , and sampling

ra tes for parameters in the physiological group are found

in Table I. Oxygen mask pressure rate of change occurs as a

conse quence of breathing and thus correlates with the re-

qu i rements for flow rate measurement.

9 
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Figure 1. F-106 Cockpit Pressurization Schedule (Ref 3)

Cabin Alt itude changes as a function of the cabin

pressure regul a tor schedule. Figure 1 is typical of cabin

pressur ization schedules found in fighters. To monitor

pressure changes from sea level to 50,000 feet with an 8-

bit binary representat ion , limits the minimum quantized

change to 200 feet. A sampling rate of 20 Hz can resolve

pressure changes of 200 feet up to rates of 240,000 feet

per minute. A vertical velocity rate of 48,000 feet/minute

is a prac tical upper limit for most aircraft. A sampling

rate of 4 Hz prov ides 200 foot resolution of aircraft alti-

tude with vertical velocity rates up to 48,000 feet per

minute. Table I shows that except for low altitude , the

cabin pressure does no t change as rapidly as does the air-

craft altitude with vertical velocit y rates up to 48,000

V 11
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feet per minute. The extreme vertical velocities do not

normall y exi st at low altitude making lower sampling rates

suc h as 2 Hz for cabin press ure practical.

F ighter aircraft currently in use can generate vertical

accelera tions ranging from -3 to +9 G’ s. F-15 and F-l6 air-

craf t can generate G onset rates near 4 G’ s per second  d ur i n g

max i mum m a n e u v e r i n g .  La tera l  an d l o n g i tu di na l a c c e l e r a ti o n

ra tes are limited to less than +2 G’ s. In all three axis ,

th ere are h i g h f r e q uenc y, a bove 4 Hz , no ise components super-

impose d over  the pi lo t comman d ed a c c e l e r a ti on c h an ges.  T h e

high fre q u e n c y com po n e n t s  r e su l t f rom a i r tur b u l a n c e , buf-

feting caused by maneuvering, and internally generated vibra-

tions. The detection of high frequency components , is unde-

sirable as they contribute nothing toward accelerations com-

man ded by the pilot. The pilot commanded accelerations are

use d to determine the state of aircraft maneuvering. A

sam pling rate of 8 Hz captures the pilot commanded accelera-

tions and filters out most of the unwanted noise.

An ti-G suit pressure is a function of aircraft verti-

cal accelera tion and anti-G suit regulator pressurization

sche dule. The range of pressure is dependent on the type

system used and the rate of change is a function of the rate

of change in vertical acceleration. Sampling rate for anti-

G sui t pressure is dependent upon the desired resolution.

12
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Since no specifications are given , a sampl in g rate equa l to

Gz is spec if ied.

Parame ter Accuracies

The probes used to monitor ph ysiological pa rame ters are

no t of clin ical quality . IFPDA S III uses noninvasi ve (not

surg ically implanted) probes which achieve an accuracy no

better than 1% of full range. Conversations with personn el

at SAM indicated that , since mos t IFPDAS III probes are no

better than 1% accurate , an o v e r a l l  I FPD A S I I I  a c c u r a c y of

1% is sufficient.

Time incremen ts as small as io
_ 6 secon d s are  ava il a bl e

from most digital systems. IFPDAS III uses time to correlate

even t s  an d thus  the t ime i n c r e m e n ts re q u i re d are a func ti on

of the sampling rate. For the 20 Hz sampling rate , a 50

m il l i—s econd timing pulse is needed. Absolute recognition

of time in hours, minutes, an d secon d s i s no t re q u i re d . As

l o n g  as a l l  mon it ored even ts ex te r n a l  to I F P D A S  I I I  a re  ti me

— correlated to a known starting point , only elapsed time in

num ber of sampling periods , 50 milli-second periods , nee d

be use d . In a f o u r  hou r  m i s s i on , 288,000 sampling periods,

eac h 50 mi l li-seconds, occur. W hen keeping track of time in

a 16 bit timer, the time word overflows and is duplicated

every 65 ,536 periods or 54.6 minutes. In order to prevent

am biguities in the time correla tion of events , the time tags

associa ted with probe data words are less than 16 bIts.

Eac h probe must be sampled and data saved often enough to

13
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prevent overflow of the ind ividual time tags.

Digital System Requirements

There are two digital system requ irements which must be

determined : word size and speed of execution. Word size is

a function of required accuracy yet must fit within the

l imits of what is made commercially available. The word

sizes utilized in commercial microprocessors are 4, 8, 12 ,

an d 16 bits. The IFPDAS III accuracy standard is 1%. To

ac hieve 1% accuracy , a seven -bi t word must be used , 2~ =128.

A n eight -bit digital word size will provide an accuracy of

one bit in 256 or about 0.4%. The maximum sampling rate re-

quired is 20 Hz. In a 50 milli -seco nd (1/20 Hz) period a

p rocessor suc h as the I N T E L  8080A can p er form an avera ge of

31 ,250 operations and the RCA CDP18O2A can perform an average

of 20,000 operations. Assuming eight functional operations

per cycle (seven parameters monitored and one data management

rou ti ne )  an ave rage  of 3 ,000 opera ti ons are  a l l o w e d for eac h

function. This is sufficient for most data handling require -
-
V men ts.

The IFPDAS III design is based on a microprocessor con-

trolled digital data acquisition and storage system using art

ei ght bit word size. The microprocessor and support devices

recommen ded take into account powe r consumption and operating

vol tage range , average instruction execution time , sco pe of

instruction set , availability of support devices , develo p-

men t support tools , and minimum num ber of support components

14
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required. The system s could be expanded to lb data bits by

specifying one of the newly ann ounced micro proce ssors such

as the INTEL 8Q86 , Motorola 68000, or Z i l og  Z8OQC .

Da ta Mana gemen t

The selection of data for storage in a limited size

system like IFPDAS III has a critical effect on the fidelity

with which the stored data follows the actual signal. When

raw da ta is stored and analys is occurs after all data is

stored , usually after the flight , the problem of fidelity is

most important. The data storage algorithms presented here

address the storage of raw data and do not consider computing

en d f u n c ti ons for  s torage , suc h as total ox yg en c o n s u m e d

during a breathing cycle. These algorithms only define met-

hods for identifying important data which can then be used

to c a l c u l a te an end fu n c ti on or be s tore d i n con de nse d for m .

Five algorithms which identify data for storage are dis-

cusse d . The con ti n u o u s  me th od saves  th e i n for m a ti on for a l l

samples taken. This insures that the highest possible fidel-

ity is achieved upon replay of the stored information. The

runn ing sum method , used by Jolda and Wanzek , sums a l l

sam ples over a fixed time interval and the sum is saved at

the end of the interval. This method saves storage space at

the expense of data fidelity . Three new storage algorithms:

f i xe d chan ge , zone , and variable change are presented as

al ternative methods which achieve fidelity and storage limits

between those of the continuous and running sum methods.

15
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Cont inuous/Runnin g Sum. The first method is co rt tionu ous

recor ding of all sampled data. This is the approach taken

by IFPDAS I & II and requ ires a very large storage med ium.

The first method of condens ing the stored data is proposed

by Jo ld a and Wanzek (Ref 4). The condensing is performed by

compu ting a running sum of the sampled data or recording the

maximum and m inimum level for the parameter over a fixed

in terval 0f time . This condensation technique , as used by

Jo lda and Wanzek does much to reduce storage requirem ents at

the expense of parameter fidelity . In their system , Jolda

an d Wanzek sampled the parameters at 20 Hz and summed the

sam p ’es over a 10 second interval , exce pt for triaxial G’ s.

The G forces recorded during the 10 second interval where

the maximum and minimum levels sampled. Using this method ,

onl y one or two data words are stored for each parameter

dur ing the 10 second interval. The problem with the running

sum me thod is that the occurrance of a significant transient

is lost in the sum. The running sum idea is beneficial in a

breath-by-breath analysis when the data saved is total oxygen 
V

consume d and the interval is one breath. The total oxygen

inspired is the suma tion of the product of the partial pres-

sure of oxygen (9021 times the flow rate (FR) times the

sampling in terval CDT). In (1) n is the number of sampling V

n
V 1 E ( P0 2 )CFR ILDT) (1)

1 n
per iods in the breath , zero flow rate to zero flow rate.

16
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The same equation is used to compute expired oxygen volume ,

V E~ 
by using expired P02 and expired FR. The algebraic sum

of V 1 and V E gives the quant ity of oxygen consumed in the

body dur ing that breath. 
V

W hile the running sum technique is valuable when the V

speci fic parameter is not itself important , when parameter

fidelity must be maintained one of the fol lowing three types

of data handling methods are proposed. Each of the types;

f i xed c h a n ge , zone , and variable chan ge , uses  a con d e n se d

form of the parameter va lue and adds to it a time element

tag to make up the data word. Each of these three algorithms

store a data word only when the parameter value change s by

a t l eas t a m i n i m u m  q u a n tit y from the v a l u e  w h i c h  occ u rre d a t

the last significant event. The three data structures are

identif ied by the method of quantifying the paramet er value:

fixed change, zon e , an d variable change.

All three new methods utilize incremental changes in

ti me ra ther than  ac tua l  t ime of o c c u r a n c e .  T h e i nc remen ta l

time change is added to the data word as a time tag. The

t ime tag re fl ec t s  th e amoun t o f e l a p sed ti me s i nce th e l a s t

data storage. The incremental changes are summed during

data reconstruction to produce the actual time. The size of

the time tag and time scale factor determine the maximum

interval between stored words.

Fixe d Change. The fixed change method operates on the

princ ipal that only the change in parameter value need be

17
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stored along with the time that the change is detected. The

ac tual value is reconstructed during analysis by inc rementally

summin g the changes versus time to produce the time -corre lated

absolute value. The fixed change method defines a fixed

amoun t of change and onl y the occurance of a positive or neg-

ative change is recQrded. This method requires that the

sam pling rate be fast enough such that the parameter value

can no t vary by more than the specified change value between

sam pling periods. When the parameter does not change value

for long periods of ti-m e , i t is possible to overflow the

time tag. To prevent this overflow , a no c h a n g e d a ta wor d

is stored when the time tag has reached Its maximum valu e.

This method is use ful for parameters which change slowly, 2

Hz or less , or when less accurate recording of more rapidly

changing parameters is required. The method is independ ent

of sampling rate provided a minimum rate , dependent on the

p arame ter , is maintained. The value of the fixed change is

de fined by the user for each parameter and need not be the

same for all. Da ta stability is maintained by storing the

ac tual parameter value along with its time tag in place of

ever y n th data word .

Zone. The zone method condenses data by scaling down the

value of the probe. Accurac y of parameter value representa-

tion is traded for the benefit of storing a value rather than

a chan ge wh ile mainta inin g reduced storage req uirements.

18



This method is applied to parameters with narrow ranges of

values or ones w hich change value rapidly but for which high

accurac y in value is not necessary . A data word is stored

eac h time the parameter change s zones. The new zone and

time of occurence are stored as a data word. It is not

necess ary to store the actual parameter value period ically

since the zone is a representation of the actual value.

Variable Chan ge. The variable change method is used

w hen high fidel ity of rapidly changing parameters is required.

The actual chang e from the last significant value is stored

with its time tag in this m ethod. The sampling rate used

with this method must insure that the maximum change that

can occur  between sam p l es  does no t exceed the da ta wor d

change element resolution. The actual parameter value is

recons truc ted d ur i ng a n a l y s i s  by i n c r e m e n t a l l y summ i n g th e

changes as is done with the fixed change mode. Periodically

the actual va lue and its time tag are stored to insure

accura te reconstruction of the parameter value versus time.

The operator can define a minimum change which must occur

before a data word is stored to reduce the number of words

requiring storage.

The fixe d change, zone , and variable change methods

de term ine si gn if icant data for storage or inclusion in func-

tions which compute desired information for storage. Based

on mission re quirements , the most useful methods are used

as necessary to tailor the IFPDAS III operating system to

19 
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satisf y the requirements. Examples of the implementat io n

of these three methods are found in the software discussion

of the System Design , Cha p te r  4.

S ummar y

The System Requirement Study results show that al l

physiological and environmental data can be represented by

an 8-bit binary word and achieve the 1% accuracy required of

IFPDAS III. The required parameter sampling rates are

ac hievable by uti l izing commercially available microproces-

sor con trollers. The management of data storage is accom-

plished by selecting the appropriate data management algor-

ithm for each parameter type. Five data management algor-

ithms are presented: continuous (actual value), r u n n i ng

sum , fi xed ch ange , zone , and variable change. Each type of

al gorithm provides a trade-off between amount of storage

space required versus data fidelity. Proper selection of

the type algorithm being used for each parameter tailors

the IFPDAS III system to meet the fidelity requirements

within the data storage space available.

20 
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III. THEORY OF O P E R A T I O N

In this chapter , the IFPDAS III operating configu rations

are pres ented. The common elements of the three configura - 
-

V

tions form the basis for the modules functional definition.

The remainder of the chapter is devoted to an explanation of

the individual module functions and the interaction between

mo d u l es.

O pera ti n g C o n f i g ura t i o n s

IFPDAS III has three primary operating configurations.

T he conf ig ura ti on 1 ha r dware  acce pt s a n a l o g s i g n a l s  i n p a r a l l e l

f rom a l l  the pro bes , amplifies the signals in parallel , and

transmits the analog signals in parallel to an aircraft -mounted

data acquisition system. The configuration 2 hardware accepts

th e a n a l o g  s i g n a l s  in  p a r a l l e l  f rom a l l  th e p ro bes , amplifies

the signals in parallel to the 0— 5 volt range , c o n v e r ts th e

s ig n a l s  to a b i n a r y re p resen ta ti on i n se q uen ti al or d er , and

transmits the binary words in a sequential manner to an air-

cra ft-mounted data acquisition system. The aircraft-mounted

da ta ac q u i s it i on  sys tem can commun i ca te w it h IFPDAS I I I  i n

con figuration 2 to command special conversion sequences. The

pr imary IFPDAS III operating mode , configuration 3 , utilizes

the acquisition , a m p l i f i c a t i on , an d conversion sequences from

conf iguration 2 and adds additional functions. The added func-

tions are sequential decisions as to the disposition of the

curren t data and storage of important data in the self

21
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con ta ined  bubb le  me mory. As in conf i g u r a t i o n  2 , an a i r c r a f t -

mounted system i~ a l l o w e d  to communic a te  w i t h  IF PDAS III.

The a i r c r a f t -mounted  sys te m e i ther  p rov ides  da ta  to T F P DAS

III or rece i ves data f rom IFPDAS III for s t o r a g e .

Module D e f i n i t i o n

There are common elements among the three configurations.

Eac h conf iguration requires a power source, parallel anal og

signal inputs , an d some form of analog signal amplification.

The first module common to all conf igurations is the Power

Module. The second module common to all configurations is

the Signal Conditione r Module.

Conf i gurations 2 and 3 both require that the analog sig-

n als be converted to a binary representation. An analog to

di gital converter (A/DC) subsystem is added to the Si gnal

Condi t ioner module (SCM) to provide the required conve rsions.

The digital controller for the A /DC is also tasked with pro-

viding the digital comm unications l ink to the aircraft-

mounted system.

The third module provides the required data service

routines which ident ify data fo r  storage. This module , the

Da ta M a n a g e r  Mo dul e , a l s o  ac ts as th e I F P D A S  I I I  di gital sys-

tem mas ter c o n t r o l l e r  for conf i gura tion 3. The Data Manager

Mo dule (0MM ) does not contain the bubble memory . The config-

uration 2 op erating mode is enhanced by adding the DMM to

sc reen  th V e data prior to tran smissio n to the aircraft-

moun ted system.

22

-- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --—— — - — —— _ _ - V —  V 
~~~~~~~~~~~~~~~~~~~~~~~~~



- _~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-.

The Bubble Mem ory Modu le c omp l e tes  the comp le ment  of

modu les  neces sary for c o n f i g u r a t i o n  3. The Bubb le  Memory

Module  CBMM 1 only  c o n t a i n s  the bubb le  mem or ies  and memory

suppor t  dev i ce s. The BMM requi res the 0MM for contro l  sig-

na ls and data. Figure 2 shows the four IFPDAS III MODULES.

Operating Theory

The System design sect ion , C h a p t e r  4, describes the

hardware and software aspects of IFPDA S III. The theory of

operation presented here describes the module interactive

operations not obvious from the hardware descriptions in

Chapter 4. The system theory presented here addresses

IFPDAS III conf igurat ion 3 ope ra t i on  w i t h  all four m odules

and  an a i r c r a f t — m o u n t e d  sys tem. The f i n a l  to pi c di s c u s s e d

is the purpose of the aircraft-mounted system.

Power Up . When power is first applied , an y har dware

requiring initialization is given its initialization sequence.

After the initialization sequence  is comp le te  a w a i t  loop is

en tered. This wait loop is exited when an external start

signal is applied to the IFPDAS III system . This external

start signal serves  to synchron ize  the s ta r t  w i t h  a known

time and is applied to all modules in IFPDAS III.

Convers ion. The parameters signals are converted by

the SCM eight successive time s, averaged and placed in a

specif ic location in the SCM memory. The time word is

read from the SCM clock , scaled , an d placed in memory be-

hind the parameter value word. The conversions proceed in

23 
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sequence accor di ng to a sequencer list. The sequencer list

con tains enough minor sequence segments to ensure that all

paramete rs are sampled at the required rate. Parameters

requir ing 20 Hz conversion rates appear in each minor segment

while others appear only as often as necessary. At the end of

each minor segment the end of sequence flag is set and a

wa it loop Is entered. The 0MM moves the data and time from

the SCM memory to the 0MM memory where the DMM services the

d a ta w h i l e  the SCM s tar ts ano ther  m i n o r  se gmen t . When  th e
— 50 m i l l i secon d t ime r  gen era tes an in te r ru pt p u l s e , the SCM

starts the next minor sequence conversion segment. The air-

craf t-mounted system or the 0MM can issue commands to the SCM

wh ich are executed after the 50 mu ll-second interrupt. The

aircra ft-mounted system can pass data , suc h as time synchron-

ization words , at the end of each minor segment.

Da ta Management. The 0MM moves the list of data from

th e SCM memory to a work i ng a rea  o f th e DMM memor y . F rom

here the data is serviced by appropriate data management

algor ithms and is used in updating the parameter data area.

When  each pa rame ter da ta pa ge i s fi l l e d , it i s  tr an s f e r r e d

to a b ub b le  memory s torage  q u e u e  area  of th e DMM memor y .

When the bubble memory storage queue is full , the BMM i s

powere d up and the data is transferred to the bubble memory .

W hen the last word is transferred , the data manager sets a

7 msec timer that automatically powers down the memory module.

The timer automatically powers down the BMM after the bubble

25
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memor y storage sequence is finished (6.5 msec). The use of

the t ime r re l i eves  the 0MM from mon i to r ing  the BMM for the

en d of s e q u e n c e  f l a g .

Aircraft-Mounted System. The aircraft-mounted data

acquis ition system complements IFPDAS III. In configuration

2, the aircraft -mounted system serves as the primary data

storage system for IFPDAS III. In configuration 3 , the air -

craf ted-mounted system serves as a secondary data storage and

an additional data source. The aircraft-mounted system

operating requirements and configuration must be specified by

SAM . In add ition to complementing IFPDAS III , the a i r c r a f t -

moun ted system also collects data from aircraft mounted sen-

sors. I t is possible to use the IFPDAS III modules in con-

structing an aircraft-mounted system. Using a container the

s i ze of a por ta b l e  caset te recor d er , the aircraft-mounted

system will accomodate all the required modules and provid e

space for additional memory modules.

Summar y

The definition of the four IFPDAS III modules result

from the task breakdowns of the three required operating con-

figurations. The Power Module provides power all IFPDAS III

conf igurations. The functions performed by the Signal Condi-

t i o n e r  Mo d u l e  are : to c o l l e c t an d am pl i fy th e a n a l o g  p ro be

s ig n a l s  i n  p a r a l l e l , conver t the analog signals to a bi nary

representation according to a sequence list , and to communi-

ca te either the analog signals in parallel or digital words

26
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sequentially with an airc raft -m ounted system. The Data

Manager Mo dule services the di g i tal data and decides which

data must be stored. It al so controls the primary memory

system, the Bubble Memory Module , an d acts as the IFPDAS III

digital master controller. The Power , Si g n a l  Con d i ti oner ,

Da ta Manager, an d Bubble Memory Modules collectively make up

- the self-contained , man -mounted IFPDAS III. The aircraft-

moun ted system complements IFPDAS III by providing memory

V an d collecting data from aircraft-mounted sensors. The

follow ing chapter discu sses the specifications of each of the

IFPDAS III mo dules.

27 
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V 
I V .  SYSTEM D E S I G N

Thi s chapter specifies the digital elements of the SCM ,

0MM , an d BMM. The Power Module battery requirements are

also speci fied. The hardware design are discussed first on

a mo dule -b y—mo dule basis. The hardware discussion concludes

wi th a module interconnect discussion and specification of

achievable data storage rates. The second section of this

chapter discusses the software operating system requirements

for the SCM and 0MM . The third section discusses the data

system forma t for  f i x e d change , zo ne , an d var i a b le  c h ange

data words. The final section presents the mission of the

ground support system as it affects IFPDAS III maintenance

an d data analysis.

V 
Har dware  Des ig n

The hardware design is a multiprocessor system which is

custom tailored to the specific task by inserting the proper

modules and componen ts, and modifying the operating system

software resident in the programmable read only memories

(PROM). For power consum ptation and heat d i sipatio rt consid-

era ti ons , the design stresses the use of Metal Oxide Semicon—

ductor (MOS) integrated circuit technologies. The digita l

elemen ts of IFPDAS III interface to the analog world through

a m icroprocessor controlled analog-to—digital converter

(A/DC). The keys to the successful IFPDAS III operation are :

a m a g n e ti c b u b b l e  memor y (MBM ) sys tem p r o v i d i n g com p ac t ,

23 
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nonva l itile , an d non  mec h a n i c a l  da ta s tora ge; an d th e

flexib ility provided by software control of data management.

This design effort builds upon the work accomplished by

Ca ptains Jolda and Wanzek CRef 4).

Power Module. The Power Mo dule for the aircraft mounted

system may differ in size and may use power from the aircraft

ra ther than from batteries. The power module contains all

power sources requ ired by the system and the power monitoring

c i rcu it s to de tec t a power f a i l u r e .  Po wer swi tc h i n g for  eac h

specific module is accomplished on the respective module.

Signal Conditioner. The Signal Conditioning Module

(SCM) is commo n to al l  system con f i gu ra t i ons .  It con ta i ns

moun ting locations for a generic set of probe sensor ampli-

f i ers and  s ig na l  cond iti oners  for  eac h typ e sensor  use d .

Flexibility in the type and number of sensors supported is

maintained by packaging each specific sensor amp l ifier/

cond itioner configuration on a common type integrated cir-

cuit carrier pack which is inserted into appropriate mounting

l oca t i ons  on the SCM as necessar y . Prov i s i ons  are made for

the large ampl i f ie rs  necessar y to send analog s i gna l s  to an

external  system for con f igu ra t ion  1.

To satisfy the requirement of sending digital data to

an ex ternal system and provide the digital data for more ad-

vanced sys tems , the Signal Cond it ioning Module has the space

V for a microprocessor (MPtJ), ran dom access memory (RAM),

PROM , A /DC , c l o c k c o u n t e r , an d a serial communications de-
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v ice (UART). The SCM MPU controls the sequential conver-

sion of each parameter signal to digital form and provides

these digital values to IFPDAS III. A digital data bus exists

for data and central communications internal to IFPDAS

I I I  an d ser i al comm u n i c a t i o n s  to an ex te r n a l  sys tem o c c u r s

through the UART . The data link to the external system is

bidirectional allowing both data and commands to be exchanged.

Th is module is mission tailored by adding the analog inter-

face circu its and digital components as necessary into pre-

defined mounting locations. It is possible to include 16

analog in puts requiring digital conversion , two discrete in-

puts controlling counters such as used for heart rate detec-

tion , one MPU , one PROM (2048 words), one RAM (256 words),

one UART , and one t imer /coun ter on th e SCM.

Da ta Manager. The data manager module (0MM ) is added

to provide the data cond i t ion ing  a lgor i thms , perform any

p arame ter c a l c u l a ti ons , and control data storage. This

module becomes the master digital system controller of IFPDAS

III. I ts function is to control the operation of the data

storage mdoule , direct data conversions by the SCM MPU -A/DC ,

perform the computations necessary to implement the data con-

ditioning and storage algorithms and control power shut -down

of other modules when not needed. The DMM contains a dedi-

ca ted MPU , up to 2048 words of ROM , 1024 words of RAM , status ,

con trol , and Input/Output CI/O) registers, and data bus inter-

face c ircuits.

30
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Bub ble Memory . T he Bu bb le  Memory Mo dule (BMM) contain s

the magnetic bubble memory (MBM) chips, the bubble memory

con troller (MBMC) and associated support ci rcuits. Six MBM

chip pos i t i ons  are prov ided.  Current comme rc ia l  MBM pro—

ducts are sized at a quarter megabit. Some manufacturers

have indicated that they intend to release MBM chips up to

the megabit size which are size and pin compatable with the

curren t quarter megabit chips (Ref 5). The 8MM provides

space for memor ies ranging in size from a quarter to six meg-

abits of memory depending on the type and number of MBM chips

use d. The 8MM stores data only on command from the data

managemen t module. The chips and suport circuits consume

large quantities of power and are therefore powered down

when data is not be stored. The MBM being used in the IFPDAS

III Develo pment Tool is a 92 kilobit development product from

Texas Ins truments. It’ s major-minor loop architecture (Ref

6&7) makes it slow and it consumes 11.5 watts of power. The

ma jor—minor loop archetecture requires 25.6 msec to store

36 words in the single page mode. In the multi -page mode it

requ ires 19.26 milliseconds to store the same 36 words. The

quar ter megabit memory architecture , bulk replicate, provides

fas ter data transfers , 10 milliseconds for 28 words, and

l ower power consump tion , 5.5 watts estimated (Ref 8&9).

The quarter megabit MBM is estimated to require 10.9 watt

seconds to store all 1137 pages of data in the single page

mode. Using these figures , one megab it of memory requires

31
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262 w a t t - s e c o n d s  to f i l l  al l  a v a i l a b l e  s to rage  l o c a t i o n s .

If the power is derived from a 12 volt battery it must pro-

v ide for a peak drain of one amp for one minut e to provide

the required memory drive power plus reserve.

(262 watt seconds}x (~Q
m 

nds )~~
12 vo l ts)

= 0.364 amp minutes (2)

A 3x reserve factor is app l ied to prevent battery voltage

drop below 12 volts.

Module In terconnect. The four IFPDAS III modules

interconnect to receive power and pass data , comman d s , and

con trol signals. The interconnection is provided by edge

card connec tors on the SCM, DMM , an d BMM w hi ch are i nser ted

into a di g ital bus structure integral to the Power Module.

Data Storage Rates. The system memory size and mission

duration determine the maximum average rate of data storage.

For a m i s s i on d ura ti on of f o u r  h ours , an avera ge data stor-

age ra te of 2.2 eight -bit words per second is allowed by

each quar ter megabit memory . The six megabit system supports

(254688 bits ÷8 bits/ word) -~-(4 hrs)-~-( 36OO secs/hr)

= 2.21 words/sec (3)

average storage ra tes up to 52 eight-bit words per second

during a four hour mission. Since a data storage rate is

no t specified by SAM , it is assumed that this rate is suffi-

cient and the system operating time is reduced for higher

storage rates.
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S o f t w a r e  Design

The software for the SCM MPU controls data conversion

and commun ica t i ons  p ro toco l  to ex te rna l  sys tems and the 0MM .

The so f twa re  for the 0MM MPU con t ro l s  data  sequenc ing ,  data

computing, data s to rage , and data con t ro l .  The data  manage-

men t algorithms discussed previously reside in the 0MM soft-

ware. Da ta format and storage are discussed in this section.

Ap pendix B contains example of software for implementing the

0MM con trol

Signal Conditioner Software. The SCM MPU controls the

circuits which select the parameter signal to be converted.

T he MPU comman d s the A/DC to c o n v e r t th e d a ta and  rece i ves

the digital value from the A/DC (Figure 3). The processor

then filters the data to remove induced noise and sends it

to ei ther th e UART for  tr a n s m i s s i on to an ex te r n a l  system or

to the temporary RAM where the 0MM MPU can access the data.

T he p rocesor  acce pt s comman d i n p u ts f rom the 0MM MP tJ a n d

data or commands from the external system (Figures 4, 5 , 6,

an d 7). Once a conversion cycle is starged , it is carried

to completion before new data or commands are accepted. 
V

Se q uenc i n g of parame ters for conversion is automatically con-

trolled by software unless an override command is received

(F i gure  5 ) .

The fil tering of noise induce d by the analog circuits

i s  accomp lishe d automatically In the conversion cycle

(Figure 3): the same parameter is converted eight successive
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times and the eight conversions are summed. Aft er eight con-

vers ions , the computed sum is div eded by eight and the re-

sul ting average is saved as the parameter value. If the

period between convers ions is 100 micorseconds , the filtering

technique passes those signal s below 1.25 Hz.

Af ter the average value is saved , the t ime i s  rea d

from the timer (Figure 3). The time is properl y scaled for

the parameter and saved after the parameter value in the

RAM. A t the end of a sequence loop the MPU waits for a 50

msec timer interru pt before starting a new sequence (Figure

3).

Data Manager Software. The data manager transfers

conver ted data and time from the SCM RAM to the data manage-

ment mo dule RAM while the SCM MPU is waiting to start the

nex t se q uence  (F i gure  6, 7, and 8). The data transferred

are f rom a com p le te se quence  cycle , up to 18 p arame ters .

When  an e r ror  correc ti on i s nece s sa r y, the DMM sen d s th e

single conversion command (Figure 5&9) to the SCM MPU. The

SCM MPU signals the conversion is complete by setting the

convers ion complete flag (Figure 3) and the 0MM MPU fetches

the data from the SCM RAM and issues a contine command.

The 0MM MPU operates on the data using the proper data

managemen t algorithm. Then computes any necessary functions

V (Figure 10, 11, 12 , 13 , 14). The final data values are

screene d for parameters requiring storage (Figure 8). When

data is to be sent to an aircraft -mounted system , the 0MM
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MPU generates a data list and places it into the SCM RAM.

An external transfer command is issued (Figure 15) and the

SCM MPU transfers the list to the external system through

the UART (Figure 7). When the BMM is used , the data to be

s tored  is temporar i l y  saved  in a data s to rage  arua , one

area for each parameter. These data storage areas contain

p as t v a l u e s , coun ters , poin ters and a page of parameter

data requiring storage. As the data pages are filled , they

are cransferred to a bubble memory queue area of the RAM

and held until transfer to the BMM can occur.

The transfer of data to the BMM (Figure 16) reouires

that the module first be powered up. Next the MBMC is

initial i zed and the first page and range of pages to be

filled are loaded into the controller. The data is trans-

ferred to the memory module and the status of the transfer

is monitored. When the last transfer is complete, the

memor y mo d u l e  i s powere d d own an d the d a ta m a na ger con tin u es

with the next cycle of data.

Da ta Sy s tem Forma t

The parameter signals provided to the A/DC are scaled

to range from 0 to 5 volts. The output of the A/DC is an

eight bit word representing the absolute value of the para-

meter. Time information is available from a 16 bit counter.

When a time word is fetched , both ‘bytes of the time word are

read and an eight bit word of the time scale factor appro-

priate to the parameter being serviced is retained and
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Figure 15. DMM Data Transmit to External System

52

--—- -----V—-

~

V-- - - V - - -- -----

~ 

~~~~~~~~~~~~~~~~ —V— V - - V  ~~~-V~~-V~~ V - ~~~~ V VV~ V V.V_V.V~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~



fl- -5- - - V V 5-~~~~~~~~~~~~~~~~~~ V V~~~ V- - V - V

DT

TRANSFER 
YES 

EXT

POWER UP

BMM

INITIALIZE

CONTROLLER

1~~~LOAD FIRST
PAGE

ADDRESS

‘I.

LOAD NUMBE R

OF PAGES
1~

SET
MULTI PAGE

MODE

Figure 16. 0MM Bubble Data Transfer
(sheet 1 of 2)

53

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — -V-- V —V. -~~~~~~~~~~~~~~~~~~ - — 
-V - V 

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



•-VV__ V
~~~~

V. -V V- -V~~~~~~~~~ V~-VV-VV.V~~- V •  V 1 L...V V -V~~~~~~~

16A

tRAN S FE R

V DATA ;.WORD

NO PAGE
COUNT

E RO

YES

TRANS FER

DATA WORD -

NO END
LAST
PAGE

V ES

SET AUTO
POWER DOWN

LATCH

DIR

Figure 16. DMM Bubble Data Transfer
(sheet 2 of 2)

54

_ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~

:

~

V. ~~~~~~ - - ~~~

this becomes the parameter sampling time word used by the

data management algorithm. When the data management algo-

rithm computes a change in time , only the absolute value of

the change is used.

Eac h parameter has a data storage area in the 0MM RAM.

T h ese areas  con ta i n th e i n forma ti on n e c e s s a r y to com p u te

th e p arame ter v a l u e  c h anges  or zones  an d th e c h an ge in ti m e.

The saved data words accumulate in their respe ctive data

pages .  Po i n ters and  coun ters for eac h p arame ter kee p t rac k

of the status of each data page and identify when the data

pages must be transferred to the bubbl e memory queue. The

bubble memories are s t ructured in pages ranging in s i ze  from

18 words for the 92 ki l obit memories to 28 words for the

quarter megabit memories. The parameter data words are

stored as pages , eac h pa ge re p resen ti ng a p arame ter , and

the first word of each page identifying which parameter that

page represents.

Fixed Change. The fixed change method first computes

th e d i f f e r e n c e  between th e c u r r e n t p ara meter v a l u e  an d th a t
V 

of last significant value. This change is compared with the

change value specified for that parameter. A data word is

saved if they are the same. The change in time is computed

an d tested for a maximum value. If the change is not si gni-

ficant but the time is at its maximum , a no c h a n g e  d a ta

wor d is saved. Each time a data word is saved , the last

parameter value and time words are updated. The construction
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of the data word is shown in Figure 17. Each fixed change

parameter data storage area is structured as the example

in Figure 18.

The time when the last data word was saved is located

at LTIME. The actual parameter value at that time is located

at LV/4L. WRDCT is used to identify when the last data page

wor d i s save d . WROCT a l s o  i n di ca tes w h en o n l y enou gh d a ta

page spaces remain to update the actual probe value. NEXT

points to the next available storage location in the data

page. Parameter ID is a unique word which identifies this

page of data as representing a specific param eter. The

las t  two words of the data page conta in  the parameter actual

value when the last significant change occurred and the time

increment when that change occurred.

Zone. The zone method computes a data zone value by

scaling the eight bit value to three bits. Eight zone

values are represented by this method. The time change is

computed in the same manner as the fixed change method.

The current zone is compared with the last zone saved and

a data word is saved if the zone has changed. A data word

is also saved when the time change reaches its maximum

value. Eac h time a data word is saved the last zone and

time words are updated. The construction of the data word

is shown in Figure 19. Each zone parameter data storage

area  i s s tr u c t u r e d as th e exam p l e  i n F i gure  2 0.
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1- NEGATIVE CHANGE
0- POSITIVE or NO CHANGE

FSB
~ . L ~LSB J

TIME CHANGE

(i_ NEGATIVE CHANGE (MSB=1)

1- POSITIVE CHAI-1GE (MSB=0)
0- NO CHANGE

Figure 17. Fixed Change Data Word Format

MEMORY ADDRESS POINTER MEMORY CONTENT

LTIME ) LAST TIME
LVAL , LAST VAL UE

WRDCT 1

NEXT ‘ POINTER
(start of DATA PAGE ) - PROBE ID

DATA WORD 1

VALUE

(end of DATA PAGE) TIME CHANGE

LTIME (next probe) ~- LAST TIME

Figure 18. Fixed Change Data Storage Area Format

57

- - V - - V - V



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

ZONE VALUE

[~
1SB~ H I 

~TIME CHANGE

Figure 19. Zone Data Word Format

MEM ORY ADDRESS POINTER MEMORY CONTENT

LT IME LAST TIME

LZONE LAST ZONE

WRDCT 3
NEXT POINTER
(start DATA PAGE) . PROBE ID

DATA WORD 1

DATA WORD 2

DATA WORD 3

S

(end of DATA PAGE) DATA WORD h

LTIME (next probe) ~ LAST TIME

Figure 20. Zone Data Storage Area Format
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The time when the last data word was saved is stored

at LTIME and LZONE contains the zone value at that time.

WRDCT is used to indicate when the last data page is saved.

NEXT points to the next available storage location in the

data page. Parameter ID is a unique word which identifi es

this page of data as representing a specific parameter.

Var iable Change. The variable change method compute s

the change in time as in the fixed change mode. The value

change is again the difference between the current value and

the last significant value but now the actual change is

save d rather than a fixed interval. The value change is

tested for a significant change and a data word is saved if

necessar y. A data word is saved if the time change has

reac hed it s max i mum v a l u e .  Eac h ti me the d a ta wor d i s saved ,

the last parameter value and time words are updated. The

cons truction of the data words is shown in Figure 21. Each

va r i a b le  c h ange  p a r a m e t e r  da ta s torage  area  i s s t ruc tured

as the example in Figure 22.

The time when the last data word was saved is located

a t L T I M E  and t h e parame ter v a l u e  a t th a t ti me i s loca ted a t

LVAL. WRDCT is used to identify when the last data page

word is saved. WRDCT also indicates when only enough data

page word spaces remain to save the parameter value and time

chan ge. NEXT points to the next available storage location

in the data page area. NEXT increments by three on every

second data word save. The parameter ID is a unique word
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SIGN OF CHANGE FOR DATA WORD N

_ _ _ _ _ _  

I 
_ _ _  

-

~~~~~~~ [LSB

TIME CHANGE FOR DATA WORD N
DATA WORD N CHANGE

H __
_ _ _

DATA WORD N+1 CHANGE
SIGN OF CHANGE FOR DATA WORD N+1

MSB ~LSB

TIME CHANGE FOR DATA WORD N+1

Figure 21. Var iab le Change Da ta Wor d Forma t

which iden tifies this page of data as representing a specific

parameter. The last two words of the data page contain the

parameter actual value when the last significant value

occurred and the time increment.

Ground Su pport System

Data collected an d saved during a mission is transferred

to an analysis system through the ground support system (GSS).

The GSS system design is not treated in this thesis. The

concept of this system involves removing the memory module

from IFPDAS III and connecting it to the ground support

system . The GSS reads the data pages from the memor y module

and reconstructs the time history of the parameters using

the Inverse of the algori thm techniques which created the
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MEMORY ADDRESS POINTER MEMORY CONTENT

LTIME LAST TIME

LVAL 
- 

LAST VALUE

WRDCT 4
NEXT POINTER

(start of DATA PAGE) PRORF In 
V

TIME 1

CHANGE 1 / CHANGE 2

TTM F 2
- TIME 3
CHANGE 3/ CHANGE 4

S

.

VALUE

(end of DATA PAGE) TIME CHANGE

LTIME (next probe) LAST TIME

Figure 22. Variable Change Data Storage Area Format
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parameter data. The parameter histories are then made

available to the physiological analysis system.

T he GSS i s a l s o  use d for ma i n te n a n c e  an d t rou b le
V shooting. The 8MM is cleared and prepared for a mission

by the GSS. The software operating systems are programmed

into the IFPDAS III PROMSs by the GSS. Digital test words

used for trouble shooting diagnastics are produced by the

GSS an d provided to the module under test.

Two exam p l es of GSS sof tware  are  gi ven i n A pp en di x B.
V 

The first routine reads data from the memory module in the

multi -page mode. This data is provid ed to the reconstruc-

tion algorithm. The second example software is the memory

clear and initialize routine to clear the entire memory and

set the bubble to page zero.

Summar y

The details of the IFPDAS III modules are presented in

the first section. This discussion centered on specifying

the type of components and their functions. In its six mega-

bit configuration , the BMM provides for 52 stored words per

secon d. This amounts to an average of one word for every

th ree p arame ters s a m p l e d .  A deta i l e d h a r d w a r e  d es ig n an d

spec ifi ca ti on i s f o u n d  i n A ppend i x A.  T he secon d sec ti on

de tailed the architecture of the SCM and 0MM operating sys- 
V

tems.  The de ta i l s  i n c l u d e d  commun i ca ti ons betwee n th e SCM

and both the 0MM and the aircraft-mounted system , through

the UART. The detailed format of the three new data storage

me thods; fixed change , zone , an d variable change is presented
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in the third section. The formats included a description of

each type of data word and the format of the parameter data

stora ge area i n RAM . T he l a s t sec ti on p r e s en ted  a n ov e rv i ew

of a g r o u n d  su pp or t sys tem n e c e s s a r y to p r ov id e I F P D A S  I I I

ma i n tenance  an d p rel i m i n a r y d a ta a n a l y s i s.
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V F A B R I C A T I O N  AND T E S T I N G

The limited fabrication acc omplished during the design

effort provided verification of interface concepts proposed

in the final design. Some of~ the interface concepts fabri-

cated are used directl y in the IFPDAS III hardware design

while other concepts fabricated are intended to only serve

as guidelines for future design opt imization efforts. All

of the circuit concepts fabricated are applied to the IFPDAS

III Develo pment Tool constructed by Jolda and Wanzek (Ref 4).

The specific circuit concept s fabricated consist of: inter-

face c i r c u i ts fo r  a l l  da ta sou rce s  ex te r n a l  to th e com p u te r ;

control circuits for the A /DC; optimization of the heart

ra te coun ter , and  an e v a l u a ti on mag n e ti c b ub b l e  memor y sys tem

from Texas Instruments.

D e v e l o pmen t Tool

T h e d e v e l o pmen t Tool cons truc ted by J o l d a  and W a n z e k

was based upon an Intel SBC 80/20 (Ref 1O&11) single board

com puter. The computer controlled the collection and con-

vers i on of n i ne a n a l o g p arame ter s i g n a l s .  An Ana l og Dev i ces

DAS 1128 A/DC performed the signal selection and conversions

commanded by the central proces so r , an Intel 8080. A heart

ra te counter separate from the DAS 1128 provided a means of

con tinuously monitoring heart rate. The Intel 8080 processor

on the SBC 80/20 collected data for 10 seconds and then sent

all the data collected to a Hazeltine 2000 Video Terminal /
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Casette Recorder via a UART . The magnetic bubble mem ory

was not available so the cassett e recorder performed the

V f unc t i on  0-f the bubble memory for the purpose of cencept

V 
validation.

During this design effort , circuits were fabricated

which reduced the time required to transfer data and commands

between the SBC 80/20 and the DAS 1128 , heart rate counter ,

an d bubble memory controller. The tim e reduction was accom-

plished by using address and control signals from the SBC

80/20 address , con trol , and data busses (Multibus). This

technique accomplished in one or two computer instruction

cycles transfers which took two or three cycles to perform

using the I/O port interface technique implemented in Jolda

an d Wanzek. Using Multibus signals was easily accomplished

for the required control circuits were already provided by

the control circuits which interfaced the bubble memory con-

troller to the SBC 80/20 via the Multibus. The heart rate

counter optimization consisted of providing it with it ’ s

own re ference osc i l l a tor , improving the accuracy and range

of the count by both hardware and mathematical techni~ ues ,

a n d i m p r o v e m e n ts to th e coun ter con trol c i rcu it s.

In terface. -The control interface is reoriented to use

th e s i g n a l s  f rom the I N T E L  Mul ti b u s .  W here poss ib l e , the

control information is passed from the 8080 processor to

th e i n te r f ace  c i r c u i ts th r o u g h  t he Mul ti bus  a dd ress an d

data lines. The DAS 1128 and the magnetic bubble memory
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controller (MBMC ) are treated as I/O rather than memory ad-

dresses. The second four address bits , ~b4-X~7, are decoded

to prov ide the required un it select signals. The address

map is located in Appendix 0. The INTEL Multibus uses nega-

tive logic signals for address and data but the 8080 pro-

cessor issues ad dress and data as pos itive logic. Rather

th an us i n g i nve r ters for  eac h a dd ress l i ne , th e sof tware

address assignments take into account the required inversion.

The data lines to the magnetic bubble controller are inverted

by tn -state buffers. The DAS 1128 and heart rate data

l i nes i n t e r f a c e  th rou gh th e p a r a l l e l  I /O por ts. Th ese I /O

ports are also inverting so the output of the DAS 1128 is

inverted internal to the system before it is sent to the I/O

port.

DAS 1128. T-he A/DC system used is the same DAS 1128

used by Jolda and Wanzek. Only the most significant eight

b i ts  are sent to the I/O port in the l’ s complement  form .

The control of updating the next pr obe MUX is accom plished

th rou g h bi ts C6 an d C7 o f p a r a l l e l  I /O one .  The nex t M U X

address is passed to the DAS 1128 through the lower four

bits of the data bus and is strobed into the DAS 1128 by

issuing an OUT PROBE command. This command is decoded and

ac tivates the STROBE 2 line. The conversions are started

au tomatically by routing DLV OUT to TRIGGER. When the EOC

s ignal is issued , i t initiates a 500 nanosecond pulse at

T R I G G E R .  The en d of thi s p u l s e s tar ts th e nex t c o n v e r s i on
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of the same MUX and this pr ocess continues until a new MUX

address is strobed. EOC also strobes the data into port A

of pa ra l l e l  I/ O one.

Heart Rate. An oscilator circuit is added to drive the

heart rate counter rather than using a signal from the SBC

80/20 timer. The oscilator generates a 262 ,144 Hz square
V 

wave which is divided down to 8 Hz by four sequential

coun ters. The 8 Hz drives the Heart Rate counter rather than

the 225 Hz used by Jo lda and Wanzek. Thi s allows heart rate

detection below 50 beat s per m inute by using the counter in
V 

the following equation.

Hear t Ra te = f ( 60 secon d s ) (~~~~
t) + 1.9 (4 )

Count is the word la tched into Port A of para l le l  I/ O two.

Th is  port is inver t ing  so a zero count app ears  as 255 to the

com puter. As the actual count increases , the count seen by

th e MPU d ecreases  an d i s saved i n thi s sta te for used  i n ( 4) .

The f in (4) is the frequency input to the counter (8 Hz).

A com p u ter p rece i ve d coun t of zero g i ves a m i n i mum he ar t

rate of 1.9 beats per minute. Each count equals 1.9 beats

per minute and the maximum deductable heart rate is 482 beats

per minute. The R wave detector , the counter controller V

and strobe generator operate as designed by Jolda and t4anzek

b u t are rew i re d to im p rove th e Hear t Ra te coun ter rese t an d

strobe pulse pattern.
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Reset /Interrupt. A man ual reset switch is provided to

reset the entire development system. This swit ch grounds

the Mult ibus master reset lin e. Two debounced switches

ac ti va te i n te r ru pt l i nes on e an d s e v e n .

Acknowledge. All interface system commands except the

magnetic bubble memory commands pr ovide acknowledge by

routing the unit select sign al to XACK. The ready signal

from the magnetic bubble controller is high when the con-

troller is ready and when the controller is not selected.

The controller ready signal is gated by MBCR® MBCW so the

ready from the magnetic bubb le controller is the proper level 
V

an d occurs only when the controller is selected and ready.

Memor y Module Select. The magnetic bub ble controller

can con trol up to four 92 kilobit bubble memory modules.

T hese m o d u l e s  mus t be s e l ec ted before d a ta t rans fer ta kes

place. Curren tly three flip - flops provide the select signals

by setting the select word from the data lines when the OUT

MBPUR comman d is issued. The flip - flops are reset by OUT

MBPDR. The fourth flip-flop state at Q indicates that a

mo dule is selected.

Power Con trol. A single flip - flop monitors data line

3 when OUT PWOFF is issued. The state of this flip - flop in-

dicates when the operating system shut down IFPDAS III.

Ma g ne ti c Bu bb l e  Memor y

The bubble memory controller and interface circuits

o pera te as descr i bed in  Ap p en di x C. Fre q u en t c h ang es i n
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log ic circuit de sign by Texas Instruments and lat e arrival

of parts have prevented ve rification of the entire memory

system at this time. The only documents existing for the

memory system are vague in their explanation of the signals

to and from the controller and the logical sequence of com-

man ds. The following disc usses the interface hardware and

those operating considerati ons not discussed In the Texas

Ins truments documents (Ref 12 thru 21).

In terface. The lower four bits of the addres s bus go

directly to the bubble memory controller (MBMC). The MBMC

decoding ROMs U1&U2 are not used. The unit select signals

are  d ecoded f rom the secon d four  bit s o f th e ad d ress  b us

and the select and read/write signals are sent to a jumper

plug in Ul. The MBMC data line buffers U3 & U4 are not

used , instead a pull -up jumper plug is provided in place of

the 74LS226 buffers. The interface board provides data

buffering to the Multibus through inverting buffers which

are ena b l e d by th e M B C R D /MBCWR c hip s e l e c t s i g n a l s .  To

pro vide synchronization for the ready signal , the Multibus

CCLK , 9 MHz , signal is divided by three and sent to the

con troller through MBMC P2 pin 29. This delays the ready

and causes the 8080 to enter an extra wait state but it

insures stable data to and from the MBMC. Since U3 and U4

are no t used , the MBMC P2 pin 20 clock signal is not used.

A ddressing . The MBMC is addressed when the upper

n ibble of the I/O address Is a I (Hex). The lower four
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address bits go direct ly to the controller and the software

must take into considerati on the level inverting by the

Multibu s .

Comman ds. When a reset is issued the MBMC registers

are cleare d and it is placed in a single page mode. The

minor loop size and page size registers mu st be set and a

so ftware reset command issued before data transfers can

occur. The single /multi page mode remains set until

changed by a specific command or hardware reset. When

testing the status bit to detect when the MBMC is finished

execu ti n g t h e comman d , the Interface Application Notes

(Ref 18) indicate that it takes 10 microseconds for the

MBMC to set the busy bit. The recommended doubl e test of

the busy bit does not work when the MBMC is addressed by

an IN or OUT comman d. The time required to execute an IN

command takes longer than the time necessary to set the busy

bit .  The f i r s t  loop of the idle test  is rep laced by a NQP

time filler. The recommended busy bit test to detect the

en d o f execu ti on i s u s e d .  T he “Cold Start Initializa tion ”

V is used only when a bubble module is to be used wh ich  may

have b een powere d d own before  th e p rev i ous tr ans fer was

comp le ted .  Under normal cases  the “ Co ld  Star t  In i t i a l i za -

tion ” is not necessary .

Comman d Sequences. Each time a page is to be written

the desired page number must be entered into the page

se l ec t re gi s ter .  For s i n g l e  p age tran sfers , that page is
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where the data is transferred. For multipage transfers

the selected page marks the starting location for the

transfer. For the single page mode the read/write page

instructions are straightforward from the Interface Appli-

ca tion Notes (Ref 16). For multi page transfe rs , the p age

coun ter register i -s loa ded with the number of pages to be

transferred. During the transfers, th e MBMC i n te r r u p t l i n e

ra ther than byte read/written status indicates when the next

byte is to be transferred (Ref 21). The page counter status

i s c h ec ke d be tween trans fe rs an d when  the p a ge coun t zero

bit is set , 18 more byt es are  to be t r a n s ferred b e f o r e  th e

en tire operation is comp l e te. The memor y m o d u l e  can b e

powered down after the completion of the execution , no more

than 12.8 rn ill i- s econds after the last command is issued.

Mo dule Selection. Although the MBMC can support up

to four modules, only three can be used without redefining

a signal pin on the MBMC interface cable. The redundency

ROM , Ull , is programmed to operate with module one selected.

T h e d a ta l i n e  
~~~~~~~~ 

activates the module one select flip - flop

which drives interface pins 4 and 22.

ROMs. The function ROM , 1JIO , is programmed with the

latest version of the function generating software (Ref 19).

Of the 157 minor loops in the bubble memory , only 144 are

used. This allows u p to 13 loops to be defective and still

have a useab.l e memory . The masking out of the bad loops is

accomplished through the redundency ROM. The redundency
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ROM , Ull , is programmed to provide the following bad loop

addresses (HEX): 0000, 004C , 0050 , 0051 , 0052 , 0053 , 0054,

0055 , 0068, 0069 , 006A , OO 6F , and 008E. Loops 0000 and 0068

are arbitrarily added to the 11 loops already defined bad by

Texas Instruments to make up the requir ed set of 13 bad loops.

Modifications. Two modifications are implemen ted on

the MBMC board. The first modification changes the genera-

tion of STROBE and is documented in the Interface Appli ca-

tion notes (Ref 17). This modification involved adding a

741S109 in the U22 position and redefining the utilization

of U12A , U 15A , and U15C. Appendix C illustrat es the com-

pleted modification. The second modification implements

Mo difi ca ti on I n s t ruc ti ons  fo r  92K C h e v r o n  MBM Con t ro ll er

Timings (Ref 19).

Page Size. The page size for the 92 kilobit memory

is 18 eight-bit words. In the single page mode , an en ti re

page of data must be written into or read from the MBMC

first -in-first-out (FIFO) register to complete the trans-

action. Incomplete transactions can leave the bubble in

an indeterminate state. During rn ultipage transfers , the

F FIFO is only one word long and thus only one word is trans-

V ferred at a time .

V MBMC Status Bi ts .  The MBMC status register conta ins

8 bits reflecting the status of the controller. Only three

bits: Page Read/Written , bit zero; Controller Busy, bit

five; and Page Count Zero , bit six , are usable. The re-
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maining b its are for diagnostic testing of the MBMC or are

not properl y implemen ted.

Testing . To date only the MBMC been tested. All read

an d write instructions to MBMC regi sters work pro perly.

Late delivery and programming of the ROM prevented full

scal e testing of the memory module. Test ing of the module

con trol signals is continuing and when finished , th e I F P D A S

software driver testing will begin.

Sof tware Design and Testing

Ap pendix B lists example IFPDAS software for the SBC

80/20 based development tool. This software collects and

saves data without computing any functions. The software

design testing is delayed in lieu of fabrication of the

Magne tic Bubble Memory System. Once the memory system check-

ou t i s com ple te , the entire software package will be tested

for interface operations by applying controlled analog in-

put signals and monitoring the data sent to the bubble

memory via the OTOUT subroutine. Replay of the bubble

memory contents is verified against the data sent to the

memor y. This procedure verifies the bubble memory operation

and its interface. Verification of data management al gor- 
V

ithms is accomplished by comparing the actual data words

saved aga inst those expected from the known inputs. This

sof tware is meant to serve only as an example of algorithm

i m o l emen ta t i on .
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Summar y

The operation of the circuits fabricated during this

design effort indicate that execution speeds are increased

by interfacing data sources directly to address and data

b u s s e s .  T he hear t ra te coun ter o pera ti on i s i m p rove d an d

provides an expanded of from 1.9 to 482 beats per minute.

The value per bit is a constant 1.9 beats per minute through-

ou t the entire range.
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VI  CONCLUSIONS AND REC OMMENDATIONS

The intent of this des ign effort is to provide a base-

line design for third generation Aircrew Inflight Physiolo-

gical Data Acquisiti on System. This baseline design and the

specifications are sufficient foundati ons from which a pro-

totyp e sy s tem can be f a b r i c a ted.

C o n c l u s i ons

The System Requirements Study shows that it is feasible

to monitor physiological data with an 8-bit digita l system.

The requirements stuiiy also identifies alternate schemes for

recording data which provided five levels of trade-off be-

tween data fidelity and quantity of data which may be stored.

The system design describes the functional and specific de-

s ig n as pec ts of th e f o u r  I F P D A S  I I I  mo d u l e s : Powe r , Signal

Conditioner , Da ta Mana ger , and Bubble Memory . Appendix A

de ta i l s  th e M o d u l e  h a r dware  arc hit ec ture , design variations

based upon CMOS and NMOS technologies , and p resen ts d es ig n

considerations and system specifications. This design effort

did provide hardware architecture and system specifications

which do constitute a system baseline.

The requirements study did not identify any parameter

signal accuracy or sampling rate requirements which the hard-

ware  des i gn c a n n o t accomo d a te wi th i n  th e s ta ted a c c u r a c y

limit of 1%. The hardware architecture necessary to imple-

men t IFPDAS III requirements does not contain any hardware
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associated constraints other than memory size. The Bubbl e

Memor y Mo d u l e , us ing six meg abits of storage , accomodates

data storage rates equivalent to 1/3 of all the data sampled

during every 50 msec period. SAM cannot presently specif y a

desired data acquisition rate therefore they have no objec-

V tions to this data rate for a prototype system. The final

conclusion is that the baseline NMOS system is feasible and

complies with system requirements and design architecture re-

q u i remen ts.

Re commen d a ti ons

The primary recommendation is that the prototype system

be constructed using the NMOS design. The hardware architec-

ture should be optimized with the latest commercial inter-

face an d memor y com ponen ts. An o p era ti n g sy s tem mus t be

developed and optimized for the hardware design. The two

efforts must be conducted in parallel as they are closely

interdependent. It is most important that the proper tools

be used to assist in these developments. The most impor tant

tool is a microcomputer development system which support - s the

microprocessor selected for the prototype design. Exam p les

of such development systems are the INTEL MDS-23 0 , the

Mo to r o l a  Exorc i ser , or the Tektronix 8002/8001 Microprocessor

Lab. These systems must also support a h igher order language

com piler and cross compiler as well as an assembly language

assem b l er. A l l  of th ese t o o l s  are  n e c e s s a r y to d e v e l o p a
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quality system. The development system hardware may be used

as the Ground Suppo rt System once IFPDAS III becomes opera -

V t i o n a l .

A cand ida te  IFPDAS III memory sys tem must  be i d e n t i f i e d

and purchased from a vender currently p roviding magnetic

bubble memories. Such a system mu st have the growth po-

tential of being able to eas ily substitute larger memory

chips. When the memory configurat ion is defined then a com-

plete power requirement study must be made with considera-

tion given to heat dissipation as well as operating time.

V 

The analog signal conditioners create p otential prob-

l ems  i n terms o f num ber of power sou rces  re q u i re d an d nu m ber

of com pon en ts i n eac h c h a n n e l .  Sev e ra l  o p por t un iti es exi s t

for development of custom analog interface circuits operating

f rom a s i n g l e  power source  an d i n c l u ding sev era l  s ta ges o f

am p l i f i cat i on .  Such  cus tom des i gns  a re  re q u i re d for eac h

type of physiological sensor used. In the case of flow

ra te , par ti a l  p r e s s u r e  of ox yg en , an d p ar ti al p r e s s u r e  o f

carbon dioxide detectors , SAM wi s h es to re p l a c e  th e s e n s o r s

p resen t l y i n use , therefore opportunities exist for develop -

ment of entire sensor/amplifier systems.

Analog - to-dig ital conversion is the commonly accepted

method for converting the analog levels to their digital

coun ter p ar ts. In teg ra te d c i rcu it m a n u f a c tu r e r s  are m aki n g

new vers ions of low signal level controlled voltage-to-

fr equenc y conver ters ( V /F C ) .  Th e em ph as i s on th ese c i rcu it s
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in new designs (Ref 22&23) indic ates that an optimization

tradeoff study of A /DC versus V / P C  is necessary to identify

whether V/FC should replace A/DC . Since the frequency of

the V/ PC output pulses correlates with the anal og input

signal , the digital conversion Is accomplished by counting

the pulses during a known interval. A digital multiplexer

c ircuit allows several V/PC -s to drive an eight bit counter

an d analog signal multiplexers can be used on the V/FC in-

puts to further expand the converter input c~ia nne l s. The

use of V/PC may make a significant impact of the analog

signal amplification required and provide faster conversion

s i nce p a r a l l e l  c o n v e r s i on c h a n n el s are  fe as ible . T he V /FC

conce pt ma y a l s o  r educe  th e ac tu a l  n u m b er o f c i rcu it c hip s

required if the amplification requirements are reduced.

The aircraft cockpit abounds with electromagnetic

V i n ter ference  s o u r c e s .  Such sources  m ake the tr a n s m i ss i on

of analog and digital signals difficult. A potential answer

to the problem of how to reduce the induced interference is

V the use of fiber optic channels to transm it the data. This

technique can be investigated for both the analog and di g ita l

transmissions to the external systems. The primary consid-

era tions requiring investigation are how much power is re-

quired to support fiber optic data links and how much space

do they require.
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Appen dix A

IFPDA S III HARDWARE ARCHITECTURE

The IFPDAS III design cons ists of four modules: Power ,

Signal Conditioner (SCM1, Da ta Manager (0MM) , and Bubble

Memor y (BMM). All four modules fit into a rectangular metal

ven telated box. The box has remova b le ends for changing

mo dules and parallel groves in the sides to guide and hold

the module circuit boards in place. The box end opposite

th e power module is att ache d to th e sig nal cond iti oner mo d ule

and all ex ternal connector plugs attach to this end p late.

The plug types are unspecified but provide for up to 22

analog sig nals; ser i al , d i g i tal transm it and rece i ve l i n es;

and start/stop signals. Figure 23 shows a side view of the

modules inside the metal box.

Bo th signal cond it ioner and da ta manager modules are

single printed circuit boards measuring 5 X 5 inches in-

clud ing the edge connector. The bubble memory module con-

sists of two borads connected back-to-back and spacial 0.125

inchs apart. The bubble memory controller , func ti on genera tor

and in terface circuits are on the top board which is the

same size as the signal conditioner and data manager module.

The bubble memory chips , function drivers , sense am p l i fiers ,

termination networks, d iode arrays and power switchers are

moun ted on the l ower board which is 5 X 5 inches and does not

h ave an ed ge connector.
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Power Module

The power module is 3 X 2 X 5 inches and contains the

batteries, power regulator s , in terconnec t bac kp lane a nd
edge card connectors. Two D size , 1.4 dia X 2.5 inch ,

lithium batteries provide an average 5.5 volts at 10 amp

hours , 55 wa tt-hours , for the low voltage requirements. Ten

AA s i ze , 0.6 da X 2.0 inch , lithium batteries provide an

average 12.5 volts at 3 amp hours , 37.5 watt -hours , for the

high voltage requirements. The rema ining space is devoted

to vol tage regula tors an d the bac k p lane.  F i gure 24 s h ows
the top, bottom and side views of the power module.

S ig nal Cond it ioner Mo d ule

T he func ti onal la you t of th e SCM i s s h own i n F i gure 25.

The func t ional areas for th e analo g c i rcu it s , digita l cir-

cu its and interconnect plugs are shown. The functional l ay-

ou t supports both the complementary Metal -Ox ide Semicon-

ductor , CMOS , and N type MOS implementations. Bot ig designs

depend upon the use of single power source CMOS analog

am plifiers.

Figure 26 shows the CMOS implementation of the SCM

digital system. The CMOS technology is used where such cir-

cui ts exist and some NMOS circuits are used where no com-

parable CMOS type is available. The microprocessor unit

(MPU) Q output is used to signal the end of a minor sequence

loo p. The EF inputs to the MPU are the interrupt service

flags. Da ta transfers to the data manager occur when the
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MPU is put int o a pause state and the data manager assumes

control of the SCM digital busses. Commands from tI~’e data

m anager MP U are p ’~ ced direc tl y in to the SCM RAM d urin g an

SCM MPU Pause. Comman ds and data from the UART are fetched

by servicing a LJART interrupt. The timer circuit contains

three 16-bit counters to provide elapsed time , heart rate ,

an d a second discrete input count. The UART baud rate clock

comes from the clock divider circuit. Table II shows the

ci rcu it elemen ts , su ggested part numbers and power consump-

ti on for th e CMOS i m p lemen tation. The total power is a

maximum figure with some reserve since all circuits are not

ac tive simultaneously.

Figure 27 shows an NMOS implementation of the SCM digi-

tal system. Commands and , flags , are passed between the

signal conditioner and data manager modules through the par-

allel I/O ports. Parameter data are also passed through the

same I/O port, one byte at a time in response to specific

comman ds from the data manager MPU. The timer circuit

supplies the band rate clock to the UART and keeps track of

the 50 millisecond time pulses from the RAM -I/O timer. The

hear t ra te and di screte i npu t channels are read th rou gh th e

I/O ports of the EPROM —I/O circuit. The MUX address , l oad ,

an d start commands to the A/DC are passed through the RAM-

I/O port B . Table III shows suggested part numbers and

power consumption for the NMOS implementation. The total

power is a maximum figure w ith some reserve since all cir-

cu it s are no t active simul taneousl y .
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Da ta Mana ger Mo d u l e

The CMOS implementation of the 0MM is shown in Figure

28. The implementation uses the MPU Q output to signal an

SCM interrupt and the EF input s as interrupt service flags.

Three state bus buffers isolate the DMM busse s from the SCM

bus and the BMM data lines. Table IV shows circuit elements ,

su ggested part numbers and power consum pti on for  the CMOS

implementation. The total power is a maximum figure with

some reserve since all circui ts are not active simulatan-

eous l y .

The NMOS implementation is shown in Figure 29. All

transfers to the SCM occur through the parallel I/O port.

Three state tranceivers connect the 0MM data bus with the

BMM con troller. The BMM power control comes from a parallel

I/O port. Table V shows the circuit elements , suggested

par t num bers , an d power consumpution for the NMOS implementa-

tion. The total power is a maximum figure with some reserve

s i nce a l l  c i rcu it s are not ac ti ve s i mul taneous l y .

A 0MM functional l ayout is not specified. The DMM

module size , 5 X 5 inches , is sufficiently large to allow

for  an y c u r r e n t l y known i m p l emen ta ti on us i n g cus tom su pp or t

circuits.

Bubble Memory Module

The configurations of custom design support circuits for

bub ble memories are not yet specified by the manufacturers.

The functional layout shown in Figures 30 and 31 are only

es timates based upon custom support circuits for the 92k
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bit memory from Texas Instruments. The bubble memory power

requirement is est imated , bas ed on 92k bit memory require-

ments , at 12 watt hours for the 12 volt source and 5 watt

hours for the 5 volt source. These requirements support peak

load requirements plus a start-up reserve. These power

es timates support up to six megabits of memory storage.

Des ig n Consi dera t ions

In arr iving at a final IFPDAS III design for implementa-

t ion , several fac tors must be considered. These factors

i nclu d e s pee d of opera ti on , s i ze of componen ts an d power

consum ption. These considerations are:

- In order to convert and filter parameter data at the

m i n i mum sam pli ng ra te , the SCM MPU must be able tc perform

operations while the conversions take place.

— If power consumption rates are more critical than

s peed of execu t ion , CMOS c i rcu it s are re q u i re d .
- If power consum pti on is no t cr iti cal or s pee d of

execu ti on i s im por tant , NMOS circuits are the best choice.

- The power source requirements to support both the SCM

an d 0MM d igit al and ana log c i rcu it s are no t s i gnificantly

impacted by adding the one amp -minute requirement necessary

to support a 6 megabit BMM .

- The major power consumer in the IFPDAS III is the

digital system which operates continuously.

- The low power density of rechargable nickel cadimum

batteries makes them unsuitable for use in the IFPDAS III
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package size. To power IFPDAS III , a se para te con tain er 5 X

9 X 3 inches is required to conta in the 30 0 size nickel

ca dimum cells which replace the l ithium cell power supply.

- The power module size allows for only two voltage

sources. The ana log amplifiers must be single power source

types or SCM space must be provided for the necessary power

conver ters.

The manufacturer of d igital circuits in large and very

large scale integration introduce several new products each

mon th. Even as this des ign is finalized and documented ,

four new i ntro d uc t ions in th e area o f memories , coun ters

and buffers provide for optimizations previ ously thought not

possible. It is suggested that any use of the example de-

sign provided be optimized by using the most recent circuits

available at the time of final fabrication.

IFPDAS III Des ig n S pec ifi ca ti ons

Ac tual implementation of the IFPDAS III concept is pos-

sible with a variety of circuit elements available from

comerc ial sources. The design used depends upon the tech-

nolo gy type and vendor selected. The di gital portions of

IFPDAS III can be i mplemen ted w it h e ith er NMOS or CMOS

technologies and the actual signal interconnects and hard-

ware requ ired depend upon the technology and vendor selected.

The opera ting system software concepts are the same for all

technologies but actual implementation is dependant upon the

details of the hardware used. The successful construction

of an IFPDAS III system is possible using any suitable
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technology and hardware components if minimum specifications

are followe d. The specifications which define IFPDA S III

are:
- Only two power supp l y voltages are feasible to imple-

men t . Space limi ta t ions ma ke it d iff icul t to p rov id e more

than two voltages at the required power levels without im-

pacting space required for other circuit elements.

- The limited space devoted to power sources prohibit

the use of rechargab le batteries. The minimum power density

for the IFPDAS III power module is six watt -hours per cubi c

inch.

- The analog signal amplifiers should be constructed

us ing CMOS amplifiers requiring only a single power source.

— Onl y NMOS tec hnolo gy m i cro p rocessors  h ave su ffi c i en t

cus tom su pp or t elemen ts such as , EPROMs , 1024x8 bit RAMs

with three state output , and multiple latched bidirectional

I/O ports in a single package to permit implementation of

the digital system without awkward and large interface ele-

men ts. W hen th ese memor y, bu ffer , an d I/O e l emen ts become

ava i la b le i n CMOS tec hnolog y, ~~~ th e use o f CMOS c i rcu it s

is restricted only by the ability to produce the required

system throughput.

- The microprocessors used must have an eight bit data

wor d s ize  and have more than ten ad d ress li nes.  The c loc k

genera tion circuits must be provided by the processor itself ,

and th e s i ngle f et ch , non cond iti onal i ns truc ti on execu ti on

ti me mus t be less  than ten m i crosecon d s. The m i cro p rocessor
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should require no external support circuits such as bus con-

trollers , bus drivers , an d c loc k d r i ve rs .

— The analog-to-digital converter should be a succes-

sive approximation type , have 16 an alog channels with as

i npu t mul ti plexer , and eight bit latched three-state data

l ines. It is desirable that the converter be monolithic ,

CMOS , an d complete conversions in 100 microseconds or less.

A sam ple and hold circuit is not required but is desirable.

- The Random Access Memory minimum requirements are

48 words for the Signal Conditioner Module and 768 words

for the Data Manager Module.

- The operating system software should be less than

1 ,024 words each for the Signal Conditioner and Data Manager

mo dules. Larger operating systems are allowed if the mini-

mum s amp li ng ra te i s not af fec ted.
- The operating systems are contained in single UV

erasab le  Programma b le Rea d Onl y Memor i es , EPROMS , for both

th e S ig nal Cond iti oner an d Dat a Manager Modu les .
- T h e Bu bble Memor y Mo dule mu st prov i de for s i x memor y

elemen ts. The bubble memory elements selected must provide

for a sy s tem up g ra de to s ix  mega bit s w it hou t a bubb le memor y

mo dule hardware redesign. Provisions must be made to accom-

plish an orderly power shutdown between data storage routines

to conserve battery power.

- All analog signal conditioners must provide parameter

signals which range from 0— 5 volts unless the input specifi-

ca tions of the analog-to — digital converter permit.
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- The Signal C onditio ne r digital system must select ,

co n ver t , filter , and save at least eight analog parameters

in a 50 m illisecond period.

• - T h e Da ta Mana ger mus t be ca p a b le of o p era ti ng on

all data saved by the signal conditione r with enough reserve

time to save the data in the Bubble Memory Module. The max-

imum average data storage rate allowed in a 6 megabit

memor y configuration is 48 words per second.

— T he IFPDAS III sy s tem mus t be con taine d in a box.

The box must be constructed to provide support for the

mo dules , provisions for heat disipation , and shielding from

ou ts i de e lec troma gne ti c in ter ference.  Remova bl e en d ca p s

provide for module replacement. One end cap is connected to

the signal conditioner module to provide the supporting

s truc tur e for ex ternal connec ti ng p lugs.
- T he s ig nal i nterconnec ts be tween modules are p rov id ed

by a backplane and 44 pin connectors which are a part of tre

power module.

- T he m i cro p rocessor  c h osen for th e des ig n mu s t be

supported by a total development system . The system shall

include Higher Order Language compilers; assembly lan g ua g e

comp ilers; software driver s , moni tors and debuggers; hard-

ware incircuit emulators for the processor; Read Only Mem-

ory programmers; and a hardware development support capa-

bil ity . This development tool is to be used also as the

IFPDAS III Groun d Support Equipment and thus pr ovide for

main tenance data servicing, and data analysis.
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Appen dix B

DEVELOPMENT T OOL DESIGN

The tools used in the development of IFPDAS I I I  d e s i g n

concep ts consist of an INTEL SBC 80/20 single board computed ,

pro totype system an Analog Devices DAS 1128 analog-to -digital

conver ter s y s tem , a Texas Ins truments 92 kilobit magnetic

b ubb le memor y sys tem , an d custom designed interface and power

circuits. The basic system description is provided by the

wor k of Jolda and Wanzek (Ref 4) and only changes or modifi-

ca tions are presented here.

General

T he SBC 80/ 2 0 an d magne t ic bubble memor y sy s tems are

moun ted on a single chasf s which also conta i ns t he powe r

genera t ion , regulation and distribution system. Figure 32

shows the power system. The main power switch provides the

proper power sequencing for both the SBC 80/20 and the bubble

memory system. The SBC 80/20 requires that the +5 volt

source be the last one turned on and the first turned off.

T he ma gne t ic bub b le memor y sy s tem re quires tha t al l power

sources be stable before the +12 volt source is applied.

The power sw itch insures proper power sequencing when

rotated in either direction. The SBC 80/20 system operates

w it h or w ith ou t the magne t ic bubble memor y sy s tem bu t th e

memor y won ’t operate without the SBC 80/20.
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Power

E ight independent voltage sources are required to

operate the entire development system. The 5 volt source is

provided by self contained 5 volt , 6 amp regulated supply.

The -12 volt supply is provided by a self contained 12 volt ,

1 amp regulated supply. The -5 volt supply is provided by

an ex ternal regulator operating from the -12 volt supply.

A 24.5 volt , .1.5 amp self contained regulated supply provides

the source for three external regulators which suppl y +17

vol ts and the two independent +12 volt sources. The +15 volt

power for the DAS 1128 and analog circuits is provided by a

s ingle +15 volt , 100 milliamp power supply module. The four

ex ternal voltage regulators are contained on two circuit

car d s w hi ch are loca ted at the to p of a 44 pi n card rac k .

The SBC 80/20 and interface card fit into an SBC 604

Mul tib us car d cage fas tened to th e common chas i s.  T h e 44

pin bus card cage is used for the power regulators and mag-

ne tic bubble memory system. The power regulators occupy the

top two card slots. The bubble memory controller occupies

one car d slot and four card slots are provided for memor y

modules. The bottom memory module position does not have

BDEN , pin E , connec ted.

SBC 80/20

The parallel I/O ports of the SBC 80/20 are rewired as

shown in Table VI to provide data interface to the DAS 1128

an d heart rate counter. The least significant four data
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bits from the DAS 1128 are not used. The analog signal

address mux is prov ided thr ough the lower nibble of the

data bu s. This allows non—sequential selection of parameters

for convers ion. Using the latched I/O por t  allows the heart

rate circuit or DAS 1.128 to start a new conversion without

wa iting to be serviced after a conversion is complete.

Coun ter 0 provides 2 millise cond timing pulses which are

summe d in counter 1. The counter 0 output also provides an

interrupt signal indicating the end of a sampling loop. The

ac tual passage of 2 millisecond periods is automatically

accumula ted as a decreasing value from FFFF (Hex) in counter

1. This value is read by the system as necessary . Six

levels of interrupt are implemented and described in Table

V I I .

Sy s tem Inter face

The system inteface circuits are described by Figures

33 through 38. ‘T he address decoders and acknowledge cir-

cui ts are shown in Figure 33. The use of the address bus

to control system activation or data transfers is faster than

passing control through an I/O port. The faster method is

used whenever feasible.

The DAS 1128 interface is described in Figure 34.

Rou ting Delay Out to Trigger automatically starts a conver-

sion when a new MUX address is loaded. The EOC signal

strobes the data into the I/O port and initiates a new con-

vers ion. The DAS 1128 data word is in l’ s com p lemen t form

and is again complemented by the I/O port buffer.
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The Heart rate circuit is described in Figure 35. The

c loc k s i gnal is generated by the crystal oscillator , Ull ,

an d re d uce d from 262 ,144 Hz to 8 Hz by the U7&U8 di vider

network. The heart rate count is accumulated in U12. Both

U9 and UlO provide the signals nece ssary to stop the count ,

latch the data into the I/O port , c lear  U1 2 , and start a new

coun t. The heart rate counter control signal tim ing diagram

i s s h own in F i gure 36 .

The external interrupt generation circuits are shown in

Figure 37. Debounced switches are used when multiple inter-

ru pt signals are not des irable. The master reset line INTR

is not debounced as this stops all operation and resets all

systems to wait for initialization commands.

The magnetic bubble memory interface circuits are dis-

cusse d in Appendix C. The interface board component layout

is shown in Figure 38.

Develo pment Tool Software

The development tool does not operate in the same manner

as would IFPDAS III since only a single processor is avail-

able in the SBC 80/20. The software discussed in this sec-

ti on cons i s t of onl y those elemen t s of th e to tal deve lo pm en t

tool operating system which implement the three new data

compression techniques and magnetic bubble memory driver

rou tines. The total operating system is designed to operate

with the SBC 80/20 monitor installed to provide for user

debugging.
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The SCB 80/ 20 s o f t w a r e  is  w r i t t e n  to o p e r a t e  w i t h  a

16K RAM occupying the memory s p a c e  CØØØ to FFFF (Hex).

The operating system is move d froji PROM address range 0800

to OFFF (Hex ) to C~ ØO. (Hey). All the data page areas are

in the SBC 80(20 RAM while the otfter pointers; BSMSK , LSTP ,

an d M BPCT are a dd resse d in th e .16K RAM. This approach is

taken to provide a debug capability for the operating system.

The operating system listing in Appendix D contains instruc-

tions for restructuring the operating system to operate with-

out the 16K RAM.

F ixed Change. The fixed change flow chart is shown in

Figure 39. Th is implementation receives the data and time

words, computes the change , tests for significant change and

stores a data byte if necessary . When the data page is full ,

it is transferred to the bubble memory queue.

Zone. The zone method f l ow  chart  is shown in Figure 40.

T h is imp lemen tation receives the data and time words , com-

putes a zone , chec k s for a change i n th e zone , an d s tores a

data word if necessary . When the data page is full , it is

transferred to the bubble memory queue.

Var iable Change. The variable change method flow chart

is shown in Figure 41. This implementation receives the

data and time words, computes the change , tests for a signi-

ficant change , and stores a data word If necessary . When

the data page is full , i t is transferred to the bubble

memory queue.
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SUBTRACT
LTIME

FROM TIME

ABSOLUTE
VALUE OF

TIME CHANGE

‘I,
MAKE

TIME CHANGE
DATA WORD

‘if
SUBTRACT

LVAL FROM
VALUE

Jr
MAKE VALUE

CHANGE

POSITIVE

SET SIGN OF
DATA WORD

-

~~~~~~~~~~ ~~~~~~~~~T
YES

~~~~~~~

MODIFY 39A
DATA WORD

FIgure 39. Fi xed Change Data Flow Chart
( sheet 1 of 2)
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39B

TIME NMAXIMUM END

YES

YE~ LAST NO
WORD

STORE
VALUE AND

TIME CHANGE

I STORE
_____________ 

DATA WORD
RESET 

IN NEXT -

NEXT AND -

WROCT
I UPDATE

_ _ _ _ _ _ _ _  
NEXT AND

WRDCT
TRANSFER
PAGE TO

QUEUE -

UP DATE
LTIME AND

LVAL

END

Figure 39. Fi xed Change Data Flow Chart
(shee t 2 of 2)
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COMPUTE
ZONE

~1,

SUBTRACT
LTIME FROM

TIME

‘I,
ABSOLUTE
VALUE OF

TIME CHANGE

~Ir

MAKE INITIAL
DATA WORD

YES ZONE
CHANGED

NO
TIME

WAXIMU M NO END

YES

MAKE
DATA WORD

UPDATE
I LTIME AND

LZONE

Figure 40. Zone Data Flow Chart
(sheet 1 of 2)
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STORE
ZONE AND 

_______ ______TIME CHANGE
STORE

‘V DATA WORD
RESET IN NEXT

NEXT AND 
_____________WRDC T

UPDATE
NEXT AND

TRANSFER WRDCT

PAGE TO
QUEUE

END

Figure 40. Zone Data Flow Chart
(sheet 2 of 2)
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SUBTRACT
LTIME FROM

TI ME
J,

ABSOLUTE
VALUE OF

TIME CHANGE

“
SET TIME

BYTE SIGN

~1f
SUBTRACT

LVAL FROM
VALUE

‘I,
MAKE

VALUE CHANGE
POSITIVE

CONDITION

TIME SIGN

YES NT

[41A] T CLEAR
‘N.7 DATA CHANGE

Fi gure 41. Variable Change Data Flow Chart
(sheet 1 of 2)
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41A 41B

MAXIMUM NO END

YES

UPDATE
LTIME AND

LVAL

YES LAST NO
WORD

STORE
VALUE AND

TiME CHANGE 
STORE

1’ DATA WORD
IN NEXT

RESET
NEXT AND

WRDCT
______________ UPDATE

I NEXT AND‘I, WROCT
TRANSFER
DATA PAGE
TO QUEUE

END

Figure 41. Variable Change Data Flow Chart
(sheet 2 of 2)
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[ OUT 129
10.MINOR LOOP

SIZE REG
LSBY

OUT 512
ro MINOR LOOP

SIZE REG
MS BY

Jr

OUT 18
TO PAGE SIZE

REG

OUT 40H
TO CONTROL

COMMAND REG

Figure 42. Magnetic Bubble Controller Ini tialize Flow Chart

Ma~gnetic Bubble Initiatization. The initializatio n

sequence for the magnetic bubble controller for an 8080

address ing the controller as an I/O port is shown in Figure

42.

The selec tion and initialization sequences for magnetic

bubb le memories which are being powered up from an unknown

state is shown In Figure 43. The initialization command

portion of this sequence is unnecessary if the previous shut-

down Occurred after the controller finished the command

execu tion , orderly shutdown .
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OUT SELECT
MASK TO

BUBBLE SELECT
REG

‘I..
OUT O1H/11H
TO CONTROL
COMMAND REG

‘I,
HOP

IN STATUS
REG

YE~~~~~~~~

FIgure 43. Magnetic Bubble Power-Up Ini tialize
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Bubble Page Write. The sequence to save a data page

i n the bu bb le memory us i n g a s ing le page mode is shown in

Figure 44. Figure 45 shows the same data storage routine

using the multipage mode. It is assumed that the bubble

module is selected and powered.

Bu bble Page Read. The sequence to read a data page

from the bubble memory usin g the single page mode is shown

in Figure 46. Figure 47 shows the same data transfer in the

multiple page mode. It is assumed that the bubble mo dule

is se lec ted  and powere d.

Operating System

T he pro to ty pe opera t in g sy s tem for th e deve lo pmen t

tool us i ng a s i n gle magne ti c bubble module i s p resen ted i n

Appendix D.
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OUT PAGE #
TO PAGE

SELECT REG
LS BY

_____
IL,_____

OUT PAGE #
TO PAGE

SELECT REG
MSBY

~1~OUT BYTE
TO FIFO
WRITE REG

18
NO

BYTES

YES

OUT WRITE
TO CONTROL

COMMAND REQ

44A

Figure 44. Single Page Wri te
(sheet 1 of 2)
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44A

HOP

IN STATUS

REQ

YES BUSY
BIT

ET

NO

POWER DOWN
BUBBLE MEMOR

END

Figure 44. Single Page Wri te
(sheet 2 of 2)
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OUT 1st PAGE
TO PAGE

SELECT REQ

OUT 1st PAGE
TO PAGE
SELECT REQ

MSBY
.1,

OUT # OF
PAGES TO

PAGE COUNTER
LSBY & MSBY

.1~
OUT WRITE

TO CONTROL
COMMAND REQ

OUT BYTE
TO FIFO

WRITE REG

IN PAGE
COUNTER

COUNTER YES 45A

NO

INTERRUPT NO

Figure 45. Multipage Wri te
(sheet 1 of 2)
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OUT BYTE
TO FIFO

WRITE REQ

YES _
~~~~~~U::

NO I
I IN STATUS

REQ

YEL~~~~~~~

I POWER DOWN 1
BUBBLE MEMORY

Figure 45. Multi page Wri te
(sheet 2 of 2)
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OUT PAGE #
TO PAG E

SELECT REQ
LSBY

Jr
OUT PAGE #

TO PAGE
SELECT REG

MS BY

if
OUT READ

TO CONTROL
COMMAND REQ

if

NOP

IN STATUS

Figure 46. Single Page Read
(sheet 1 of 2)
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46A

IN BYTE
FROM FIFO

READ REQ

NO 18

BYTES

YES

POWE R DOWN
BUBBLE MEMORY

END

Figure 46. Single Page Read
(sheet 2 of 2)
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OUT 1st PAGE
TO PAGE

SELECT REQ
LSBY

Jr
OUT 1st PAGE

TO PAGE
SELECT REQ

MS~Y

OUT OF
PAGES TO

PAGE COUNTER
LSBY & MSBY

- J r
OUT READ

TO CONTROL
COMMAND REQ

~~~~~~~~~~~~~~ TERRUPT N

IN BYTE
FROM FIFO

READ REQ

_ 1 ~
IN PAGE
COUNTER

Jr

Fi gure 47. Multi page Read
(sheet 1 of 2)
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OUNTE
ZERO

NO

YES INTERRUPT NO

47A —

[~~N BYTE
FROM FIFO
READ REQ

_

YEL~~~~~~ UPT N O E  L

STATUS -

REQ

[~~WER DOWN

BUBBLE MEMORY

Figure 47. Multi page Read
(sheet 2 of 2)
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APPENDIX C

Ma gne t ic Bubbl e Memor y Sy s tem
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A ppend ix  C

MAGNETIC BUBBLE MEMO RY SYSTEM

The magnetic bubble me lory used is the BKA 0103 by

Texa s Instruments. This system consists of the BCA 0200

bubble controller module and one TIB 0103 bubble memory

mo dule. These systems are documented in the Texas Instru-

men ts literature (Refs. 11, 12 , 13 , 14, 15 , 16 , 17 , 18, 19 ,

and 20). The memory system is interfaced to the SBC 80/20

to appear as 15 I/O ports from addr ess 11 (Hex) to iF (Hex).

The controller is enabled when the upper nibble of the

address is 1 (hex). The interface board decoders , U5&U 6,

p rov id e the p ro per se lec t s ignal  lo gi cal l y ANDed w ith a

rea d or write command. The lower four bits of the address

bus goes directly to the controller addres s pins. The con-

troller data lines are buffered from the SBC 80/20 data bus

by Ui and U2 . The data buffers are enabled in response to

a con troller select signal and the data direction is depen-

den t upon the state of the I/O read or write signals. Figure

48 shows the signal Interface betwe en the SBC 80/20 inter-

face car d and the bubble controller. The memory module en-

able signals are supplied by U3 which is driven from the

l ower three bits of the SBC 80/20 data bus. The 3 MHz clock

pulse pro vided to the bubble controller module through U19

synchronizes the cont roller ready signal to insure stable

data .
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W i t h  address  decod ing  prov ided by U5& U6 of the inter-

face card , U i an d U2 of th e bu bbl e con t rol l er mo d ule are

unnessar y . T he e n a b l e s ig nal , MENEN- , is jumpered from

Ui-i to U1-12 and the data direction signal state , DB I N , is

jumpered from U1-4 to Ul-lO and Ui-i l . The address decoder

U2 i s no t used. T h e bubble con tro l ler  d a ta buf fers , U3&U4 ,

are also unuse d. A jumper plug providing pull-up resistors

is substituted for the 74LS226 data latches in U3&U4.

The modification to the STROBE signal requires an addi-

tional circuit. A 74LS109 , dual JK flip - flop, is located

at the U22 position. The functions of U12A , U15A , an d U 15C

are no l onger re q u i red an d are now u ti l i ze d as s h ow n i n

Figure 49 to provide the function required in the modifica-

tion (Ref 19).
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Ap pe n d i x  D

DEVELOPMENT TOOL OPER ATING SY STEM

Th is opera ting system is compiled on a CDC 6600 corn -

pu ter using an INTEL MAC8O assembly language assembler for

the INTEL 8080 microprocesso r. It executes on an INTEL SBC

80 /20 s i ng le  board computer .  The opera t ing  may be s to red

in two 8708 PROMs starting at 0800 (Hex ) or read in from a

casse tte tape. The code executes only after being moved to

RAM with a starting address of C8ØØ (Hex). The RAM must

ex tend to DOO4(Hex). Table V II lists the interrupt levels

an d their service routine addresses. Not all interrupt

l ines are provided with interrupt generating sources even

though a service routine is provided. Table VIII provides

an address map for the major elements of the operaing system.
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Table VI. Para l lel I/O Por t P in Ass ig nments
(sheet 1 of 2)

SBC 80/20 Interface Board

~~• .
~ 

J2 Pin P3 Pin
Connection Connection S~gna

P o r t B - B i t 7 2 2 N/C
(E9) Bit 6 4 4 N/C

Bit 5 6 6 N/C
B1t 4 8 8 N/C

Bit 3 10 10 N/C

Bit 2 12 12 N/C
Bit 1 14 14 N/C
Bit ~ 16 16 N/C

Port C - Bit 5 18 18 N/C

(EA) Bit 6 20 20 N/C

Bit 1 22 22 N/C
Bi t 7 24 24 N/C
STRBA 26 26
N/C 28 28 N/C
N/C 30 30 N/C
Bit 2 

- 

32 32 N/C

Port A - Bit 7 34 34 07 (rnsb)

(E8 ) Bit 6 36 36 D6
Bit 5 38 38 06
Bit 4 40 40 05

B1t3 42 42 03
Bit 2 44 44 D2
Bit i 46 46 Dl
Bit 0 48 48 00 (lsb)

N/C 50 50 U/C

Odd numbered pins are GND N/C No connec ti on

1 45~



Table VI. Parallel I/O Port Pin Assignments

(sheet 2 of 2)

SBC 80/20 Interface Board

Si nal Ji Pin P3 Pin 
~ ~g Connection Connecti on g a

Por t B - Bit 7 2 52 N/ C
(E5) Bit 6 4 54 N/C

Bit 5 6 56 N/C
Bit 4 8 58 N/ C

B1t 3 10 60 N/C

Bi t 2 12 62 N/C
BIt 1 14 64 N/C

Bit 0 16 66 N/C

Por t C - Bit 5 18 68 N/C
(E6) Bit 6 20 70 LOAD ENABLE

Bit 1 22 72 N/C

Bit 7 24 74 STROBE
STRBA 26 76
N/C 28 78 N/C
N/C 30 80 N/C

Bit 2 32 82 N/C

Port A - Bit 7 34 84 ~T (msb)
(E4) Bit 6 36 86 B2

Bit 5 38 88 B3

Bit 4 40 90 B4
Bit3 42 92 B5
Bit 2 44 94 B6
Bit i 46 96 B7
Bit 0 48 98 B8 ~lsb)

N/C 50 100 N/C

Odd numbered pins are GND N/C No connection
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Table V II. interrup t Jump Table

Interrupt Service Routine R ~Level Address ause es po e
(Hex )

0 CBEO Hardware Sw itch/
Rese t Bau d Rate

1 CBE4 Hardware Sw itch/
- IFPDAS III Hardware Initialize

2 CBE8 ISAPT/
Return To SBC 80/20 Mon itor

3 CBEC Counter 1/
Start Sequence Loop

4 CBFO Hardware Swi tch/
Data Storage Area In iti alize

5 CBF4 Hardware Swi tch!
Bubble Data Read

6 CBF8 Not Used

7 CBFC Hardware Swi tch/
Clear Bubble Contents
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Table VII I. Development Tool Memory Map

Func tion Add ress Ran ge (Hex)

P02 IN Data Area 3900 - 3916

P02 OUT Data Area 3918 - 392E

Flow Rate Data Area 3930 - 3946

Absolute Pressure Data Area 3948 - 395E

Gx Data Area 3960 - 3976

Gy Data Area 3978 - 398E

Gz Data Area 3990 - 39A6

Heart Rate Data Area 39A8 - 39BE

Hardware Initializati on C800 - C883

Data Storage Area Initialization C884 - C947

Sequencer C948 - C9F3

Data Serv i ce Rou tines CAOO - CBOA

Page Trans fer CBOB - CB54

Interru pt Jump Table CBEO - CBFF

Initialization List CCO1 - CC1B

Sequencer List CC1C - CC57

Bu bb le Data Dump CC58 - CCA5

Bubble Page Clear CCA6 - CCEF

Sequencer List Pionter (LSTP) 0000 - 0001

Bubble Memory Page Counter 0002 - 0003

Bubble Select Mask D004
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UFPDAS III DEVELOPMENT TOOL OPERATING SYSTEM

THIS PROGRAM CONTROL S THE OPERATION OF THE
IFPDAS III DEVELOPMENT TOOL HARDWARE. EXECUTION
OF THE OPERATING SYSTEM BY THE CPU RESULTS IN
HARDWARE INIT IALIZATIONi DATA STORAGE AREA INIT-
ILIZATION, CONVERSION OF PROBE DATA AND STORAGE
OF THE DATA IN A MAGNETIC BUBBLE MEMORY . THE
OPERATING SYSTEM SELECTS THE PROBE TO BE CONV-
ERTED, STARTS THE CONVERSION , FETCHES THE DATA ,
PREPARES DATA FOR STORAGE AND STORES DATA IN THE
BUBBLE P(E~ORT.

THE OPERATING SYSTEM CONSISTS OF THE FOFFOW INC
PROGRAM MODULES:

~ HWI - HARDWARE INITIALIZATION ROUTINE FOR THE
BCE 80>20 SYSTEM

DSI - INITIALIZATION OF THE DATA STORAGE AREA
IN THE RA M

Si - DATA PROBE SELECTION, CONVERSION AND
AVERAGING

SRi - TYPE 1 DATA SERVICE ROUTINE (PREPARE
DATA FOR STORAGE)

SRZ - TYPE 2 DATA SERVICE ROUTINE (PREPARE
DATA FOR STORAGE)

SR3 - TYPE 3 DATA SERVICE ROUTINE (PREPARE
DATA FOR STORAGE)

PGXF - TRANSFER DATA TO THE BUBBLE MEMORY
AND THE CONSOLE

; NSDP - TRANSFER CONTENTS OF BUBBLE MEMORY
TO CONSOLE/CASETTE RECORDER

MEd. - CLEAR THE CONTENTS OF THE BUBBLE
MEMORY

;DTOUT (SUBROUTINE) - SEND ASCII CHARACTERS TO
THE CONSOLE
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NOTE: THIS OPERATING SYSTEM IS DESIGNED TO
OPERATE WITH THE SEC 80/20 ~ONITCR. THE CODE
MUST BE MOVED FROM OSOOH - OFFFH TO RAM LOCATED
AT CBOOH.
TO EXECUTE THIS CODE FROM LOCATION 08O~H, THE
FOLLOWING CHANGES MUST BE MADE :

; ICISZ EQU OOBH
; BSMSK EQU 3804H
I ILISP EQU
I LSTP EQU 3800H

MBPCT EQU 3802H
I NPB EQU ØCOOH
; SRAH EQU 000AH

SET THE FIRST ORG AT 0800H AND REASSEMBLE
THROUGH !AC8B. THE CODE THEN EXECUTES USING
ONLY THE SEC 80/20 RAM .

;4, 4 4Dftw #. 4, 4 I4D.I~n4**HI444Hl*+

;ASSEMBLER EQU

1 I**IH*f4+*444444444444444444~ 44u~44444+44**444449

;DAS 1128

0E4 DAT A EQU OE4H ICONVERTED DATA PORT ADOR~SS
0020 I$SK EQU OZOH ;DATA READY MASK

LDEN EQIJ OOCH CLEARS BIT C6
0020 PROBE LOU OZOH PROBE MU! PORT
UE~ STATI EQU OEM1 ;DATA STATUS PORT
HOE STRB1 EQU UEH ;CLEARS BIT Cl

HEART RATE

flEE HEART EQU IEEH ;HEART RATE DATA PORT
lOLA STATZ EQU IEAH ;HEART RATE STATUS PORT

INTERRUPT CONTROLLER

HDA ICCPI LOU lOAM ;CONTROL PORT I
0008 !CCPZ LOU ODBH CONTROL PORT 2
HF6 ICM1 EQU IF6H ICONTROL WORD I
00dB !CW2 EDO 0CBH ;CONTROL-UORD 2
0008 OCWI EDO ODBH ;M ASK PORT

DIAGNOSTIS LED

0006 LEO EDO OD6H ;LED ACTIVATION PORT
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$AGNETIC BUBBLE CONTROLLER

0010 MBCCR EDO ItOH ;C0NTRO L-cOMMAWD PORT
ftc NBFRR EDO 01CM ;READ FROM FIFO PORT
0018 MEFUR LOU OIBH ;URITE TO FIFO PORT
OUt MBICW LOU 00tH ;INITIAUZE COMMAND WORD
0020 MBIN EQU IZOH CONTROLLER IDLE MAS g
0017 NBLLR EDO OliN ;MINOR LOOP SIZE REG (LSBI)
0016 $BLMR EDO 116H ;MINOR LOOP SIZE REG (MSBI)
001F MEPSI LOU •IFH ;PAGE SELECT REC (LSBY)
PIlE MBPS2 EDO OIEH ;PAGE SELECT REG (MSBT)
0013 MBPSR LOU 013K ;PAGE SIZE REGISTER
0004 NBPTB LOU 004K ;TRAN5FER FIFO PAGE TO

;BUBBLE COMMAND
002 MBPTF EDO 012H ;TRAN5FER BUBBLE PAGE TO

;FIFO COMMAND
lilA MBSR EDO hA N ;CONTROLLER STATUS PORT

MENORY LOCATIONS AND ADDRESSES

004 BSMSK LOU 0004K ;BUBBLE SELECT MASK
;STORAGE ADDRESS

CCII ILSIP LOU 0CCOIH ;INITIALIZATION LIST START
0000 LSTP EDO 00010H SEQUENCER LIST POINTER
001C LSTPB EGO 001CM SEQUENCER LIST BEGINNING
0057 LSTPE LOU 0057H SEOUENCER LIST END
0002 MBPCI LOU 00002H ;PAGE COUNTER STORAGE
CCII NPB EDO OCCIIH ;NUNBER OF DATA PROBES
OCA SRAH EDO OOCAH ;UPPER BYTE OF SERVICE

RO OTINE ADDRESS

1 PARALLEL PORTS
0086 PlANt LOU 086H NODE 1 COMMAND WORD
01L7 PPII LOU OE7H PIAI COMMAND PORT
hER PPIZ LOU •EBH ;P1A2 COMMAND PORT

RECISTERS

1360 MEPOR EDO 060W ;BUBBLL POWER DOWN REGISTER
0050 MEPUR LOU 05014 ;BUBBLE SELECT AND POWER UP
0010 PFFR EDO 070W ;POWER FAIL FLAG
0040 PUOFF EDO 040H ;IFPDAS POWER OFF

ITIN ER

030 COND2 EGO 030H ;COUNTER 0 NODE 2 COMMAND
0070 CIND2 EDO 070W ICOUNTER I MODE 2 COMMAND
0086 C2MD3 EDO IB&H COUNTER 2 MODE 3 COMMAND
HOC CIRO LOU lOCH ;COUNTER 0 DATA PORT
0000 CTR 1 LOU 000H COUNIER I DATA PORT
ODE CTRZ EDO ODEH COUN TER 2 DATA PORT
000F TNCP EDO IDFH ;TINER COMMAND PORT
0040 TWICH EDO 040W LATCH COUNTER 1 FOR OUTPU T
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IUSAR T

fEC CON LOU PECH TRANSMIT PORT
004E NODE LOU O4LH ~NODE COMMAND
0001 READY EDO 00114 1 TRANSMITTER READY MASK
0037 RSTUR LOU 037H RESET COMMAND
PIED USART EDO OLDH ;COMANO PORT
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HARDWARE INITIALIZE

l IME MAGNETIC BUBBLE CONTROLLER t USART~ STACK
POINTLR, PtA , INTERRUPT CONTROLLER, AND
IIINER ARE INITIALIZED FOLLOWING AN HWI INTERRUPT
(UVEL 1). THE LAST STEPS ENABLE THE DATA

- SIORAGE INITIALIZE, BUBBLE DATA DUMP, BUBBLE CLEAR
;AND MONITOR INTERRUPTS TO OCCUR.

l*i.** MAGNETIC BUBBLE C’~NTROL E R

C800 ORG OC800H
£800 F3 HUl: DI

THE MINOR LOOP COUNTERS, NBLMR & HBLLR, ARE SET TO
1641 BITS PER MINOR LOOP

£801 3E81 MV! A.129
C803 0317 OUT MRLLR
C805 3E02 NVI A,Z
CEll 0316 OUT NBLNR

flHE PACE SIZE REGISTER, MBPSR, IS SET AT 18 BYTES
PER PAGE

C809 3E12 NYI A~18
£808 0313 OUT MBPSR

lIME CURRENT PAGE COUNT CONTAINED AT MBPCT IS SET
110 ZERO

C810 210000 LXI 14,0
C811 220200 SHLD MBPCT

;IME !NIIIALIZATION COMMAND WORD1 040 (HEX) , IS
SENT TO THE CONTROLLER COMMAND PORT (MBCCRI

£813 3E40 NV! A,040H
- 

- 

£815 08 08 0814 NUMBER OF PROBES

C816 0310 OUT MBCCR
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IIHE BOBBLE SELECT MASK IS SET TO THE FIRST MODULE

C8t8 3EOt NVI A ,!
CSIP. 320400 STA BSMSK
C8LD 47 NOV B,A

lIME BUBBLE MODULE IS SELECTED AND INITIALIZED

C8IE 0350 - HWIB C : OUT MBPUR

UN I TI A L IZE THE BUBBLE
C821 3E01 MY! A,NEICW
C822 D310 OUT MBCCR

ITHIS ROUTINE IS AN IDLE TEST OF THE MAGNETIC
BUBELE CONTROLLER. IT TESTS THE CONTROLLER
STATUS TO DETECT WHEN THE CONTROLLER IS FINISHED
EXECUTION.

ITIME FILLER

C824 00 MOP

;CET THE CONTROLLER STATUS

£825 DE 1A IN NBSR

TEST THE IDLE BIT

C827 L620 AN! MBIM

cET NEW STATUS IF BUSY

£829 C225C8 JNZ $4

;powER DOWN THE MODULE.

C82C 0360 OUT NBPDR

;*.H USART

lIKE RESET WORD, 040 (HEX), IS SENT TO THE USART
THE MODE WORD SETS THE NEW USART MODE
lINE USART IS SET NOW FOR: t STOP BIT, NO PARITY~8 DATA BITS, AND CLOCK:I6XBAUO RATE

CSZE 3E40 HW!U: MV! A,140H
C830 O3ED OUT USART
C832 3E4E NV! A,NODE
£834 D3ED OUT USART
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RSTUR SETS: NO HUNT NQDE~ NO INTERNAL RESET, RTS
HUGH~ RESET ERROR FLAGS~ RECEIVE AND TRANSMITENA8LED~ AND DIR HiGH

C8~6 3E37 MV! A,RSIUR
C838 O3ED OUT USART

;..... STACK POINTER

THL STACK POINTER IS INITIALIZED AT 3FFD (HEX)

C83A 31FD3F HWISP: LII SP,3FFDH

;..H. PIA

PIAMI SETS BOTH P!AS TO MODE I~ STROBBED 1-0
PORTS A&B CAN BE EITHER FOR INPUT OR OUTPUT
AND PORT C PROVIDES THE HANDSHAKING (STROBE)
;SIGNALS

C830 3E86 HW!P: NV! A,PIAM1
CS3F 03E7 OUT PPII
C841 D3EB OUT PP IZ

BITS C6 ~ Cl ARE USED FOR OUTPUT. LDEN IS BIT
C6 OF PIA I IS USED TO ALLOW THE DAS MU! LOAD
STRB1 IS BIT Cl OF PIA1 AND IS USED TO ALLOW
STROBE2 (PROBE) TO STROBE IN THE DAS MU!

£843 3EOC MY! AILDEN
£845 D3E7 OUT PPI I
C847 3E0E MV! A,STRBI
£849 D3E7 OUT PPII

Rim INTERRUPT CONTROLLER

;IHE INTERRUPT JUMP TABLE IS SET AT OBLO (HEX) WITH
1 FOUR BYTES PER INTERRUPT LEVEL

C84B 3EF6 HUll : NY! A ,ICWI

C84D O3DA OUT ICCP I
CS4F 3ECB NY ! A ,ICW2

C851 03DB OUT ICCPZ

R444* TIMER

COUNTERS CTR0 & CTR I ARE SET UP FOR MODE 2~RATE GENERATION, OPERATION 81 COMD2 AND CLPID2

C853 3E30 HUll : MV! A ,C OND Z
£855 DSDF 001 TPICP
C857 3E70 MV! A .CIND2
£859 D3DF OUT TNCP
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COUNTER O RATE IS SET TO NODULO 2105 OR A 2 WILL I-
;SEcoND PERIOD

£858 3E11 NV! A ,t
C850 03CC OUT CIRO
C8SF 3E15 MV! A~21£861 D3DC OUT CTRI

COUNTER 2 IS SET FOR MODE 3~ SQUARE WAVE ,
OPERATION BY C2M03. THE M000LO 56 PROVIDES THE
38400 HZ NECESSARY FOR A BAUD RATE OF 1200.

C863 3E86 MV! A,C2ND3
C865 O3DF OUT TNCP
£867 3E38 MV! A,56
£869 030E OUT CTRZ
C868 AF IRA A
C86C D3DE OUT CTR2

R *..4 INTERRUPT MASK

;THE iNTERRUPT MASK WORD SENT 10 THE MASK REGISTER
- IALLO WS LEVELS 2~4~5~6&7 TO INTERRUPT THE SYSTEM .

ITHESE INTERRUPTS COME FROM THE CONSOLE (LEVEL 2),
DATA STORAGE INITIALIZE(LEVEL 4 ), BUBBLE DUMP
(IEYEL 5)~ SPECIAL DATA DUMPILEVEL 6), AND BUBBLE
CLEAR(LEVEL 7)

C86E 3E08 HUIIM: MV! A.000010t18
£870 0308 OUT OCU1
£872 FB (I

FU*4* THE HARDWARE INITIALIZE IS FINISHED

110 SIMULATE A HALT, THE SYSTEM IS LOOPED AROUND
FLASHINC THE DIAGNOSTIC LED UNTIL ONE OF THE
OF THE INTERRUPTS OCCUR

£873 0306 OUT LED
- £875 IIFFFF LII D,OFFFFH

£878 10 OCR E
C879 CZ78CS JNZ S-I
CB7C 15 OCR 0
£870 CA7CC8 Ji S-I
C880 C373C8 JNP 1-13
C883 00 MOP
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DATA STORAGE INITIALIZE

;DATA STORAGE IN !TIALIZATIO~1 STARTS FROM A CS!INTERRUPT
THE PROBE DATA AREAS ARE INITIALIZED. LTI~E AND

lIKE LAST 17 BYTES IN THE DATA PAGE AR E CLEARED.
THE INITIAL VALUE FOR LVAL OR Li IS CONVERTEDD
COMPUTED~ THEN LOADED INTO THE PROBE DATAAREA. WORD COUNT (~RBCT) IS TRANSFERRED FROM THE

ULST TO THE PROBE DATA AREA AND NEXT IS SET UP
110 POINT AT THE SECOND WORD OF THE DATA PAGE.
lIRE PROBE ID IS MOVED INTO THE FIRST WORD OF THE

DATA PAGE.
RAM LOCATIONS FOR THE SEQUENCER LIST POINTER,
BUBBLE SELECT MASK,AND THE PAGE COUNTER ARE

1 INITIALIZED.
THE MASTER CLOCK , COUNTER 1~ IS SET TO START
COUNIINC DOWN FROM FFFF (HEX)
COP4TROL !S PASSED TO THE SEQUENCER

I *******4**44*4**44**+****4**44**4**4*******4*i* ,i*

;CET THE BEGINNING ADDRSS OF THE INITIALIZATION
11151 IN H:L

C884 2101CC DSIP: LII H,ILSTP

GET THE PROBE MU! (ID) FROM THE INITIALIZATION
IAMB START TYPE I INITIALIZATION

CET PROBE DATA AREA ADDRESS

£887 23 DSIPI: IN! H
C888 5E NOV E,M
C809 23 IN! H
C88A 56 NOV D,M

CLEAR LIThE

£888 AF IRA A
C88C 12 STAX 0

CONVERT THE PROBE D4IA

£880 78 NOV A, 8
C88E D30 OUT PROBE
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TEST FOR DATA READY

C890 DBE6 IN SIAI1
C892 E620 AN ! !MSK
£894 tA93C8 JI 1-4

OET DATA

£897 DBE4 1)4 DATA

;LOAD IVAL

£899 13 1)41 0
C89A 12 STAX C

1 LOAD WROCT

C8~B 3EIF MV! A ,15
C89D 13 IN! D
C89L 12 STA! D

SET NEXT

CE9F 13 IN!
C8AO 3E12 NV! A,!
C8A2 83 ADD E
C8A3 12 STA! 0

‘,P1.ACE PROSE ID IN DATA PACE

C8A4 13 IN! C
C8A5 78 NOV A~B
C8A6 12 STA! D

ITHE NEXT 17 LOCATIONS ARE CLEARED

C8A7 IEII MV! Cr 17
CSA9 AF IRA A
CBAA 13 IN! D
C8AB 12- STAX 0
C8AC ID DCR C
C8AD CZAAC8 JNZ 1-3

lOLl THE NEXT PROBE MU! AND TEST FOR
END OF TYPE 1

£880 23 IN! H
£881 46 NOV B,N
C8BZ AF IRA A
C833 80 ADD B
C8B4 C287C8 JNZ DSIPI



lOLl PROBE MU! FROM INITIALIZATION LIST AND
SIART TYPE 2 INITIALIZATION

£887 23 1)41 H
C888 46 NOV B,N

l OLl PROBE DATA AREA ADDRESS

CSB9 23 DSIP2: IN! H
C8BA 5E NOV E,N
C8RB 23 IN! H
C8BC 56 NOV D,M

CLEAR LT IME

C8BD AF XRA A
C8BE 12 STA! 0

CONVERT THE PROBE DATA

C8BF 78 NOV A,B
C8C0 0320 OUT PROBE

;TEsl FOR DATA READY

C8C2 DBE6 IN STAll
CECI £620 AN! DISK
C8C6 CACZCS JZ 1-4

lOLl DATA

C8C9 OBE4 IN DATA

COMPUTE ZONE

C8CB E6EO ANI 111000008

LOAD LZONE

C8C0 13 IN! D
C8CE 12 ETA! 0

ILOAD WROCT

C8CF 3E11 MV ! A,17
£801 13 IN! 0
CEO! 12 ETA! 0

SEI NEXT

C8D3 13 DIX 0
£804 3E02 MV! A,!
C8D6 83 ADD
£807 12 STA! D
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~1
PLACE PROBE ID IN DATA PACE

C808 l3 IN! D
C809 78 NOV A,8
C8DA 12 5Th! 0

flHE NEXT 17 LOCATIONS ARE CLEARED

C8DB OElt MV! Ci17
C8DD AF IRA A
CEDE 13 1%! 0
C8DF 12 5Th! 0
C8E0 ID OCR C
CELl C2DEC8 JNZ 1-3

— 
lOLl PROBE MU! AND TEST FOR END OF TYPE 2

C8E4 23 IN! H
C8E5 46 NOV B,M
C8E6 AF IRA A
C8E7 80 ADD B
C8E8 CZB9C8 4)42 DSIPZ

CET PROBE MU! FROM INITIALIZATION LIST AND
START TYPE 3 INITIALIZATION

C8EB 23 IN! H
C8EC 46 NOV BiN

GET PROBE DATA AREA ADDRESS

C8ED 23 DSIP3: IN! H
C8EE 5E NOV E,N
C8EF 23 IN! H
C8FO 56 MDV

CLEAR LIThE

CEF! AF IRA A
C8FZ 12 ETA! 0

1 CONVERT THE PROB E DATA

C8F3 78 MDV AiB
CSF4 0320 OUT PROBE

TESI FOR DATA READY

~8F6 08E6 IN STAll
C8F8 E621 AN! IMSK
C8FA CAF6C8 4! 3-4
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GET DATA

C8FD DBE4 IN DATA

ftOAD WRDCT

CBFF 3EOA MV ! A,10
C901 13 IN! 0
C902 12 STAX C

SET NEXT

C903 13 IN! C
£904 3E03 NV! A ,3
£906 83 ADD E
£907 12 ETA! C

PLACE PROBE ID IN DATA PAGE

£908 13 IN! C
C909 18 NOV A iB
C9BA 12 5Th! D

lINE NEXT Il LOCATI ONS ARE CLEAR ED

C908 IEI1 NV! Ct17
C900 AF IRA A
C90E 13 IN ! D
C90F 12 SThX C
C910 ID DCR C
C911 CZOEC9 JNZ 1-3

ICET PROBE NUX AND TEST FOR END OF TYP E 3

£914 23 IN! H
C915 46 MDV B,M
C916 AF IRA A
£917 80 ADD B
C918 CZEDC8 JMZ DSIP3

l OLl HEART RATE PROBE DATA PACE AREA ADDRESS

£918 23 IN! H
C91C 5E NOV E ,M

C910 23 IN! H
C91E 56 NOV D,N

CLEAR LIThE

C9IF AF IRA A
C921 12 ETA! D
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;TEsI FOR HEART RATE READY

C921 OBEA IN STAT2
C923 E620 AN! INSK
C925 C221C9 4)12 1-4

r

ICET HEART RATE

£928 DBE8 - IN HEART

ILOAC LYAI.

C924 13 IN! D
C92B 12 ETA! D

ILOA D WRDCT

C9ZC 3EOF NYI 4,15
C92E 13 IN! 0
C9ZF 1Z SIAX 0

SET NEXT

C930 13 IN! 0
C931 3E02 MV! A,!
£933 83 ADO E
C934 12 ETA! D

P1.ACE PROBE 10 1)4 DATA PACE

C935 13 IN! D
C936 3L60 MV! A,60H
C938 12 ETA! 0

~ThE NEXT 17 LOCATIONS ARE CLE~RE~
C939 0E11 MV! C~I7C938 AF IRA A
C93C 13 IN! 0
£930 12 SThX C
C93E $0 OCR C
C93F CZ3CC9 JNZ 1-3

lIKE DATA PAGE INITIALIZATION IS COMPLETE
lIKE MASTER CLOCK, COUNTER 1~ IS SET TOCOUNI DOWN FROM FFFF (HEX )

£942 3EFF DSIC: MV! A,IFFH
£944 DSDD OUT CIRI
C946 0300 OUT CIRI

1 CONTROL NOW PASSES TO THE SEQUENCER
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I SEQUENCER

ITHE SEQUENCER IS THE EXECUTIVE ROUTINE WHI CH
SELECTS PROBES, CONVERTS PROBE DATA AND SELECTS
CONVERSION ROUTINES. THE ORDER OF PROBE SELECTION

lAND SERVICE ROUTINES IS PROVIDED BY THE SEQUENCER
11151 POINTED TO B’ LSTP+l:LSTP
ITHL SEQUENCER STARTS BY WAIT iNG FOR COUNTER 0 TO
IADVANCE THE TIME COUNT AND GENERATE AN INTERRUPT

ITHE COUNTER 0 INTERRUPT IS ENABLED AND THE SYSTEM
HALTED UNTIL CTRO IS lIMED OUT (INTERRUPT LEVEL 3)

C948 F3 DI -

£949 3EF1 MV1 4,111100018
C94B 0308 OUT OCR!
C94D FB 51: El
C94E 76 HIT
C94F F3 DI

THE CONVERSION ROUTINE IS STA R TED
ITH!S ROUTINE GETS THE VALUE OF THE PROBE AND THE
IDIE. II STARTS BY MOVING THE MU! OF THE PROBE TO
BE CONVERTED FROM THE SEQUENCER LIST AND STARTS THE
CONVERS1ON.
ITHE PROBE MU! IS TESTED FOR HEART SATE CONVERSION

AND IF TRUE, THE HEART RATE IS ACQUIRED ONGE FROM
THE HEART RATE PORT AND PLACED 1)4 C.
FOR OTHER PROBES, THE SIGNAL IS CONVERTED 8 TINES

lAND THE RUNNING SUM OF THE CONVERSIONS IS AVERAGED
lAND SAVED IN C.
IWHEN THE CONV ER SION IS COMPLETEI THE TIME IS
1 ACQUIRED

;THE SEQUENCER LIST POINTER LSTP IS LOADED
11)1 H:L, UPDATED AND STORED BACK IN LSTP
lIKE PROBE MU! IS MOVED FROM THE SEQUENCER LIST
:1)410 A

£950 2400D0 LHID LSTP
C953 it NOV A,M
£954 23 IN! H
C955 220000 SHLD LSIP 



~ 1
lIKE PROBE MU! IS SAVED IN B AND TESTED ~OR
;HEART RATE TYPE

C958 47 NOV B~A
C959 £620 AN! 001000008
C958 CZB5C9 JNZ CONVH

lIKE PROBE MU! IS SENT TO THE CAS AND CONVERSION
1 STARTED

C9SE 78 CONV1 : NOV 4,8
C95F 0320 OUT PROBE

~ :E AND H:L ARE CLEARED FOR DOUBLE PRECISION
ADDITION AND £15 SET UP FOR 8 CONVER SIONS

C961 210090 LII H,1000H
~C964 110000 LII D,0011H
C961 0E08 MV!

WHEM DATA IS READY MOVE 11 1)410 E AND ADD TO
RUN NI N C SUM IN H:L

C969 08E6 CONV2: iN STAT!
C968 E620 AN! DISK
C96D CA69C9 42 CONY!
£970 OBE4 IN DATA
£972 SF NOV
£973 19 DAD D

1C ON TIN UE THIS PROCESS 3 TINES 
—

C974 0D OCR C
C975 C269C9 JNZ CONY!

lOET THE TINE
IIHIS ROUTINE GETS THE TIME WORD FPON COUNTER I

FOR PROBES WHICH REQUIRE SMALL TIME !NCREMENTS~;TKE LOWER TIME BYTE IS PLACED IN B.
FOR PROBES WHICH REQUIRE LARGE TINE INCREMENTS,

l IkE UPPER TINE BYTE IS PLACED IN B
ITHE PROBE MU! BIT 6 INDICATES WHICH BYTE OF TIME
110 USE. BIT 6 HIGH INDICATES UPPER B!TE, BIT 6 LOW
IINDICATES LOWER BYTE.

THE COMMAND WORD TO LATCH COUNTER 1 TIME INTO THE
REAO PORT IS SENT TO THE TIMER COMMAND PORT.

£978 3E40 MV ! A,IWLCH
£974 DSDF OUT TNCP
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THE PROBE MU! IS TEST ED FOR UPPER OR LOWER BYTE
lOP TINE FLAG

C97C 3E40 MV! A,010U000B
C97E Al AMA B
C97F CA8BC9 42 TLBY

PIACE THE UPPER BYTE I~ B

C982 DBDD TUBY: IN CTRI
£984 0800 IN CTRI

ICORRECT FOR DOWN COUNTER

£986 2F CM
C987 47 NOV 8,4
£988 C3SFC9 JNP TLBY+4

PLACE THE LOWER BYTE OF TIME -IN B

C98B DODD TLBY: IN CTR1

1 CORRECT FOR DOWN COUNTER

C98D 2F CM
C98E 47 NOV B.A
C98F DODD IN CTRI

IIHE RUNNING SUM IN H:L IS DIVIDED BY 8. ONE
BYT E AT A TIME

C991 70 AVC : NOV A.L
C992 IF RRC
£993 OF RRC
C994 OF RRC
£995 OF RRC
£996 D2ASC9 JNC AVO1
C999 F6EI OR! IEOH
£998 £601 AOl 1
C9D DZABC9 ~NC AVC1
£940 F6EI OR! 0EIH
C9AZ C601 AD! 1
C944 02A8C9 JNC AVCI
£947 24 DIR H
£948 E6IF AVCL : AN ! 0IFH
C9AA 4F NOV C,A
C9AB 1C MDV A ,H
C9AC OF RRC
C9AC OF RRC
C9AE OF RRC
C9AF OF RRC
C980 81 ADD C
C9BI 4F NOV C.A
C9B2 C3D EC9 JP(P CON YE
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CET THE HEART RATE AND TINE
CEI THE STAIUS OF THE HEART RATE DATA PORT

C°85 OBEA CONVH: IN STAT!
£981 E620 ANI DISK

UP NO NEW HEART RATE IS READY (A IS ZERO).
JU$P AHEAD 5 PLACES AND MOVE A iNTO C

C9B9 CABEC9 42 3+5

lOLl THE HEART RATE

C9BC DOES IN HEART

1 SAVE THE HEART RATE IN C

C98E 4F NOV C,A

lOLl THE TI M E
THIS ROUTINE GETS THE TINE WORD FROM COUNTER 1.
IFOR PROBES WHICH REQUIRE SMALL TIME INCREMENTS.
IHE LOWER TINE BYTE IS PLACED 1)4 8.
FOR PROBFS WHICH REQUIRE LARGE TiME INCREMENTS.
IHE UPPER TIME BYTE IS PLACED IN B
THL PROBE MU! BIT 6 INDICATES WHICH BYTE OF TIME
110 USE. BIT 6 HIGH INDICATES UPPER BYTE. BIT 6 LOW
UNDICATES LOWER BYTE.

ITHE COMMAND WORD TO LATCH COUNTER I TIME INTO THE
IREAD PORT IS SENT TO THE TIMER COMMAND PORT.

C9BF 3E41 MV! A,IWICH
c9CI DSDF OUT TN~P

ITHE PROBE MU! IS TESTED FOR UPPER OR LOWER BYTE
lOP TINE FLAG

C9C3 3E40 MY! A,0I900009B
C9CS Al AMA B
C9C6 CAD2C9 4! lUTZ

PLACE THE UPPER BYTE IN B

C9C9 DODD TUBYZ~ IN CIRI
C9C8 DODD IN CTRI

;cORRECT FOR DOWN COUNTER

C?CO ZF CM
C9CE 47 NOV 8,4
C9CF C3D6C9 JNP TLBTZ+4
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PLACE THE LOWER BYTE OF TIME IN B

£902 DODD TLBY2: IN CTRI

ICORRECT FOR DOWN COUNTER

C904 ~F CM
£905 47 NOV 8,4
C906 DODD IN CTRI

ITHE DATA PACE AREA POINTER IS MOVED FROM THE
SEQUENCER LIST TO D:E

C908 2A1000 CONVE: LHLD LSIP
C9OB SE NOV E,M
C9DC 23 IN! H
£900 56 MDV D,M
C9DE 23 IN! H

l IKE SEQUENCER LIST POINTER IN H:L IS COMPARED WITH
lIKE END OF THE LIST LSTPE . IF THE END IS REACH ED
1 LSTP IS RESET 10 LSTPB • OTHERWISE, LSTP IS

ADVANCED

C9DF 3A5700 IDA LSTPE
C9EZ BD CPIP L
C9E3 it NOV
C9E4 CZECC9 4)12 

- 
LSTPI

C9E7 3AIClI IDA LSTPB
C9EA 3D OCR A
C9EB 6F NOV 1,4
C9EC 23 LSTPI: IN! H
C9ED 220000 SHLD LSTP

lIKE SERVICE ROUTINE LSBY ADDRESS. IN A . IS MOVED
IINTO L AND THE MSBY OF THE SERVICE ROUTINE
ADDRESS IS LOADED INTO H

C9FI 6F NOV L.A
C9FI 26CA MV! H,SRAH

BRANCH TO THE SELECTED SERVICE ROUTINE
C9F3 E9 PCRI
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TYPE I SERVICE ROUTINE

WHEN ENTERED. B CONTAINS THE TIME . C CONTAINS THE
PROBE CONVERTED VAL UE. D:E CONTAIN THE PROBE DATA
AREA FIRST ENTRY ADDRESS (LTIME).

UHf CHANGE II TINE AND VALUE ARE COMPUIED
THE CHANCE IN VALUE (DV) AND THE CHANGE IN TINE
UDI) ARE CONPUTEO.
DV IS COMPARED WIIH A SIGNIFICANT CHANGE AN D Dl IS
COMPARED WITH ITS MAZI NUM VALUE AND A DATA BYTE IS
SAVED IN THE DATA PACE AREA IF NECESSARY.
AFTER 15 DATA BYTES ARE SAVED, THE NEXT CT AND THE
PROBE VALUE ARE SAVED AS THE LAST TWO DATA BYTES.

l INE PROBE DATA AREA FIRST WORD ADDRESS IS
PLACED IN H:L

C400 ORG
GAOl (B SRI: ICHO

lOT IS COMPUTED

CAll 78 NOV A,B
CAl! 96 SUB N
£413 FZ$9CA JP SR1PI

lIP NEGATIVE. OT IS MADE POSITIVE

CAO6 2F CM -

CAll £601 AD! 1

THE DV BITS OF THE DATA BYTE (BITS 637 OF 01) ARE
CONDIT!ONED AND THE DATA BYTE IS SAVED IN D

CAO9 F6CI SR1PT: OR! 110090008
CAIB 57 NOV D.A

IDV IS COMPUTED AND H:L IS INCREMENTED TO POINT
;TO (LYAL) IN THE PROBE DATA AREA

CAIC 79 NOV A iC
£400 23 IN! H
CAlL 96 SUB N
CAlF F219C4 JP SRIPV -
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1W NEGATIVE. DV IS MADE POSITIVE

CAl! ZF CMA
£413 C601 AD! I
£415 5F NOV L.A
£416 C31LCA JMP SRISC

lIKE MSB OF THE DATA BYTE IS CLEARED TO INDICATE
;THAT DV IS POSITIVE

£419 SF ER1PY: NOV L.A
GAlA 3E7F MV! 4.011111118
£41C 42 AMA 0
CAID 57 NOV 0,4

DV IS COMPARED WITH THE MINIMUM SIGNIFICANT CHANCE
lOP 1.2! OF PROBE FULL SCALE

GAlE 3E03 SRISG: MV! 4.3
£420 BO CNP E
£421 D232CA JNC SRIST

NO SIGNIFICANT CHANCE HAS OCCURRED. 8116 OF THE
DAIA BYTE IS CLEARED ANP Dl IS TESTED FOR ITS
INAXIMU N VALUE

£424 SE3F MV! 4.001111118
£426 42 AMA 0
CA Z7 FE3F GPI 011111118

UP DY IS NOT SIGNIFICANT AND DI IS NOT MAXIMUM .
DIETURN TO THE SEQUENCER

£429 DA4DC9 JC SI

14 DATA BYTE MUST BE STORED
ISAVE DI

CA2C 57 NOV 0,4

;UPDATE LVAL AND LTINE

CA2D 71 NOV M,C
GAZE 28 DCX H
CA2F 70 NOV Nv B
C’~3I 23 IN! H
CA31 23 IN! H

- 
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ICET THE WORD COUNT (WORD 3 OF THE DATA PACE AREA
lAND TEST FOR LAST WORD

£432 23 SR1ST: IN ! H
£433 7E NOV A ,M
CA34 3D OCR A
CA35 CA44CA 41 SRILW

I THIS IS PICT THE LAST WORD
UPDA tE WRO CT

CA38 77 BRIS: NOV N,A

OET NEXT IN H:L (SAVE THE OLD L) AND STORE THE
ID A TA BYTE

£439 23 IN! H
£434 45 NOV 8,1 - -

CA3B 6E NOV L,M —

CA3C 72 NOV M.D
£430 23 IN! H

UPDAIE NEXT

CA3E 50 MDV E.L
CA3F 68 NOV 1.8
£440 71 NOV M.C

IRETURN TO THE SEQUENCER

CA4 1 C340C9 JNP Si

I STORE THE LAST DATA WORD AND RESET (WORD COUNT)

£444 360F SR1LW: MV ! flitS

jOEl NEXT

£446 23 IN! H
£447 SE NOV E,M

RESET NEXT

£448 lB NOV A tE

£449 0619 SU! 16
£448 77 NOV MiA
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PIACE NEXT IN L (SAVE OLD L)

CA4C 45 NOV OiL -

CA4D 69 NOV I.E

ISTORE DI Al NEXT

CA4E 3E3F NV! A,00111111B
£450 E602 AK! 0
CA52 77 NOV M.A
CA53 23 IN! H

SIORE PROBE VA L JE AT NE XI + 1

CA54 71 NOV N,C

I PLACE DATA BYTE 1 ADD RESS (FIRST WORD AFTER PROBE
ItO) IN H:L

£455 3EEF NV! 4,-li
£457 85 ADD I
£458 6F NOV L.A

JUMP TO THE PACE TRAPISFER ROUTINE

CA 59 C3IBCB JNP PGXF
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I *HHIHI+U4I+4 *H++44 *+I+ *41H++ *4*+*++4+ *+*+4+4

h YPE 2 SERVICE ROUTINE

WHEN ENTERED. B CONTAINS THE TIME. C CONTAINS THE
PROBE CONVERTED VALUE AND D:E CONTAIN THE PROBE DATA
AREA FIRST ENTRY ADDRESS (LTDIE)

ITHE ZONE AND CHANCE IN TIME ARE CONPIJTED.
ITHE CURRENT ZONE IS CHECKED FOR A CHA NC IN ZONE
IFROM THE LAST ZONE STORED (Li) AND THE CHANCE IN
ITINE (Dl) IS CHECKED AGAINST ITS MAXI MUM VALUE AND
14 DATA BYTE IS SAVED IN THE DATA PAGE IF NECESSARY.

UHE DATA PAGE AREA FIRST WORD ADDRESS (LTIME ) IS
PIACED IN H:L.

CA5C LB SR2: ICHG

;THE ZONE IMODULO 32 OF C LEFT JUSTIFIED IS
I COMPUTED

CASD 79 NOV A~C
CASE E6E0 AN! 111000008
£460 SF NOV L.A

lOT IS COMPUTE D

£461 78 NOV 4.8
£462 96 SUB N

UP NEGATIVE , OT IS MADE POSITIVE

CA63 F269CA JP SR2PT
£466 2F CM
CA67 C601 AD! I

lIKE ZONE BITS OF THE DATA BYTE (BITS 5.637 OF DI)
hARE CLEARED AND DT SAV ED IN C

CA69 E6IF SRZPT: AN ! 090111118
CA6B 57 NOV D,A

ITHE ZONE (IN E) IS COMPARED WITH THE LAST ZONE
SAVED Li OP THE DATA PAGE AREA AND A DATA BYTE
PREPARED IF THE ZONE HAS CHANCED

CA6C 78 MDV AtE
£460 23 IN! H
CA6 E BE CMP N
CA6F CZ79CA JNZ SRZDS

F 
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UHf ZONE DID NOT CHANCE. CT IS TESTED FOR IT’S
NAIIMUM VALUE.

CAl! SElF MV I A OUh111i~CA74 BA CMP D

THE ZONE HAS NOT CHANGED AND IF DI IS NOT NAXIN1JN,
I RETURN TO THE SEQUENCER

CA75 DMDC9 JC Si

IPRODUCE A DATA BYTE

£478 lB NOV AtE
£479 82 SR2CS : ORA 0

- 

;uPDATE Li AND LTIPIE
CA7A 73 MDV H,E
£418 28 DCI
CA7C 70 MDV N,B
CA7D 23 IN! H

I NEXT IS MOVED INTO H:L (SAVE THE OLD LI

CA7E 23 IN! H
CA7F 55 MDV D.L
CA8I 6E NOV L,N
£481 68 NOV L,E

SIORE WE DATA BYT E IN THE DATA PAG E POINTED TO BY
IN : NEXT

CA82 77 MDV M,A

IUPDATE THE WORD COUNT AND TEST FOR LAST WORD

CA83 6A NOV 1,0
£484 23 IN! H
CA85 7E NOV AtM
CA86 30 OCR A

UP THAT WAS THE LAST WORD , CO TO SR2LW AND PREPA!R
IFOR A PAGE TRANSFER

£487 CA9ICA 4! SRZLW

IUPOAIE THE WORD COUNT

£484 77 NOV
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1 UPDATE NEXT

£488 28 DCX H
CABC IC IPIR E
CA8D 73 MDV N,E

RETURN TO THE SEQUENCER

CASE C340C9 JPIP Si

114E LAST WORD WAS STORED. RESET WORD COUNT AND
1 NEXT

CA9I 3611 SR2LW: NV! N.h
CA9S 28 DCX H
£494 78 NOV A , E
C495 D6i1 51)1 16
£497 77 NOV M,A

IPL ACE DATA BYTE I ADDRESS (FIRST WORD AFTER PROBE
lIrn IN D:E

£498 6F NOV L,A

IJUM P TO PAGE TRANSFER ROUTINE

£499 C308CB JNP PC!F
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I **iH *H4 ++4 *It4I *I ft4~ +*444 **+tI *I+f ***4+I **4**II

;TY PE 3 SERVICE ROUTINE

WHEN ENTERED. B CONTAINS THE TIME. C CONTAINS THE
;PR0BE CONVERTED VALUE , D:E CONTAIN THE PROBE DATA
;AREA FIRST ENTRY ADDRESS (LTIME)
THE CHANCE IN VALUE (DV ) AND THE CHAN CE IN TIME

I (DT) ARE COMPUTED
ICy IS COMPARED WITH A S!C NFICANT CHANGE AMO OT IS
COMPARED WITH ITS MAXIMUM VALUE AND A DATA BY TE IS
SAVED IN THE DATA PAGE IF NECESSARY

;AFT ER 9 DATA WORDS ARE SAVED. THE NEXT DI AND THE
PROOE VALUE ARE SAVED AS THE LAST TWO DATA BYTES.

I *44441*44++43*fIf **+**HIH*44+**+4*4**4**+414HH

I THE DATA PAGE AREA FIRST WORD ADDRESS (LTIME) IS
IPLACED IN H :L

CA9C LB SR3: XCHC

101 IS COMPUTED

£490 78 NOV A ,B
CA9E 96 SUB N
CA9F FZA5CA JP SRSPT

l!F NEGATIVE . OT IS MADE POSITIVE

CAAZ 2F CM
CAA3 C601 AD! I

IIHE DV BITS OF THE DATA BYTE (BITS 637 OF PT) ARE
ICONDITION E D AND THE DATA BYTE IS SAVED IN D

GAAS F680 SR3PT: OR! I1000099B
CAA7 57 NOV D.A

IDV IS COMPUTED AND H:L IS INCREMENTED TO POINT TO
l(IVAL)

CAA8 79 MDV A.C
CAA9 23 IN ! H
CAAA 96 SUB N
CAAB FZB5CA JP SRSPV

lIP NEGATIVE. DV IS MADE POSITIVE
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CAA E ZF CM
CAAF C681 AD! 1
CAB1 ~F NOV E,A
CABZ C3BBCA JNP SR~SG

;NE MSB OF THE TINE BYTE IS CLEARED TO IND ICATE
THAT DV IS POSITIVE

CAB5 5F SR3PV : NOV E,A
CAB6 3E7F MY! A.lItIItItB
CAB8 AZ ANA D
CAB9 ~7 NOV D ,A
CABA 78 NOV A~E

;Dv IS COMPARED WITH THE M IN IM UM SIGNIFICANT CHANCE
;QF 1.21 OF PROBE FULL SCALE

CABB 3E13 SR3SG: NV! A ,3
CABO 88 CPIP E
CABE DZCDCA JNC SR3ST

N0 SIGNIFICANT CHANGE HAS OCCURREDe 8116 OF THE
;DATA BYTE IS CLEARED AND DI IS TESTED FOR ITS

NAIINUM VALUE

CAC1 3E7F NYI A~I1111111BCAC3 A2 ANA B
CAC4 FE7F CPI 11(111118

UF DV IS NOT SIGNIFICANT AND DI IS NOT MAXINUN ~
I RETURN TO THE SEQUENCER

CAC6 0A40C9 JC SI

;A DATA BITE MUST BE STORED
;UPDATE (LYAL )

CAC9 7I NOV N .C

;UPDATE (LIIME )

CACA 28 DCX H
CACB 78 NOV N~B
CACC 23 INI H

;A DATA BYTE MUST BE STORED. IF IT IS THE LAST WORD
ICO TO SR3LW

CACU 23 SR3ST: IN! H
CACE 7E NOV A ,fl
CACF 3D DCR A
CADI CAF7CA SR3LW
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UT IS NOT THE LAST WORD SO UPDATE THE WORD COUNT

CAD317 NOV N,A

;cH(CK IF THIS IS AN EVEN DATA WORD , IF SO CO TO
SR3WE

CAD4 EAE6CA JPE SR3UE

FINE WORD IS ODD SO MAKE A LEFT JUSTIFIED 4 BIT DV

CAD7 3EIF NY! A,Hl811118
CAD9 A3 AM E
CADA 87 RLC
CAUB 17 RIC
CADC 87 RLC
CADD 81 RLC

;STORE DV IN NEXT

CADE 23 IN! H
CADF ÔE NOV L,N
CAEI 77 NOV N ,A

;STORE DI IN NEXT-i

CAEI 28 DCX H
CAEZ 72 NOV M~D

CONTROL IS RETURNED TO THE SEQUENCER

CAE3 C34DC9 JNP Si

;AN EVEN DATA WORD IS TO BE MADE. MAKE DY A RIGHT
;JU5TIFIED 4 BIT WORD

CAEÔ 3EBF SR3WE: MY! A,UUh1IIB
CAE8 A3 AM E

• ;DV IN E IS ORED WITH THE LAST DY STORED IN THE
• IDATA PACE (SAVE THE OLD L)

CAE9 23 IN! H
CAEA 45 NOV 8,1
CAEB bE PlOY 1,11
CAEC B6 ORA N
CAED 77 NOV N,A

;DT IS STORED IN NEXT+I

CAEE 23 IN! H
CAEF 12 NOV N~D
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NEXT IS UPDATED

CAFI 23 IN! H
CAF1 4D NOV C~L
CAF2 68 NOV 1,8
CAF3 71 NOV M,C

;CONTR0L IS RETURNED TO THE SEQUENCER

CAF4 C34DC9 JNP Si

;THE LAST WORD IS TO BE STORED. ACTUAL VALUE IS
;sTDRED IN PLACE OF DV. FIRST WORD COUNT IS RESET

CAF7 3689 SR3LW: MY! N,?

NOYE NEXT IN H:L

CAF9 23 IN! H
CAFA 45 MDV 8,1
CAFB bE MDV L .N

;sTORE DT AT NEXT+2

CAFC 23 IN! H
CAFD Z3 IN! H
CAFE 72 PlOY N,D

;PR0BE VALUE IS STORED IN NEXT+3

CAFF 23 IN! H
CBII 7I NOV M, C

NEXT IS RESET

CBl1 lB NOV A,L
CR12 68 NOV 1,8
CBI3 D6OF SU! 15
CBI5 77 NOV

; NEIT IS PI.ACED IN L

CR06 6F NOV L,A

;H:L IS SET TO POINT TO THE FIRST DATA BYTE AFTER
~PROBE ID

CR87 28 DCX H

1 JUMP TO PACE TRANSFER ROUTINE

CRIB C3IBCB JP~ PGXF
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; HHHU *4D*4HHft4H3Iê **I+I4H4 *~HHBHIH~ +

IPACE TRANSFER ROUTINE

~PC1F SELECTS AND INI TIALIZES THE BUBBLE NODULE
1 DATA BYTES ARE TRANSFERRED FROM THE PROPER DATA
IPACE TO THE CONTROLLER AND THEN TO THE
;BUULE. THE PACE COUNT (MBPCT I AND THE BUBBLE
ISELECT MASK (NBSM) ARE UPDATED
ITHE AUTO POWER DOWN CIRCUIT SENDS A PULSE TO
ITHE POWER DOWN REGISTER (MBPOR ) 15 MSEC AFTER
ITHE CONTROLLER ISSUES AN INTERRUPT. THIS
;INSURES THAT THE CONTROLLER IS FINISHED AND
IAN ORDERLY SHUTDOWN OCCURRED.

;ENABLE AUTO POWER DOWN

CRIB AF PCXF: IRA A
CROC 0378 OUT PFFR

ICET THE SELECT MASK AND SEND IT TO THE
BURBLE NODULE SELECT REGISTER MBPUR

CBIE 3AftDI IDA BSNSK
CR11 0350 OUT NRPUR

ICEI PACE COUNT PRON NBPCT AND LOAD THE MAGNET IC• BUBBLE CONTROLLER PAGE SELECT REGISTERS (MEPS I &
I$BPSZ) .

CR13 3A12D1 LDA NBPCT
CR16 D31F OUT MSPSI
CR18 3A0300 IDA NRPCT+1
CRiB D3IE OUT NBPS2

SEND THE PROBE ID TO THE CONTROLLER FIFO

CRiB 7E NOV A,M
• 

• CRIE 0318 OUT MRFWR

SEND THE NEXT 17 DATA BYTES TO THE FIFO AND CLEAR
EACH LOCATION AFTER THE TRANSFER

CR20 23 MOREl: IN! H
CR21 7E NOV A .N
CR22 0311 OUT NBFWR
CR24 AF IRA A
CR25 17 NOV N ,A
CR26 85 D~R R
CR27 C2ZOCB JNZ MORE L
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TRANSFER FIFO TO BUBBLE

CR2A 3E04 ~VI AIMBPTB
CB2C D3ID OUT MBCCR

UF THIS IS NOT THE LAST PACE IN THE BUBBLE i SELECT
FIRE NEXT PAGE AND RETURN TO THE SEQUENCER .

CRZE 2AIZDI PGXF3: LHLD NBPCT
CR31 23 IN! H
CR32 2ZIZDI SHLD NBPCT
CR35 3E02 MV! A,Z
CR27 BC CNP H
CB38 C24DC9 JNZ Si
CR38 3E82 MV! A,138
CR30 BD CMP I
CB3E CZ4D C9 JNZ SI

FINE LAST PAGE WAS USED.
SHUT DOWN THE POWER TO IFPDAS

CR41 3EFF MY! A,IFFH
CR43 0340 OUT PYOFF

SIMULAIE IFPDAS HALTED

CR45 D306 OUT LED
CR47 2187FF LII H,IFFI7U
CB4A 20 DCR I
CR48 CZ4ACB JNZ $- I
CB4E 25 DCR H
CR4F CZ4ECB JNZ 4-I
CR52 C345CB JMP 4-13
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;INTERRUPT JUMP TABLE

CBEO ORG 4+8W

;REsET MONITOR BAUD RATE

CREI C3DAI3 JMP I3DAH
CBE3 U NOP

ISTART !FPDAS

CRE4 C300C8 JMP HWI
CRE7 II NOP

RETURN TO MONITOR

CBE8 CF R$T 1
CRE9 IOU OW I
CRER 00 DR I

1 COUNTER I INTERRUPT

CBEC C34DC9 JIP $1
CHEF II NOP

DATA STORAGE INITIALIZE

CBFI C384C8 JMP DSIP
CBF3 II NOP

1 BUBBLE DATA DUNP

CBF4 C3SBCC JNP MBBP
CRF7 II NOP

• NOT USED

CRF8 cF RST 1
CRF9 8000 DU I
CBFR II DI I

1 RUBBLE CLEAR

CREC C3A6CC JMP MEL
CBFF II NOP

;END OF INTERRUPT TABLE
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;4,H.4,B4,.*a*4ue.,4.I IHiH4**~f i f f4f i **f *44f4f

UNITIALIZATION LIST

CCU 08 03 18H fl(UNBER OF PROBES

ISTART OF TYPE 1 PROBE INITIALIZATION

CCII 44 08 44)1 1 ABSOLUTE PRESSURE NUT
CCIZ 4839 DV 3948)1 DATA PACE AREA ADDR
CCI4 08 DR h R  lEND OF TYPE 1

;START OF TYPE 2 PROBE INITIALIZATION

• CCI5 ‘5 DR 45H IC! MU!
CCI6 6039 OW 3960H ;DATA FACE AREA ADDR
CCI8 46 DR 46H ICY MU!
CCI9 7839 DV 3978H ;DATA PAGE AREA ADDR
CCIB 47 DR 47H Id MU!
CCIC 9039 DV 39?IH 1 DATA PAGE AREA ADDR
CCJE II DR IIH ;END OF TYPE 2

START OF TYPE 3 INITIALIZATION

CCIF II DB hR PSR 02 IN MU!
CCII 1439 390)) IDATA PAGE AREA ADDR
CC12 82 DR IZH PSR 02 OUT MU!
CCI3 1839 OW 39i8H DATA PAGE AREA ADDR
CCIS 03 08 13H fl.OW RATE NUT
CC16 3039 OW 3931H ;DATA PACE AREA ADDR
CCI8 II DR SIR lEND OF TYPE 3

;HEART RATE INITIALIZATION

CCI? A839 DU 39A8H 1 DATA PACE AREA ADOR
CC1R 00 DR OH UNITIALIZATION LIST END

4ftfl4ft *4,H,*e*B4+*4a+fl*4.H4ft ,.HH.4flHH.

SEOUENCER LIST

CCIC II DR hR PSR 02 IN NUT
CC 1O 1139 13W 390H DATA PACE AREA ADOR
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CCIF 02 DR 02H ;PSR 02 OUT MU!
CCZI 1839 DV 39 18H 1 DATA PAGE AREA ADOR
CC2Z 13 08 03)) FIOW RATE NUT
CCZ3 3039 DV 3938H DATA PACE AREA ADDR
CC25 60 OR 60)) HEART RATE MU!
CC26 A839 OW 39A8H DATA PAGE AREA ADDR

lEND OF MINOR SEQUENCE LOOP I

CC28 Ii 08 IIH PSR 02 IN MU!
CC29 0039 DV 390)) ;DATA PACE AREA ADDR
CCZB 82 DR 02)1 PSR 02 OUT MU!
CCZC 1839 DV 3918)) IDATA PAGE AREA ADDR
CCZE 03 DR •3H FLOW RATE MU!
CCZF 3039 DV 393IH 1 DATA FACE AREA ADOR
CC31 44 DR 44H 1 ABSOLUTE PSR MU!
CC32 4839 DV 3?48H 1 DATA PACE AREA ADDR

lEND OF MINOR SEQUENCE LOOP 2

CC34 Ii DR 0tH PSR 02 IN MU!
CC35 0839 DV 3900)) 1 DATA PACE AREA ADOR
CC37 02 DR 02)) PSR 02 OUT MU!
CC38 1839 DV 3918H IDATA PACE AREA ADDR
CC3A 03 DR 83H FLOU RATE MU!
CC3R 3839 DV 3930H 1 DATA PAGE AREA ADDR
CC3D 45 DR 45)) IC! MU !
Ct3E 6039 DV 3941H 1 DATA PAGE AREA ADDR

lEND OF MINOR SEQUENCE LOOP 3

CC4I II DI Ii)) WSR 02 IN NUX
CC41 039 DV 3900)) ;OATA PAGE AREA ADDR
CC43 12 DI •ZH ;PSR 02 OUT MU!
~C44 1839 DV 39I8H ;DATA PACE AREA ADDR
CC46 03 DR 03H ;FLOW RATE MU!
CC47 3039 DV 3?30H DATA PACE AREA ADOR
CC49 46 DR 46H ICY Mlii
CC4A 1839 DV 397811 OATA PACE AREA ADDR

• lEND OF MINOR SEQUENCE LOOP 4

cC4C 01 08 ItH PSR 02 IN MU!
CC4D 0139 DV 3980H DATA PACE AREA ADDR
CCIF 82 DI 82H PSR 02 OUT MU!
CCSI 1839 DV 3918H DATA PACE AREA ADDR
CC52 03 DR I3H WLOV RATE MU!
CCS3 3139 DV 3930)1 1 DATA PACE AREA ADDR
CC~ 47 08 4711 CZ MU!
CCZ6 9139 DV 399811 DATA PACE AREA ADDR
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1 BUBBLE DATA DUMP

THIS ROUTINE IS ENTERED FROM THE MBDP (LEVEL 5)
;INTERRuPT AND TRANSFERS ALL 641 BUBBLE PACES TO
IA HAZEL TIN E 2000 TERMINAL AND CASETTE RECORDER.

EACH PAGE CONTAINS 18 DATA BYTES
~!F THE FIRST BYTE OF THE PACE PROEE ID) IS ZEROS
UT IS ASSUMED THAT NO MORE BUBBLE PACES CONTAIN
DATA.

;HHHHI+,4f4*4*44*44414444*4444,44,4444,44441,fl

UNI TIAL IZ E THE BUBBLZ SELECT MASK BSNSK

CC58 3E01 NBO P: NV! Ad
CC5A D350 MBOP9: OUT MIPUR
CC5C 328408 STA BSMSK

SELECT PACE ZERO AND SINGLE PACE TRANSFER NODE

CCSF AF IRA A
CC6I 031F OUT IIBPSI
CC6Z D3IE OUT NBPSZ
CC64 320200 STA IIBPCT
CC67 3213D0 STA MBPCT+1

ITRANSFER A PACE FROM THE BUBBLE

CC6A 3E02 MBDP1: MY I A,NBPTF
CC6C D3 ID OUT MBC CR

LOOP UNTIL THE CONTROLLER IS FINISHED THE PACE
FIRANSFER.

CC6E MBDP4 :

URIS ROUTINE TESTS THE MAGNETIC BUBBLE CONTRO LLER
;sTATUS TO DETECT WHEN THE CONTROLLER IS FINISHED
E!ECUT ION.

h INt FILLER

CC6E II

CET THE CONTRO LLER STATUS

CW DR IA IN MBSR
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TEST THE IDLE BIT

CC7I E628 AM! NBIM

CEI NEW STATUS IF BUST

CC73 CZ6FCC JNZ 4-4

SET UP FOR 18 DATA BYTE TRANSFERS TO THE CONSOLE

CC7Ô 1611 MYI D,17

CET THE FIRST DATA BYTE AND SEND IT TO THE CONSOLE
UF IT IS NOT ZERO. IF IT IS ZERO , CO TO MBDPE

CC78 DRIC IN MBFRR
CC7A Al AMA A
cd l  CAAICC JZ MBDPE
CC7E CDFICC CALL DTO(JT

CET 17 MORE DATA BYTES AND TRANSFER THEM TO THE
1 CONSOLE .

CC81 081C MBDP6: IN MBFRR
CCB3 CDFOCC CALL DTO)JT
CC86IS OCR D
dC87 CZSICC JNZ MBDP6

UF MORE PAGES REMAIN IN THE BUBBLE, SELECT THE
1 NEXT PACE AND CONTINUE THE TRANSFER. IF NO MORE
PACES REMAIN, STOP AND POWER DOWN THE BUBBLE

CC8A 3A0200 IDA MBPCT
CC8D FE8L CP! 129
CC8F 5F MDV EtA
CC9I CZAICC JNZ MRDPE
CC33 3A03DI IDA
CC96 FEI2 CPI 2

• • CC98 CAAICC JZ PIBDPE
CC9B 3A0400 IDA BSNSK
CC9E C3SACC JNP MBDP9

• CCAL 0360 MBDPE: OUT MBPDR

RETURN TO THE MONITOR

CCA3 C33CII JMP I3CH
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1 BUBBLE PACES CLEAR

ITHI S ROUTINE IS ENTERED FROM THE MBCL INTERRUPT
ULEVEL ) AND SETS AU. BUBBLE BITES TO ZERO.

WHEN FINISHED , CONTROL IS RETURNED TO THE
NONITOR

I 4*+**HI4+*I*I***)4*+++++II+**++H*4I4*$+4+++I+f *4

FINE FIRST BURBLE MODULE IS SELECTED AND THE
;$ASK IS SAVED IN BS$SK

CCA6 3E01 MBCL: MYI All
CCAB 0350 OUT NBPUR
CCAA 320400 MBCLA : STA BSMSK

1 SELECT PACE ZERO AND CLEAR THE PACE COUNTER

CCAD AF IRA A
CCAE D3IF OUT NBPSI
CCBI D31E OUT MBPS2
CCB2 320200 STA MBPCT
CCB5 320300 STA P!BPCT+l

SEND 18 ZERO WORDS TO THE CONTROLLER FIFO

CCB8 0612 NBCLB: NYI Bt1 8
CCBA 13318 OUT MBFVR
CCRC 85 DCR B
CCBD C2BACC JNZ 4-3

;TRANsFER THE FIFO TO THE BUBBLE

CCCI 3E04 MV! APNBPTB
CCC2 D3ID OUT MRCCR

h OOP UNTIL THE CONTROLLER IS FINISHED THE TRANSFER
ITHIS ROUTINE TESTS THE MAGNETIC BUBBLE CONTROLLER
ISTATUS TO DETECT WHEN THE CONTROLL ER IS FIN I SHED
EIECUTION.

~T1$E FILLER

CCC4 80 NOP

CET THE CONTROLLER STATUS

CCC5 DBIA IN MBSR
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;TE5T THE IDLE BIT

CCC1 E621 AN! MBIN

ICET NEW STATUS IF BUSY

CCC? CZCSCC JMZ 4-4

UF MORE PACES REMAiN GO TO MBCL6. IF NOT, dO TO
MBCL7

CCCC 3A1200 LDA MBPCT
CCCF FEBI CPI 129
CCDI 5F NOV E,A
CC02 CZDDCC JNZ NEL6
CCO5 3A0300 LDA M8PCT+t
CCD8 FE0Z CPI 2
CCDA CAEBCC Ji NBCL7

1 SELECT THE NEXT PAGE AND CONTINUE THE CLEAR
ROUTINE.

CCDD 3A0300 MBCL6: LDA MIPCT+I
CCEO 57 NOV 0,A
CCEI 13 IN! D
CCE2 1B NOV A,E
CCE3 D31F OUT NBPS1
CCE5 7A NOV A,D
CCE6 D3IE OUT MBPS2
CCE8 C3B8CC JMP MBCL8

NO MORE BUBBLES REMAIN SO POWER DOWN THE BUBBLE
CCEB D361 MBCL7: OUT MRPDR

;RETURN TO THE MONITOR

CCED C33CI8 J$P 03CR
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SUBROUT INE DTOUT

FIHIS SUBROUTINE MAKES TWO ASCII CHARACTERS OF
hA DATA BYTE AND SENDS THEN TO lYE HAZELTINE
1 2000 CONSOLE AND CASETTE RECORDER .
UT IS CALLED BY BUBBLE DATA DUMP AND SPECIAL
DATA PACE DUMP

I R IS SAVED ON TH E STACK THEN SET TO COUNT
ITMO CONVER SIONS

CCFI CS OTOUT : PUSH B
CCF1 8602 MYI 8,2

FIRE DATA BYTE IS SAVED ON THE STACK

CCF3 F5 PUSH P5W

FINE UPPER NIB BLE IS RIGHT JUSTIFIED

CCH IF RE
CCF5 OF RRC
CCF6 IF RRC
CCF7 IF RRC

;mt UPPER NIBBLE IS CLEARED

CCF8 E6IF AN ! 08FH

UNSURE THAT CHARACTERS A-F CAUSE A CARRY

CCFA C690 AOl 09011

;DECIMAL ADJUST THE ACCNULATOR

CCFC 21 DAA

ADD THE CARRY AND ADJUST- THE UPPER NIBBLE

CCFD CE40 AC! 04011

DECINAL ADJUST THE ACCUMULATOR

CCFF 27 DAA
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I

MOVE THE ASCII CHARACTER INTO C

CDII 4F NOV C,A

1 SEND THE CHARACTER TO THE CONSOLE WHEN THE USAR T
US READY.

CDII DBED IN USART
CD83 E601 AN! READY
COOS CZOICD JMZ 5-4
COO 79 NOV A,C
CDI? D3EC OUT CON

GET THE DATA BYTE FROM THE STACK

CDIB Fl POP P5W

;REPEAT THE PROCESS FOR THE SECOND NIBBLE

CD0C 85 OCR B
COlD CZFBCC JNZ DTOUT+ 8

RESTORE B AND RETURN

CD1I Cl POP B
Clii C9 RET

END
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