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ABSTRACT

When a program controlled data acqulsltlon and recordlng system 1s.
desired, several important areas.beyond a central processing unit,
memory, and input/output must be considered. Spec1fically, these are:
system control, -interfacing of data, monitoring transducers. and mass
data storage. .In this theses, designs- for thése additional features
are presented. They are designed to ‘complete :one such data acqulsltlon
and. recording system. centered ‘around the central. proce331ng unit, '
memory and- 1nput/output on an ex1st1ng mlcrocomputlng system.




CHAPTER 1
- INTRODUCTION
In the field of real time data aéquisition, thefe aré systems which
cannot be mbﬁitofed by conventioqal means. Eithér they are'tég complex
or too dynaﬁic for data to be adequately compiled'by huﬁan observation.
A logical alternative thén is to automate the data acquisition prdceésf
To fulfill this problém Fhe Eleétronicé'Reseérch Lgboratory of
.Mbntana State University was approacﬁed by éhe United Stétes Fores£
'Sefvice and asked té buil& an automatic data acquisition system to fit
the following specificaﬁions:
1. The system must be able‘to monitor and store data
while operating with littie ﬁuman interaé;ibﬁ.
2. The system must haveZSOme-intelliéeﬁé éeéiéion o
..making'éépability.for real time dat; évalpatibnf
3. 'It should be abie to moﬁitor moderately high
speéd é&stems.'(Déta rates up to 5 K ﬁé.)
4. It should be versatilé epqugh té éffectively;
mqnitdr various data écquigition-situatibns,'
5. It should be smail in'éize;to allow ease in
portability.
6. Power consumption éhduld'be 19ﬁ,.as itnwéuid'be':5
battery,powefed .
7. It sﬁould be rugged enougﬁ to Wiéhstaﬁd.an

outdoor operating -environment.
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To meet these criterié,»we engineered and built a microcomputer
based data acquisition system. Its computer-like opération and archi-

tecture made it ‘a-natural to fit the operational and system specifica--

tions. The éleétrical and mebhanical'deéign”of the system using low

power‘électfoniqéiénd small,ZStufdy; modular qbﬁstruction fulfilled the

criterion,




CHAPTER 2
SYSTEM OPERATION

In the data acquisition process it was desired to have the system
do all the data monitoriué andAdata accumulatiou with a'uinimum of human
'intervention, As a result, the operation_of'the data acquisition system
centers daround the orogrammable microComputer. It is this‘ﬁicrocomputer
which ﬁohitors and processes the data from'lts various seusors'(or trans-
ducers). It.retains as accumulated.data pertinent lﬁformatlon it has.
monitored. 'This'information can later be retreiued'for detailed.eval-
uation. This.process is controlled by a system program executed by the
microcomputer. This operation of- the microcoﬁputer,inﬁturn'is under
complete operator control;' |

In a typical situation, the.operator initiates micrdcombuter oper—
ation by loading the operatiug program iuto the_microcombuter‘from"the
mass storaée_mediuu. lﬁis storage mediumvis the.permanent storage'area
where operating ﬁrograms as well as retained monitored data is keptlfor
permanent contiuual or future referral. Wlth.the execution of this con-
 trolling program,\the operation of'the data acquisitionlbeginsﬂ_ The
operator may interact with-the.system either in supﬁlyingAnecessary
parameters for operatlon or by exam1n1ng mon1tored data- if desired.
However the data acquisition is pr1mar11y controlled by the operatlng
program. |

As data is be1ng accumulated m1nor analys1s may be done, but pr1—‘

mar1ly pert1nent data is be1ng accumulated in the mass storage medlum.




Here it remains'for later referral When detalled examlnation and ana-
1ysis of this data is des1red 1t is transferred from the'mass.storage
area to-larger'computlng facilities for evaluation." i

The. primary task for this system is data acquisition. Ianepth'an-

alysis of the data is 1eft to larger computing systems more spec1fica11y ‘

suited to that task




CHAPTER 3
SYSTEM ARCHITECTURE o

The archltecture of the Data Acqu1s1t10n and Recordlng System (DARS)
is modular_ln concept. Fundamental functions -in the operatlon of DARS
are done by Separate units. These units then 1nteract to perform the
complete data acquisition process._ With the general s&stem operatlon
distributed between these subsystems, no partlcular portlon of the sys;
tem is overtaxed‘and a high degree of Versatility is,maintained;

A diagram of DARS is ‘'shown in Figure 1:. There are-fonr subsystems
comprising the syStem. The primary one of these is the microoomputer
system. It is the intelleet of the~system. 'It”eontains and-executesA
the controlllng program governlng DARS operatlon.‘ Ehe'mierocompnter\i
system 1s also the dec1s1on maklng portlon of. the system.: It ié the
heart-of'DARS’as_it‘enables and directs thezoperatron of_the.monitoring
and data’ accumulatlng operatlons; o |

Worklng closely with the mlcrocomputer system is the Front Panei
Unit»(FPU), which is used for system_control.' This is the system whlch'
controls the microcomputer system:operation; It is the primary inter;
-tace between the operator and the.data achisition system. System:op—
.eration-can Be iﬁitiated;vterminated; mpnrtored-or modified‘hy.onerator
-action mlth th1s unlt.. N E | o |

The Data Acqulsltlon System (DAS) is the portlon of the DARS
through Whlch all mon1tor1ng of data 1s done. It is the 1nterface be~

tWeen the data being monltored and the microcomputer..'The purpose‘of.
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of this system is to ;hange the form of the monitoréd data iﬁtq a mean-
ingful representation understood by the microcomputer.

The final subsystem of DABS is fhe mass storage'mediﬁm. Thisjs&s—
tem is used.for semipermanent iﬁférmétion storége. Operatihg.under
microcompqtér éontrol infofmaﬁion méy either be stored oﬁ'or retrieved
from this wnit. 'This information may be the data monitored by DARS
being retained.for later use or an aétualiprogram‘uséd to control the
microcomputer system. Using this type of sfstem the entire operation.of

DARS becomes independent and self-contained.




CHAPTER 4
MICROCOMPUTER UNIT
The microcomputer unit is resnonsiﬁle for domplete operatibn'of the
system. It is a basic low—power1m1crocomputer'w1th processor, memory,
and input/output capabllty. This system was- de51gned by Darrell B,

Irvin (1).

MICROCbMPUTER ARCHITECTURE
The architecture of the microcomputer'is a bus structured system
consisting of four major sectionms. These sections are théjcéﬁthI Pro-
cessing Unit (CPU), Memory,‘Input/Output,ports (I)O)’and a Real fime
Clock (RTIC). These are all connected by the system busses. These
busses are the Data Bus (D Bus), the Address Bus (HL Bus) ‘and a Control

Bus.

MICROCOMPUTER OPERATION

The Central frocess1ng Un1t controls the operation of the Micro—
computer system. It performs all the arithmetic and 1ogical operations
as.well as controls program eiecution When inloperation. It interacts
with;the.three cher supporting midroedmputer sectiqns through tne'bus
systens.- The CPU-fetches proéram instrnctipns as well as stores and
retrieves data from the MEmory section of'the'Micrdcqmputer. :It is able
to interact with deviees external to the Micrbcbmputer.systemb-such as .
the Mass Storage Unit or the bate Acquisition System, threngnsthe‘inpnt/ :

© Output ports. I/0 is the link betWeen the CPU and the external sisteﬁs.
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The Real Time Clock aids the system by édébling the monitoring of

time ag'ﬁellias data;i Measuring thé"passagé of time-ié néééséary in
acquiéition, bﬁtlit is exfremely diffiqu1£itoido accurétéiyﬂwith_éniy
the CPU. .Thé RTC accuratgiy measures time.uhder.éontrﬁisqf £he CPU;-
' THE CENTRAL PROCESSING UNIT

The power of the CPﬁllieé With aﬁ Ihté1.8¢¢8 Microprocessor. The
8008 is an eiéht bit bérallél microp:ocesso;. 'Iﬁ céﬁ address up to 16
kilobytes (16K bytes; one K byte is 1¢24-bytes)‘of héméry and has com-
plete I/0 capability. .If may opgfa;e With,éxte:nal-iﬁterfupts usiﬁg a .
vectore&‘intéffupt scheme. It is a:ﬁddéréte,sﬁeéd;miérqpféééésér wélLl'~

suited to moderately high:spégd-data-adquisitiéhﬁ;.“

| Instruction Format -

The préceésbr instrutti&hs afé:in"the mﬁifiﬁyfexfbrﬁétlp iﬂsfrﬁéi
.tionvéize varies frohlone.to,thfee Byfés'eréhding on'the_instruétioﬁ.
One memory cyéle is uéeé to fetbhreéch byte frgm ﬁemor&; ' The time of .
each éycl¢~a1$o4vérieé dgﬁéndiﬁg ﬁpgn‘the.coﬁple#ify of ;hg iﬁStructiqﬁ-
béing.executgd. - |

Single‘éycle instructiqné include non—memqu féfe;enge qpefgtiéﬁs,-
These instructions ﬁged no additional data éther than the iﬁgtructiﬁn
for.egection. Two and three_gycie inétrqétions aré'mémory reference
instructioﬂs and I/0 instructions."Thé:memof&vreferénée”inétructiéns‘~
are two cyqléé if an é bit ﬁgta byté is neédgd.: Théy?might.ﬁe three: l

cjcleslis”a 16 bit two byte addréss is réquifgd.'ane 8 bit byte is
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retrieved each memory'éycle. The first. cycle: is referred to és the
Instrucfion Cycle since the instruction is fetched during this time.

. The second'énd third cycies are termed Data Cycles since data is fetchéd
at £his time. All I/0 insttuctions are Zlcycle with dafé'inpgt from dr
output to the f/O port in the second c&clé of'the‘I/O.Cycle.

Timing and Control

Any instruction contains from 3 to 5 separate state tiﬁeé per mem—
ory cycle. The fifst two' states are always the outpuftiﬁg of thé'loﬁ
and -high order bits respectively of fhe program cbuntér f;om the micro=
processor to memory,' Thé third state is the fetéh‘phase, where. the con-
tents_of memory at the addréss indicated by- the brogramicoghtet are éént
to the CPU. The fodrth'and.fifth timés are opfiqnai,.depending upon the
instruction being executed. . The instfﬁctién ié executeq féliowing the
fetching of the memory information of"fhe final memory or I/0 cycle..
Ihegé five states' times are referfed to a'T13 T2, Té, T4, aﬁd T5 re-
sbectively.. |

In addition to these five states, there are thfeg more ;tates: T11,
STOP and WAIT. TII has the same'functiop‘as'Tl exceft it indicates that
the processor is responding to an interrﬁpt request. - STOP indicates ;
that the CPU is not executing any instrﬁctiong; it has Béen.hélted.,

. WAIT indicates the prqcessof is waiting Eétween T2 and'Télfor é‘sipﬁ
de&icehdr memory to furnish the data being:fetchéé.a

Besides these eight timing signalé,.thére are other~contrb1'sighals
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generated or monitored by the CPU. These control signals which are of .
interest to DARS operation are shown in Table 1 with their functions.

The Control bus contains all state time arnd CPU control signals;

TABLE 1
CPU CONTROL SIGNAL DESCRIPTION

'CPU CONTROL

SIGNAL ' .. FUNCTION
‘CLR | ,InitialiZes and resets all bus‘conneeted units
1/0 \ "Indieates an& input oriontput brocessor cycle
DATA : 'Indlcates a data. fetch from memory processor
: cycle
INST a Indlcates an 1nstruct10n fetch from memory

' processor cycle

DSTB Portion of any timing state when bus data is
: " transferred
"DRST - Signal to reset data transm1s51on c1rcu1try

"following DSTB in T3
INT - " Interrupt request to the CPU.

PRIOUT : Priority Out signal enabling an 1nterrpt re- ,
o quest may be made if necessary ’ '

PRST . Priority Reset signal enabling PRIOUT -

"DMA . Actsto d1sconnect ‘the memory address reglster
- on the CPU from the H-L Bus :

Bus Structure

The 80@8 has one 8 bit parrallel data oort throngh which the Data -

and Address Busses are multipleked. It is a bidirectionalhport through
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which all addreéseé, instructions and .data ﬁass.

The . Address Bus 6r HL Bus is a 14 bit unidifectidnal.bus.“-it ié.
comprised of two smaller buééeé, the H Bus dnd the L Bus, six bits and
éight bits_&ide'réspectivelf..:The H Bus.containé:thélsix hiéﬁ ofdér
addressibits'output to memory during a fetch cycle. The L~Bus éonfains
the eight.ldwér order address bits duriﬁg a fetch cycle. ‘Also, dufing ‘
an I/O‘cycle data-dutput from the frocessor is oufpﬁt on thé L Bﬁs. By
concafinating the H and L Busses the full_lﬁ bit addreés'to ﬁemory is |
formed. |

The Data Bus or the.D Bﬁé'is an eight bit bidirectional.bﬁs to the
processor. Ali data infut to the progeséor is done on thé D Bus. ihié
data may'be eithef iﬁstrucfioﬁs or.data_bY£és‘ffqm ﬁeﬁqry,_I/O’Pofté or .
the RIC. N |

In the case of theD and HL Busses, the data sensé on each bps,is
positive. (For further explaﬁatiqn of'level‘an& data éeﬁses seé Appén;r
dix !I). When fheITand HL Busses are not ‘in use, however; thef will be

at a true or high level. When valid data is on any bus it'ﬁill be in ‘

the upright form or positive true sense.

MEMORY SYSTEM
The memory systeﬁ for DARS copsisté of ‘a maximum of 16KA;ddre§sablé
bytes of data. The upper 2K bytes,~éddréss'1oéations'6fA38¢¢¥,thrdugh'
3FFF', (the suffix no i denotes basé l6lof hékidecimal'notatiaﬁ); ére‘

Read dnly Memory (RQM). Here.speciai tables and permanent programs may
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be stored. The remaining lower 14 byteé'is'Randqm Access .Memory (RAM).

. This area is used for temporary datd and program' storage.

INPUT/OUTPUT SYSTEM

The'scheme.used in the microprocessor unit for data transfef to and
from the CPU cenferéiarouna thellnpﬁt/Outqu.Porf, The I/O Port is de4
signed . for bidirectional data tfahsfér Bé£ﬁéen thé\microcoﬁpﬁter procés—
sor and the I/O'device'with ad&i;ionél device control_and opér;tioﬁ mon=—
itoring capai)ility° This.enabléé the frocessor not only tozexefcise
data interaction with éhe I/0 device bﬁt also control and monitor the
devicé's operations. .The 1/0 Port is pof limited to ihteraéting with a
single device hpwevef, as it Wili be shown in the Data Acqﬁi#iti&n Sys=-

tem that multiple input and output'deviges_cén be servicea.througﬁ a .

" single port. .

The input,:pg;put, contfol and s;atug monitoring_sections'éf an
1/0 Port.are éompletely seaparéte; -Each:funcﬁibn may be-gxépciéed sep—
arately without affeqting'the othef fungtiéﬁs. .Iﬁpufting and outéutting
of da;a is doné on a single byte basis. Data is transferrred a.bype at
a time. Due to tﬁe_separate nature of input and output por;ions, how5
ever, byte outputting may be done simu}taneousl&. ‘Control‘;nq status
monitoring is done by Externals Control aﬁd External SEnsé iinéslfespé¢f
tively betweenltﬁe port and the device.

I/0 Port Archetecture

The input, output and control sections of'the.IfO Port have
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individual unique addresses which are different from any other port
section. 1In this mannerteach can be accessed inoependently,by the.pro;
cessor. The architecture of the I/O Port reflects this. These are the
maJor sections of an I/O Port, the input sectlon, output section and
" control section.

The control section directs operation” of both the I/O'port’and'the
I/0 device. Its center is a eontrol data register which contaihs a data
byte output by the processor to the port. One half (or tour bits) of
this control byte is used for eontrolliné'port'operetidn whiie the other
helf is used for the External Controlyline.informetion. These Externei
Control lines direct.the operation of the I/OAdevice}'.Figure 2 shows
the format of.the-eontrol dats'byte. | |

* OUTPUT _INPUT

EXTERNAL CONTROL LINE DATA—— INTERRUPT INTERRUPT INIT.
' ' | ENABLE ~ ENABLE '

[ R L ] .
EC7 'EC6 EC5 EC4 ~ EC3 . EC2 ECl  ECP

STATUS -
ENABLE

CONTROL BYTE FORMAT

FIGURE 2

In a similar manner, the output.seetioh‘of an 1/0 port‘qtilizes'e
output data register: This register cohtains'the data'b&te output from
the processor. Here the data byte is stored for access bf the I/Q de;_
vice. Two additional communication lines are used in the output section
to faeilitate the &sta trahsfer.> One is the Output Ready 11ne (OUTRDY)

OUTRDY. indicates to the dev1ce that data output from the’ processor is -
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ready to be transfered. The second line indicates to the port that the
output data has been accepted by the output device. It is called the
Output Accepted line (OUTACC). (The notted signal name indicates the
signal has inverted logic‘sense. See Appendix I for further explaina-
tion.) A handshake process between the I/0 port and the I/O device
using OUTRDY and OUTAGC enable a proper data transfer. Figure 3 shows

the state of these flag lines during an output process.

OUTRDY l L_____-..

Data output Data accepted

OUTACC | L)

OUTPUT I/0 FLAG HANDSHAKE

FIGURE 3

The architecture of the data input section of the I/0 port is sim-
ilar to the output section. It utilizes an input data register and two
flag lines, Input Ready(INPRDY) and Input Accepted (INPACC). The input
data register is used to store the input data byte from the inputting
device until it is accepted by the processor. When data is available
from the inputting device, INPRDY indicates such. The data byte is
stored then in the input data register. When the processor inputs the
data from the I/0 port reagister, INPACC reflects so. A handshake using

INPRDY and INPACC complete the data trnasfer. Figure 4 details the state
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of these flag lines during an input cycle.

INPRDY

Input data ready Input data accepted

INPACC

INPUT I/0 FLAG HANDSHAKE

FIGURE 4

The monitoring of device status is done through the input‘section
of the I/0 port and controlled by the control section. The setting of
the status enable bit of the control byte indicates that status.data
will be input during the next processor input request. 1In place of the
contents of the input data register, data on the six External Sense lines
along with the states of OUTACC and INPRDY are relayed to the processor.
In this manner, I/0 device status as well as the input and the output
handshake conditions can be monitored. Figure 5 shows the format of the

status byte relayed to the processor when I/0O port status is requested.

EXTERNAL STATUS——*——*; INPRDY : —EX{FRNAL ST%TUS—————T OUTRDY}
] 1

ES7 ES6 ES5 ES4 ES3 ES2 ES1 ESP
STATUS BYTE FORMAT

FIGURE 5
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A fourth section of the i/O port iswthe,interruptjséction. It is -
used.in input and output operations tolfacilitateathezhandshake_process.
Either'operation-may be completed.using processor interrupts to'éain the '
attention of'the processor'whan a handshake,is conpiete. 'interrupt op-
'eration'of the'I/O port is,not.necesSafy in:all situations and is con-
jtrolled:by the_state of the controi-data-reéister}; Output interrupts,and :

[

input interrupts are seperately selectable bj"thislmanner;f“i

I/0 Port Operation

In1t1a11y in e1ther 1nput or output’ operatlons, the I/O dev1ce must
be placed into the proper operatlonal state. ThlS is done by outputting
'.the appropriate control data to the control data register of the I/O
port. The operatlonal state may be mon1tored by the: status 1nformat10n ‘
.suppiled through the port. “In an output operatlon, data is output to the
. .port from the processor, stored in . the output data reglster and sets
OUTRDY. ThlS 1nd1cates to ‘the output dev1ce that data is avallable.

When the dev1ce accepts ddta from the port 1t sets OUTACC Ihisiindij
cates to the proceSSOr by’either an‘interrupt or through monitored
'status that the output transfer has been completed and another one may.
be 1n1t1ated' In a like manner, durlng ‘an 1nput operation,-the I/Q dee ;'
vice indicates that it has‘data avaiiable h&.setting:INfﬁDéa :ihis

stores the input data in the:input data'register of'the port;‘ It aIso’
1nd1cates to the processor by 1nterrupt or monltored status 11ne the .

ava111b111ty of 1nput data...Upon-the 1nputting-:of this,data'by-the -
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processor INfACC ié set, completing‘the input ffansferP”enablihg aﬁother
transfer to be iﬁitiated; These byte-b§~byte déia'traﬁsfe?é continue |
~during-the 1/0 proéess.- Wheh the process is complete,. the opérétién of
the I/0 device might be modified‘By chanéing fhe control data appropri-

ately in the control'data.régister..

REAL TIME CLOCK SYSTEM -

The'RTC'isla'programmably controlled inter#él timer. Under proceéf
sor control, various time iﬁtervals may be initiated to accur;tely méa—.
sure time.. These intefvals:spah from one millisecond to 255¢ secoﬁds,
At the complefion'of Ehe specified time peripd, a processbr'intgrrdpt_is
generated. 'These iﬁtérvals'méy éither occur oncé 6}.bé répeated oﬁeﬁ
after another; iﬁcreasing the flexibilify of tﬁe'éime kéepihg aséécf of
DARS. In.additiéh'fo this featuré; the RTC has an aécuraye cr§sta1 os-
cillator time base -for a self-contained accurate frequency sfahdafd

‘available to other units in DARS.

| SUMMARY
The'Microcom?ﬁtér‘Uﬁit is the center of DARS. Ité.cbﬁputer—like
architéctu;e legds itéelf Eo'high_veféatility and abiliﬁf; its'Centfal
Processing Unit gives the sysfem_intelligénce éépablé of redl time de- |
" cision making aﬁd daéa‘manipulation. The-systemﬁs data ippuéland 6ﬁfpuf
caﬁébility couple& with ité programmébié.operatiqn énable:if Eb fif intd.

numerous data acquisition situations with minimum modifications.




CHAPTER 5
-FROﬁT PANEL UNfT
In. the operation of a- programmed process1ng unit, there must be some :
dev1ce through .which it.is poss1ble for an operator to exert external
cOntrol over the processor S'operationt -ThlS control eouid'yary.from
progranTOr'process stopping'and‘starting'to’the‘exanining'and/or‘nodify—

ing of internal storage areas. Thus a front panél was incorporated -in

‘the systemJ

FRONT PANEL OPERATION

All operator interaction. with DARS is done through the Front Panel

‘Unit. The FPU contalns both keys through wh1ch data and control com~

mands may be entered and d1splays Wthh may furnlsh varlous types of

'system 1nformat10n. With the keys for 1nput and the displays for output

the front panel is the primary I/0° dev1ce between the system and the -x
operator.. | |

Typical FPU operations are initiating or halting processor activity,
modifying'or examining.processor data registers and modifying or‘exam—:

ining memory data. In doing this, the FPU controls the operation of the

' processor, using it to nanipulate.data,'registers, memory,, etc. It ac-

cepts data or furnishes data:to the processor in completing the desired.
task ~In th1s manner, data manlpulation and processor.control may be
done through the FPU.‘

. The FPU.may be operated by a Secbnd meansﬁother than fron¢the:key—;”'

board. FPU operations.may'be-initiated through speéialjcommands by.the  *
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CPU.. This enables programmable'control of the F?U'to aécompliéh fasks
such és diéplayiﬁg'or reading data from thé'keyboéra. So in.addition
to being a tool used by the oferatér to affect the micfocoﬁputér;*thé
FPU ﬁay be used by the micrécbmﬁuter to sﬁpﬁly the‘bpefapqr with éygteﬁ.
information. .

When céntrolling processor operatidn,'the FPﬁ;acts to source in~
structions to the-proceséﬁr,‘which are designed.to accompliéh the deéiréd
front panel fuﬁction. VA groﬁp of these'instructionsAﬁﬂich accémplish the
desired FPU .operation is qalled'a minipérgram. In addition to this, ﬁhe
fPU supplies or étoresidata duriﬁg the Réad, ﬁriée or I/d éycles 6f these
instructions.: In this mannér,'daéa necessary for~the operagion is_either
supplied by or stored into the regisﬁers.in the FPU.- Thié.is howftﬁe
Front Panel Unit examines or modifies data or-éperation éflthé'micrdcdmf ;
puter system. The miniprograms are storéd in the Front:Paﬁel ﬁﬁit; They
contain both processor instructions and inétructiong'to control the‘man—
ner in which the FPU resﬁohds;tp aqtivity‘of thé processor.’

All opergtor éction is initjated by keystrokes on one‘gr more qf,the
31 keyboard keys iocatedjon thg DARS front banel. Sixteen of the keys
are hexidecimal formattgd-ﬁumg;ical entry keys. 'Theée are~uséd wﬁen.
_enfering numerical data into‘a fropt pane; éata fegistgr, calléd the
Switch Register. This data‘register'éérQeslaénthé location ﬁof-ali ép—
erator initiated input data. | |

When system control is initiated from the front panel, it is done by -
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one of two ways. -A two keystroke eequence'ﬁa? be dohe or a-epeciel func-
tion key may be struek."In the two heystreke sequehce, a prefik key is
struck,~followed by strikihg a‘nuherical'key.' Thereharehtwb function
prefix ke&s, labeled'I and II. When a keystroke on eithef‘ef the two
prefix keye-preceeds.a keystrbke on.a nﬁmetieai"entry key, an FPU-func—
tion is executed, rather than a datafentry into the Switch Register.
With this keying sequence? up to 32 seperate fﬁhctions hay'be ihitiated _
.by the operator. | |

Ten ef these 32 front panel pperatiens méy also be initiated hy
striking a function key. ,Theee_ten function kéye'pateilel ten of the 32.
function keystroke éequenees,Aand atehthe more cbmmqhiy'used FBU.fpnc—‘
tions. These'are: the initiation or termination ef.prograﬁ execution
(RUN,.HALT), loading or.diéplaying of the.proceSSOt's proérem.cpunter ‘
(LPC, DPC), loading or displaying the accumulator (LDA,. DA), 1oad1ng or
dlsplaylng the H and L reglsters (LEL, DHL), and 1oad1ng or dlsplaylng
the contents qf the next memory location follow1ng-the locetlon 1nd1cateé
by the address in the H and L registere.(hNM, DNM) . These two function
keys are used to decrease the eomplexity.df executing these‘mote commehly‘
hsed FPU tunetions; |

The three f1na1 keys on the keyboard are dlsplay cycle (DX) dlsplay'
clear (CD), and system clear (CLR) DX changee the data_shown on the.
display. CD_clears the contehte of the Switch Register to zeroes ana'it

cahcells»a keystroké.on a function prefix key. CLR initiélizeé'arzreseté'
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the DARS syétem. There is a keyboard‘pperated.serVige switch:on'the
front panel which can ldck'out the.CLR bdtfon from clearing the_syéfém
when depfeSsed. CLR will onl&'operate'when enabled through the service -
switch. | | ‘

Iﬁ supplying data or systéﬁ status informa;ion, DARS~uses.the‘front
panel digplays. .for numérical déta, the numericai display is used. .To
indicate system ststus, the front banel uses status indicator lamps. The
numerical display.is a.fbur_digit hexidecimal:férmattéd arrsay. It is
able to display one of three separaté t&pes of dafa.- Thié data is stored
in three front panel system registers. These three reéiéters, the Switch
Register, the Address Régiéterland phé Data or D.Regiétér,'are ﬁsed‘for
front panel numericéi data. Each £im§ ﬁx_is gtrﬁck, the display rotafés.
tﬁrougﬁ displaying one of Ehese,threé'regiéfers:and a-bla;k-étafe, one
sté£e at é:time, Iﬁe'éwitch'Register indicatés‘déta keyed in th?;ugh
numerical entfy from.the kefboard. This regis;é}”is fouf hexidecimal
digits iﬁ 1eﬁgth. The Address Registef is also four digits in iéngfh and
is used to display.fhe.14lbi;'procesSér_gddress data; . The Display Regis-
ter is two diéits in length and is used to display single bytes of infor-
mation. These registers are used to display &afa‘obtained by execution
of various FPU functions. The blank staté is used when the-display'is
not in use to consefvé'power. CD or a %umefiéél entry kéyst?éke auto-
maéiqglly changes the'stété 6fléhe;display:Féfindié;te fhe.ééhpeﬁﬁs_pf-

the Switch RégiSter., Executing the RUN function or the transition of
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CPU activity.frem beingvhalted‘to exebutisg-places thé?disp1a§'inte its-
-blark state. | | |

To iqdicate sjstem status, the front panel uses thfee groups. of sta—"
tus“indicator laﬁps. These are the Cycle, Flag and System Status indi- .
cators. . The Cycle indicator lamps - are 1abe1ed READ WRITE, INST and I/O;
These dlsplay the current processor memory cycle state. The Flag 1nd1-
cator lamsp are C, Z, S'and P. These indicate the ptocessdr flag states.‘
at the time of the last FPU initiated processor halt or flag polldng. As
with the CLR‘key,'the C&cle.and fiaé indicators are'only enabied-by the
service switch. dThisiis done to eodserve pewer,das-these iﬁdicatiohs,ate
not always necessary. in bARS operation.' The System Status isdicator
lamps afe PWR;‘MSG, KE¥BD, RUN;-TAfE and I,II._ PWR indicates system ,
sower is on. " MSG directs the speratsf that apprqpriate actibn; as per
display information, shouid be taken. KEYBD indicates the fosr'digit'
display currently isdicates the Switch Register data. ‘kUN'shows the Cfﬁ
is operating. TAPE indicates the mass data'storage pnit is either with-
out tape or the unit door is,opent. I,II is the fﬁnetioa prefik-iddieator,
Idisplaying'that a'function prefix key has been struck, These'Systep Sta-

tus indicators are;always pperational when .the DARS system is‘ppetatiﬁg,

FRONT PANEL UNIT ARCHITECTURE
There are two major systems in the architecture of. the Front Panel '
‘Unit. The first is the Keyboard/Dlsplay System. This is the‘prlmary

system used to 1n1t1ate FPU operatlons, supply data for FPU operatlons
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;n& to display pertinent microcomputer information. It is oriented
toward interaction with the DARS operator. It has a keyboard ‘from which
numerical data may ‘be entered or up to 32 seperate FPU operatlons may be
1n1t1ated. Its display pqrtlon is usedA to supply information from the
data storage registers.in the FPU.' Systen infprmation is sﬁpplied to the
operator in this manner; |

The second system is the Control/Data.Systen. This portion of.the
FPU interacts with the Keyboard/Display System and the micrbcnmputer
system. 1It.also cortains data storage regrsters which store or snpply
processor data during FPU operations. Data from. the keyboard and pro-
cessor is.stored'here. These are among - the registers wh1ch accessed by-
‘the front.panel displays for,operatqr information. Actlon by the
Control/Data System,may be initiated by the Keyboard/Display System for
operator controlled tasks or by'the CPU,fpr processox céntrolled-tasks.

When operating in.cdnjunction.with the Control/Data System, the
Keyboard/hisplay System continually updates the Switch_hegiSter and in-
itiates Control/Data System action when a.FPU_function has been keyed.
Also displayfinfermation from the Control/Data System:is_refleeted by
the front panel displays. X »
| The front Panel Unit is.a bus cnnnected device..‘Ail interactionV
between it and the m1crocomputer systemlls done v1a the bus system. As ’
a bus connecten dev1ce; it is able then to.notvonly access the CPU but

all other bus connected systems. This,enables‘the EPUZto interact With :
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memory or even the I/Q ports if necessary.thThe FPU also has en internal
bus, the Front Panel Bus, -or mini bus. lt eohnects the two sections.of
Control/Data System with’ themselves and to the Keyboard/Data System.
The FPU bus is a series of smaller busses and control 51gnal lines used
for data ahd eontrol purposes by the front panel systems.-

.Both front panel systems have two'suhsystems;‘ The Keyboard/Displey
System is made up from the Keyboard and Dlsplay circuit and the Dlsplay
Multiplexer c1reu1t. The Front Panel Control circuit and the Front Panel
Date circuit compriseﬂthe.Control/Data System. These four circuits aren
described-in the following seéctions. This shall more'comoletely describe

front panel operation.

FRONT PANEL KEYBOARD AND ‘DISPLAY CIRCUTT

The Froht Panel:Keyboard end Display clrcuit;"shown iﬁ'Flgure 6,
eontains disoleys dlsplay drlvers, keys and keystroke detectlon cir- .
cuitry. Its primary functions are to indicate to-the D1splay Multlplexer
circult the occurence of numerical or functional keystrokes and to illum-
inate front panel oispleys under the control of:the Displey Multiblexer.

‘When detecting a depreSse&:key,-the'Froht Panel Keyboard‘ahd Dis-
play circuit uses four’ control s1gnals and a f1ve bit Keyboard Bus to
1n1t1ate D1splay,Mnlt1plexer action. The céntrol s1gnals are- VKETB
Function Flag (FFLG), BIT FLAG and EQUAL., The - Keyboard Bus 1nd1cates
the nomerical value of the depressed:key for nhmerical entry'or which
of the 32 different front-panel functions ls-heihg,initietedg._A true

¢
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state of VALEB inddcates a key‘is depressed andithe Keyboard Busncontains
the cortect data. fFLG‘being true distinguishes a front panel function )
keying sequence from a‘numerical entry: The state of BIT FLAG indfcates
Which prefix key has been struck ’ If BIT FLAG is false, the I preflx was '
struck last. A true BIT FLAG 1nd1cates the pref1x II. EQUAL 1nd1cates
the sense of BIT. FLAG is the same as the flfth b1t (KS) of ‘the Keyboard
Bus. | ) |

Numerical keys are continually scanned'bylthe>keystroke detectlon
- circuit, a single key at a'time. The lower Four bits ofdthe Keyboard Bus
.fndicate the numerical value“ofvthe key being scannéd at, that moment.. In
a. numer1ca1 entry, -when a depressed key is detected further scannlng 1s
) 1nh1b1ted and VALID becomes true. Ignorlng the f1fth Keyboard Bus b1t
the lower four bits of the bus conta1n the numerical value of the. de-
,pressed,key.‘:When the key'is releasedP'VALID becomes’falSe and SCanning'v'
resumse." | | o

In detecting a front panel function.keylng sequence, the prefix key
sets. FFLG when stfuck'andnappropriatelyusets the_sense.of BIT;FLAG. 'When
the striking of a numerical key follows a prefik;:VALfﬁ becomes truerWhen
the 1ower four b1ts‘of the Keyboard Bus 1ndicate the value of the numerlcal
key and the f1fth b1t 1s the same as BIT FLAG. Keyboard scannlng 1s:
stopped unt11 ‘the numerlcal key 1s released The relea31ng of the key
,causes VALTE and FFLG to become false ‘and normal keyboard scannlng for

. numérical entry is resumed.
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The gperation'of initiating a front panei fﬁnétion by striking a
function key.paréllels the two keystroke meﬁhod.. When_one”of.the‘funé—'
tion keys is depressed, é prefix pﬁlse appropriately sets the sense of
BIT FLAG and sets FFLG. Aiso; a numerical keyiéénéeiline'is activafed,
enabling.tﬁe apprépriate numerical:value to“be,detectéd Qhen.thé kéyf '
board is écanned. VALID becomes true when the Keyboard Bus reflecté
BIT FLAG and the numérigal Qalﬁe. —Releasing fhe function key terminateé
VALID, and resets FFLG and reéumes normal keyboard scaﬁning.

Tﬁe thfee remaining keyé do.ppt initiafe front panel functidns, but
control the state oﬁ the displaf, thé Switch ﬁegister,_or the DARS sys-—
teﬁ. Depressing DX geﬁerages a:pulég.bn Fﬁé cohtrol.linezﬁi: ‘Tﬁis di-
rects fhé Display Mﬁltiﬁleﬁgr circuit to éhange éhe displéy-staté. Cb
activates the'Eﬁ-control line éausing the:zefbing of thé data iﬁ tﬁe
Switch Regiéter; Similarly, CL-;ctiVatesxfhe clear_line'én"thé's§stem
‘bus (CLR), an& initializés the‘entire.microcomputer éystem.

In illuminating the front panel dispiays, fﬁe Front Panel'Keyboérd-
and Display circuit driyes both the.nuﬁgrical and'status1indicator dis—

plays. The Cycle status indicators are driﬁgn by the DARS system memory

cycle control lines READ, INST, WRITE and.I/0. These are DARS Bus sig-
nals. Every memory ccycle is reflected by the stafug'&ispléys. The Flag
displays are drivén by the four control lines c, E; g‘and P, generated

by the FPU Data circuit. The key Qperated service_swifch enables the‘

Flag and Cycle status indicators. Unless this ekternai service -switch is
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closed, the Fiag and Cycle status'indicators Wi11 not operate. Of the
System Status indicators, KEYBD and RUN are @riven'from signels used in
the Display Multiplexer circudit. ‘TAPE is generatedeby the mass storage
cjrcuitry.' MSG and I,II are generated in tﬁe Front Panei Keyboérd end
Dispiay circuit.‘ MsG indicatesithe étate of the:Message_Indicator £lip-
flop. This flip—flop is set by the~E§E control line from the Front Panel
Data circuit. Exetuting the front panel ePeration to turn on the MSG in-
dicator sets this flip~flop, turning on the indicntot. fhe indicator is
turned off by the.START control line. This resets the flip-flop When the
‘processor resunes operation after halting. - \

Tne numerical displays are contrelled by the Display Multip;exer
circuit. These displays are operated in a'nigit muitiplexed féshien,
with the digits illuminated one at a time; The ﬁispléy Bus contains the,_
b1nary value of the digit currently be1ng dlsplayed. There Are four
multiplex phase (MUX PHASE) 11nes controlllng the four. multlplexed d1g1ts.
These lines (M1, M2, M3 and_M4) each enable a digit of the display to
turn on and disniay'the_alphanumeric representation of the'value contained
on the Dlsplay Bus.. The binary value on the Display Bus is decoded to
appropriately light the display segments and represent the number With
the MUX PHASE lines enabllng the dlsplays,and the deceded.Dlsplay,Bus
value enabling.display eEgments, the numericel display pronerly repfe%
sente data. To6 blank the dlsplays, the MUX PHASE lines are overrlden
by the BLANK signal. It dlsables all numeriealldlsplays tron-turnlng on,:

causing a blank disblay.
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DISPLAY MULTIPLEXER CIRCUIf.

. The. primary purpose of the Disﬁléy Mﬁltiplexer circuit, shown'in
Figure 7, is to cqptrol Display Bus activity, thereby coﬁtfolliné numer-
'ical display illumination. In addition to'this, it’alsd iﬁitiatesipropef
froﬁt paﬁel action upoﬁ,thé fecognifibn of Valid“kEyétrokgs énd control

Switch Registér data;

When'a valid keystroke has occured, it:is;inAiéated by VALID being
true., When thié occurs, the ﬁisplay Mﬁl;iplexér circuit can'take one éf.
two possible coufses of action. If it was a nﬁmerical keystroke to élace_
data into the Sﬁitch Register, -FFLG is false ;nd‘fhé Display Multiplexer
circuit stores the four least significant bitﬁ,of the Keybdard Bus into
the Keyboard D;splgy Regisﬁet. This is a four digit serial shift rgéis—
ter which contain; the numerically keyed switcﬁ data.. It is the contents
of-fhis registef that are displayed on the numérical display When‘dis—
playing Switch Register data. The cdntents of the Ke&board Display Reg-
ister’confinually update thg Switqh Register,'coﬁtained,in the Front
Panel circuit.. Thié insures identical'daté in both‘?égigtérs at éli
times. | | |

Secondly, in a keying sequence of a FPU function, the bispléy,Mdl—
tiplexer circuit initiates proper, gctiqp to be taken by the Controi/Data
System. .In such a key_éeqqence, FELG'is true; The Display ﬁpitiplexer
circuit geﬁer;tes fhe Eﬁﬁﬂf'signgl, indicéting-bit K5 df thé Keyboard

~ Bus and BIT FLAG are the same. When VALID becomes true thé éontrol sig-
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nals to the'Coﬂtrol{Data System are . generated. Thesevcontroiisignals'afe
an 8 bit code and a.bulse on the EBKB signal line. Ihe'8 bit déde is'an
addfeéé used by the Control/Data System to,éséer;ain whicﬁ front ﬁanel
function is to be‘exeéuted. It is sent to the Control/D#ta-Sysfem via
the Micromemory Ad@réés Bus. The pulsé on the-fazﬁ,line‘in&icates that
the Micédmemérf Address Bus cont;iﬁs.v51id inférmdtion and.to initiéte
the froﬁt pénel function.

Two signals may inhibit LOAD and the 8 bit address from initiating
.Control/Data Systeﬁ éction. These are Eﬁgf and’SEQ. Eﬁg? indicates fhat
the FPU is currently éxécuting a front panel function. In this case,
LOAD is delayeé #ntil the current func;i?n is completed. SEQ is cur-
rently ﬁnused, but is provisional for'futuré e#pansiéﬁ of the,F?U.sysf
tem to inqlue& a_security syéteﬁ} Tﬁis featuré could bé used to inhibi£
certain functions unless the service switch is_close&.

Sﬁitch data is stored in the Keyboard Display Begistér; This. data
is continually“updating fhe contents of the Switch-Register; the Switqh
Bus is used tb tranéfer‘the data from Fhé Keybdard Display'Registér to
thé Swifqh Register. :The,déta’is multiplexed by digit over the bus to
the Swit;h'ﬁegister. This continuaily validétes the Switch'RegiStef
data. When the Switch Régister datg is_;ofbé élearéd:by striking thé
Clear Display key, thé Eﬁ'signa;-gléars the Kgyboard Display'Register.
The Sﬁitcﬂ Register becomes cleared aé it:is uﬁdated:with.fhe datalﬁrdm )

the Keyboard Display Register.
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In controlllng the humerlcal d1sp1ay, the D1sp1ay Mhltlplexer c1r—
cuit control the mult1plex1ng of display data onto the D1sp1ay Bus.\ The
Multiplexing Clock osc1llator (MUX CLK) and the Mhltlplex Phase signals -
(M1, M2, M3 and M4) are generated by the Dlsplay Multlplexer c1rcu1t
for data synchronlzatlon. MUX CLX changes the phase s1gnals cyclically
from MI-throhgh‘MA. All Dlsplay Bus data sohrces are controlled by these
lines. | | |

Enabling sigﬁals for the different Display Bts data sources are gen;
.erated by this cireuitry also. These fout.sigﬁal lines reflect theAfbur
display states of the front.panel. These enabliné signals are KEY,
ENABLE D, ENABLE AD'R- and BLANK. KEY indicates the displaying of sﬁitgh
data ftom.the Keyhoafd Dishlanyegister. _EﬁABLE D-causes the displaying.
of data.ffom the D kegister of the FPU.‘ ENABLE ADR acts to enable the ‘
sourcing of Display Bus- data from the Address .Register of the FPU BLANK
disables the displayr_ Of‘the.four p0551b1e dlsplay'states, the'current
state is indicated by the Display State Indicatpt._ This is acdtally a
two bit, modulo four fing counter.':Its states are advanced by a Display
Change (ﬁf)Apulse. It can be set to differeht states by certaihlopera—
tional'cqhditiens. | | |

When.displayihg Switch Register data, kEY is trﬁe.ﬁ Data from the
Keyboard Dlsplay Register is multlplexed .onto the Dlsplay Bus.' The key—
1ng of numerlcal data from the keyboard or. the clearlng of the d1sp1ay

automatlcally sets the Display State Ind1cator to the KEY state.
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ENABLE ADR éauées'data'from the Address Register of the Contfbl/Diépiay"
System to’ be multipleked onto -the Display Eus;,'It can be éutomaticélly
set to this state by the transition‘tp a'hélt sgaﬁe by the:prqcessory-
ENABLE.D causes ﬁultiplexing of data onto the Display ﬁuélfrom.the'D
Reégister during phases Ml and M2. Since oniyutwo digits needlbé dis-
played in this casé; ﬁfzﬁﬁ is true during ﬁ3 and M4, when the D Régi;;er
is displayed. The Display‘State Indicatpr is éet to thé §fzﬁf';tate
when the proceséor operation changésnfrom halt to run. Thése ére the
only operationai conditioné where tﬁe‘Display Séate Iﬁdiéatdr.is set to
a specific sfateu All other state.chaﬁges.éccur when initiated b& a DX

keystroke.

FRONT PANEL CONTROL CIRCULT

_ The ‘Front Panel Control circuit, shown in Figure 8, contfols #he"
major flow of the front panel operation.. It supplies'contrélling sig—.
nals to the Front PanellData circuit. In doing so,,i£ sigchroniées front
pénel miniprogram'aétivity fo‘prOcessor éctivipy.

Since the front panel functions are actualiy ﬁinipnogréms stored in
a memory in.the Ffonf'Paﬁél Daté circu%ﬁ;:there must be a'brbgfam counter
usgd'to correctly séquencé thrbﬁgﬁ thé routinés. The Front Panel Confrol
circuit conféins an eight bit Micromemory Aﬁdresé Registef used-for.this
purpose. When initiating a front pangl_funétion,'this fégistef_ﬁusf be_

loaded with the cortrect starting address -of the,éppropriaté miniprogram.

‘When the function is keyboard initiated, this address is the 8 bit code




ar cm
2K @) | Go

O DARS BUS CONNECTION 7
D KEY&JARD/DISR_AY UNIT BUS
COMNECT!

N LAST ENB
@X@% [> FPU BUS CONNECTION

5V

FIGURE 8: FRONT PANEL CONTROL SCHEMATIC

GE




36
generated on the'Display Mhltipleier circuitfand lbaded'from.the.Micro;
memory Address Bus. When the‘front pénei'function is processor initiated,'
the data output from the processor's'Accuﬁuistor,by the specialeutont
instruction is the address stored in the"Micromenory Address.Register.
This byte is sent via the'microcomputerfs'L Bus. The fazﬁ-signai causes
the latching of the'address fron.the Micromemory Address ﬁns'when keyL
board caused.- The control 11ne actlvated by an. OUT 2¢ﬁ processor in- :
structlon contalned in the DARS Bus causes the latchlng of the L Bus
‘contents. |

The latching of a'new.address‘into the Micromenory Address ﬁegister.
causes two functlon control fllp—flops to. be set BUSY and MASK. ;BUSY
1nd1cates the FPU 1s executlng an operatlon and 1nh1b1ts a second oper—“
ation from being started unt11 the flrst is compiete. .MASE disables
the 1nterrupt prlorlty out 51gnal (FEEBET) Th;s 1nh1bits'interrupt rei'
quests to the .processor by 1nterrupt1ng dev1ces of 1oner pr10r1ty than
the FPU. .With the settlng of these control 81gnals, Control/Data System
action islstarted.

A major function of the Front fanel Control circnityis'to.differ-
entiate‘between-processorIinstruction fetch crcles and'other instruction
chclesz During 1nstructlon fetch cycles, the FPU must furnlsh 1nstruc-
tions‘to the processor. In all other cycles, the FPU manlpulates dsta :
betneen itself end the DARS mlcrocomputer system; To do thlS the Front

Panel Control c1rcu1t uses two control 51gnals, Instructlon Enable
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(INSTENB) and Control Enable (CONTENB) INSTENBh when true, indicatesv

that the processor i$ in T3 of an 1nstruct10n fetch MEMOTY cycle.

CONTENB, on the ‘other hand, 1s‘va11d during all other non-instruction

fetch cycles. Both are'valid.only during front.oanelloperations;

If the Front Panel has 1nterrupt prlorlty (PRIN be1ng true),
sett1ng of BUSY causes the front panel Interrupt Request fllp-flop (INT)
to be set. Th;s causes an 1nterrupt request'on‘the bus. INT remains set
until the final miniprogram instruction‘of the.functionn: When the pro—
cessor responds to the interrupt with timing control sdgnal fli, the
INSTRUCTION flipéflop:of the'Front,Panei Controlrcircuit is set. - This
indicates that mlnlporgram 1nstructlons may be accessed It:aiso enables
the generatlng of Eﬁgfﬁﬁg, and the. 1ncrement1ng of the M1cromemory Ad-
dress Reglster at the beglnnlng of each subsequent T1T,

At the beginning of the second processor cycle after INSTBUCTION:is
set, the CONTROL flip—flob is set. This enables ‘CONTENB during non-
instruction fetch processor cycles. |

ﬁuriné the execution of a .front .panel operation,'the'front Panel.
Control circuit retains control of'the_processor and miniprogram execu—
tion.. Processor control is uaintained'by‘the'generation.of processor-"
interruptsf Control over the m1n1proéram is ma1nta1ned by address1ng

through the M1cromemory Address Reglster and the controlling of processor

and front panel 1nstruct10n 1nteractlon w1th INSTENB and CONTENB ' These

processes continue for the duratlon of the front panel operatlon.:
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The termination of the front pamnel operation begins.ﬁith the Last
Enable control 1ihe-(LASTEﬁB) becoming“trﬁé; LAéTENB'is génefaféd by -
_;he Front Panel DAta_ci;cdit. This sefsrthe,LAST'flip;fiop contained in
the Control ci?cuit. LAST ihdicafeé‘the following instruction is the
final.minipfogrém instruction to‘ﬁe executgdi:-LAST cleafs;iNT during
T2 of the finél iﬁétructioh.' It also resets BUSf{ INSTRUCTION, CONTROL
and tAST Flip-flops duriné T3 of the.last insffuctiqn.‘ Tﬁis terminates
the front panel oﬁeration; Since these contrqlling'flip—flops are-
clear in a processof cycle, the finai-instruction of the miniprogram
shouldibe-a singie cyéle processor instruction.

The.onlf flip-flop not gleargd by LAST.is'MAéK. Tﬁe refeﬁabling.of~
Priority Ouf (Eifaﬁf) is done'by a pgogr;mmable ciéaring of'ﬁASK réther,
than automaticlly ;enabiing it at. the cpﬁpletioﬁ 6f the FPU operation.
This is done so lower prio;itiy intefrupfs.could be locked out from
affecting theAprocésspr écfivity after qompietibn of a fromt péﬁel oper-
ation. This is useful when halting,the proceésof and not eﬁabiing otﬁer
interrupts which would Cauée it to feStart..

MASK.is cleared by the Priority Reset bﬁé signél (?ﬁgf) only after
the FPU has set its MASK CLEAR.f;ip—fldp..'This flip-flop isfget by the
Mask Clear (ﬁéfﬁ) control line form the,Froﬁt Panel Data'éircqit. ﬁhen
MASK is cleargd,_the-ﬁASK CLEAR flip—flop is also feset. ~The MASK glso
plays a determining ;ole in the'iqifia;ion of a FPU operatioﬁ by‘the'

CPU in one instance. If the CPU initiates a front panel operation with
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a starting address of zero. (the conditioual hait function), it:iS‘only.
executed if MAéK is.set.. |

| The final function of the Front Panel Control circuit is.its single
instruction capab111t§. The front panel is able to halt the processor
after only ohe instruction has been - executed The FPU 51ngle step oper—
ation causes the Slngle Step flrp—flop on the‘Control c1rcu1t to be set.‘
It is set by the Eﬁgfgff control 11ne from the Data circuit. The Tl time’
perlod of the first non-FPU generated instruction causes the initiation

of the halt operation of the front panel. When the CPU responds to the

front panel's interrupt, after one instruction has been executed, the

front panel halts theée CPU's:operation and resetslthe'siugle Step flip—‘

flop.

FRONT PANEL DATA ciI;CUIT

The Front Panel Data circuit; sﬁownjiu Fiéure'9; operates under
miniprogram control, iu;tiated and controlled by the Front Pauel Control
circuit. It contains five data storage registers;.a microcontrol memory
and a microcontrol system. Tue five data registers are.used.for:&ata :
storage by.tHe FPU. Tte microcohtroi memory-coutains the miniprograms
directing the.FPU operatious; The”microcontrol.system'directs data
interaction betweeu‘the_front'panelfdata registers and'theiDARS:micro—
computer.system as per miniprogram instructionsr

The five data storage reglsters are the Address Reglster, ﬁ Regls—

ter, Sw1tch Reglster, Save Reglster and Flag Reglster., The Address,
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D and Switch Registers have' been described-in ptevious sections."The
Save Reglster is used for single byte storage of data during FPU oper—
ations. The Flag Reglster is used for storlng the four processor flag
bits.. This is used for the Flag status-indicators and for retention of
processor‘flag status. It is possible for flag states to .change’ durlng
front panel operatlons, so .initial’ flag states are saved and can be re-
stoted when the front panel operatlon is completed.

The microeontrdl memory contains 256 bytes of Read Only Memoty. All
front panel miniprograms are stered here. One b&te of data is accessed
from the microcontrol memory each preeessdr.cycle duting an FPU onera;
tipn. This memory is organized into 8 pages ef 32 bytes each. All page
selection and b&te‘addressing is done hy‘the Micrgmenpty Address_Regis=
ter. During lnstruction feteh cycles, the byte accessediis'sent~te the
processor over the'DIBus.' It”ls a standard proeessor instrhction.
During 41l other cycles;, the byte 1s used for data manlpulatlon w1th the
m1crocontrol system, and are called m1crocontrol 1nstruct10ns.

Front panel microcontrol instructions are different from the stan—

- dard processor instructions. There are twenty different operations. that

can be done by.the microcontrol_system, and up to five'operations,na§
be encoded into one microinstruction for simultaneons'operationﬂ The
format of the microlnstfuction is shown in Figure 1¢} There are two
control fields in the microinstfuction, Control Field.l and Control

Field 2. The four bits in' Control Field 1 (A, B, C and D), define one
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- CONTROL FIELD 2

- DENB'  ADRENB LASTENB,  DMA p . c B A

| i . 1

¥ S RTINS I -

B7 B6 B5 B4 B3 B2 ‘Bl BY -

" MICROINSTRUCTION FORMAT |

' FIGURE '1¢

'pf 16 control operations. These opérations are'shpﬁn in Table 2 along .

with their bit confiéurations and functions. Control Field 2 définés

the four remaining microcontrol
priate Control Field 2 position

data manipulation capability of

operations. A bit set in the appro-
activates the respective operation. All

the Front Panel Data circuit ié:exercised

through these miquinstructions,

TABLE 2

CONTROL FIELD 1 FUNCTIONS =

, HEX
D CB A FORMAT NAME
poppe -0 Go
061 1 . Gl
Op1L@ 2 GHS
P11 3 GLS
0100 4 LREG
p1091 5 RSAV
p119 6 . RRST
111 7 FSAV
1000 .8 FRST
1001 9 NOP
1919 A' INSTP
1911 B' EXT11
119060 c' EXT12
1161 D'  EXTI3
1110 . E! -EXT14
1111 F" MCLR

FUNCTION .

Gate. binary zero onto bus

Gate binary one onto bus _
Gate high switch data onto bus
Gaté low switch data onto bus
Load -Save Register from switches
Load Save Register from bus
Restore bus data from. Save Reg. .
Save Flag status in Flag Register
Restore Flag status to bus

No operation

Instruction step

_External Line 11 (Message Lamp)
External Line 12

External Line 13

External Line 14

* Clear MASK flip-flép enable.
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Control Field '1 Instructions

" ':"The lé-operations encodéé in Controi Fiéldﬁlrére as follows: Gate:::'
@ (GP) causes a binary zero to be ﬁlaced on the D Bu;_auring T3 of the
present cyéle. Gate 1 (G1) éimilarly causes . the gating of';'binary one.
Gate High Switch Data (GHS) gates the high order eight bits of the

Switch Registef data onto the D Bus during tﬁe timgApérioé T3. Gate Low
Switch Data (GLS) similafly.gates the low orde#~eighf bits gf the Switch
Register bits béfh'onto'the D Bus and into thé Save Régisfer a£ T3. Reg;
ister Save (RSAV) causes the.contents of the D Bﬁs fo be stored into the
Save Register at the current T3. _Registef Reéfore (RRSE) feverses the
operation of,RSAV and places the contentg.ofnthe~sévé Registéf onto the .
D Bus during:TB. nFlag Save (FSAY? caﬁses thé‘fourulow‘order‘bits of the-
D Bus to be gated into the Fiag Regisger dﬁring T4, 'This mugt be-dbne
during an I/0 cycle of gn‘Input ins;rucﬁion aé tﬁis is the oﬁly time
flag values appéar ﬁﬁ the DnBus{' Flég Restore (FRST) causes ﬁhe fodr.
.bits of the Flag Register ﬁo_be gatgd onto the_iowey fouf bits.of the

L ﬁus. To restofe the flag.condition, thesé flag bits are ﬁsedutd index
a table in the top 16 location; of memofy. These:afé kOM locationé |
whicﬁ contain constants that whén_gddéd,to themselves caﬁses tﬁé flagg
to take oﬁ tﬁe'samé'state of_fhe flégs when they were sfpreq: ﬁhén‘thel
flag bits are gate& onto_the.L Bus, Fhe o;he# adﬁress bits 9n the'HjL |
Bus are in a high state, if DMA éf'Congfoi;FigldIZ is~ac¢iv;;_énd the

appropriate locations are addressed. No.Opefatiaﬁ,(NOP) péﬁsés no
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control action to be taken with Control F‘ield"'l° :The four enternal conf
troi 81gnals are used for.control s1gnals outs1de of the Front Panel
Data olrcult, EXTll is used to set’ the Message Indlcator fllp—flon on
the Front Panel Dlsplay Multiplexer c1rcu1t;J The three rema1n1ng exter~
‘ nal control—Iines'are unused" The f1na1 control 11ne in Control Fleld 1
" is the Mask Clear (MCLR) s-explalned earller, 1t'allows the MASK

flip-flop to be resét by a PRST instruction. from the processor.

Control Field 2 Instructions

Although only one Control Field 1 function'nay be active in any one'
mieroinstrnétion.exeoution;'any, all or‘none ot'the fnnetions‘of'Controi -
Field 2 may be executed in one m1cr01nstruct10n execntlon° 'DiSable'..
MemoryAddress(DMA) dlsconnects the H—L Bus from CPU control . This
hcauses a gondltlon on-the bus, where all b1ts are‘at'a hlgh 1ene1*' The
Last Enable (LASTENB) line, as explalned earller, causes the LAST flip-
-flop oh the Front Panel Control c1rcu1t to be set termlnatlng ‘the
front panel operation. The Addréss Enable'(ADRENB) funct1on causes the.:
Address Register to store the contents‘ot.thé H-L Bus during T3. The D
Enable control bit (DENB) causes a similar‘operation to oceur with the
D Bus and the D Reglster durlng T3 | |

| Appéndlx II llStS the 1nstruct10ns of the mrnlprograms controlllng
.the front panel operatlons° The processor s Accumulator 1s cons1dered
a soratch,register during most front‘panel operations. In all operations

except'Rgﬁ,_HALT, LbA:andeAfthe contents;of:the Aecnmutator'are"lostﬁi_‘




45
Howevef, HALT stores the contents of thé Accumulator in the Save Régistef
as the operation starté. RUN loads the Accumulator wifh the:céntents of
the Save Register. DA displays the éontenfs éf the Save Registér; LDA
stores the lower byte of the Switch Register in the Séve Register. With
proper use of thege operatiqns; thé-Accumﬁiétofié contenfs can be saved

during front pamel operatioms.

Disﬁlaying Déta Register Conients
The Addresé Register ;nd ﬁ,Register connect to the Disﬁlay Bus.
When these registers are enabled by either ENABLE D or ENABLE ADR, their
contents:are mﬁltiplexed onto the Disﬁ;ay Bﬁs. 'This muitiplexiﬁg is ddne
and is cgntrolled By thé>MUX PHASE cpntrdl lines. 1In this mapnéf; thé.
display can éhaw thé'coﬁtents of either ofhthéée'registéfs.'.buring
'CPU program operétioﬂ; the Address Regiétef ié'cbﬂstantly‘geiﬁé updated
by the contents of the program: counter. Front péﬁei routinés which
change thig action are LDHL, DHL, LNM and DNM. :These cause the Address
Register to contain the contenfs of the.H and L précessor registefs.
On the other hand, the D Register only contains data spécificaliy stored
there by FPU:operatiohs énd does not change with hormal CPUvactivity.:
“Although the éwitch Register is not directly displaygd, it is con-
tinﬁally updated by data from the Kéyboard pisplay Registgr through the

Switch Bus. This enables, it to be identical to thé displa&éd_?alue.
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The Front Panel Unit is a keyboard and‘display centered devigé de~
signed to be thé primary interface between,the DARS~system'and its oper-
_ator. It is the tool by Which the obgratdr‘examiﬁes ahd[or quifiés
the system operation. It also functions és-an'input medium.for oéeratér
generated data. Althougﬁ primarily used.by operator initiated actighs,
it also can be'iniFiated by the processor:of the micrbcoﬁputef systeni.

It is structured to use the.micorporcessor to accomplish £he data
manipulation tésks; It utilizes miniproérams to_coﬁtfol processor
activity and inter;cts with tﬁe processor és it‘exééufes fhesé programs
to manipuléte ér-sémple data. It is designed to éperateiini this manner
to minimize burden on the processor in diéplaying data-ahdginitiating.‘
various‘neéessary'opérations. |

The'structure of the FPU consiéts of two ﬁéjor,sysﬁeﬁs, a Ke&board[
Display System and a Control/pata System. The Keybqéfd/Display System is
used by the operator to-initiate iroht panei activity and to examine
frént panel information. The Control/Daté SyStem~does the actual front
panelfprpcessor interacﬁion. .This_sysfem confrols énd:interacts with
the processor du;ing'thé operations. It gbntéinsﬁthe data and éontro}

éapability for all front panel operations.




CHAPTER 6
 DATA -ACQUISITION SYSTEM

In data vauiSition, input data is monitored from'points external
to the DARS unit. ' These mohitoring poihts sense certain parameters of
the system for analpsis. These parameters may he temperature, force,
speed spec1f1c events, etc. It is the-fonctioo of the.transdocer to
change these quantities into electrical 51gnals. These eiectrical sig-
nals, it turn, must be converted to a digital format for the DARS CPU.
Data acquisition interfaces perform'theSe.functions.

It is Qesirable.ih data‘acquisitioh‘systems that numerous parameters
be monitored sihultaneogsly,' Also,.each oohitoring point:should be in-
diVidually accessible. In DARS theréfbre, provisions pere made to have
a separate data bus from one I/0 port to whlch all mon1tor1ng units are
tied for control, status and'data transfer purposes. ThlS is the Data-
Acqoisition System (DAé) portioh of DARS.

An ;mportant aspect when monitoring data in an athospheric environ-
ment is the protection of the system from electrostatic discharges, It
is necessary to protect the-system sovthat if the system were to-fail as
a result of high joltage, power loss; short circuit?:etc., the_remaining
network would fphction{'o

In the design of the DARS system, Was:ihcluded‘a'data bps.electri—
cally isolated from the I/O port and the proce331ng system. fhe coﬁtrol,
status and data lines of the I/O port were dupllcated in the DAS data

bus. All the transducer system (transducers-and_;nterface electronlcs)
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is separate from the controlling portion of DARS.

The bata Acquisition.system is desigsed to contafn'diffefent inter-
face modules. These médules afe connected to the DAS data bus. Each
module may be activafed separately to furnish desired data to-the I/0
porf when pdlle& sy the proeessor. ‘Each module fesponds_to'a sepafate‘
sddress. When fhe module detects its.paftieular address as 5 portion of
the data outsﬁt from the port, it is activated. . In this ﬁanner,.each
transducer interfacé is a separate.entity. Hoﬁever, cbntfol from the
DARS CPU acts on the entire DAS bus as a whoie. The Exterﬁsl Confrol
lines from the I/Q port connect in a parallel manner to each module, so
the contfol lines affect the system in its entirety; Cufrently, only
one control 1ine is useda EC4 CLR acts. as the bus enabllng 51gnal
To perform any functlon, CLR must be false, as 1t holds, when in a true

stafe, all modules in a nonfunctional or cleafedymode..

ISOLATION _‘ s:siEM

Eleefrical isolation between the I/0 ﬁsrt and the DAS.défé:bus is-
achieved by'ﬁsing deviceés known as oﬁtiéél isolators. An optical isol-
ator is a unit which uses light rather than electfical'signals to tfans-‘
mit data. It is comprised of a ligﬁt emittisg'diode (LED) and a phofo
transistor.. Light is generated~by the LED whes eurreht fioﬁsvtﬁfoﬁgh
1t, and is detected by the photo tran51stor, turnlné it on. ,Othefwise;
the tran51stor is off when the LED is not em1tt1ng 11ght. Using.the -

blnary bus data to control the LED's, @ata can be transmltted'betWeen
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' two systems.

Referring to‘the Isolation System schematic, Figure 11, data and
control.signal.linee from the I/0 port and the DAS bus drive circuitry to
turn off or.en‘the‘LED's in the eptical isolatore;. The off or on state
of the éhete'traasistora arethenlnxffered“to'drive the approﬁriate bue
or port 1ines.‘ .

‘The IsoiaEion System primarily acts as a sigdal‘buffer between the.
I/0 port and the DAS data bus; ‘However, eigﬁal delays ean occur during
signal transistions due to the relatively‘slow nature of the optical
isolators. To cdmpeneate for this, the‘two‘data ready sighals, Input
Ready (INPRDY) and Output Ready (OUTRDY), are manlpulated by the iIsola-
t10n System._ Ir delays these S1gnals in prder for-;he respectlve levels
on the data 1iaes,to stabilize. 1In thisfmanher, no erroneous daea can ’
result from tﬁe transition ef a ready line ‘before all transitions on
the data lines are completer- |

These delays are generated by.one—ehot‘pulee-generators. awhen:a‘
change of state-dn a ready.line qecdrs, it,triggers'a delay pulse. .The
trailing edge of the delay pulse-cadees the ieolated ready iine to‘ehange
state. 'When the readylline that had initrated_the state,chaage.returns
to its normal state, the‘isolated ready line immediapely fellbwe witﬁ_no
delay. - F1gure112 shows thrs sequence’ in a tlminé dlagram. Note too,

in add1t10n to the delay, there is a sense inversion on the ready llne.

INPRDY . and OUTRDY of the I/0 port are INPRDY and OUTRDY of the DAS bus. .




























































































































































































































