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A B S T R A C T

This paper describes the design and implementation

of a aicroprocessor-based high—speed digital data

acqu i s i t ion  and  r educ t ion  $ystea s u i t a b l e  for  use in
t i m e  v a r y i n g  s ignal  a n a l y s i s  as e n c o u n t e r e d  in
u n s t e a d y  a e r o d y n am i c  i nv e s t i g a t i o n .  A microprocessor ,
fl e x i b l e  disk dr ive and an a n a l o g — t o — d i g i t a l
conv ~~rsion mod ule were t h e  main  componen ts w h i c h  w e r e
i n t e g r at e d  to f o r m  a 32 c h a n n e l 12 bi t  reso lu t ion  data
ac qu i s i t i on  sys t em c a p a b l e  of 1000 Hz s a m p l i n g  r i t e
and  p e r m a n e n tly  s to r ing  over 250 , 000 b y t e s  of data or.

magnetic diskette. Subsequent to the data logging

process , the same systea was capable of serving as a

gene ra l  purpose  c om p u t er  u t i l i z i n g  t h e  p o p u l a r  B A S I C
s c i e n t i f i c  p r o g r a m m i n g  l a n g u ag e .

T h e  system was qualified 
- 

for accuracy and

functional performance through a series of c o n t r o l led
exercises , and  was t h e n  a p p l i e d  t o  an ac tua l
i n v es t i gat ive  task  to f u r t he r  ~ete :m i n e  i ts  u t i l i t y
and value .
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I. I N T R O D U C T I O N

Data a c q u i s i t i o n  sys tem s  h a v e  h i s to r ica l ly  been both
costly and c u m b e r s o m e  fo r  the i n v e s t i g a t o r  to use .
Acquis i t ion  of u n s t e a d y  e x p e r i m e n t a l  dat a , as in t h e  case of
osc i l la tory  flo w i nv e s t i g a t i o n , was o n l y  possible w i t h  the
aid of expens ive  d ig i t al  c o m p u t e r sys tems  used in
conjunction with elaborate analog recording devices.

Within the past four years , a new form of computing

power has become available to the engineer accompanied by

such a reduction in cost that its use has spread rapidly

t h r o u g h oi t  the  r e a l m  of en g i n e e r i n g  d e si g n .  The

revolutionary device alluded to is the microprocessor , which
in its basic form contains all the arithmetic and logica l

f u n c t i o n s  n o r m a l l y  found  in t h e  cent r a l process ing un i t
(CPU) of a large scale computer. Concurren t advances in

sol id  s t a t e  ~emo ry and  o ther  l a rge  scale i n t eg ra t ed  (LS T)
c ir c u i t ry  has  enabled e n t i re  c o m p u t i n g  s y s t em s  to be encased
in table—top enclosures at a fraction of the cost of the

previously available m inicompute rs.

This document describes the use of on~ such

microprocessor—based microcomputer system , the INTEL MDS—3)0

M i c r o c o m p u t e r  D e v e l o p m e n t  S y s t e m , as a ce n t ral com p one nt  of
a data acquisition system . Th e  M D S  was integrally

connected with various peripheral devices including in

analog to digital converter , input—output devi~ es, and a

dual flexible disk drive unit to form a data acquisition
svste~~. The system was then qualified using known input
si ;nals of ccn-trolled harmonic content . Subseau ently the

system -‘as a p p l i e d  to an ac tua l  e x p e r i m e n t a l  s i tu a t i o n ,

9
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w h e r e  u n s t e a d y  a n a l o g  signals were  d ig i t i zed , recorded , and
la ter  a n a l y z e d  on the  same se l f— con ta ined  c o m p u t i n g  sys tem.

A g lossary  of te~.ms c o m m o n l y  used in t h e  i n s t r u m e n t a t i o n
e n g i n e e r i n g ,  data processing and  c o m p u t i n g  d i sc ip l ines  is
pre sented in A p p e n d i x  A.

10
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An engineering design is , in g e n e r a l , the r e s u l t  of a

d i rec ted  e f f c rt  in meeting a recognized human need or

desire .  The  v a l u e  of the design is usually determined by

how wel l  t h e  des ign  p r o d u c t  s a t i s f i e s  a set ~f p e r f o rm a n c e

criteria . In most cases, several method s of achieving the

goa l will be available , thus requiring the designer to

choose among the alter native a pproaches. This choice will

be governed or influenced by constraints imposed ~-y the

environment , funding and production schedule.

This Section deals with t:ie definitio n of the need ,

specification of the desired ~erfo:nance attributes ,

determination of viable alternatives , and the decision

process by which the final product . was developed. Although

most of the desired performa nce reguirements were achieved ,

the project served as an educational experience revealin o

mar.y areas which could be improved. Section VII disousse~
the design in retrDspect and propcses additional

alternatives which could further enhance ~he system ’s

performance . 
-

A. Definition of the “need”

The “ne~ d” was a precipitant of the Circulation

Controlled Rotor (CCR) aerodynamic investigation being

conduct e I by Naval Postgraduate Schoo l personnel. Existinc

wind—tunnel data acquisit ion systems were Iesi~ nei ‘o

operate in the st-~idy— ~ t~ te flow—fiel d er.vironmen~ . The

11
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desire to s tudy the  d y n a m i c  n a t u r e  of t h e  f l o w  abou t  an
air foil  of radical  design , w h i l e  e x p e r i e n c i n g  the  e f f e c t s  of
an osci l la tory  f l o w — f i e l d , r e q uir e d  a d e p a r t u r e  f r o m  the
traditional hand logging or slow-speed automatic data

acq uisition methods. More imp Drtant , however , the

experimental process not only required investigation of the

CCR at va rious angles of attac k and air speeds, as in the

case of steady—state wind tunnel e x p e r im e n t a t i o n , b i t
addit ionally in troduced frequency, cavity pressure

m o d u l a t i o n  a m p l i t u d e  and phase r e l a t i v e  to f l o w  f ie ld
osc il la t icn  as var iab les . T h u s , the  CCR e x p e r i m e n t  r equ i t ed
e x p e r i m e n t a l  i nves t iga t ion  t h r o u g h o u t  an ooerating envelope

bounded by 5 independent variables rather than the usual 2

associated with steady—state flow problems . This obviously

increased the magnitude of the data acquisition problem far

beyond the point of practicability for the conventional data

logging methods at hand. A high—speed autcmatic data

logging technique was clearly in order. Additionally, in

order for large amounts of da ta to be efficiently analyzed ,

it was imperative that all information be recorded in a form

which could be directly utilized ~y a digital computer.

The above rat ionale then became the basis for the

following statemen t of the “need” :

* A h i g h — s p e e d  di g i ta l  d a t a  a c q u i s i t i o n  system
exhibiting performance attributes necessary  to allow

numer ical analysis of the flow pa ’tern about the surface of

a CCR airfoil section , operating in the Naval Postgraduate

School 2—foot by 2—foot osci~.latory flow wind tunnel

* Function as a controlling device capable of

automatically sequencing the Scanivalve mechanical

mi itiplexcrs without operator intervention

* P e r f o r m  the algebraic calculations necessary in

r educ ing  the data to analytic form

12



B. D e t e r m i n a t i o n  of P e r f o r m a n c e  Spec i f i ca t i ons

Anticipating a significant investment in equipment , and

realizing that the CCR research project would some day h~~

complete , it was determined that the system design should

take future applications into consideration . ~or this

reason , flexibility was incorporated as a major design goal ,

which necessarily resulted in a modification of the

specification~ from those actually required for the CCR

task.

1. A naloc to Digital 
~~~~~~~~~~~ L~LPL

In a t yp i ca l  d~ t a — s a m~~l ing s y s t em , signa l  vo l t ages
representing vary ing physical parameters; e.g., pressure ,

temperature , position , velocity and acceleration , are

sampled and converted via A/D converters into digital form .

A/D conversion has become an engineering discipline in

itself and an entire vocabulary associated with the field

has resulted. To assist the reader in understanding the

following treatment of AID performance requirements , a brief

glcssary of A/D terminology is included within Appendix A .

In the interest of brevity, the discussion herein is limited

~~~0 the most important facets of A/D conversion. t~or a more

compl ete treatment of the subject , the reader is directed to

ref. 1 2 , an outstanding collection of AID related articles.

As a prelude to the below listed performance

parameters , Fig 1 depicts all of the elements foun d in a

ty pical P~/~ conversion system and illustrates the type of

errors associated with each stage of the process.

13
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2.  N u m b e r  cf Ana loc  C h a n n e l s

The CCR experimental set up had one analog channel

dedicated to each of the below listed signal sources:

* Scar.ivalve ONE

* Scanivalve TWO

* Cavity Pressure Transducer

* Hot Wire An nem om~ ter

A schematic of the signa l flow is depicted in Fig 2.

The four channels were to be sampled in fast succession at a

speci fied periodic rate. The AID module had provisions for

32 sincle—ended channels or 16 differential channels. The

single—ende d mode was employed in this application.

15 
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3. Sam ~ 1e Resolat  ion j 2u a n t iz at i o n  e r rorL

w h e n  t h e  ana log  s igna l is d i g i t i z e d , t h e  r e su l t i n g
digital quantity can take on only certain discret e values.

The number of bits in the dig itized datum word determines

the number of possible states that the word may have . An 8

bit A/D, for ex ample , can exhibit 2 to the 8th or 256

states. If the range of operation of the A/C is m inus 5 to

plus ~ volts , (10 volts full scale) , then each hit

represents an increment of .0391 volts. This amounts to a

resoluticn or quanti~ ation error of 0.391 percent. The more

bits in ~he di~ itized word , the better the resolution ;

howev er, the price paid for increased accuracy is a decrease

in conversion speed. Of course , speed and accuracy may he

obtained concurrently with a corresponding increase in cost.

rhe A/D module exhibited 12 bit accuracy, yielding a

qu a n t i z a t i o n  e r ro r  of 0.02~ percent over full rance

operation. This corresponded to a sensitivity of

approximately C .002L$ 14 volts during 10 volt full scale

F operation. The 12 bit converter offers moderate a c cur a c y
and relatively hich speed , e.a. 75,000 conversions per

second , f cr  a reasonaole cost.

~~~~~ Ccnversion Pate

T:~ am ount of time required for the A/D module to

sample and digit ize the analog input is defined as the

conversion time. The A/3 module was capable of 75,030

12—bit conversions per second , or one conversion every 13

nicroseccn~1s. This c nversion rate was only o b t a i n a b l e  if
the Dir~ ct ~em ory Access (DNA ) mode were utilized. Sinc~
the SINE~ 9AC— 800 T.odule was operated in the program control

17



mode , t h e  ccnvers ion  rate was  l imi ted  by the  microprocessor
i n s t r u c t i o n  sequence execu t i on  t i m e  to 7~~.5 microseconds  per
convers ion .  The r e su l t i ng  t h r o u g h p u t  was 13 , L4 00 c o n v e r s i o n s
per second. The induced  lag be tween  c h a n n e l s  caused
significant problems in signal reconstruction ari d is

discussed in detail  in sec t ion  I V .

C. The P rocessor

The dig i tal  pro cessor was the  h e a r t  of t h e  sys tem
design , and added the flexibility needed to m ake th~ A/D

conversico , data acquisition and storage process applicable

to the problem at hand . T~.o desired functional performance

requirements of the processing unit are discussed in ~his

section .

1. A~ D ccntrol

During the acq uisition phase of operation , the

processor ’s main task was that of controlling the A/D

module. 37 controlling the acquisition process under

programmed logic, adjustments to the sampling rate , channel

sa~ piinc sequence , and real—tim e filterin g of the data could

be easil7 effected .

The reconstruction of tim e—vary ing analog sianals

frcm a set of discrete datum points represents a problem of

significant magnitude. Drobably the single most it~p ortant

consideration during the acquisition phase is the z’eri~~d ar

which samples are to be ta ken. When inv estigatin g periolic

signal s, frequency content is generally a matt~ r o~ :

interest. Nyguist ’s sampl ing theorem state5

egui—spaced data , with ~wo or more points per ~7cle ~~

18
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highest frequency, will allow reconstruction of band—limit ed

f u n c t i o n s .  If t h i s  p r i n c i p l e  were not  observed , a
p h e n o m e n o n  te rmed “al i a s ing ” could occur.  The concept  of
alias ing  is shown  in Fig 3 w h i c h  depic ts  a s ignal  sampled  at
two d i f f e r e n t  rates.  The curves d r a w n  t h r o u g h  the two sets
of point s represen t  possible r econs t ruc t ions  of t h e  o r i g i na l
s ignal .  The f r equency  c h a n g e  impl ied  by t h e  dotted cu rve  is
an “alias” of the frequency described by the solid curve.
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Other considerations related to sampling rate are

the number of data points required for adequate analysis ,

the amoun t of memor y , perrnanent ss storage , and

computation time required in processing the data~

In the ccR application , it was p redic ted  t h a t
f u n d a m e n t a l  dr ivin g f r equenc ie s  in t he  r a n g e  of 1 t o  20 ~z
should  be  inves t ig ated ; and tha t f r e q u e n c y c o n t e n t  up to the
f i f t h  h a r m o n i c  wou ld  be of poss ib le  i n t e r e s t .  Th i s  m e a n t
that the system must be capable of sampling the ana log
channels at a m inimu m rate of 200 Hz. The resulting design

achieved a 500 Hz sampling rate over 8 channels.
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I I I .  H A ~ D~l A R E

A. ~DS—8O O MI CROCO M P U T~~ D~~VELO P ( 1ENT S Y S T E M

In its basic configuration , the INTEL MDS—890

Nicrocomputer Development System consists of a CP~J , l 6ic RAN ,

peripheral interface controller , front panel controller ,

power supply and enclosure. with the exception of t~ie

enclosure and the power supply, each of the aforementione d

i t e m s  is in the form of one or more p r i n t e d  c i r c u i t  m odules
which  m a y  be inse r ted  into  t h e  m a i n f r a m e  of the  MD S . The

~1DS may be d i rect ly  connected to the  f o l l o w i n g  p e r i oh er a l
d e v ir e s  w i t h  m i n i m a l  i n t e r f a c i n g :  CRT and  k e y b o a r d  console ,
h i g h  speed l ine  p r i n t e r , s t a n d a r d  T e l e t y p e  w i t h  p a p e r  t ape
reade r  and  p u n c h , hi gh speed pape r  t a p e  r e a d e r , a n d  a h igh
speed paper tape punch. This section describes the

essential hardware elements of the system , an overall view

of wh ich is shown in Fig ~~~.
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FIGURE 4 — MDS — 800 MICROCOMPUTER DEVELOPMENT SYSTEM

I
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1. E~ f l~2! ~~~~~~~

The basic block of R A M  is a 16K b y t e  n o d u l e  of h i g h
access ra te  vo l a t i l e  d y n a m i c  m e m o r y ,  whe re 1K deno te s  2 to
the  10th cr 102L4 by t e s .  The MDS is c a p a b l e  of a d d r e s s i n g  ~4

such module s or 6L~K b yte3 of m e m o r y .  Of the 6L~K of R A M  on ly
62 K a re ac tua l ly  usab le  due  to t h e  coexis tence  of a 2K block
of read only mem ory (R0r1 ) c o n t a i n i n g  the  M DS Mon i to r
program.

Due to t h e  r e q u i r e m e n t  f o r  r a p id recor d i n g  of lar ge
blocks  of d a t a , t h e  maximum number of RA M modules was

ins ta l l ed .  A R A M  m o d u l e  is i l l u s t r a t e d  in Fig 5 and serves
as an ex a m p l e  of the  t y p ical i n s er t ab l e  p r i n t e d  c i r cu i t
modules referred to throughout this paper .

24
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2.  DISK O P E R A T I N G  S Y S T E M

The IN TEL Disk Ope r a t i n g  Sys t em (DOS)  cons i s t ed  of
three m a j o r  c omp o n e n t s , a d u a l  f l o p p y  disk d r i v e  un i t , a
disk con t ro l l e r , a nd the  DOS support  s o f t w a r e .  T h e  a d d i t i o n
of the  DOS provi ded d r am a t i c  increases  in the flexibility,

speed , and mass memory storage available.

Each 7. 5 — i n c h  d i am e t e r  f l o p p y  disk (diskette) had a

capacity of 256K bytes of semi—random access storage. with

the dua l drive , over 0.5 million bytes of data , o r o g r a m , or
other information could be accessed w i t h  relative ease and

moderate speed.

The software support package offered by INTEL ,

called ISIS , was evaluated along with the Digital ?esearch

CP/M disk operating system. The Digital ~esearch software

package  was  chose n over t h e  I N T E L  package  due  to t h e  h i g h e r
speed it demonstrated and its compatibility with the BASIC-F

package used in the data reduction phase.

CF/N consists of several utility routines in

addition to the Basic Disk Operating System (BD~)S). These

routines allow the  user to  f o r m  and  edit disk files,

programs or data files , to assemble and load assembly

language programs , and a powerful debug rout in~ . A more

con’plet e description of the CP/N BOOS is contai ned in ref.

9.

3. ~~~~ ~~~ UT OUTPUT MODULE

The basic ~D S — 8 0 0  was  f u r t h e r  exr .a r~ded with the

installation of a general purpose i/O nodule. rhis module

26
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provided four input ports and four output ports of eight

bits each. The n eed for the I/O module was anticipated for

control applications, digital input or outputs , controlling

an X-Y plctter , or other general purpose applications. This

module was actually in tended for  c o n t r o l l i n g  the S c a n i v a l v e
p o s i t i o n i n g  under a u t o m a t i c  channe l  sequenc ing . ~!owever , it
was later decided that system flexibility would have been

s a c r i f i c e d  had  t h i s  f e a t u r e  been im p l e m e n t e d .

4. SINETRAC—800 ANALOG TO DIGITAL CONVERTEP MO~~J L E

The Datel Sinet:ac—800 A/D converter module is a 32

channel , 12 bit resolution analog to digital module

specifically designed for use with the INTEL MDS—800 . Being

buss compatible with the MDS system , the module was

installed within the M~ S chassis and the wiring harness was

brought to the backplane of the MDS enclosure.

The main elements of the A/D module were:

• 32 channel analog multiplexo r

• sample and hold

a A/D converter ~ub—m odu 1e

• addressing and hand—shaking logic circuitry

• Direct Mem ory Access control circuitry

Th e A/D modu le  h a d  t h r e e  f u n d a m e n t a l  m o d e s  of
o p e r a t i o n :

• p r o g r a m  con t ro l

• progra m contr l with automatic sequencing

• direct Memory Access mode

Reference 1 contains a complete description of the

AID module including operating instructions and Programmin g

technigu ~s.
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A l t h o u g h  the  D?I A mode was not u t i l i zed  because of
i t s  r e q u i r e m e n t  of an I N F E L  DMA n o d u l e  f o r  support , f u t u r e
deve lopmen t  of t h e  sys tem wi l l  make the add i t ion  of the  D~1A

modu le  i nd i sp ensab l e .  The use of D MA w o u l d  allow t h ~ A/D

m o d u l e  to opera te  at its f u l l  c apab i l i t y  of 75 K H z  s a mp l i n g
r a t e .  This  increase in a cqu i s i t i o n  r a t e  would  s i g n i f i c a n t ly
e x t e n d  the range of the sys tem in t e r m s  of s ignal  f r e q u e n c y
c o m p o n e n t  r econs t ruc t ion .

The S ine t rac— 800 also prov ided  use r o p t i o ns  in .
cer t a in  operat i onal  p a r am e t e r  se lec t ion .  Se l ec t ab le  by
jumper wire were input signal voltage range (5, 10 , or 20
volts)  , single ended or differential operation , an d

interrupt or non -interrupt operation. T h e  options in use

were :  p l u s  and  m i n u s  5 vol t  s ingle  e n d e d , n o n — i n t e r r u o t
operation. Details concerning the ase of jumper options are

specified in ref. 1. The SINETRAC— 800 is depicted in Fig 6.

2q
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~IGURE 6 
— SINE TRA C—800 ANALOG TO DIGITAL CONVER TER

M O D U L E
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I V .  S O F T W A R E

The s o f t w a r e  d e v e l o p m e n t  was accompl i shed  in fo~ir
d i s t inc t  phases and i n v o l v e d  the  use of th ree  d i f f e ren t
p r o g r a m m i n g  l anguages .  rh i s  section b r i e f l y  descr ibes  each
language and the individua l progra m modules created.

A. L A N G ~JA GES

Every computer language has a level of application for

which it was des igned . The t h r ee  l a n g u a g e s  d iscussed  in
t ’,is sect io n w e r e  used to accomplish  v a r y i n g  degrees  of
program control. A high level programming language allows

t~~e p r o a r a m m e r  to use n e a r l y  l i t e r a l  or sent e nce  f o r m

e x p r e s s ion s  or egu a t i o n s .  F O R T R A N  is an e x a m p le of a h i g h

level languace. A low level language on t h e  o t h e r  h a n d , is
clcsely related to t h e  m a c h i n e  code ac t u a l l y  use d  by the
co m p u t e r . M a c h i n e  code is , of co u r s e , t h e  iowest  level
pro gramm ing ianoua ;e b i t  is rarely used. Low level

languages provide the programm er u~ th como lete control over

m e m o r y  u sage  and  CPU i ns t : uc t i on  sequences .

1. 80 Asse~~b1i Lan~~ua~ e

This low—level iang’iage was specifically developed

f o r  use w i t h  t h e  8090  mic :oorocess~or .  It is , h o w e v e r ,
s i m i l a r  in  f o r m  to a s s e l I b l ?  l an o ~iaces  in  use w i t h  o t her
co~~p’i t~~r s . ~‘~e f o r m  of  ~he l a n c u ~~u e  is d e s c r ib e d  f u l l y  :. n
r e f .  1) , 4 h e r e f o r e  o n l y  t h e  m e r i t s  of  the lan uage are
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dis cussed h e r e i n .

The use of a s sembly  l a n g u a g e  o f fe r s  the  p r o g r a m m e r
d i rect  ccntro l  ove r t h e  CP U i n s t r u c t i o n  sequence .  V ar y
efficient utilization of available program m emory and

optimiza tion of program execution time may be accomplished

when employed. These features form the basis for the use of

assembly language in the construction of the data

acquisit ion and ASCII conversion progr ams , where execution

time and memory allocation are importran t considerations.

One distinct disadvantage to the use of assembly

languace is that the amount cf work recuired in pr odu cin2 a

relatively short program may be sienificant . Several pa~ es

of documentation are necessary to mak e the pro~ ram :ea~ ahie ,

even to the author of the program. Obviously, tracing

another ’s assembly langua~ e program is very difficult e’ier

with excellent documentation.

2. ~LL~

PL/~ is a m edium—level languag~ again de~~icneI

microprocessor use. It offers moderate control over th e C?U

instruction sequence while providing t use: w i t h  m o n y  of
the features available only in hiah— level l in gia g e s. ‘n

other words , PL/M is a lang’iace whic h cernits -he user to
determ ine , within limits , the degree of c o n t r o l  he  d e sir ~~s.
The am ount of machine code p r o d u c e d  by  P L / M  c o m pi l a t i on  ~s
a b o u t  h a l f  aga i r .  t h a t  r e s u l t i n g  f r o m  a f u n c t  i cn a l l v
e cu i i a l e n t  a s s e m b l y  l a n g u a g e  p r o g r a m .  PL/ ~ is i d e a l  for  use

w h e n  f l o a t i n g  po in t  n a t h e m a t i c a l  o p e r a t i o n s  ar e  no t
required , or when time and memor y efficiency are not

importa nt factors.

FL/M waj used in the construction of the

- —— -~~--~~~~ -- -



comm ’in ica t i i ons  in t e r face  p r o g r a m  called IF AC E w h i c h  l i nK e d

~ he M D S — 8 00 to t h e  I B M — 3 6 0  via t e l ephone  l ine.  ?L/ M m a y  be
assembled on either the !BM—360 or locally on an MDS—800

when equipped with the full complement ~f 6L4 K of RAM.

3. EASIC

BASIC is a high level langua ge which is gaining

wide acceptance throughout the scientific comm unity.

Similar to FORTPAN , BASIC provides the user with facility in

programmi ng ~athematically complex routines in fairly

familiar algebrai c forma t. The 3ASIC—E compiler and run

time monitor were develope d for ~O8O irnp lementa ti on to be

used in conThnct ion wi th CP/M , and are fully described in

ref. 5.

~AS IC—~ ~as used in the data analysis routine which

m a y  b e easily mo1ifie~ to suit the user ’s needs. A sum~ia:y

of the commands available and syntax of E A~~IC—E r an  be f ou n d
in ref. ~~~.

B. PROG~~A~ S AND DISK TT~ FILES

T h e  d a t a  a c q u i s i t i o n  a n d  r e du c t i o n  process ~as a
n u l t i p h a se  sequence , each p hase  con s i s t in g of o n e o r m o r e

p r o g r a m  e x e c u t i o ns .  ach  p r o g r a m  r e s i d e d  on t h e  s y s t em
d i s k e t t e  u n d e r  i t s  i n d i v i d u a l  f i l e  n a m e .  The sys tem
d i sk et t e  a lso c o n t a i n e d  t h e  Cp/ M ~~ OS and  each  of i ts
a s s o c i at e d  u t i l i t y  r o ut i r e s , t h e  B A S I C — E  c o m p i l e r  a n d  r u n
t i m e  mc nj t o r .  T h e  s” ste m d i ske t t e  was  i nse r t ed  in to  d i sk
d r i v e  A , w h i l e  t h e  d a t a  d i s k e t te  wa s  i n s e r te d  i n t o  d i sk
d :iv~ E. Fach progra m modul e an~ its as soc i a t ed  s u p p or t
files is desc:i~ -~J wit hi n this sub—section , and Appendix ~

32
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c o n t a i n s  a desc r ip t ion  of t h e  ope ra t ing  procedures .

1. CONTROL

A con t ro l  f i l e  called CONTROL was  fo rmed  p r i o r  to
each acauisition :un. This file was edited and maintained

on the  sy ste m disk et t e  an d co n t a i n ed b o t h  te xt an d con t r ol

parameters that were used by the acquisition program ,

A C Q U I R E .  The  use of  a cont ro l  f i l e  e l i m i n a t e d  t h e  need  f o r

th e  o pe ra to r  to r e — e n t e r  c o n t r o l  p a r a m e t e r s  fo r  success ive
r u n s .  A s a m p le C O N T R D L  f i l e  is c o nt a i n e d  in A p p e n d i x  ?.
The order of the passed  p a r a m e t e r s  was  s i g n i f i c a n t ;  h o w e v e r ,
t h e  ve rh i age  or con ter .t of t h e  s t r ing  v a r i a b l e s  c o u l d  be
en te red  f r e e — f o r m .  The  AC~~T J I R E  p r o g r a m  w o u l d  o n ly  r e c o g n i z e

an d  use t h e  i r .t eger  v a l u e  of p a r am e t e r s  w h i c h  w e r e  pr~ ceded

by a colon a n d  f o l l ow e d  b y a c a rn i .~~ e r e tu rn l in e f ee d

c om b i n a t i o n . The i a f or n a t i o r .  f o l l o w i ng  t h e  f i r s t  t ic  colons
was ignored , allowing the date and run number to be enter~ d

but not passed ~o the ACQUIRE proaram . The meaninos of t he
p a r am e t e r s  a r e  s e l f — e v i d e n t  f r o m  t h e  s am p l e  s h o w n  in
A p p e n d i x  F , an d  a r e  t h e r e f o r e  not  e xp l a i n e d  h e r e .

2 .  ~C Q U i R F

A C Q~1I R E  w a s  t he  m a i n  p r o g r a m  w h i c h  per :T o:~~ed t h ~
data acguisiron function. It would firs- read tne CC~T?OL

f i l e  f r o m  lisk d r i ve  A a n d  d i s p l a y  it on t h e  O R T  for  t h e

opera tor ’s review. Should corrections or alterations be

required , they could be effected at this tine by ed it ino the

CCNTROL f i le.  W i r h  t h e  C O N T E O L  f i l e  in o rder , A C Q U I ~~E
prcceeded  to e x t r a c t  t h e  necessary co n t r o l  p a r a m et er s  a n d
duplica t~ d the CONTROL file or. the diskette in drive 3.

Using the extracted control Da rameters , this pro gram tnen

managed the operation of the SIMETBAC -800 module , CPT , and
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disk  d r i v e  un i t  so as to scan t h e  s p e c i f i e d  analog c h a n n e l s
at t h e  spec i f ied  r a t e  and n u m b e r  of re pe t i t i ons , a n d  record
the da ta  on the data  d i s k e t t e  in disk d r ive  B. The  A C Q U I R E
p r o g r a m  accompl i shed  th i s  t a sk  b y  issuing c o m m a n d s  to t h e
S I N E T R A C — 8 0 0 , f o l l o w e d  by data to be w r i t t e n  or r e a d .  The
S I N E T R A C - 8 00 was issued t h e  i n i t i a l  a n d  f i na l  c h a n n e l
n u m b e r s , a start  scan c o m m a n d , and a start  convers ion
command. When an analog to digital conversion was complete ,

the SINETRAC—8 00 changed its status word to i n d i c a t e  an end
of conversion (EOC) . The processor would then read in the

two  b y t e s  of da ta  r e s u l t i n g  f r o m  the conversion. Upon

receipt of a subsequent start of conversion command , the A/D

modul e would automat ically step to the n e x t  a n a l o g  c h a n n e l
to be sampled and perform a conversion. When the entire

r a n g e  of c h a n n e l s  was c o n v e r t e d , the  A / D would c h a n g e  t h e
status word to indicate an end of scan , simultaneously

resetting the channel selection register to the ini~ iai

channel.

The generation of the scan period timing puls e is a

topic which deserves explanation as it was one of the n~ost

d i f f i c u lt  po r t i ons  of the ACQUIRE routine from a p: :t:amnina

s t a n d p o i n t .  The M D s — 8 0 0  f r o n t  pane l  c o n t r o l l e r  m odu le
i n c l u d e s  an i n ter r u o t  t i m e r  w h i c h  m a y  be t u r n e d  or. or o f f
programmatically. The tim er is a c t u a l l y  a series of sol id
state counters which , after receiving a certain number of

pulses f:ctn the 9.8 t~Hz system clock , issues a pulse to the

CPU. This interrupts the operation of the 8080 CPU , causing

the program to execute a subroutine. This subroutine th e n .

counts the numbe r of interrupts received in this manner.

When the number of interrupts counted reaches a value which

matches that prescribed by the scan period control parameter

entered by the CONTROL file, a scan instruction is issued to

the SINETRAC—8 00 and a scan sequence is initiated . Each

interrupt occurs at 0.977 ms . The fact that the timer

interrupt s at nominal 1 es intervals became the limiting

3”
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f a c t o r  on scan r a t e .  In o rder  to  increase  t h e  scan r a t e ,
some o the r  means of i n i t i a t i n g  the scan m u s t  be u s ed .  The
r a t iona le  for  us ing  t h e  i n t e r r u p t  t i m e r  in t h e  f i r s t  place
was tha t it provided , at no additional expense , a highly

accura t e  t i m e  base , an i m p o r t a n t  r e q u i r e m e n t  f o r  d y n a m i c
s ignal  a n a l y s i s .

Data from each conversion were stored in sequential

RA~ locations. When the specified numb~ r of scans had been

p e r f o r m e d , the  d a t a  sto red in R A M  w e r e  f o r m a t t ed  and
t r a n s f e r r e d  to t h e  data  di ske t t e  in d i sk  d r i v e  9. Each
block of scans was written into a file called DATA.nnn ,

w h e r e  n n n  was  the  decima l sequence number for that file.

The process c o n t i n u e d  u n t i l  a l l  S c a n i v a l v e  c h a n n e l s
were sampled and logged , the diskette space was exhausted ,

or the process was terminated by the user. If the process

were comçleted without mishap, a file called PROTECT could

be written on the data diskette at the users option. The

PROTECT file prevented further data from being recorded on

an ur .process€d d i ske t t e .

3. PR OTECT

The PROTECT file , if it ex is ted  on a da ta  diskette ,

p r e v e n t e d  a d d i t i o n a l  d a t a  f rom b e i n g  w r i t t e n  to  the
d i s k e t t e .  N o r m a l l y  t h e  P R O T E C T  f i l e  w a s  o n l y  r e m o v e d  from a
‘diskette upon successful completion of the reduction

process.  T h i s  p r o c e d u r e  p r e v e n t e d  unpro cessed  d a t a  f rom
being inadvertently destroyed or overwritten. The PROTECT

f i l e  cou ld  also be r e m o v e d  b y  t y p i n g  “ !RA B : P R O T E C T ”  at  t h e
console .
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~4 .  D A T A . n n n

Each  t i m e  t h e  S C A N  s u b r ou t i n e  w i t h i n  t h e  A C Q U I R E
procram was €x~ cuted , a DATA.nnn file was created on the

da t a  d i s k e t t e .  This f i l e  con ta ined  t h e  data s t r e a m  w h i c h
r e su l t ed  f r o m  one r u n .  At  t h e  c o m p l e t i o n  of all the  r u n s
t h e  dat a d i s k e t t e  w o u l d  c o n t a i n  severa l  D ATA f i l e s .  For
e x a m p l e , a co m p l e t e d  d a t a  disk  d i r e c t o r y  mig h t  b e as
f c ll ow s :

CONT R OL
DATA . 000
D A T A .  001
C A T A . 0 0 2
PROTECT

The f i r s t  16 by tes  of data or. each DATA file fo r m a
header for that file , and contain ed the control information

relevant to that file. The meaning of each byte within the

h e a d e r is listed b e l o w :

Byte  0 Initial Analo g Channel

Byt e 1 Fin al Ana log  C h a n n e l
B y t e  2 S c a n i v a l v e  One  s e t t ing
B yte ~ S c a n i v a l v e  Two Set t i n g
3y t e  (4 No.  of scans (LS B )
B y t e  5 N o. of scans ( M SB )
B y t e  6 Scan period (LS B )
By t e  7 Scan period (~~SB)
B y te  8 ?re~~u ency  (Ls 3)
Byte 9 Freguency (~ SB)

B y te A th r o ug h F n o t u sed

Subs equ ent  ~at a  w o r d s  f o r m e d  t h e  body of t h e  ~ AT~
f i l e .  A D A T A  f i le  was oomposed  of b i n a r y  i n f o r m a t i o n , a n d

36 
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t h e r e f o r e  required  t r a n s l a t i o n  in to  ASCII  charac ters  pr ior
to being read by the BASIC reduction routine.

5. CC~1VERT

The C C N V E R T  p rogram was an a s sembly  l a n g u a g e  r o u t i n e
wh ich read t h e  des i red  D A r A . n n n  f i l e  in to  R A M , c o n v e r t e d  t h e
b i n a r y  va lues  to ASCII  decima l in tegers  and  c rea ted  a f i l e
cal led D A T A . A S C  on the  da ta  d i s k e t t e .  Th i s  was n e c e s s a r y
p r io r  to  each  exeou t ion  of the  R E D U C E  p r o g r a m , as t h e
BASIC—E file handl in g would only accommodate ASCII coded

disk files. This process could have been made a part of the

ACQUIRE program functicn ; however , the addit ional number of

bytes required for each data point would have severely

limited the amount of data on each diskette.

The program was executed by typing “CCNVE~ T

D A T A . n n n ” a t  t h e  console.  T h e  r e su l t inc  A SCII  t y p e f i l e
could be v i e w e d  in r a w  u n f o r m a t t e d  f o r m  by t y o i n a  “ T Y P E
B : D A T A .  A SC ” .

6.  R E D U C E

Th e R E D U ~~? p r o g r a m  w a s  wr i t t e n  in BASIC a n d  was
execu ted  b y  t yo in g  “RUN REDUC E” on the console. Its

f u n c t i o n  was  to rea d t h e  D A T A . A S C  f i l e  f r o m  t h e  d a t a
diskette and perform the required numerical analysis

necessary to extract the Fourier coefficients of t h e  signal

wave form represented b y the data. The program used is

contained in App en dix C and a ~iscussion of the  r educ t ion
aloorithe is ~r~ sented in ref. 11 .

tt is imo ortant to note that the BASIC routine used

in this ap~ lic a~ ion .r~ y be easily modified to suit the

37
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user ’ s n e e d s .  For tha t m a t t e r , a n  e n t i r e l y  d i f f e r e n t
a n a l y s i s  a lg o r i t h m  could b~ subs t i t u t ed  w i t h  equal  f a c i l i t ’.
I n e f f e ct , t h e  f ’ inct ion of the prog ram was n o t  of
significance , however , it served as a vehicle for

development  and t e s t i n g  of the  sys t em.  The d e m o n s t r a t e d
flexibility and ease in programming afforded by

incorporation of the BASIC language a re  the m e a n i n g f u l
f e a t u r e s .

7. I F A C E

This PL/~ program was orig inally written by an

u n k n o w n  a u t h o r  but  was  a d a p t e d  f o r  use w i t h  t h e  M~ S— 3 J O
t h r o ugh m o d i f i c a t i o n  of the  i n t e r f a c i n g  r o u t i n e s .

I t s  o urpos e  w a s  t o  a l low t h e  user to o p e r a t e  t h e  CR T
console  as a r e m o t e  t i n e — s h a r e  t e r m i n a l  in  c o n j u n c t i on  w i t h
th e  W . R .  C h u r c h  IB~1—35 O ope r a t i n g  u n d e r  the  C a m b r i d g e

~on i t o r i n g  S y s t em  (C’~S) . The progra m l i s t ing  is  i n c l u d e d
for docume ntar y purposes in Appendix C. It also provide d

for autcnatic hi—direct ional transfer of disk files b~ tween

the  I BM and  ~DS sy s t e m s , a u s e f u l  f e a t u r e .

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



V .  SYST EN QUALI ~~~~ A T I O N

Any design , wheth er hardware , software or a combination

of both , must be thoroughly evaluated for performance under

controlled conditions prior to its introduction in an actual

field environment. The test which the design should undergo

m u s t  exerc i se  t h e  dev ice  t h r o u gt i o u t  i t s  expec ted  r a n g e  of
op e r a t i o n  so t h a t  act ual p e r f o r m a n c e  l i m i t a t i o n s  n a y  be
determin€d. t~ualification testing also provides the

de s igner  w i t h  q u a n t i t a t i v e  and  T ia l i t a t i v e  measures  of t h e
sy s t e . u ’ s cc r f o r m a n c e  to t h e  design c r i t e r i a .  T h i s  section
discusse s t h e  g ua l i f i c a t i o n  tes ts  c o n d u c t e d  on t h e  data
acquisition system , and an interpretation of the results

ob ta i ned .

The mai n ob j ec t i ve  of t h e  q u a l i f i c a t i o n  t e s t i n g
p r o c e d u r e  c o n d u c t e d  w a s  to p r o v i d e  a leve l of c o n f i d e n c e  in
the  sy s t e m ’ s a b i l i t y to f a i t h f u l l y  t r a c k  t h e  i n p u t  si g nals ,
t h e reby  D e r m i t t i n g  t h e  r e d u c t i o n  r o u t i n e  to a c c u ra t e l y
pe r f o r m  numer ica l  o p e r a t i o n s  w h i c h  w o u l d  r e c o n s t r u c t  t h e
des ired c ar a i ~€te :s of m a g n i t u d e  and  p h a s ~~, wh i le  f i lt e r i n c
u n d e s ir a r l e  f r e q u e n c y  c om p o n e n t s .  T h e  t h r e e  basic
cualific ation test s c o n d u c t e d  in the  d e t e r m in a t i o n  of t h e
system ’s performar~ce characteristics are discussed belcw .

A .  DC C A L I B R A T I O N

Acc nn pa n ying the SINErRAC—800 D/A module was a voltane

c a li br a t io n and scan tes t  s o f t w a re  p a c k a .~e. T n i s  p r o~ r am
a l l o w ~~d. v e r i f i c a t i o n  of t h e  accu racy of  t h e  A/D c o nv e r s i o n
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s y s t e m  w h e n  k n o w n  ( accura te l y measu red )  DC v o l t a g e  levels
were applied to the individual input channels of the A/D

m o d u l e .  The resul ts  of t h i s  test , w i t h  t h e  v o l t a g e  r a n g e  of
the dev~.ce set at plus and minus five volts full scale , are

s h o w n  in Fig  7. This  vol tage  range  was chosen over  the 20
or 5 volt  f u l l  scale range  because  t he  o u t p u t s  of t he  signa l
conditioning amplifiers had historically exhibited bias a:td

excurs ion  charac te r i s t i cs  w h i c h  r e m a i n e d  w e l l  w i t h i n  th i s
r a n g e .  Had a 2 0 — v o l t  fu l l - sca le  range been u t i l i z e d ,
sensitivity ~ou1d have been sacrificed , whereas a 5—volt

range would have resulted in an overvoltage condition on the

A/ D c o n v e r t e r  c i r c u i t .

(40 
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B. SINUSOIDAL SIGNAL RECONSTRUCTION

Thi s test was designed to  e v a l u a t e  t h e  sys tem ’ s ab i l i~ y
to a c c u r a t e l y  acqu i re , sto r~~, a nd r e cons t ruc t  a s i n us o i d a l
i n p ut  s igna l  of k n o w n  a m p l i t u d e  and  phase  r e l a t i o n s h i p  to ~
reference sinusoidal signal.

The test was conducted using the simple oper~ tiona l

amplifier circu it illustrated in Fig B , represent~.n a

l o w — p a s s  f i l t er.

The  g a i n  an d  phase  of t h e  o u t p u t  s i g n a l  r e l a t i v e  o t h e
input signal were measured by using the B a l l a n t i n e  t r u e  R~~
meter and an AD— lU phase met er , respectively . These data

were hand l o g g e d  a n d  p lo t t ed  in ~igs 9 and 10 for comparison

with the gain and phas~ parameters extracted by the analysis

algo r i t h m  dis c u s s e d  in sec t ion IV.  A v e r y  h igh  c o r re l a t i o n
between the extracted parameters and the analoc m easurem ents

is c l e a r l y  o b s e rv a b l e .

~42
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C. S Q U A R E  W A V E  R E S P O N S E

This test was designed to evaluate the accuracy  of the
d a t a  acqu i s i t ion sys tem in r e c o n s t r u c t i n g  t h e  h i g h e r
harmonics contained within a periodic signal. Since a

sguare wave is known to be composed of only odd harmonic

co m po n e n t s , w i t h  k n o w n  r e l a t i v e  a m p l i t u d e s , t h e  F ou r i e r
coef f i c i en t s de r ived  f r o m  t h i s  test  were  e a s i l y  c o m p a r e d  to
t h e o r et i ca l  r esu l4 - s .

By i n j e c t i n g  t h e  squ a r e  w a v e  i n r u t  i n t o  more  t h a n  one
A /E i n p u t  c h a n n e l  s i m u l t a n e o u s l y , a m e a s u r e m e n t  of  t h e
i n t e r c h a n n e l  s am p l i r . . ~el av  wa~ poss ib le  t h rou gh  o b s e r v a t i o n
of t h e  r e s u l t i n g  ph a s e  s h i f t  b~ t~~~~n a d j a c e n t  c h a n n e l s .
Co m D e n s a z i o n  f o r  t h e  a r t i f i ci a l l y  in d u c e d  p h a s e  l a g  was
accomplished within th~ BASIC data reduc tion a l g o r i t h m .
Feferrin ; t~ E i o  11 , which ill~~ t:ates the p h a s e  s h i f t
p r o b l e m  ~r a p h i c a l ly ,  delta t wa s  t h e  ~~~ u n t  of t i m e  re~~i i r~~d
t o  s w it ch ~r cm one A/D ch a ~~n e1 t o  th ~ n e x t  ari d c o m p l e ~ e a
c o n v e r s i o n .  T h e  s o f t w a r e s t eps  for th e switch inc process

a m o u n t e d  to 7 ( 4 . 5  m i c r o - s e c o n d s  - r f  a : t ~a : er t  p h a s e  l a q .  3v
a d d i n g  t h i s  va lu e  to t i ~e r i m e  t e r m  w i r h i n  t h e  red~ ct i on
al g o r i t h m , t h e  p h a s e  sh i f t ~r D b l e m  w~~s r e a r l y e l i m i n a t e d .

(4 6
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The resul t s  of the h a r m o n i c  r e cons t ruc t i on  test  are
sh own  in Fig 12 , which  compares  t h e  ex t r ac t ed  h a r m o n i c
con ten t  cf the  square  wave  as o roduc ed  b y t h e  RE D U C E
r o u t i ne , wi th  the  t heo re t i ca l  expec ted  v a l u e s .  T h e  t e s t  wa s
actually performed for several input frequencies ranging

f r o m  5 ~z to over 100 Hz, however , the resulting harmonic

spec t rum is show n onl y for  the 10 Hz s igna l  so as to
illustrate as many harmonics as possible.

For c o m p a r i s o n  purposes , t h e  phase  s h i f t  r ea l i z ed  w i t h
and without compensation within the  a n a l y s i s  p r o g r a m  a re
plotted as a function of frequency in Fig 13.

I
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V I .  S Y S T E M  A P P L I C A T I O N

Su b s e q u e n t  to  the  q ua l i f i c a t i o n  tests and r e f i n e m e n t  of
t he  r e d u c t i o n  algorithm , the system was applied to the

ac tua l  e x p er i m e nt a l  e n v i r o n m e n t  for  wh ich  it was  i n t en d e d .
The sys tem was i n t e g r a t e d  in to  the  CCR a i r f o i l  exper i m e n t a l
set—up as i l l u s t r a t e d  in Fig  1(4 .  Th i s  p h a s e  of the
d e v e l op m e n t  was conduc ted  f o r  two  i m p o r t a n t  reasons:

* E v a l u a t e  t h e  p e r f o r m a n c e  of t h e  sys tem u n d e r  ac tu a l
l a b o r a t o r y  cond i t i ons  in sea rch  of f u r t h e r  i m p r o v w e n t  ar eas.

* E x a m i n e  t h e  Co and a  sheet p r e s su re  p r o f i l e  w i t h
respect  to  phase  a n d  am p l i t u d e  whi le  s i n u s o i d a i l y  m o d u l a t i n g
the plenum pressure of the a i r fo i l  sec t ion .

A. O P E F A T I N C  C O N D I T I O N S

The  wi n~1 t u n n e l  w a s  c o n f i cu r e d  to  opera te  w i t h  st e a d y
f l o w  d u r i n g  th i s  i n i t i a l  e v a l u a t i o n  r u n .  Only  t h e  p l e n u m
p r e s s u r e  of t he  a i r f o i l  s e c t i on  was  m o d u l a t e d  sinusoi.dally

with various driving freq~iericies :~nging from 3.7 ~iz to 13. 7
Hz.

Previous work , pres ented in Refs 7 and 3, produced

m easurements of the Coanda sheet or~ssure profile using data

from a true FMS meter. These -data were hand loggei and

plotted . A measurem ent of the phase rela-tionshiø was r i t

pcssible using this technique , as the phase meter w a s
inaccurate in the law fre~ uency range investigateL

51 
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D i g i t a l  data a cq ui s i ti o n , t h e r e f o r e , p rov ided  t h e  f i r s t
opportunity for observing the phase shift between the

d r i v i n g  force  and t h e  p ressu re  reac t ion  on the s u r f a c e  of
th e  a i r f o i l .  I n c l u d e d  in A p p e n d i x  F is the C O N T R O L  f i l e
used in t h i s  e xp e r im e n t a l  run . 600 d a t u m  p o i n t s  were
recorded at  5—m i l l i s econd  i n t e r v a l s  fo r  each  ana log  c hr i n n e l .
The c h a n n e l s  s ampled  were :

1. Ch 0 Plen um r e f e r e n c e  pressure

2. Ch 1 Scan iva lve  p r e s s u r e  ( c h an n e l s  10 t h r u  17)

3. Ch 2 Hot w i re  a n n e n i om e t e r

At  each f r e q u e n c y ,  the  S c a niv a lv e  was cyc led  a lo n g  each
of t h e  i n d i c a t e d  c h a n n e l s  w h i c h  co r r e sponded  to s t a t i o n s  23
th rough 30 of the  a i r f o i l .  The ac tua l  log~~ing of t h e  mor e
than 86 ,000 data points required approxim ately (45 m inutes ,

of w h i c h  approximately 35 minutes were devot ed to effecting

a d j u s t m e n t  of t he  t u n n e l  o p e r a t i n g  c o n d i t i on s  a n d  d r i v i n g
f r e q u e n c y .

Fig u res  15 t h r o u o h  20 show ~he g r a p h i c a l  r e su l t s  of t h e
da ta  r e d ic t i o n  w h i c h  f o i l - o w e d .  C r e d i b i l i t y  is l e n t  t o  the
r e s u l t s  by t ’r.e close c o r r e l a t i o n  a c h i e v e d w i t h  t h e  p r ev i ou s
in v e s t i g a t i v e  e f f o r t s , a n d  t h e  co n s i st e n cy  d i s p l ay e d  a m o f l g
r e su l t s  of i n d i v i d u a l  r u n s .

The  g r a p h i c a l  results of t h e  phase  e -x t r a : t i o n  O ocC3s

a re  p r e s e n t e d  f o r  d o c u m e n t a r y  purposes  in Figs 21 t h r o u g h
26.  It was not  w i t h i n  t h e  scope of t h i s  w o r k  to a n a l y z e  in
det ail  t h e  aerodynamics of t h e  CC ? .  T h e r e f o r e , t h e  r ea de r is
d i r ec ted  to r e fs .  S a n d  11 fo r  mor e ex p l i c i t  i n f o r m a t i o n
r e g a r d i n g  th~ CCR a n a l y s i s .

52
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VI I .  C O N C L U S I O N S  A N D  R E C O M M ~~N D A T I O ~ S

D u r i n g  the  course  of t h e  a c q u i s i t i o n  s y s t e r .  f e v e l o p m e n t ,
modifications were constantly made with the intent of
im p r o v i n g  t h e  p e r f o r m a n c e  or ope rator interface. System

qualification and implementation disclosed several
a d d i t iona l  areas  in need of i m p r o v e m e n t  and , b a s e d  o n t h e
expe r i enced  ga ined  up to t h e  time of this writing, the

u p g r a d e  i t ems  discusse d in t h i s  sect ion are  be l ieved to be
w o r t h y  of inc lus ion  in a n y  f u r t h e r  ~e~i e l o p m e n t  or f u t u r e
ge n e rat i o n s  of t h e  sub jec t s y s t e m .  In sorn~ cases
a l t e r n a t i v e  so lu t ions  to e x i s t in g  s h o r t c o m i ng s  are
present- e d , takina into conside:a~ ion curren t iniustry

d e v e l o p m e n t s  in c o m p a t i b l e  h a r d w a r e  n o d u l e s .

A.  I N T E E C H A N N E L  S A M P L I ~T G L A G

A s p r e v i o u s l y  d i scu3sed , t h e  f i n i t e  a a o u n t  of t iu e

r e q u i r e d  fo r  th~ ~rocessor tc s w i t c h  fr o  one an a lo c  c h a n n ~~l
to t h e  n e xt , and m a k e  a c o n ver s i o n , ca u sed an a p p ar ~~n t  pha se
s h if t  in th e  r e s u l t i n g  r econs t ruc t iorL  of t w o  or liore

a d j a c e n t  c h a n n e l  s i gn al s .  This probl em was ra:-ially
overcome by t i me  ad ~ u s t m e nt s  w i t h i n  t h e  r e d u c t i o n  a i g o : i t hm .
However , inaccuracies w e r e  s t i l l  a t t r i b ’.itable ‘o t h i s  Y
problem.
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Two add i t ional  a p p r o a c h e s  to the  p r o b l e m  r e ma i n :

1. ~n h ~~a~1 P~iu

affecting a reduct ion i n t h e  in te r cha n nel  de l a y

t i m e , t h e reby  r e d u c i n g  the  r e l a t i v e  i n f l u e n c e  of t h e  l ag ,  is
one poss ib le  so lu t ion .  This  could  be a c c omp l i s h e d  by t h e
inc lus ion  of a D M A  modu le  w i t h i n  t h e  ~DS m a i n f r a m e  to
augment the capabilities of the  S I N E T R A C — 8 0 0 .  This  s o lu t i o n
a l t h o u g h  not absolu t e , wo u l d  a c h i e v e  a decrease  of  t he
i n t e r c h a n n e l  de lay  f r o m  7 L 4 . 5  m i c r o s e c o n d s  to  15
microseconds.

2. In~~~~~~i ~~~~~

The sys tem as desc r ibed  h e re i n  c o n t a in e d  o n l y  one
sa m p l e  and hold c i r c u i t  w h i c h  was  located d o w n s t r e a m  of t h e
multiplexer unit. Since each channel shared the same sanp ie
and  ho l d  ci rcu i t , ,  it was  imp o s s i b l e  to str ob e  a l l  ch a n n e l s
sL nu lt a n e ou s ly .  I n c l u s i o n  of an i n d e p e n d e n t  s a m p le a nd  hold
ci r c u i t  a l e m e n t  ded ica t ed  to  each analoc  c h a n n e l  in p u t  w ould  -
eliminate the phase shift p r o b l e r n  comD 1e te l ~7 , since al l

channels would be sampled at precisely the same ir.stant wh~ n

triggered by a conmon source. The simp le and hold circuit

wo uld  m a i n t a i n  t h e  DC level u n t il  th e  A / D was a b le  to poll
t h~ in f lv i d ua l  i n p u t s  t h r o u g h  the  n u l t i p l e x o r .  T h i s  concep t
is ill u s t r a t e d  in Fi g 27. 

~~~- -~~~~~~~—-—--~~~~---
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B. SYST SM A C Q U I S I T I O N  SP E E D

As p r e sen t ed , t h e  acq u i s i t i o n  s y s t e m  was l i m i t e d  to -an
abso lu te  m aximu m s am p l i n g  r a t e  of 500 Hz f o r  more than one

ana log  c h a n n e l  i n p u t .  This  r a t e  could be i m p r o v e d  fo r  a f e w
m or e cha nn els  to a m a x im u m of 1 KHz with modifications to

t h e  t i m e r  i n t e r r u p t  a n d  use of the  progra m i n t e r r u p t  mo d e on
the  S I N E T R A C — 8 0 0 .

Fo r a n y  s i g n i f i c a n t  i m p r o v e m e n t , h o w e v e r , t h e  act ual
s ta r t of sca n t r ig g e r wo u ld require alternate sourcing. The
A/~ boa rd provided for an .  o n — b o a r d  con t ro l  of t h e  scan  clock
or e x t e r n a l  t r ig g e r i n g .  A m o d i f i c a t i o n  to  the  t r i g g e r i n g  of
the scan clock could be effected with minimal additional

ci r c u i t r y  of local des ign , u t i li : i ng a gen e r a l  p u r p o se
p r o t o — t y ~ ing c i r cu i t  boa r d  fo r  g e n e r a t i o n  of a s t r o b e  -or
sensing cf an externa l syncronization pulse. It is

im p o r t a n t  to  r e a l i z e  t h a t  any  such des ign  s h o u l d  a t t e m p t  to
r e t a i n  s o f t w a r e  c o n t r o l  ov e r  t h e  s a m p l i n - ~ r a t e  so as nc t  to
lose this flexibility fea t ur e .

T r e m e n d o u s  r e d u c t i o n s  in s o f t w a r e  cou ld  be r e a l i z e d  w i t h
the  a d d i t i o n of t h e  D i r e c t  M e n o r y  Access m oli le . Thi s
addition wculd increase the ma x im u ~n scar  :a~ e a~~t a i n a b l e
f r o m  .5 KF ~z to a~ p r o x i m a t lv  11 K Fi z f o r  6 c h a n n e l s  or f r o m  1
K H z  to  33  K H z  for  2 channels of input.

I n sh o r t , t h e  a d ’l i t to n of a D M A  mod ul e is h i~ h 1. v
r e c c m m e n i e ~ in c o n s id e r a t i o n  of t h e  m u l ~ ip l e  i m o r o v e m e r t s  in
system performance that it affords f o r  a m o d e s t  e x o - ~~d it u r e .

6?
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C. DATA PELUCTION

The concept of locally reducing the data has many

advantaqes , and likewise disadvantages , which must be

considered in future modifications to the system. The

decision to locally reduce data was based upon two major

factors. First , it was desired that the feasibility of

local r e d u c t i o n  on a microprocessor be inv~ stigated.

Seco n d l y ,  d u r i n g  the  design s tages  t h e  o n ly  data  -

communications link available to t h e  LR . Church co~iputer

facility IEM—3 60 for remote processing was via Teletype

speed (110 baud) mo dem. Antici pati ng the generation of

250,000 words of data each experimental session ,

transmission over the existing ~ime—share system network was

dee med u n r e a s o n a b l e .  T r a n s f e r  of t h i s  v o l u m e  of l a t a  would
have required at best 7 h o u r s  r e a l  t ime , ass um i n g  min im al

ha n d s h a k i n g  and  sys t~~n i n t e r r u p t i o n s .  The p o t e n t i a l  of
ge n e r a t i n g  se v e r a l  data  di ske t t e s  d u r i n g  one e x p e r i m e n t a l
session r e n d e r s  a slow transmission rate link totally

impractical. The CP/ CMS s y s t em  d i d  not , at t h a t  t i m e ,
exhibit the reliabili~-y necessary for suc h a link to be used

e f f e c t i ve l y .  At  t he  t i n e  of th i s  w r i t i n g  t h e  c o m p u t e r
ce n te r w a s  co m p let i n g the installation cf communication

links capable of 9600 b a u d .  t r a n sm i s s i c n  r a t e s .  A t  t h i s
rate , a full diskette (25)k bytes) could ~~ t r a n s m i t t e d  in
as few as 5 minutes . This capability would creatly enhance

the computing power of t h e  s y s t e m , co n s i d e r i n g  t h e  inc reased
s o p h i s t i c a t i o n  of r e d u c t i o n  t e c h n i q u e s  and  o u t p u t  f a c i l i t ie s
(plOtters , high speed pr inters , etc.) which would th en be

ma de available.

Should the autonom y of the system be an o v e r — r i d i n c
co n s i d e r a t i o n , it is r e c o m m e n l e d  t h a t  a h i g h  speed t~r i n~~~r , 

--rn~~~~~~~~~~~~ - 1_ _~ . -  -

~~~~~~~~
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D i g i t a l  to Analog (fl /A) m odu le  and an X — Y plo t t e r  be
inc luded  as s up l e m e n t a r y  sys tem p e r i p h e ra l s .  Th e i nc lus ion  -
of an e x t e r n a l  m a t h e m a t i c s  m o d u l e  wou ld  fu r t h e r  i m p r o v e  t h e
sys tem ’ s com D u t a t i o n a l  speed and e f f i c i e nc y .  Such a m o d u l e ,
co m m e r c i a l l y  ava i l ab l e , w o u l d  pe r f o r m  al l  f l o a t i n g — p o i n t
mathematical ope ra t i ons  (add , subtract , multip ly and divide)
in ci r c u i t r y  e x t e r n a l  to the  8080 mic roprocessor  at
approximately ten times the speed currently available. The
addition of these modules a n d  peripherals would upgrade the
system into a completely independent , highly flexible data
acquisit ion and computationa l device capable of a multit ude
of data logg ing or analytical tasks.

L ~~~~~--~~~~~~~ - 
_ _ _ _ _



APPE N DIX A

G L O S S A R Y

1. accuracy: The ability of a measurement system to

d e t e rm i n e  t h e  t ru e level or s tate  of a v a r i a b l e  in
terms according to standards of reference.

2. A/D: analog to digital ( ad j ec t i ve  or noun)

3. Alias: When vary ing signals are sampled at equally

spaced i n t e r v a l s , tw o f r equ enc ies  a re con s id e r ed  to be

aliases of one  a n o t h e r  if t h e y  canno t  be d i s t i n gu i s h e d
fro m each other by an a n a l y s i s  of t h e i r  e q u a l l y  spaced
v a lu e s .

~~ ASCII: American Standard Code for Information

Interchange. This is a seven—bit—clus—parity code

established by the Am erican National Standards

Institute to achieve cpmpatibility between data

services . Also  called U S A S C I I .  U
5. assembly: A listing which contains both source coie and

machine code.

6.  B A U D :  A data transmission rat~ ex pressed in SITs per

second .

7. BIT:  B I n a r y  d ig i T .  A s i n g l e  u n i t  of i n f o r m a t i o n  in a
binary word.

8. buffer: A group of m emory locations used to store
specific data (input data , constants , output dat a ,
etc.).
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9 .  b y t e :  An e i g h t — B I T  w o r d  wh ich  is processed as a s ing le
q u a n t i t y .

10. CPU: Central Processing Unit. The area of the

microprocessor which computes and sequences all logic

and a r i t h m e t i c  f u n c t i o n s .

11 . CRT: Cathode Ray Tube — A television—like picture tube

used in v i sua l  d i sp l ay  t e r m i n a l s .

12.  D/A : The inverse  of t h e  AID process.

13. D M A :  Direct  M e m o r y  ~.ccess — a f a c i l i t y  t h a t  p e r m i t s  I/O

transfers directly into or out of memor y w i t hou t

passing throug h the proc ssor ’s Qeneral recisters;

either performed independently -of the processor or on a

c y c l e — s t e a l i n g  basis .

14. EPRCM : erasable/programmable read only memory

15. Fold in g  F r e gu e n c y :  Th e  l owes t  f r e qu e n c y  w h i c h  is i ts
ow n a l ias , or t h a t  w h i c h  is o n e - h a l f  t h e  s am p l i n g  r a t e
whet samples are continuously made at equal intervals.

16. I/O : input/output

- 10
17. K: A suffix which indicates a group of 1O2~4 (2 ) i t em s

as i n ‘4 K  of m emo ry ’ m e a n i n g  4 0 9 6 m e m o r y  l o c a t i o n s .

18. Lag : A difference in time of occurrence between two

even t s .

19 . m a ch i n e  code: The  BIT pa -~te rn s  a c t u a l l y  used by  the U — P
in order  to c a r r y  out its assigned logic functions .

20.  :IO DEM : M O d u l a t o r  D E M o d u l a t o r  — an  e le c t r o n i c  dev ice
which modulat es signals transmitted over communications

ci r c u i t s .

21 .  M U X :  a multiplexing device

22. nibble: The upper or l o w e r  f o u r  BITs in one oyte .

73
S



-‘~~~ -~~~~ ~~~~~~~~ 
-

23. page: a 256 byte segment of memory

24. RAM : Rando m access memory . Volatile memory used for

variable storage and data manipulation . —

25. register: A storage location located in the CPU.

26. Resolution: The ability to determine signal differences

in vary ing signals. - -

27. ROE : read only memory, mon—volatile

28. Sample and Hold : A device for sampling the am~ 1itude of

a signal at a given time and hold ing that amplitude.

29. Sampling Theorem : Nyguist’s result that equi—spac ed

data , with two or more points per cycle of highest

f r eq uency ,  allows reconstruction of band—limite d

functions.

30. software: Tne program which resides in the U—P ’s

m em cry .

31. source  code: The p r o g r a m  w r i t t e n  by t h e  user .

32 .  U — P :  mic roprocessor
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A P P E N D I X  B

P R O G R A M  FLOW D I A G R A M S

I
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RCI~U IRE PROGRAM FLOW NAG RAM

~~~~~~

~~ RRCT
(
~~ ROL

D I SR.AY
‘CUNTROL’ rILe

Dli (PT

Y E S  DL~~LRY
‘EDI T C~NTP~L ’

ND 
_ _ _ _

WRITE I(~~fl~~fl~~t

VILE DH P~~cOT TD cP/I1
8
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ACI~U1RE PROGRAM FLOW DIAGRAM ( CEINI )

~~~ INI T IRL
CHRH?1L NC.
TO SIIIETRAC

I NITI A L I ZE AND
SIBAT A
TI NEP

I—I TO 5CRN5

NR I TE DRIP TO RER~ TI N E
DI ~~ FILE AND 5TUIW

IN &IFV~~

t’NI NI~l + I INEP IWI RPT ND

YES
aLL.: ISYC



—:- 
~~~~~~~~~~~~~~~~~~~~~ —I ,,

ACI~UIRE PROGRAM FLOW DIAGRAM (CONT )

TSYC

IEJE START
CONYEP5IUN OlD

TO 5IHETRRC

~~~~~ ~~~~~~ 
NO 

~TIM~ FLEE
IN DRIB EIJTEP

YES
TWO DATA

BYTES F1~OM S/T
5T~~~ IN EIJFFEP

RERD
STA TUS BYTE

R~1 IN

78
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CONVERT PROGRAM FLOW CHART

R~~ FILE NAPE
AND

FR~ C~~~Lt

OPEN AND READ
ENT I RE FILE
INTO NENCRY

Ct~YEPT TWO
BYTES IT DATA

NTU ~~C 1I CHARS

— O~ARCTZPS
AND CZPINR IN
WRITE SUFFER

WRITE RECORD TO
DRTA .RSC F I LE
]

~ DI ~~ B
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A P P E N D I X  C

P R O G R A M  LISTINGS
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** * * **** * ** *** ~ *********** *~~** ** ** *** *EQUATES FOR DATA ACQUISITION ~10DULE

; *******************************************

PORT ASS I3NMENTS

0000 = PORTO EQU 0
0001 = PORTL EQU 1
0002 = PORT2 EQU 2
0003 = PORT3 EQU 3

SINETRACK 800 ADDRESS ASSI~ NIIENTS

0010 = EASE EQU IOH
0010 = DSTAT E Q U BASE
0011 DD ATA E Q U BAS E + 1
0011 = START EQU EASE ÷ 1
0013 = CONV EQU BASE + 3
0012 = FINAL EQU BASE +2
0012 = RDCUR EQU EASE+2
0013 RDFNL EQIJ BASE+3
0001 EOC EQU 1
0080 = EOS EQU
0000 : DC~ D EQU 0

3ENERAL I/O ASSI3~~ E NT S

00F4 = TDATA EQU OF4H ;TTY DATA
00F5 = TSTAT EQU OF5H ;TTY STATUS
00F5 TCC~D E~ U 0F5H ;TTY CONTROL
00F6 = CDATA EQU OF6H ;CRT DATA
00F7 = CSTAT E QU OF7H ;Ch T STATUS
00F7 = CCMD EQU 0F7X ;CRT C U N T R C J L
OOFC = I N T M S K  E Q U OFCX ; I N T E R UPT M A SK
00FF = RCLK E QU OFFH ; R E A L  TI~~. CLOCK

3 E N E R A L  E QUATES

0005 = E N T R Y  E GU 005X ;EDOS E N T R Y  P O I N T
0000 = b OOT E Q U OOH ;bOO T P O I N T
005C = TFC B E CU O5C ~I ; D E F A U L T  FC~
0080 T E U F F E C U OSOli ; D E F A U L T  b U F F E i
000 1 = T X R D Y  E C U 1
0002 = R X R D Y  EC U 2
000D CR E C U  OD~
000A = L~ ECU OA~

; bUFFER ALLOCATIO N &

_ _ _ _ _  _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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D A T A  OR G A N I Z A T I O N

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

0100 ORG 10011 ; V A R I A E L E  AREA
0100 C30004 JMP B E G I N
0103 52~~~5 4 14 4 2 0 M S3 l :  DE ‘ R E A D  ERROR 5’
O I O F  57 5 2 495 4 4 5 f1S 32:  DB ‘ w R I T E  ERROR 5 ’

O I I C  4 4 49 53 4B 20M S 3 3 : DB D I S K  F U L L  5 ’

0127 4 4 4 9 5 2 4 5 4 3 M S G 4 :  DB ‘D I R E C T O R Y  FULL 5 ’

0137 494E 564 14C M S3 5 :  DE ‘ I N V A L I D  I N P U T  P A R A M E T E R  5’
0150 O D O DOD4 I 4 EM S - 3 6 :  DE ODH ,ODH ,ODH , ’A NY C H A N G E S ? Y / N  ~
0165 0D 0D 0D4544 M S37:  DE ODH ,ODH ,00H , ’E D I T  C O N T R O L  F ILES
0 17b  0 D 0 D O D 4 4 4 1 N~S38 : DB ODH , ODH ,ODH , ’ D A T A  DIS K P~~O TECTE
0193 5 4 4 9 4 D 4 5 2 0 M S 3 1 0 :  DB ‘ T I N E  SVO SV I  5’
O I A E  4 4 4 15 4 4 12 0 M S 3 1 1 :  DE ‘DATA T R U N C A T E D  5 ’
O I B E  474F4F4 420 11S3 12: Db ‘G OOD R U N ?  Y I N  5’
O I CD OO 434F4E5 4CN T R L :  Db O , ’ C O N T R O L  ‘ ,O ,O ,O ,O ,C , O ,O
O I E O  OO5 OS 24F54PRTCT:  DE O , ’P R CT E CT ‘ , O ,O ,O ,O ,O ,O ,O
0 1F3 0 0 4 3 4 1 4 C 5 6 C A L I E :  DE O , ’C A L V A L U  ‘ ,O ,O , O ,O ,O , O , O
0206  0 04 4 4 1 5 4 41 D A T A :  DE O , ’ D A T A  ‘ ,O ,O ,0 ,O ,3 ,0 ,0 ,O
02 1A 00 E OFL G :  DB 0
02 1E 0000 T I M E : DW 0
02 1D 0000 T I? ~O: DW 0
02 1F 0000 3CTO: D ’~ 0
0221 0000 P O I N T :  D W 0 ; E U F F ~ R P O I N T ~ h
0223 0000 S C N T R :  DW 0 ; S C A N  CU U ~.T ER
0225 0O00 OOOO O 0~ O R K :  DE 0 ,0 ,3 ,0 ,0 ,3 ;~~0RKIN3 ~Ri~0225 0000 PA - 3 ER : DW 0 ; P A ] ~ C O U N T E R
022D 00 RCDS : DE 0 ;~~E C O R D S  S T C R A 3 E
022E 00 SVOO : DE 0 ; I \ I T I A L  S C A I I I V A L V ~. 0 B
022F 00 S V O I :  DE 0 ; F I N A L  S C A N I V A L V c .  3
0230 00 S V I O :  DE 0 ; I N I T I A L  S C A d v A L \ s E 1 B
023 1 00 S V I I :  Db 0 ; F I N A L  S C A N I V ~ LV E 1 ~CI
0232 00 FLA ]0 :  DE 0 ; F L A G O
0233 00 F L A 3 I :  DE 0 ;F L A 3 1
2000 OR ]  200 0H ;~~T A ; . T L~~ ~~TA ~~~~

D E U F :
2000 00 I C H ~ L: DE- 0
2001 00 FCXNL: DE 0
2002 00 SVO: DE 0
2003 00 S V 1 :  DE 0
2004 0000 S C A N S :  DV 0
2006 0300 SCNRT: DV 0
2008 0000 FREG : DV 0
200A 3000 DU M Y : D ’w 0
200C -JCOOC300 DV 0 ,0
0~~-D0 OR ]  400H ; 5 T A R T  CF P~~O~~~A~ ~RE~

E E GI  N :
~~~ ~ I t ~F l F  LX I  SP , 1r r ~~r~;I ’d L~~AL I ~~ ~~~~~]~~~! 21&~~7 LX I H ,TSVC ;LOA D I~ T ER U~ iT ~~~TCi~

— — _—



0406 3EC3 MVI A ,OC 3H
0408 320800 STA 0811
040E 220900 SHLD 0511
040E C D 14 0 4  CALL AUTO
0 4 1 1  C30000 BOOT

* **** *** * * ** ***** *** *** *** * * ** **
AUTO - AUTO MATIC CONTiIOL SEQUENCE

; USES THE EXISTIN G CONTROL FILE IF
IF VALID , SCANS THE SPECIFIED ANALO G

; CHANNELS AND RE CORDS DATA ON DISK

AUT O :
0414  CD1 7 0 5 CALL PRLOAD ;VALID CONTROL FILE?
0417 210F02 LXI X ,DATA +9 ;ADDR OF EXTENSION
041A 3E30 MVI A ,’O’ ;ASCII ZERO
0410 77 MOV
041D 23 INX H
0413 77 L~OV M ,A
0 4 1 F  23 I N X  H
0420 77 MO V
0421 3A2E02 LDA SVOO ;i’ETCh IN iTIAL CHANNE L
0424 320220 STA SVO ; I N I T I A L I Z ~ SVO
0427 3A3002 LD A SV 1O ; F E T C H  I ,~i T I A L  C H M N L
042A 320320 STA SVI ;INIT IALi Z~ SVI
042D CD4 108 CALL CRLF ; C A R R I A ] ~ P E T LN FEED
3430 1193 01 LX I D ,~iS310 ; “ T I h E , SVU , S V I ”
0433 CD I1O 8 CALL PRINT
0436 AF XRA A ;CLEAR ACCU~ LLA TOR
04.37 323202 STA FLA30 ;CLEAR FLAG 3
043A 323302 STA FLAG! ;CLEAR FLA3 1

A UT IO:
043D 110040 LXI D ,4000H ;SET hIG~i ADDRESS
0440 211020 LXI H ,DEUF+ I OH
0443 0500 MVI C ,U
0445 CDE1FS CALL 0F9 1~
0448 CDE~08 CALL SETVLV
044B 2A1E02 LXLD TI~ E ;F~.TCri CUr~RENT T I N ~20445 CD3403 CALL Pr~hL ;~~RI NT ii ,L ~~ CR T
0451 CD OE O5 CALL TA B
0454 3A0220 LDA SVO ;FETCH
0457 CD2708 CALL PHEX ;PRI~~ A~ CIi P A I R
045A CDOEO5 CALL TAB
045D 3A0320 LDA SVI
0460 CD270 8 CALL PH E X
3463 CDO EO5 CALL TA ~0466 CD C4 O 5 CALL SCA N
0469 2A2 102  L H L D P O I N T  ;F E T C H  E U~~~ER PCI ’~TER
046C 7C ~OV A ,H
3’~6D D62 0 SUI 2011
04 6F 67 ~.OV
070 29 DAD H ;SH FT LE FT u~~

-
~~ 3
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0471 D27504 JN C AUT2O
0474 26FF NVI X ,OFFH ;SET MAX FILE LEN GTH
0476 E5 PUS H H
0477 I I A E O I  LXI D ,MS GII ;“DATA TRUN CATED”
047A CDI 108 CALL PRINT
0473 51 P OP H

AUT2O:
0475 7C NOV A ,H ;NUMBER RCDS TO WRITE
047F 3C L N R  A ; I N C R E M E N T  EY ONE
0480 322302 STA R CDS ;STOR E I N  RC D C O U N T E R
0483 210020 LX I H ,D E U F ; P O I N T  TO BEG OF ~.) M TA
0486 110602 LXI D ,DATA ;DATA FCE
0489 CD9507 CALL WRFILE ; W R I T E  THE DATA FILE
048C 3A2F02 LDA SVO I ;FETCH LST TO bE SCND
04SF 47 NOV E ,A
0490 3A0220 LDA SVO ;FETCK CURRENT SVO
0493 B8 ClIP E ;SAME ?
0494 C2A604 JN AUT22  ;N O  - DON ’T SET FLAGO

A U T 2 I :
0497 3EFF M VI  A ,OFFH
0499 323202 STA FLA- G O ;SE T FLA G O
049C 3A2502 LDA SVOO ;FETCII FIRST TO SCAN
049F 3D DCR A
04A0 320220 STA SVO ;R .SET CURREI’~T C H N L
04A3 C3Ab04 JNP AUT24

AUT22:
04A6 FElS CPI 24 ;MAX VALUE ~X C E E D E D ?
04A8 CA9704 JZ AUT 21 ;YES - SET FLA3O

A U T 2 4 :
O4AB 3A3102 LDA SV II ;LAST SV I TO SCAN
04A5 47 NOV b ,A
O4AF 3A0320 LDA SV1 ;FETCH CUHRENT SVI
04E 2 ES ClIP B ; SA M E ?
04E 3 C2C504 JNZ AUT32 ;NO - DO N ’T SET F LA ~~1

AUT3 1:
04B 6 35FF M V I A , OFF H ;
04b 8 323302 STA FL A ] 1  ;SET F L A G !
O4B~ 3A3002 LDA SVIO ;FETCH 1ST TO SCAN
04EE 3D DCR A
04BF 320320 STA SV1 ;i~ESiT C -~RENT C11~ L
04C2 C3CAO4 IJMP AUT34

AU1 32:
04C5 F330 CPI 48 ;~ AX VALUE EXCEEDED?
04C7 CAEGO 4 JZ AUT3 1 ;YES - SET FLA- 3 1

A U T 3 4 :
O4CA 3A3202 LDA FLA3O ;FETCH FLA .3 0
04C3 47 NOV E ,A
04C5 3A3302 LDA F L A G 1  ;FE TC X FL A-3 1
040 1 4F NOV C ,A
0402 AC A N A  b ;BO T H SET?
0403 C2F 504 JN Z E X I T  ;YES - EXIT AUTO MODE

814
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NEXT:
0406 3A0220 LDA SVO
0409 3C INR A ;STEP ONCE
O4DA 320220 STA SVO
O4DD 3A0320 LDA SV 1
04E0 3C INR A
0451 320320 STA SVI ;STEP ONCE
045 4 211102  LXI H ,DATA+ 11  ;L OAD ADDR OF EXT

NEXT 1 :
0457 iS N O V A ,M ;FE TCH A SCII  VALUE OF LSE
0458 3C INR A ;INCRENENT IT
0459 77 NO V M ,A ; R E S T O R E  I N  M E M O R Y
O4EA FE3A CPI ‘ : ‘ ;EX CEE D 9?
O4EC DA3DO4 JC AUT IO ;NO - SCAN A G A I N
04SF 3630 M V I M ,3011 ;RESTORE I N  M E M O R Y
04F1 2B DCX H ;GET NEXT ~iSB
04F2 C3E704 JtI P NEXT 1 ; A D J U S T  NEXT M SE

EXIT:
04F5 I1BEO I LXI D ,N S 3 1 2  ;“GOOD RUN Y/N ”
04F8 CD! 108 CALL PRINT
04F8 CDFCO7 CALL CRTIN ;35T CHAR FROM CONS
O4FE FE59 CR1 ‘Y ’  ;YE S R E S P O N S E ?
0500 CO RNZ ;NO - H E T U R ~
0501 11500 1 LX I D ,P R TCT
0504 CD 510 6  CALL SETFCB
0507 CDAE OS CALL M A K E  ; W R I T E  P~~UT E CT F I L E
050A C9 RET

TAB:
050B 0608 MVI B ,S ;COUNTER FOR S ELRNKS

TAB 1:
0500 3E20 MVI A ,2011 ;ASCII BLANK
050F CDO5OS CALL CRTOUT ;SEND TAB C}iAR TO C R T
0512 05 DCR B
0513 C20D 05 JN Z lA S t
051€ C9 RET

; ***********x****~~******~~************~~***** *

;* P R L O A D  — READS I N  C O N T R O L  F I L E  A N D
; EXECUTES IF  V A L I D
** *** * ** * * *** *~~ * ***)E *~~~** * * * * * * * * * * * *x** * * *

P R L O A D :
0517 CD5008 CALL LO3A ;LO31;~ D I S K  A
051 A I 1 C D O I  LX I D ,C N T R L  ;PT TO C N T R L  ~ IL ~ ELK
0510 211020 LXI H ,DBUF+1OH ;PT TO DATA B UFF E R
0520 CD7007 CALL ROFILE ;R D  C N TRL F I L E
0523 111020 LXI D ,DBUF+10H
0526 05 PUSH D ;SAVE
0527 CD IIO 8 CALL PRINT ;DISPLAY CONTR (-k FILE
052A E l  POP H ;r ~E S T O R E Ii
052B CDDBO6 CALL COLON ;LOOX FOR FIRST COLON
0525 C D D E O 6  CALL C O L O N  ; L O O K  FOR 2 N D  C C L O N
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053 1 CDDBO6 CALL COLON ;FIND THIRD COLON
0534 E5 PUSH H
0535 CDE3O6 CALL FLTXX ;FLOATING TO HEX
0538 220420 SXLD SCANS ;STORE HEX IN SCANS
0535 El  POP H
O53C CDDBO6 CALL COLON ; F I N D  NEXT COLON
O53F E S PUSH H
0540 CDE3O6 CALL FLTHX ;FLOATING TO HEX
0543 220620 SHLD SCNRT ;STORE IN SCAN RATE
0546 El POP H
0547 CDDBO6 CALL COLON ;FIND NEXT COLON
054A 55 PUSH H
0545 CDE3O6 CALL FLTHX ;CONVSRT
O54E 7D NOV A ,L ;FET CH R E T U R N E D  V A L U E
054F 320020 STA ICHNL ;PUT IN INITIAL CHNL
0552 El  POP H
0553 CDDBO6 CALL COLON
0556 55 PU SH H
0557 CDE 3O S CALL FLTHX
O 55A 7D NOV A ,L ;FE TCH R E T U R N E D  BYT E
0555 320 1 20 STA FCH N L ;ST ORE I N  F I N A L  CHN L
055E E l  POP H
055F CDD BOG CALL COLON
0562 E5 PUSH H
0563 CD5306 CALL FLT}-(X
0566 70 NOV A ,L
0567 322E02 STA SVOO ;IST SCANI VALVE 0 SET
056A El POP H
0565 CDDBO6 CALL COLON
056E E5 PUSH H
056F CD5306 CALL FLTHX
0572 7D N OV A ,L
0573 322F02 STA SVO I ;LST SCANIVALVE 0 SET
0576 El POP H
0577 CDDBOG CALL COLON
O57A E 5 PUSH H
0575 CDE3O6 CALL FLTHX
O57E 7D N OV A ,L
057F 323002 STA SV IO ;IST SCANIVALV E 1 S3T
0582 E l P OP N
0583 CDDBOG CALL COLON
0586 E5 PUSH H
0587 CDE3O6 CALL FLTHX
O58A 7D N OV A ,L
0585 323102 STA SV II ;LST SCANIVALV E 1 SET
0583 E l  POP H

; ~~****~~ * * * * ** ***** *

; CHECK WITH OPERATOR FOR VALID CONTROL
FILE

; * * ***~~ * ** *** * * * * ** *** **~~ Z* * * * * * * * * *~~~~~~~~~~~~ *
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05SF 115 001 LXI D,MSG6 ;“ANY CHAN GES?”
0592 CD! 108 CALL PRINT
0595 CDFCO7 CALL CRTIN ;GET CHAR FROM CONS
0598 FE4E CR1 ‘N ’ ;“N O ” RESPONSE?
059A 11650 1 LX I D ,M S G7 ; “ED I T  C O N T R O L  F I L E ”
O59D C2DAO7 ,.JNZ ERREX ;EXIT PROGRAM

; WRITE THE CONTROL FILE ON DISK B
; *************************************** ****05A0 3A6B00 LDA TFCB + 15 ;FET CH R E C O R D  C O U N T

05A3 3C INR A
05A4 322002 STA RCDS ;STORE IN MEMORY
05A7 CD5SOB CALL LOGS ;LOGIN DISK B
O5AA 115001 LXI D ,PRTCT ;PT TO PROTECT BLOCK
O5 A D C D 5 1 O €  CALL SETF CB ;SET FCB
0550 CDBEOS CALL SEARCH ;SEARCH FOR PROTECT
0553 3C INR A ;DOES IT ~.X I S T ?
0554 11750 1 LXI D,NSG8 ;“DATA DISK PH OTECTED’
05B 7 C2DAO7 JNZ ERREX ;YES - E X I T  P R O G R A M
055A I 1 C D O I  LXI D ,C N T R L  ;PT TO C O N T R O L  BLOCK
055D 211020 LXI H ,D B U F + I O H  ;PT TO STORED I N F O
05C0 009507 CALL VRFILE ;VRITE CONTROL TO B
05C3 CS RET

SCAN - COMPLETES N SCANS OF M CHNLS
; E N T R Y :  SCANS N U M B E R  OF SCA N S
; ICHNL :INITIAL CHNL TO SCAN
; FCHNL = FINAL CHA NNEL TO SCAN
; TIME 2 BYTE TIME IN (IS

E X I T :  R E G I S T E R S  U N C H A N G E D

S C A N :
0504 35 PUSH H
05C5 D5 PUSH 0
05C6 C5 PUSH B
05C7 F5 PUSH PS W
05C8 3A0020 LDA ICHNL ;FETCH INITIAL CHANNEL
O5CE 0311 OUT START ;SE T IT
O5CD 3AOl2O LDA FCHNL ;FETCH FINAL CHANN~ L
O5DO D3l2 OUT FINAL ;SET IT
0502 2A0 620 LHLD S C N R T  ; F E T C X  SCAN R ATE
0505 221D02 SHLD TINO ;STORE IN TI~ 3 FACTOR
0508 2 I F D O 5  LX I H ,SC A N A  ;-GET INT SVC JUN~P05DB CD230 7 CALL T I M E R  ; E N A B L E  I N T  TIMER
050E 2A042 0 LH LD SCANS ;F E T C H  # OF SCA N S
0531 222302 SXLD SCNTR ;PUT IN SCAN COUNTER
0554 2A1502 LHLD TINE ;FETCH TiNE
0557 211020 LXI H ,DEUF+ lOH ;35T BUFFER LCC~ TO 5EA 222102 SH L D P O I N T  ; S T O R E  I N  P O I N T E R

SCAN8:

37
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O5ED 2A2302 LHLD SCNTR ;FETCH SCAN COUNT
05F0 7C NOV A ,H
O5FI 55 ORA L ;FINISHED?
05F2 C2ED O5 JNZ SCANS ;N O  - KEEP SCANNING
05F5 CD6S O7 CALL TI N OFF ;K I L L  I N T E R U P T  R O U T I N E
05F8 Ft  POP PSW
05F9 C l  P OP B
O5FA Dl POP 0
05F5 E l  POP H ;R E T O R E D
O5FC CS RET

SCA N A :
O5FD 55 PUSH 11
O5FE D5 PUSH D
05FF CS PUSH B
0600 F5 PUSH PSV
0601 2A0620 L1-fLD SCNRT ;-33T SCAN RATE
0604 221002 SHLD TIMO ;RESET TI~ OUT FACTOR
0607 2 A 2 l O 2  LHLD P O I N T  ; -3ET BUFFER P O I N T E R
060A 3E00 MV I A ,DCND ;I NITIAL IZATION CMD
060C 0310 OUT DSTAT ;SET FLIP FLOP S
0605 3 A l b 0 2  L DA T I N E  ; 33T T I M E
0611 77 NOV M ,A ;STORE IN BUFFER
3612 23 INX H ;MOVE POINTER
0613 3A1C02 LDA TINE+1 ;3ET 2ND BYTE OF TINE
0616 77 NOV N ,A ; S T O R E  I~ D AT A CELL
0617 23 i N X  H ;M O V E  PoI -~T5R

SC A N O :
0618 D313 OUT CON y ;START CC,~VERSION
O6IA 3502 NVI A ,2 ;SET DELAY COUNTER
061C 00 NOP ;EXTRA DELAY

S C A N  1 :
061D 3D DCR A ;CUIT LOOP ?
0615 C2IDOG JNZ SCA NI ;NC - KEEP COU ~~T I N 3
0621 0510 I N  D S TAT ; F E T C H  STATUS
0623 E601 A N I  SOC
0625 C2 3 106 J N Z  S C A N 3  ;Y3S - 30 READ D ATA
0628 3600 NVI ~‘, , O0R ; I N S E P T  E H R G R  F L M ~
062A 23 INX H ;N C V E  P O I N T E R
0625 3600 N V I  N ,03H ; I~~SE R T  E R R O R  FLAG
062D 23 INX H ;NOVE POINTER
062E C33906 JN P S C A N 4  ; R E A D  N E X T  C 4 I M N N E L

SCA N3 :
063 1 DEl l IN DDATA ;35T LSE OF Dr ~TA
0633 77 NOV N , A ; S T O R E
0634 23 I N X  H ;M O V E  P O I ’ d T E I
0635 D E l l  I N  D D A T A  ;3E T ~.SB OF D A T A
0637 77 NOV N ,A ;STORE
0638 23 INX H ;NCVE i~O 1 N T E R

S C A N 4 :
0639 DElO I N  D ST A T ;F E T C R  S T A T U S
063E 5680 A \I SOS ;END OF SC?~’~?
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0630 CAISO6 JZ SCA N O ; N O  - CO N V NEXT C H N L
0640 222102 SHLD POINT ;STORE POINTER
0643 2A2302 L H LD SCNTR ;FETCI-( SCAN COUNT
0646 25 DCX H ;COUNT DOWN ON E
0647 222302 SHLD SCNTR ;RESTORE UPDATED COUNT
064A F ! POP PS W
0645 Cl POP B
0640 Dl POP D
0 64D E l  PO P H
064E C35CO7 JNP TSVCO ;RETURN

* z*** ** *X

SETFCE - MOVES AN IN ITIAL FCB INTO
; TFC L AREA

ENTRY: D ,E = FIL NAM E tLOCK
; *****~~******~~*******~~~******z~~~************

SE TFC E :
0651 55 PUSH H ;SAVE
3652 2 15C0O LX I H ,053H ;DEr’A ULT F CE
0655 C5 PUSH S ; S A V E
0656 0613 NVI E ,19 ;SET COUNTER

SETF 1:
0658 IA LDAX 0 ;FETCH BYTE TO MOVE
0659 77 ~0V N , A ; S T C R E  I N TF C L AREA
065A 23 INX H ;I~~CRt.~~~NT H
0655 13 I N X  D ; I \ C R E N E ~ T 0
0650 05 D CR B ; F I N I S h ~~D ?
065D C25806 JNZ S E T F I  ; N u  - iE T  A N O T H E R  B YTE
0660 AF X RA A ; C L E A ~ A C C U N
0661 327000 STA TFCE+32
0664 Cl POP B
0665 51 PCP H
0666 CS RET

; ***** ***** *** * *** * * * *** * * *** * * * * ***~~~**~~~~

D ECN X — C O N V E R T S  6 EG O B YTES TO 2 hEX
;* E N T R Y :  S I X  E CD E Y T E S  S T A R T I N G
; AT ‘ *O R.~\ ’
;* E X i T :  T~ t.~- ci~~~ AT ‘ W G RK -r - 4 ’

DECHX:
3667 212 502 LX I H ,W O RK ;P G I~ T TO WORK ARE..t
06 6A 54 NO V 0 ,11 ;D U P L I C A T E  I~, U
066B SD NOV E ,L ; D U P L I C A T E  I N  ~.

066C CD8506 CALL H E X B I N  ;CO t ~V E R T  151 PR TO r~EX
06SF 12 STAX D ; S T u R E  I~ ~C H t ~
0670 13 INX 0 ;NUVE STORAGE PCI~ TE R
3€71 C08506 CALL HEXBIN ;CO :~VERT SEC OND - PMIR
0674 12 STAX 0 ;STURE IN WORK +1
0.75 13 INX D ; N O V E .  P O I N T E R
0676 C38506 CALL H E X E I N  ; C O N V E R T  T H L H D  P A I R
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0679 12 STAX D
O67M 13 INX D
0675 AF XRA A ;CLSAR ACCUMULATOR
0670 12 STAX D ;LOAD ZERO IN WORK+3
067D 13 INX 0 ;MOVE POINTER
0675 212502 LXI X ,VOR K
0681 CC~dEO6 CALL BCD2HX
0684 CS RET ;RETURN

; ********************************************
; S U B R O U T I N E S  - B CD2HX A N D  H E X S I N
; **********************************~~*******
H E X B I N :

0685 7E (IOV A ,tI ;FETCH 1ST BYTE
0686 17 RAL
0687 17 RAL
0688 17 RAL
0689 17 RAL ;SHIFTED TO HI GH NIE
065A 23 INX H ;MOVE POINTER
0655 56 ORA 11 ;BRING IN LOW NIBBLE
068C 23 INX H ;NOVE POINTER
0680 09 RET ;RETUR N

E CD 2HX:
068E CDCSO6 CALL BCDEN
0691 23 INX H
0692 CDC9O6 CALL ECDE N
0695 23 INX H
0696 CDC9O6 CALL ECOEN
0699 CDSDO6 CALL N ULT
069C C9 RET

M OLT :
069D 3A2502 LDA WORK
06A0 SF NOV
OGAl 1 600 MVI D,0
06A3 210000 LXI
O6A6 CDC 1OS CALL MUL IO
06A9 SE XCHG
O6AA 210000 LXI n ,O
O6AD CDCIO6 CALL NUL IO
06b0 3A2602 LDA WORK+l
0653 1600 MV I 0,0
0655 SF N OV E ,A
0656 C D C 1 O 6  CALL N U L I O
0659 3A2702 LDA WORK+2
OSBC 1 600 MVI 0,0
aGES SF N OV E ,A
06BF 1 9 DAD D
06C0 CS RET

NULIO:
0601 0664 (‘WI 5 , 130
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MUL2O :
06C3 19 DAD 0
06C4 05 DCR B
0605 C2C306 JNZ MUL2O
06C8 CS RET

B C D B N :
0609 7E NOV A ,M
OGCA 4F M OV C ,A
O6CB EGOF ANI OFH
O€ CD SF N OV E ,A
O6CE 79 NOV A ,C
O6CF E6FO ANI OFOX
O 6 D I OF RRC
0602 OF RRC
06D3 4F N OV C ,A
O6D4 OF RRC
0605 OF RRC
O6D6 81 ADD C
0607 07 RLC
0608 83 ADD S
0609 77 NOV M ,A
O6DA CS RET

; *****************~~*~~* * * **** * * ** * *** ** ** *** *
COLON - F I N D S  TH E N EXT COLON “ : “

I N  M E M O R Y  S T A R T I N G  AT tt ,L
EXIT: H ,L POINTS TO MEMORY

P O S I T I O N  AFTER “ : “

COLON:
06DB 3E3Pt M V I A , ’ : ’

COL I 3:
0600 BE CMP N
O6DE 23 I NX H
O6DF C2D0 06 JNZ CO L I O
0652 CS RET

FLTHX - SCANS A BLOCK OF MEMORY FOR
; B CD A S C I I  C H A R A C T E T ~S A N D

CONVERTS THE M TO A PAIR OF
HEX BYTES

; *********************************~K **********FLTHX:
0653 0606 (‘WI 5,6 ;SE T LOOP C OU ~ TER
OGES 55 PUSH H ;SAVE
0656 CS PUSH B ;SAVE
0657 212502 LXI H ,WORK ;I N1TIALI~ EO GE A AF XRA A ; ~G-RK

F LT O 4:
0655 77 -NOV M ,A ; AREA
065C 23 I N X  11 ; TO
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O6ED 05 DCR B ; ZEROS
0655 C2EBO6 JNZ FLTO4 ;
O6FL C! POP B ;RESTORE
06F2 El  POP H ;R E STOR E

FLTO5 :
06F3 75 M OV A ,19 ;FETCH FIRST CHAR
06F4 FE2O CPI ‘ ‘ ;IS IT A BLANK?
O6F6 CAOFO7 JZ FLT 1O ;YES - I G N O R E  IT
06F9 FEOD CR1 CR ;I S IT A C A R R I A G E  R T N
O6FB CA 1307 .JZ FLT2O ;YES Q U I T  S C A N N I N G
O€FE E6FO ANI OFOH ;IIASK OFF LOW NIBBLE
0700 FE3O CR1 3011 ;IS IT IN HEX RANGE?
0702 C22507 JN Z FLT3 O ; N O  - IT IS AN ERROR
0705 75 N OV A ,M ;FETCI-( THE WORD AGAIN
0706 FE3A CR 1 3A 11 ;IS IT > 9
0708 F22807 JR FLT3O ;YES — IT IS AN ERROR
0705 05 DCR B ; C O U N T  AS A V A L I D  HEX
070C FA2807 JM FLT3O ;ERROR IF > 6 NUMBERS

FLTIO:
070F 23 INX H ;STEP MEMORY POINTER
0710 C3F3O6 JMP FLTO5 ;SCAN AGAI N

FLT2O:
0713 3E06 MVI A ,6
0715 90 SUB B ;C O M P U T E  # D I G I T S
0716 47 NOV B ,A ;STORE IN B
0717 26 DCX H ;BACK SPACE POINTER
0718 112A02 LXI D ,WORK±5;POINT TO WORK AREA

FLT25:
07 15 75 NOV A ,M ;FETCH NEXT LSB
0710 560F AN I OFH ;CONVERT TO ECD
0715 12 STAX U ;STOR E i N  W OR K A R E A
071F 15 DCX 0 ;MOVE POINTER
0720 25 DCX H ;NOVE SOURCE POINTER
0721 05 OCR B ;000NT DOWN
0722 C2 1607 JN Z FLT25 ;DO A G A I N
0725 C36706 JNP D ECHX ; C O N V E R T  TO H E X E Y T E

FL T3O:
0728 113701 LXI D ,M S3 5 ; “ I N V A L I D  I N P U T  F I E L D ”
0725 C3D AO 7 JMP E R R E X

;
T I M E R  — I N T E P U P T S  TO S P E C I F I E D

R OU T I N E  AFTER ~N MILLISECONDSE N T R Y :  H ,L STARTI NG ADDR
OF INTERUPT SERVICE ROUTINE

; D,E = T I M E O U T  IN MS
EXIT: REGISTERS REMAIN UNCH ANGE D

S E R V I C E  R O U T I N E  IS E X E C U T E D
; I N T E R U P T R O U T I N E  SHOULD LOOK

L I K E  N O R M A L  S U B R O U T I N E
* ** **** ***,~~* *
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TIllER:
072E F3 DI
072F 221F02 SHLD GOTO ;STORE JUMP ADDRESS
0732 DBFC IN INTMSK ;FETCH INT MASK
0734 E6FD AN I OFDH ;ENAELE T I M E R  I N T
0736 D3FC OUT INTIISK ;SST INTERUP T MASK
0738 3E12 NVI A ,12H
073A D3FD OUT OFDH ;INIT INT CONTROLLER
073C 3502 MVI A ,02H
0735 D3FF OUT OFFH ; S T A R T  T I M E R
0740 FB El
0741 CS RET

TIMER I N T E R U P T  SERVICE

TSVC:
0742 F3 DI ;DISABLS. INTEHUPTS
0743 F5 PUS H PS W ;SAV S A
0744 E5 PUSH H
0745 3E02 (‘WI A ,02J-1
0747 03FF OUT OFFH ;RESET T I M E R
0749 2A 1502 LHLD T I N E  ;3ET T I M E
074C 23 INX H ; U P D A T E
0740 22 1B02 SHLD T I M E  ;R E S T O R E
0750 2A 1 002 LHL D l I M O  ;-GE T T I N G U T  C O U N T
0753 25 OCX H ;COUNT DOWN
0754 22 1D02 SHLD l I M O  ; R E S T O R E  IT
0757 7C N OV A ,H ; GET NSB OF C O U N T
0758 65 ORA L ;OR WITH LSE OF COUNT
0759 CA65 0 7 JZ TSV C I ;T O I N T  R O U T I N E  IF 0

TSVCO:
075C E l  POP H ;R E S T O R E
0750 F3 DI
075E 3E20 (‘WI A ,20H ;RSSTCRE INT LEVEL
0760 D3FD OUT OFDH
0762 Ft POP PSW ;RESTORE
0763 F5 SI ;E N A E L E  I N T E R U P T S
0764 CS RET ; R E T U R N

TSVC 1:
0765 2A I FO2 L H LD 3010 ;FE TCX JU M P A D D R E S S
0768 59 ?CHL ;E X E C U T E  JU M P

T I M O F F  — TUR NS OFF I N T E R U P T S E R V I C E

T I M O F F :
0769 F5 PUSH PSW
076 A 3E0 1 (‘WI A ,O I H
076C 03FF OUT OFFH
0765 Fl  POP P EW
076F C9 RET

93

- -



r -__- -

~~~~~~~~ 

- ---— --_ _

; ***************************** **************;* R D F I L E  — READ AN E N T I R E  FILE I N T O
;* M EMORY
;* E N T R Y :  S T A R T I N G  ADD R OF M E M O R Y  BLOCK
;* I N  H ,L
;* ADD R OF F I L E N A M E  BLOC K I N  ~i ,E
; ****************************~~*************~~*

RDF I LE :
0770 222502 SHLD PAGE R ;ST OR E P O I N T E R
0773 CD5106 CALL SETFCB
0776 CD600S CALL OPEN ; O P E N  FILE
0779 AF XRA A ;CLEAR ACCUM
077A 321AO2 STA EOFLG ;CLEAR EOF FLAG

R D F I O :
077D 2A2bO2 LH LD PAGER ;FE TCH P O I N T E R
0780 SE X C HG ;PUT P O I N T E R  I N  0 ,5
078 1 CDC6 OS CALL SE TD MA
0784 CD7 00S CALL READ ; R E A D  A R E C O R D
0787 CDC 9O 7 CAL L H AFP G ;M C V E  PAGE I N D E X
07 8A 3A1 A 0 2  LD A EOFL 3 ;FE TCH SOF FLAG
0780 b7 ORA A ;E OF F O U N D ?
0755 CA7 00 7 JZ R D F I O  ; N O  — R~~A D NE~ P A G E
0791 CD6808 CALL CLOSE ;CLOSE FILE
0794 CS RET ; R E T U R N

V R F I L E  - W R I T E  A BLOC K OF M E M O R Y
; N T R Y :  N U M B E R  OF R E C C R D S + l  TO ~RITiS T A R T I N G  A D D R E S S  I N  ii , L
** * * * ** ** ******** *)~~** ** ** * ‘K

~R F I L 5 :
0795 222502 SHL D P A G E R  ;SE T UP P A G E R
0796 CDS1OG CALL SETFCB ;SE T FCE
0795 116000 LXI D ,~ OH
0795 CDC6 O S CALL SE TDt ~A
07A1 CDEEO6 CALL SEARCH ;SEARCH FOR ~X I S T I N 3
07A 4 3C I N R  A ; W A S  T H E R E  A M A T C H ?
07A5 C2AEO7 JN Z ~R F O 5  ;YE S - SK IP  M A K E
O7~ S C D A E O b  CALL M A K E  ; M A K E  D I R E C T O R Y  E N T R Y

W R F O 5 :
O7AB CD6008 CALL OPEN ;OPEN FILE

W R F I O :
07A5 2A 2 E0 2  LHLD P A G E R  ;F E T C R  C U R R ~~N T P O I N T E R
075 1 SE XC HG ; P U T  P O l N T ~ R i~ ,~
0752 CD C 6O ~ CALL SET D ( ’~WR F 1 5:
07B5 CD 6A OS CALL W R I T E  ; ‘~. R I T E  A R E C O R D
0758 C0C907 CALL H AF P G ;N O V E  P A G E  I~~D E X
0755 3A200 2  LJA R ODS ; R E C O R D S  TO W R I T E
078E 216500 LXI r ,T F O E + 1 5
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07C 1 ES CMP N
07C2 025507 .JNZ WR FI5 ;NO— ~ RITE NE’~ RECORD
07C5 CD6805 CALL CLOSE ;CLOSE THE FILE
07C8 CS RET ; R E T U R N

; S U B R O U T I N E  HAF. ~3E - ADJUSTS DM A ADD R ESS
; HALF PAGE OF M~J’ORY
; ************************* ‘q~*’K* ’C** ** * ** * ** * * *

HAF PG:
07C9 ES PUSH H ;SAVE
O7CA 2A2 502 LHLD P AGER
0700 118000 LXI D ,0125
0700 19 DAD U ; A D D  12S T O P A G E R
0701 222502 SHLD P A G E R  ;R E S T O R E  U P D A T D  P A G E R
07D4 ES X CH-3 ; S W I T C H  H ,L W I T H  L~
07D 5 CDC 6OS CALL SE T D V A  ;SET D~ R
0706 5! POP H
07D9 CS RET

; E R R E X  - FATAL E R R O R S  E X I T  V I A  THIS
E N T R Y :  0 ,5 C O N T A I N  ME SSAGE A D D R E S S

; E X I T :  BOOT TO DO S
; ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

E R R E X :
O 7DA C D I 1 O S  CALL P R I N T  ;P R I ~~T THE M E S S A G E
O7DD 115000 LX I D ,TFCE ; T E M ? C R A R Y  FOE
0750 CD6638 CALL CLOSE ;CLOSE T H E F I L E
0753 C30300 JN P B OOT ;E C O T  TO DOS

D R I V E R S  — I / O  S U B R O U T I N E S  C O N T A I d N G
TTY , CR T , D I S K , I / O  P O R T S

; ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

TTY DRIVERS

TTY I N :
0756 05F5 IN T S TA T ;F E T C H  S T A I D S
0755 5602 ANI RXRDY ;IS RE~ E I V iR R E A D Y
075A CA563 7 JZ T T Y I N  ;~~0 KE E? L~ Os~I~~G
075D DEF 4 I N  T D A T A  ; F E T C H  D A A  E~YT E
07SF CS RET ;RETU .~N W I  ~YT~ I N

T V r ~I T .
~~~~~1 ’ .

07F0 F5 PUSH P 5 W ; S A V E  D A T A  cYT E
37F 1 DE F5  I N  IS TA T ; F E T C H  S T A T D S
07F3 E 6 01  A N I  T X H D Y  ; T R A ~ S M I T T R R O Y ?
07F5 C A F O O 7  JZ . T~ Y OU T ;~~0 - W A I T  U - ~~u_ ~~ Y
07F8 F! POP PSW ;BRI~~-3 DA CR ..A T A  t Y T E
07F9 D3F4 OUT T D A T A  ; U U T P J T  T O TTY
O7 FB CS. R E T ;~~ET ~ R N
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CRTIN:
O7FC DEF7 CSTAT ;F’ETCH CR1 STATUS
O7FE E602 ANI RXR DY ;RECEIVER READY ?
0800 CAFCO7 JZ CRTIN ;N0 - WAIT UNTIL RDY
0803 DBFG I~ CDATA ;FETCH INPUT bYT~

CR TO UT :
0805 F5 PUSH P5W ;SAVE DATA bYTE

CRTL :
0806 DBF7 IN CSTAT ;FETCX CRT STATUS
0608 E601 ANI TXRDY ;TXMITTER READY ?
080A CA0608 JZ CR11 ;N0 — WAIT UNTIL RDY
080D Fl POP P5W ;BRI~ 3 BACK i)ATA
OSOE D3F6 OUT CDATA ;OUTPUT DATA
0810 C9 RET ;RETURN

PRINT:
0811 0E09 MVI C ,9 ;SET UP FOR bDOS CALL
0813 C30500 JMP ENTRY ;JUNP TO EDOS

PNIB :
0816 E6OF AN I OFX ;MASK LOW 4 bITS
0818 FEOA CPI 10
OSIA 1)22208 JNC PLO
OSID C630 ADI
081 F C30508 ~J M P CRTOUT

PLO:
0822 C637 AOl ‘A ’ - 10
0824 C30508 ~J~ P CRTOUT

PHEX :
0827 F5 PUSH P5W
0828 OF RRC
0829 OF RRC
082A OF RRC
082b OF RRC
082C CD 1 608 CALL PNIE
082F Fl POP PSW
0830 CD1608 CALL P~ IS
0833 CS RET

PR X L:
0834 E5 PUSH H
0835 7C ~1OV A ,H
0836 CD2708 CALL PHEX
0839 El POP H
083A E5 PUSH H
0838 7D MOV A ,L
083C CD2708 CALL PHEX
083F El POP H
0840 Cs R~ T

CRLF:
0841 3EOD MVI A ,00H ;CAR RIA~~ RETU~~
0843 C00508 CALL CRTOUT
0846 3EOA MV I ~,0AH ;LI~~ F~~ D
0848 C30508 JMP CRTOUT
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INTIAL:
084E OEOD MVI C ,13
064D C30500 ENTRY

LOGA :
0850 110000 LXI D,00X
0853 OEOE MVI C ,14
0855 C30500 J~1P ENTRY

LO 3B:
0858 110100 LXI
0858 OEOE MVI C ,I 14
055D C30500 JMP ENTRY

OPEN:
0860 115C00 LXI D,O5CH
0863 OEOF ~IvI C ,15
0865 C30500 JMP ENTRY

CLOSE:
0868 115C00 LXI D,O5CX
05Gb OEIO LIVI C ,16
OS6D C30500 JMP EN T RY

READ:
0870 115C00 LXI D,05C1-1
0873 0E14 MVI C ,20
0875 CDOSOO CALL ENTRY
0878 B7 ORA A
0879 CS RZ ;RETUR N IF NO ERRORS
087A 3D DCR A ;IS IT A~ EOF?
087b C28408 JNZ RDOLO ;N0 —UNWRITTEN DATA
087E 3EOF ~1VI A ,OFX ;SET ~OF FLA3
0880 321A02 STA EOFLG
0883 CS RET

RDO [O:
0884 113301 LXI D,~IS31 ;‘READ ER~ CR’
0887 C30A07 JMP ERREX

WRITE:
OSSA 115C00 LXI D ,O5CX
0880 0E15 MVI C ,21
08SF CDO500 CALL ENTRY
0892 b7 ORA A
0893 CS RI ;RETUk~ IF NO ERR ORS
0894 3D DCR A ;
0895 C29E08 JNZ W RO I’J
0898 IL OF OL LXI D,MS32 ;‘~ RITE ERR OR ’
OSSB C30A07 IJMP ERREX

WR C 10:
089E 3D OCR A
08SF C2ASOS JNZ ~RO20
08A2 I L E C O I LXI D ,t’~S1~ ;‘DIS~ FULL ’
08A5 C3DAO7 JM?

W RO2O :
08A8 11270 1 LXI ~,~ S34 ;‘~ IRECT URY PULL ’
O8AB C30A07 JLIP

0’~
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MAKE:
O8AE 115C 00 LXI D,O5CX
0881 0E16 MVI C ,22
0883 CDO500 CALL ENTRY
08B6 3C INR A
0887 CO RNZ
0828 11270 1 LXI D,MSG4 ;‘DIr~ECTORY FULL ’
0885 C3DAO7 dli? ERREX

SEARCH :
OSBE 115C00 LXI D,O5CH
08C1 OEII LIVI C ,17
08C3 C30500 JMP EN TRY

SETDMA :
08C6 OE1A MVI C ,26
08C8 C30500 J1~P ENTRY

SETVLV - ALLOWS USER TO SET UP PROPER
SCANI VALVE POSITIO :J BEFORE CONTINUING

; *******************************************

OSCE 494E505554MESS: DB ‘INPUT FREQUENCY TYPE RETURN 5’
SETVLV:

08E8 CD4IOS CALL CRLF
08E2 LICBO S LXI D,MESS
OSEE CDI 1 08 CALL PRINT
O8FL CDFCO7 CALL CRTIN
06F4 EGOF ANI OFH
05F6 322702 STA W ORK+2
08F9 CDFCO7 CALL CRTIN
O8FC E6OF ANI OFH
O8FE 322802 STA WORK+3
0901 CDFCO7 CALL CRTIN
0904 E6OF ANI OFX
0906 322902 STA WORX+4
0909 CDFCO7 CALL CRTI:~
OSOC E6OF A NI OFH
090E 322A02 STA WORX+5
0911 CDFCO7 CALL CRTIN
0914 E67F ANI 7FH
0916 FEOD CPI CR
0918 C2E808 IJNZ SETVLV
0912 AF XRA A
091C 322502 STA WORK
091F 322602 STA WORK+L
0922 CD6706 CA LL DECHX
0925 7D MOV A ,L
0926 320820 STA SCNRT + 2
0929 7C MOV A ,H
092A 320920 STA SCNRT+3
0920 CS RET
092 E END LOO X
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** EQUATES FOR CO NVERT MODULE

**
3ENERAL I/O ASSI~~N?JENTS

OO F4 = TDATA EQU OF4H ;TTY DATA
OO F5 : TSTAT EQU OFSH ;TTY STATUS
00F5 TCliD EQU OF5H ;TTY CONTROL
OO F6 : CDATA EQU OF6H ;CRT DATA
00F7 = CSTAT EQU OF7F{ ;CRT STATUS
OOF7 : CCIID EQU 0F7H ;CRT CONTROL

GENERAL EQUATES

0005 = ENTRY EQU 005H ;8DOS ENTRY POINT
0000 = bOOT EQU OOH ;bOOT POINT
005C TFCE EQU O5CH ;DEFAULT FCE
0080 = TEUFF EQU OSOX ;DEFAULT BUFFER LCC~1TI~
0001 = TXRDY EQU
0002 : RXR DY EQU 2
000D = CR E~ U ODH
000A = LF E~ U OAH

** bUFFER ALLOCAT ION &
; DATA OR3ANI1ATI0~

**

0100 0R3 1001-i ;VAR IA i~L~. ARE A
0100 C30004 Jf’P EE3IN
0133 5245414420MS31: Db ‘READ ERRO R 5 ’
OIOF 5752495445~S32: OS ‘WRITE ERROR Y
O II C 4449534E 20~1S 33: DB ‘DISK FULL ~~~

‘

0127 4449524543~ S34: Db ‘DIRE CTORY FULL 5’
0137 444i544120MS311 : JE ‘DATA TR UN CA TEJ $ ‘

0147 0044415441DATA: OS O ,’DATA ‘,0,0,3,0,3,0,3,C
015E 00 EOFL3: DE U
015C 0000 TIc~E: DW 0
015E 0000 TIMO: OW 0
0160 0000 3010: OW 0
0162. 0000 PCINT: DV 0 ;~~UFFER POINT ER
0164 0000 SCNTR : OW 0 ;SCA ~ CO UNT ER
0166 0000000000WcR:<: 06 0 ,3 ,0,0 ,0 ,0 ; W0 Rt ~I~~ ~tREA E
31€C 0000 PA3ER : Dl.~. 0 ;PA3E OGU NT ER
016E 00 RCDS : 06 0 ;RECO RJS TO ~E ~R~ TTENS
OIG F 0000 LASTM : DV 00 ;LAST W R ITTE ~ LCCAT ION

99

4



2000 0R~ 2000K ;STA RT OF DATA AREA
DBUF :

0400 0R3 400K ;START OF PRO3RAM MREA
B E G I N :

0400 3I FF IF LXI SP ,IFFFH ;INITIAL IZ E STC
0403 CDO9O4 CAL L T RANS
0406 C30000 JrIP BOOT

; TRANS - READS IN DATA FILE FROM ~IS~ ~
; CONVERTS EINAR Y DATA TO ASCII ~REQUIRED BY bASIC ROUTINE

ENTRY: THIS PR O3RAM IS CALLED ~SUE~ IT FILE
EXIT : CC~ TROL IS RE TU RNE D TOS

; FILE
; * * ** * * * * * ** * * * * **** * ***~~~**** * * * * * ** *Z**~~~~ * ****

; SET UP FILE CO NTRO L bLOCX - READS IN SC
; ETER ISSUED BY SUBMIT FILE

TRA NS :
0409 118200 LXI D,Ob2i-i ;ADDRESS OF PARA?~ETER L
O4OC 0604 MVI 6,4 ;CHARACT~.R COU NTER
040E 215C00 LXI H ,O5CX ;ADDRESS CF TFCE
0411 3600 MUI M ,0
0413 23 INX H

TRAN 1 :
0414 IA LDAX 0 ;FETOh CHARACTER
0415 77 MOV M ,A ;STORE IN FCb
0416 13 INX 0 ;STEP POINTER
0417 23 INX H ;STEP DESTI NATIO N ?UIN~
0418 05 DCR B ;FINISHED?
0419 C21404 TRA N1 ;~ 0 (EEP TRAN SFERRINO
041C 13 INX D
0410 3E20 ~1VI A ,20H
041F 77 ~0V
0420 23 INX H
0421 77 MOV M ,A
0422 23 INK
0423 77 MOV M ,A
0424 23 INX H
0425 77 MOV
0426 23 INX H
0427 l.A LDAX D
0428 77 ~OV 1,A
0429 23 INX H
042A 13 INX 0
042E I A  LDAX 0
0~ 2C 77 ~OV
0420 23 INX H
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042E 13 INX D
042F 1A LDAX D
0430 77 MOV
0431 0618 MVI 8,24
0433 AF XRA A ;CLEAR A

TRAN2:
0434 23 INX H
0435 77 n o v
0436 05 DCR B
043 7 C23404 JNZ TRA N2

READ IN DATA FILE

043A C0C 405 CA LL LO Th ;L03I~ D ISK ~
043D 210020 LXI H ,D2UF ;EUFFER A REA
0440 226C01 SHLD PA3ER ;SET PA 3ER
0443 CDCCO5 CALL OPEN ;OPEN FOR REAL)
0446 AF XRA A ;CL~ AR A
0447 325b01 STA EOFLG ;~ ESET ~~D OF FILE FLsO
O~ 4A 110020 LXI D,DEUF
0440 CD3AO6 CALL SET DHA
04 50 CD6206 CALL RDF IO ;READ FILE INTO ~E~.ORY
0453 2A6 C0 1 LHLJ PA 3ER
0456 1L7EFF LXI D ,OFF7EA
0459 19 DAD 0
045A 226F01 SHL~) LAST~ ;SAVE LAST ~EM ORY LOCAl

; ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
SET UP TRA NSITIO N BUFFER IN L)EFAULT LO~

; ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

045D 118000 LX I D,080H ; A L D R E SS CF TEUFF
0460 CD3AO6 CALL SETDMA ;SET DMA ADDRESS
0463 215001 LXI H ,DATA +~ ;ADDRESS CF ~XI
0466 3641 MVI
0468 23 INX H
0469 36 53 MV I
0468 23 INX H
046C 3643 MV I
O46E 114701 LXI D,DATA
0471 CD3FO6 CALL SETFCE ;Sz.T FILE CO~ TROL BLOCK
0474 CD1AO6 CALL DELET
0477 CD2206 CALL MA KE
047A CDCCO5 CALL OPEN
0470 218000 LXI H ,O~ OH ;ADDRE SS OF ThUFF
0480 226201 SHLD POINT ;SET BUFFER POINTER TOT
0483 210020 LXI H ,DEUF ;ADDRESS OF DEUF
0486 226C01 SHLD PA3ER
0489 CDSAO4 CALL 3TONE
048C CDEAO4 CALL 3TONE
04S F CDSAO 4 CALL
0492 CDBAO4 CALL 3TUNE
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049 5 2A6F01 LHLD LASTM
0498 EB XCHG

CON VT :
0499 CDCEO4 CALL GTTWO
049C 2A6F0 1 LHLD LASTM
049 F EB X C HG
04A0 2A6C0 1 LXLD PAGER
04A3 lb MOV A ,E
04A4 95 SUB L
O4A 5 7A MOV A ,D
O4A6 SC SEE H
04A7 D29904 JNC CO NV T
O4AA 2A6201 LHLD POINT
O4AD 3E30 MVI

CON 10:
O4AF CDF5O4 CALL STUFF
04b 2 2C INR L
0483 C2AFO4 JNZ CON IO
O4E6 CDD4O5 CALL CLOSE
0429 CS RET

; **********************************************
; 3TONE — TA K ES ONE B YT E F R O M DATA BU FFER
; CONVERTS TO ASCII IN TEUF
; TEUF IS EMPTIED WHEN FULL
; ************~~*********~~***********************
3TONE :

O4B A 2A6C0 1 LHLD PA3ER
O4ED 7E MOV A ,M
O4BE 23 INX h
04SF 226C01 SHLD PA3 E.R
04C2 6F MOV L ,A ;MOV E TO L
04C3 2600 MV I H ,0 ;CLEAR H
O4C5 CDODO5 CALL ED5 ;CONVERT TO ASCII
04C8 3E2C MVI A ,’,’ ;INSERT COMMA
O4CA CDF5O4 CALL STUFF
O4CD CS RET ;RETURN

3TTWO - TAKES TWO bYTES OF BINARY ~MT AA
; CONVERTS THEM T1 ASCII IN ThUF

TEUF IS DUMPED WX~ N FULL;

3TTWO :
O4CE 2A6C01 LHLD PA3ER
0401 SE NOV E ,M ;3ET LSE
0432 23 INX H ;STEP POINTL~
0403 56 MOV D ,M ;3ET MSB
0404 43 INX K ;~‘ OVE PLI.’~TER
04D5 226C01 SHLD PA3ER ;STORE I~ PA 3ER
0408 ES XC HG
0439 AF XRA A ;CLEAR A
040A E4 ORA H ;IS IT NE~ AT IVE?
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0406 F2ECO4 JP GTT IO ;NO - DO NO T INSER T MI~O4DE 2B DCX H ;DECREM ENT
O4DF 7C MOV A ,H ;GET M SB
04E0 EEFF XRI OFFH ;COMPLEMENT
04 E2 67 IIOV H ,A ;
O4 E3 7D MOV A ,L ;3ET LSS
04E4 EEFF XRI OFFH ;COMPLEMENT
04 E6 6F MOV L ,A ;RESTORE LSE
04E7 3E2D fIVI A ,’- ’ ;MINUS SION
04E9 CDF5O4 CALL STUFF ;INSERT ‘ — ‘

OTT 10:
O4EC CDODO5 CALL BD5 ;CONVERT TO ASCII
O4EF 3E2C MVI A ,’,’
04 F1 CDF5O4 CALL STUFF
04F4 CS RET

; *******************~~********************~~*****
; STUFF - TAKES CHARACTER PRESENT IN A
; INSERTS INTO TEUFF AT LOCATION
; POINTED TO BY POINT
; WHEN POINT IOOH , BUFFER IS D~
; ********************************~~*************
STUFF:

04F5 E5 PUSH H
04F6 05 PUSH 0
04F7 C5 PUSH B
04F8 2A 62O1 LHLD POINT
04Fb 77 MOV M ,A ;STORE IN BUFFER
O4FC ZC INR L
O4FD C206O5 JNZ STUIO
0500 CDF6O5 CALL WRITE
0503 21 8000 LXI H ,SOH

STUI O:
0506 226201 SHLD POINT
0509 Cl POP S
050A Dl POP D
OSO S El POP H
O5OC C9 RET

* BINDEC - CONVERTS ONE OR TWO BYT ES OF
* BINARY DATA TO 5 OR 3 ASCII OS
* CHARACTERS
* ENTRY: STORAGE ADDR ESS IN D,E
* VALUE IN H ,L

6D5:
O SOD AF XRA A
050E 32660 1 STA WORK
05 11 OIFODS LXI b ,00dFO}1
0 S 1 4  CD3005 CALL BOA

6D4:
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0517 O I I S F C  LXI B,OFC ISH
05 1A C D3005 CALL BOA

BD3 :
05 10 OISCFF LXI B ,OFFSCH
05 20 C D3005 CA LL BDA

B D2:
0523 OIFGFF LXI E,OFFF6H
0526 CD3005 CA LL BOA

BD1:
0529 70 MOV A ,L
052A F630 ORI 30X
05 2C CD FS O4 CALL STUFF
052F C9 RET

BOA :
0530 AF XRA A ;CLEAR A

BOB :
053 1 SD NOV E ,L
0532 54 NOV
0533 3C INR A
0534 09 DAD B
0535 DA3 105 JC 6DB
0538 3D OCR A
0539 Gb NOV L ,E
O53A 62 NOV H ,D
O53B 47 NOV 6,A ;SAVE IN B
053C FEOO CPI 0 ;IS IT A ZERO?
053E C24705 .iNi BDC ;NO - S T UFF IT
0541 3A6~ O 1 LDA WORK ;FETC 1-i FLAG
O~ 44 67 ORA A ;IS IT SE T ?
0545 CS Ri ;NO — RETURN WITHOUT S~
0546 78 NOV

EDC :
0547 F630 ORI 30H
0549 CDFSO4 CALL STUFF
054C 3EFF NVI A ,OFFH
054E 326601 STA WORK ;SET FLAG
0551 CS R ET

; **
DRIVERS - I/O SUBROUTINES CO~TAL’~IN3TTY , CRT , DISK , I/O PORTS

;**

TTY DR IVERS

TTYIN:
0552 DBF5 IN TSTAT ;FETCK STATUS
0554 E602 AN I RXRDY ;IS RECEIVER READY WITH
0556 CA5205 JZ TTYIN ;NO KEEP LOOXINO
0559 06F4 IN TOATA ;FETCH DATA bYTE
0558 C9 RET ;RETUR~ WITH BYTE IN A

TTYOUT:
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055 C F5 PUSH P5W ;SAVE DA T A BY T E
0550 DBF5 IN TSTAT ;FETCH STATUS
05SF EGO l ANI TXRDY ;TRANSNITTER READY FORB
0561 CA5CO5 .1 TTYOUT ;N0 - WAIT UNTIL REMDY
0564 Fl POP PSW ;BRIN 3 BACK DATA BYTE
0565 D3F4 OUT TDATA ;OUTPUT TO TTY
0567 CS RET ;RETURN

CRTI N:
0568 DBF7 IN CSTAT ;FETCH CRT STATUS
056A E602 AN I RXRDY ;RECEIVER REMDY WITH BY
056C CA6805 JZ CRTIN ;NO - WAIT UNTIL READY
O56F DBFG IN CDATA ;FETCH INPUT BYTE

CR TOUT:
0571 F5 PUSH PSW ;SAVE DATA BYTE

CRTI :
0572 DEF7 IN CSTAT ;FETCH CRT STATUS
0574 E6OI AN I TXRDY ;TXc~ITTER READY FOR BYI
0576 CA7205 JZ CRTI ;NO - WAIT UNTIL REhDY
0579 Fl POP PSW ;BRING BACK DATA
057A 03F6 OUT CDATA ;OUTPUT DATA
057C CS RET ;RETURN

PRINT:
057D OEOS NVX 0,9 ;SET UP FOR BDOS CALL
O57F 030500 J~P ENTR Y ;JUMP T O EDOS

P N I E :
0582 560F ANI OFH ;MASK LOW 4 BITS
0584 FEOA CPI 10
0586 D28E05 JNC P10
0589 C630 ADI ‘0’
0585 C37 105 JMP CRT OUT

PLO :
O5SE C637 AOl ‘A ’ - 10
0590 C37105 IJMP ORTOUT

PHEX :
0593 F5 PUSH PSW
0594 OF RRC
0595 OF RRC
0596 OF RRC
0597 OF RRC
0598 CD8205 CALL PN IE
0598 Fl POP PSW
O59C CD8205 CALL PNIE
05SF CS RET

PRHL:
O5AO ES PUSH H
O 5AI  7C NOV
05A2 C09335 CALL PHEX
05A5 El POP H
05A6 E5 PUSH ii
05A7 70 NOV A ,L
OSAS CD9305 CALL PHEX
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O5AB El POP H
O5AC CS RET

CRLF:
O 5 AD 3EOD MVI A ,ODH ;CARR IA 3E RETURN
O5AF CD7105 CALL CRTOUT
05b 2 3EOA IIVI A ,OAH ;LINE FEED
0564 C37l05 JMP CRTOUT

INTIAL:
05 57 OEOD MVI C ,13
0569 C30500 JMP ENTRY

L 0 GA :
056C 110000 LXI D,00H
O5BF OEOE MVI 0,14
050 1 C30500 JMP EN T RY

LO GE:
O5C4 110100 LXI L),OIH
0507 OEO E M VI C ,14
05C9 C30500 JMP ENTRY

CP EN :
05CC 115C00 LXI D,OSCH
O5CF OEOF NVI C ,15
O5DI C30500 JMP ENTRY

CLOSE:
05D4 lI5COO LXI D ,O5CH
05D7 OEIO MVI C ,16
0S09 C30500 J~P ENTRY

R E A D :
O5DC 11 5C00 LXI D ,O5CH
O5DF 0E 14 MVI C ,20
05E1 000500 CALL E N T R Y
O5E 4 67 ORA A
05E5 CS RZ ;R ETt JR N IF NO REA D ERRB
05E6 3D OCR A ;IS IT A N EOF?
05E7 C2F005 JNZ RDO1O ;NO ~UST BE UNW RITTE N ~
O5EA 3EOF MVI A ,OFH ;SET SOF FLAG
O5EC 325801 STA EOFL3
O5EF CS RET

RDO1O:
05F0 110301 LXI D ,N331 ;‘READ ERROR ’
05F3 C38F06 JMP ERREX

WRITE :
05F6 L15 COO LXI D ,O 5CH
05F9 0E15 MVI C ,21
O5FE C00500 CALL ENTRY
O5FE El ORA A
05FF CS Ri ;RETURN IF ~0 ~i I T  ERG
0600 3D OCR A
060 1 C2 OA O 6 JN ~ W R O I O
0604 1 IOFO I LXI D ,~ S32 ; ‘W RITE ERROR ’
0607 C38F06 J~iPW RO I O :
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0€OA 3D DCR A
0606 C2 14 06 JNZ WR O2O
060E [11C0 1 LXI D,MS33 ;‘DI SK FULL’
0611 C3EF06 JNP ERREX

WRO2O:
0614 112701 LXI D,MS34 ;‘DIRECT ORY FULL ’
0617 C36F06 JMP ERREX

DELET:
061A OEI3 MVI C ,IS
0610 115C00 LXI D,O5CH
061F 030500 JNP EN T RY

MAKE :
0622 II5COO LXI D ,O5CH
0625 OEIG MVI 0,22
0627 CDO500 CALL ENTRY
062A 3C INR A
0625 CO RNZ
062C 112701 LXI D ,NS G4 ;‘L)IRECTCRY FULL’
062F C3EFO6 JMP ERREX

SEARCH:
0632 115000 LXI 0,05CM
0635 OE II XVI C ,17
0637 C.30500 JNP ENTRY

SETONA:
063A OEIA XVI C ,26
063C C30500 1JMP ENTRY

; ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
; SET~ CE — NOVES A~. INITIA LI A T I3N ELOCKI

TFCE AR EA
ENTRY : D ,E = ~ILNA ~.E ELCCK

; ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

SE TFC B:
063F ES PUSH r ;SA VE
0640 2 15C00 LXI r ,JS C H ;J E7A LL T PILE 0C :~T RC L L
0643 CS PUSH ; SA V E
0644 0615 NVI E ,1E~ ;~3 z T  CCL~~T ER

S ET F1 :
0646 IA LDAX 0 :FETCr ; EYTE T D
0647 77 NOV ~~~~~~~ ;ST . I .~ ~~~~~~~

0646 23 INX N ;I~ CRE~~..~T r.
0649 13 INX U ;iNCR ~~.E~ T ~
064A OS DCR E ;FINISHE. ?
064E C24606 .iNZ SETFI ; ~O 

- 
~~~~~ ~~C Tr ~EN ~

064c. r~r XR .A A ;CLtAR ~~~~~
064F 327C00 STA TFCE+3E
0652 CI POP E
0653 El PC? H
0654 09 RET

; ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
RJFILE — R EAD A N ENTIRE FILE I NTO CC~ T~
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;* MEMORY
;* ENTRY: STARTI NG ADDRESS OF MENG
;* IN H ,L
;* ADDRESS OF FILENAME ELO

RDFILE :
0655 226001 SHLD PAGER ;STORE CURRENT POINTER
0658 CD3FOG CALL SETFCS
065b CDCCO5 CALL OPEN ;OPEN FILE
O65 E AF X RA A ;CLEAR ACCU~
065F 325501 STA EOFLG ;CLEAR EOF FLAG

R D FLO :
0662 2A6COL LHLD PAGER ;FETCH CURRE~ T POINTER
0665 EB X CHG ;PUT POINTER IN D ,E
0666 CD3AO6 CALL SETUr~A
0669 CDDCO5 CALL READ ;READ A RECORD
066C CDAEO6 CALL HAFPG ;XOVE PA3E INDEX
066F 3A SB O 1 LDA EOFL G ;FETCH EOF FLAG
0672 67 ORA A :EOF FOUND?
0673 CAG2O 6 JZ RDF1 O ;NO — READ ANOT H ER PAGE
0676 CDD4OS CALL CLOSE ;CLOSE FILE
0679 CS RET ;RET URN

; W RF ILE - W r .ITE A BLOCK OF ‘~EMORY IN A ~ENTRY: :~UMEER OF RE CORDS+l TOW
; STARTI NG AODRESS IN h ,L
; *** * *x*** *** * * * * * * * ***** * * * ***** * * * * * *** * * * * * *

~RFILE :
067A 226001 SHLD ~‘A 3 E R  ;SET Ui~ PM GER
0670 CD3FO6 CALL SETFCE ;SET FCE
0680 118000 LXI D ,bOH
0683 CD3AO 6 CALL SETDMA
0686 003206 CALL SEARCH ;SEARCH FOR EXISTING FL
0689 3C INR A ;WA S THERE A r ;~ T0h ?
068A C29006 .iNi W RF O5 ;YES — SKIP ~i~KE FU NCT~
0680 CD2206 CALL MAKE ;~~AKE DIRECT’~RY ~~TRY

WR FO5 :
0690 C DCC O 5 CA LL OPEN ; O P E N  FILE

WRFI O :
0693 2A6C01 LHLD PAGER ;FETCH CURr~ENT POINTER
0696 ~D XCK 3 ;PUT POINTER IN D ,E
0697 CD3AO6 CALL SETDNA

W R F I 5 :
OG 9A CDFGO5 CALL WRITE ;WRITE A RECORD
069D CDAEO6 CALL HA FPG ;NOVE PAGE INDEX
06A0 3A€i O1 LDA R CD S ;FETCH NUMBER CF RECORS
06A3 216600 LXI H ,TFCE-i- 15
06A 6 BE CX?
06A7 C2SAOG .iNi WRF IS ;NO - WRITE ANOT HER REQ
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O6AA CDD4O5 CALL CLOSE ;CLOSE THE FILE
O6AD C9 RET ; RETURN

; **********************************************
; SUBR OUTINE HAFP GE — ADJUSTS DNA ADDRESS
; HA LF PAGE OF MEMORY
; *************~~* *******************************

XA FP G :
O6A E E5 PUSH H ;SAVE
O6AF 2A6C0 1 LHLD PAGER
0662 118000 LXI 0,0128
06B5 19 DAD D ;AD D 126 TO PAGER
0666 226C01 SHLD PAGER ;RESTORE UPDATED PAG ER
0669 EB XC HG ;SW IT CH K ,L W IT H D ,E
OGBA CD3AO6 CA LL SET OMA ;SET DMA
O6BD El POP H
066E C9 RET

; **; ERREX — FATAL ERRORS EXIT VIA THIS MCLI
; ENTRY: D ,E CONTAI N MESSAGE ADDE

EXIT: BOOT TO DOS
**

ERREX :
06SF CD7005 CALL PRINT ;PRINT THE MESSAGE
06C2 115C00 LXI D,TFCB ;TEMPORARY FCE
0605 CDD4O5 CALL CLOSE ;CLOSE THE FILE
0€C8 C30000 JM? SOOT ;BOOT TO DOS
O6Cb E N D  lOOM

A>
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RE~1********************* ************************************
REM REDUCE - EXTRACTS FOURIER COEFFICIENTS
REM OF ODD HARMONICS FROM GIVEN DATA FILE
REM*********************************************************
DELTA.T = 85E-6
P1 3.141592654
CON TR$- ”B :CONT ROL ”
DA TUM .PTS$- ”B DATA . ASC”
OUTPUT$ ”B : OUTPUT”
TA B$ = “

FILE DATUM.PTSS
IF END # 1 THEN 200
READ # 1; ICHNL ,FCHNL ,SVO ,SV1 ,SCANS ,SCAN.PERIOD ,REC ORD.FREQ
SCAN .PERIOD SCAN.PERI OD * .9765625E-3
PRINT “INITIAL ANAL OG CHANNJE L ” ,ICHNL
PRINT “FINAL ANALO G CHANNEL” ,FCHNL
P R I N T
P R I N T  “SCA N I VALVE ZER O SE T T IN 3 ” ,SVO
P R I N T  ‘SCAN I VALVE ONE SET T I ’~3 “ ,SV I
P R I N T
P R I N T  “NUMBER OF SCA N S “ ,SCAN S
PRINT “SCAN P E R I O D ” ,S C A N . P E R I O D ; ” SECONDS”
P R I N T  “SCAN RAT E” ,l /SCA N. PERIOD; ” HZ”
RECOR D. FR E Q : R E C O R D . F R E Q / 1O
PRINT “RECORDED REFERENCE FREQUENCY “,RECORD .FRE~

REM R E A D  IN ASCII DATA FILE
REM************** ****************************~***********
DIM DAT (FCHNL+l ,SCANS),PHASE (FCHNL+ 1) ,A (FCHNL+1),B (FCMNL+l)
READ # 1; DUMMY ,DUNMY ,DUMr~!YPRINT
FOR I: 1 TO SCANS
READ # 1;TIME
FOR J=ICHNL TO FCHNL
REA D #1;DAT (J ,I)
NEXT J
NEXT I
REH****************************~ **************Z**********
REM COMP UTE LAST DATA SAMPLE NUMBER TO BE USED
REN **z********************************** ************* ****
OMEGA : 2*PI*RECORD.FREQ
DR IVE .PERlOD 1/RECORD.FREQ
N INT ((DRIVE.PERIOD/SCAN.PERIOJ)\

*INT ( (SCANS*SCAN .PERI OD)/DRIVE.PERIOD))
PRINT “NUMBER OF DATA POINTS USED “;N ,”AVAILA BLE “;SCANS
RiN**************************************x ~ ******~ *******
REM COMPUTE FOUR IER COEFFICIENTS
R EM * ** ** * * ** * * * ** * * * * * ** ** * * * *** * * * * * * * * * * ** * * * * **** *
HIHARN ONIC = INT (DRIVE .PERZCD/SCAN.PERIOD/2)
IF H1HARMONI C > 5 THEN HIHARNONIC 5
PRINT “HI GHEST HARMO N IC XTRACT IJ “;MIHARMONIC
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FOR INDEX = 0 TO HIHARMONIC
FOR J:ICHNL TO FCHNL
A (J )=0
B(J):O
NEXT J
FOR I = 1 TO N
FOR J=ICHNL TO FCHNL

Xl : INDEX*OMEGA* ((I-1)*SCAN.PERIOD+DELTA .T*J)
B(J):B(J)+DAT(J ,I)*SIN (X1)
A (J):A (J)+DAT (J ,I )*COS (X1)

NEXT J
NEXT I
REM* *****************************************************REM OUTPUT

PRINT “FOURIER COEFFICIENTS FOR HARMONIC “,.LNDEX
PRI NT”CHANNEL” ,“COS ” ,“SI N” ,“PHASE “,“NA G”
FOR J:ICHNL TO FCHNL
PHASE(J):ATN (E (J)/A(J))
IF A (J)<O AND B(J)>O THEN PHASE (J):PHASE (J)+PI
IF A (J ) <O AND B (J)<O THEN PHASE (J):(?HASE (J)—PI)
IF INDEX = 0 THEN A (J )  : A (J )/ 2
MAO : S Q R( (A B S (A (J ) ) ) t 2 + (A BS ( E( J ) ) ) t 2 ) / 2 .O 4 8/ I
IF INDEX = 1 AND J = 0 THEN FASE : PHASE CO )
PHASE (J) :PHASE (J) -FASE
IF PHASE (J)<—P I THEN PHASE (J):PHASE (J)+2*PI
IF PHASE (J)>PI THEN PHASE (J)=PHASE (J)-2*PI
PRINT J ,A(J)/2.048/I,B(J)/2.O46/I,180*PHASE (J)/PI ,HAG
NEXT J
PRI NT
NEX T INDEX
200 STOP
END
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I
APPENDIX D

SAMPLE’ OUTPUT

INITIAL A~ALO3 CHA~~~ L 0
FINA L P~~- 1LOJ CHA . ’~~~L 4

COO~ JI NATI0:~ NL~’.EER I

NU~’~Ei~ OF SCA~,S 430
SCAN P~ RI0~ 2.~~2S6CL~~- 3  SEC O~’4DS
SCAN ~ AT~ 341.3333 ;iL

~~ COR 3iJ  F~ R N C .~ FR~~~Lii~ 0? lu.1

~~~~~~ CF JA TA PO I ; :Ts  U E~~ ~71 A~-AI L A~ L . 4~ 3

FO L ~~I~~ CO~.i ’FI2I ~. .4 T~ r C : .  ~~~~~~~~~~~~~~~~~~~~~~~ 3
D I ; .  ~~~~~~~~~~~~~~~

0 ~ .49 391  Li Li 2 • 4 S 3 S C ~.
I •-, ,_

‘ •  “ I  
-•
‘ - - ,  ~~~ • ‘ J.~~ .I . ._ .M.~~~-1 c.~~ -i M ‘.~ ~~~~~~~~~~~~~~~~~~~

2 0 ‘.~

3 . .211704 ¼..~ ~~~~~~~~
4 2. .31€7 11 Ci CJ ~.31S713

FCL~~I~~ C C L F F I C I ~~~TS FC~ ~~~~ C . I ~ 1
oo.~1 —6 ~~4 . € 37~ —~. l 6 . 6 t b €

I ~~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~
~~~~~~~~~~~~~ 1J-t~~.7’16

3 ~~52.9547 ~..1c.05~~1 .11 ~~.5~~1
4 —652.5~~ S ~~~~~~~~~ ~~~~~~~~ 1G4~~.5S

r C u r .~~ .rc ~~~~~~~~~~~~ r C r ’. ~~~~~~~~~ —

CH A .~’J ~ L CcS S I . .
3 1 .aU,’I 1~ —3. 77~ ~3 •~~~~5 3 .3E7~3 1
1 1 ~~~~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~ ..

2. 1 .541~ 3 — 2 . .. . . ~~~~~~~
3 1 .567~..Li7 —2.~ 35 155 ~~~~~~ 1
4 1.~~1 1. ..L7 — 2 . S5~ .~~7 C~~.-4~~~7;
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APPENDIX B

OPERATING INSTRUCTIONS

A. ACQUISITION PROCEDURE INSTRUCTIONS

1. Interconnect the following with the MDS—800 using ~he

appropriate cables:

* Disk Drive

* CRT

* ENC Patch Pa nel

* Teletype (optional)

2. Attach analog sources to the desired patch panel 3NC

fitting using coaxial cables. Up to 16 channels ~iay be

attached. Ens ure vo ltage limits on analog inputs do not

exceed Dlus or minus 5 volts,

3. WIth disk drive doors open , power up all equipm ent.

4. Install the program diskette in Orive A and a blank or

uprotected diskette in Drive B, then close the doc:s.

5. Depress the BOOT switch and momen tarily depress the

RESET switch,

6. Depress the space bar on the CRT keyboard.

7. Reçosition the BOOT switch — The  C R T w i l l  ~~ splay  the
following message: 37.~ CP/~ VERS 1.3

8. Ent~ r ACQUI RE and a ca r r i age  r e t u r n .  The p r o g r a m  will

respond by displa7ir .g the current CONTROL fji~ a nd  a s k :
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“ANY CHANGES? ”.

9. Respond wit h a Y for yes or a N for no.

10. If yes , you must then edit - the CONTROL file by

entering:

* ED CONTROL cr

* ft1 cr

Use the editing commands specified in ref. 9.

11 . If nc , the program will ask for a 14 digit frequency to

be entered. The decimal point is understood to ~e

between the first and second significant digits ,

ex: 0105 is equivalent to 10.5 Hz.

12. When r ea d y  to record da ta , enter a c a r r i age  r e t u r n .

13. Repeat steps 11 and 12 until t he  C O N T R O L  f i l e
term inates and asks “UOOD RUN?” .

1~~. Enter Y if you wish to protect the disk from bein~
w r i t t e n  to.

15. Entering a N will not protect the diskette nor will it

destroy data on the disk.

B. DATA ANALYSIS PROCED~TRE I N S T R U C T I O N S

1. With the DATA diskette in Drive B and the procram

diskette in Drive A , type ir. CONVER T DA rA. x x x; where

xxx  is the decimal ID of the data file ,

CONVERT DATA .001

2. When prompted wi~- h an A> , enter RUN RZDUCE. Output will

appear on the selected console devic’~.
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APPENDIX F

SAMPLE CONTROL FILE

DATE:6/15/77
RUN# : SIN REDUCTION TEST
SCANS PER C H A N N E L :  400
SCAN PERIOD: 2
FIRST CHANNEL: 0
LAST CHAN NEL: 2
SCAN I VALVE 0: 1
SCAN I VALVE 0: 6
S C A N I V A L V E  1: 1
SCA N IVA LVE 1: 6
CHANNEL I = INPUT FROM W PV ET Er
CHANNEL 2 A N D  3 = O U T P U T  FR O N OF A~ ? FILTER

DATA. 000  = 10HZ S I N  W AVE E~ 0 OFFSET
.001 = 25HZ SIN WITH Z E R O  CFFSET
.002 = 35HZ S I N  W I T H  2.E~ O CFF S~.T
•QQ3 50HZ SI ;~ W I T H  Z E R O  OFFS E T
.004 = 65hZ S I N  W I T H  Z E R C  OFFSET
.005 = 7 5HZ SI~’~ W I T H  Z E R O  OFFSET
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