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ANFRCDUCTION

The Autonetics butlr Minuteman 111 Guidance System and subsystems
&re very pomples inercial navigstion systems. To verify that a newly
manufactured spit Funciione properly and te Isolate the cause of a "field
fallure” is & substantial task. Previously Autonetics wutliized tape
controlled test equipment to perform these functions on a single test
station basis. Thiz test eguipment péerformed the rask suffictently,
but thare were shortcomings., First, tha tests wers not completely auto—
matie and requived the operator ts observe measuring devices, Interpret
the data, perfors cerrain test seguencing, and reccrd the data, Also
when 3 malfunction gocurred, Lt was difffcult te devermine I it was

in the test equipment or in the Uanit Under Test (AT},

The ¥inuteman (M3 II1 Test Systeam was developed to replsce this
older method of testing, The purpose of the M¥ IIl Test System was to
reduce test Llme and elisinate errors cavsed by nperator techniques and
interpretations. The new test system was to provide an of fgpctive auto—
mated method of performing both fastary soceptance testing and mailntenance
testing of the ¥4 II1 Hissile Guidence System (MGS} and subsystems [Gyre
Stabillzed Piatform (GSP) and Missile Cuidance Set Contrel (MGSCY!. The
Factory Acceptance Teshing s performed in the course of squipment seil~
off at the Antonetics faeiliry in Anaheim, Califorsia, The Maintenance

Tasting is operated by the Alr Force at their depot dn Newark, Dhio.
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STSTEM oRIECTETES

sstoneties made several time snd econumbe tradeoff studles to review
the various types of cowputer controlled systems which could be implemented
for the MM 111 Test System, These studies indicated that, in addition to
the software devalopwent, & very substantial hardware development wag ve-
aquirad, This hardware development inwvolved the manufacrurieg ¢f three
undque types of interface consoles (¥GS, GSP and MGSC) comueeting the con-
rrol computer snd the warious UYT's. The stodies alse showed that in
sddirfon Lo the three types of Interface vonsoles, two support consoles

would be reguired.

The two gupport consoles sre the Se1f-Alfmnwent Teshndque (BAT) zonscle
and the Cesirel Power Console (CPCY. The BAY consele conzeine the elsstronics
nacasssxy o contrel speclal optical equipmént which is requived at the MRS
andd 687 test lavels. The PO contalns spacial measuvement squipmest and
power seppiies to suppori the test scrivities at all test levels, The manu-
Froturing and checkout of these intevface and support consoles were, in them-
selves, aw exrensive task, Since each console iz constracted from many
Pripted Cireult Poards {PCB's) {electyonic modules), the checkout and vali-
dation of the madules, themselves, had to be cvonsidered, It way decided to
fncorporate inkd the MM IIT Test System the capability of testing the PCR's,
To support the checkout of these Autonetics mannfaccured PCB's, a unique

Printed Circuit Hoard Tester (PUBT) was required to provide the necessary

intexface hetwaen the control cowputer and The vavipus to-be-tested FCB's.

rai )

SYSTEM BBIECTIVES {continued)

The concivalon of the studies was that the MM III Test System would

tnvolve some forw of time-shaving with a central cemputer controlling the

following four types of test statlonat

(L) System Level - the Missi{le Guidance System (MGS)
(2) Gyro Srahllized Platform (RSF}
(3) Missile Guidance Set Control (MESL)

(4) Printed Circuit Board Tester (PCET)

Additional studies wevre made to deternine the general requirements of

the Test Systes such 88 the number of test stations te be controllod and

the scheme Ior allocating computér rescurses,

The finalized ¥% III Yest

System, reflectring these genersl requirements, has the followiag CharacLarw

istics:

1.

& test complex whish soncurrently sestrols six test staciong.

The test gration typaes (MO8, 687, MGBC, and POBT) are wixzed.

Testing at each seavion Is Indesendent of and asynchronous to the
testing of all other test statdions.

Each statien iz insured of tiwe allecabion for real-time Funcelons.
Computer resources are equally avaflable and sharable ameong all test
stations in eperation,

& pingle copy of pach test program L5 revsined in relocatable format
on the disk.

Programs in core are shared. {One copy is tapable of servicing all
six test stations at the same rize).

Support test equipment is shaved,
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SYSTEM OBJECTIVES {continued)

The WM IYI Test System has the capsbility to verify that

(1Y  dndividusl printed cirzgels bosnds funaties properly,

{2) the variows interface comsoles {constyucred From the tested
printed oirevie Boards) function preperiy, snd

{3} the MM TII Guifance System and suhsystenms {(Aercspace Yehicls

Equipment — AVE} function properly.
CENTRAL COMPUTER

The central computar, gelectad for tha MM LY Test System, is ap 1fM
1800 Trocsssor-Controller (¥-£) and ia configurid ax foallows:

Bepox and Facrary

¥EM 1442 card resdipunch

Twa - LEM 1B81% kevboard pristers

Six ~ IBM 1033 printers

IBM 2310 digk storege unit - three drives

IBM 1627 plotter

%ally mylar tepe punch

Pgitrenls mylar cape readey

Additional Fauipmenti at Depot

IBM 1443 idine printer

Western Eientric 2010 wodem
Memoyy Size

Factory — 32K

Bepot - BAK

i s}

TEST STATION COMMUNICATIONS

The P-C and a test station commanicare throngh the wse of rhe Terminal
Boards {TB) contained in ghe THM 1B0L and the IBM 1826, The following
types of pointe on the terainral boards were selected for use in MY I1I
testing,

(1) Digiral Gotput ~ Blectroaic Contzet Operate (FCO).

{2) High-Speed Digitsl Toput Voltage (DIV},

{3} Pracess Interrupt Volvsge (FIV).

#ach test station has twe assigned ECO'¢ and two DIV's. The twe H0O’s
of & station are referred to as the Controel Instrustion {CI) and the Data
TastTuction (DI} of the statfon., The two DIVia of a station are referred
e as Double Frecision 1} (DPL) end Bouble Precision £ (DRI} of the station,
In addition, each test statfon iz assigned three PI %its and thelr asscci-
ated Provess Intevcupt Sratus Werds {PISWY.  Analegously, commnications
betwagn the support consoles (84T and CPC) and the P-C are performad by

ontilization of assigned ECO"s, DIV's, and ¥i's,
SOFTHARE DEVELOPMENT

The MM IT1 test software, which was developed, consists of & set of
programe wivich collectively insures the suecessful acceprance and malne
tensnce résting of the Guidacce Systeng and subsystems. The operating
system is the Executive program which mansges and nilocates the Peg
ragonrces in accordance with the requests of the various test stations,
the sctuel testing of the Cuidance Systems and subsystems fs performed

By the functional test pvograms (MGH, G5P, and MGSC). The fusorional
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SOFTWARE DEVELOPMENT (continued)

test programs, in conjunction with the Executive, provide the means by
which test generated data is displayed to the operator, stored on the
digk, retrieved to cutput devices, transmitted via the Communications
Adapter and/er plotted. To verify the integrity between the interface
consoles and the "unit vnder test" a group of Malfunction Iselation pro-—
grams was developed. In addition to the verification of the station
consoles (MGS, GSP, MGSC, PCBT), the Malfunction Isolation (M/I) programs
analyze the SAT and CPC consoles. The Printed Circuit Board Test pro-
gram permits the analysis of ipndividual electronic modules for errors.
The electronic wodules, which are tested, are those which are used in
the fabrication of the four test station (interface) conscles and the two

support consecles.

The Executive program is structured so that if a malfunction occurs
while a Functional Test (F/T) program is bheing executed om a specific test
station, the execution of the F/T program may be temporarily stopped by
the operatar and the appropriate M/I1 program executed on that station., If
the problem is truly caused by the interface console, then it will be
narrowed down to at most three modules. These modules would then be re-
placed in the interface console and the M/I program executed to verify
that the console has no other problems. The M/I program would then be
stopped and the F/T program would be restarted. That parrion of the F/T
program in which the malfunction was detected, would be re-executed and

functional testing would coucinue 1f the malfunction was eliminated.
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SOFTWARFE. DEVELOPMENT (continued)

The defected modules would subsequently be analyzed by the PCB test
station to determine the necessary rework, the modules would be tested

again to verify that the rework was proper.

The Executive program is designed sa that when the testing require-
ments for all test stations ir a gpecific time interval have been satis-
fied, then control of execution will be given to the Nonprocess Functions.
The Nomprocess Functions include the support software which is required
for program development and checkout in the time=sharing environment.

The Nonprocess Functions include two assemblers, disk management functions
and utility programs. The Wonprocess Functions are structured to have

winimal impact on the concurrent testing at the test statioms.

HARDWARE DEVELOPMENT

The interface conscles were designed with the constraint that the P-C
would be located a nominal 65 feet from the interface consoles. This in~
duced the first major design limitation in that signals between the P-C
and the interface consoles were limited to discretes or digital type
signals., Therefere, the interface console provided the generation of all
analog type signals required for testing of the Aerospace Vehicle Equip-
ment (AVE) and the digitizing of all AVE analog signals before the P-C
was capable of interpreting the data. In general, all of the interface
consoles provide the following:

(1) 2B VD primary power and monitering circults

(2) Coolant and power control and iInterloeck circuits



HARDWARE DEVELOPMENT (continued)

(3) Digital multimeter for measurement of AVE and interface console
signals.

(4) Test point selector for selecting any AVE or interface console
signal.

(5) Limited signal conditioning for such items as peak detection.

(6) Central switching which provides loads for the AVE, stimuli
application and interface console master reset.

(7} Process interrupts which are utilized by the interface censole
to notify the P-C of problems detrimental to the AVE, such as
loss of coolant, or the completion of items such as digital
multimeter measurements.

{8} Electrical isclation between the P-C and the interface conscles

using Input and output isclators.

In additicn to the above common items, the interface conseles provide

functions which are unique to each level of testing as described below.

MGS Interface Console

The testing of a MGS involves computer—to-computer communication be-
tween the P-C and the AVE computer of the MGS which is an Autonetics D37
computer, Since the AVE computer is a serial machine and the P-C is a
parallel machine, the MGS interface console provides serial to parallel
and parallel to serial converters for transfer of data between both com-
puters. Since the AVE computer is continuously invelved in the system

test problem and the P-C is involved with six stations the twe computers
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HARDWARE DEVELOPMENT (continued)

MGS Interface Console (continued)

operate asynchronously. Data messages are transferred between the P-C

and an AVE computer by utilization of interrupts and flags.

GSPF Interface Consele

At GSP testing, there is no AVE computer to control the testing of
the platform, thus the GSP interface conscle, in conjunction with the P-C,
must perform the normal contrel functions of the AVE computer, This is
accomplished by providing counters which measure tha curput pU£ses of
inertial instruments, such as gyros, for fixed periods of time (i.e.,
60 msec), The contents of these counters provide the P-C with position
information of the platform. The position contrel of the platform tequires
application of analog and/or binary signals. The analog signals are
generated by use of Digital-to—Analopg Converters (DAC) and the binary
signals are penerated by parallel to serial converters. The binary signals
are timed ocut by the Real-Time Interrupt which occurs every ten milli-
seconds. Therefore, the P-C can control such items as the slewing rate
of the platform or holding the platform to a given position by knowing

the change of position of the platform during any 60 millisecond period,

MGSC Interface Console

The MGSC iInterface console provides special stimuld such as modulated
signals, discrete signals for contrel of certain MGSC functions, simulated

D37 and GSF loads, and analog stimuli signals simulating inputs from the

D37 computer and the GSP,



- 10 -
- 1% =~

HARDUARE. DEVELOPMENT [uontinund)

HARDWARE DEVELOPMENT (rontinued}

Support Consoles {0P0 and SATCCY Supsorr Consglen (CPC and SATCCY {contimued)

Two support consoles are used Io coniucction whith the above interfase

The P-C controls the type of measurements to be made, the sigmal
comaoles to tesy ¥ III Guldance Systems, The twe ¢onecles, the Central
to b measured, and the smalysis of the sutpar of the Fraquency
Power Conmole {CPC) and the $elf Alignment Technique Uonirol Copgele (SATLC)
sounter data.
provide these unigue Fundtilons which were sonsideved cost affective &o .
{3} Frequeney Analyzer - a Weston frequency tesponse snalyzer is
combiag, pr have low usage and the capability could net be justified on
used to determine the frequency snd galn responses of MM III
#n individusl statien hasis.
servo losops during dynamic testing. The P-C comtrols the
The SATCC im the consule which allows the F-C to control the safque
woleage level, frequensy, serve loop to he tested, and whether
sptins utiiized for an azlmuth refecence during sestving of MM II1 gystemg,
7 8 11 ¥ the signal is appiled contiruwously or pulsed. The P~C znalyzes
The BATLD controls the wovement of optics when directed by softwars in
the results 4f those measurements to deteraine 1f the serve
the F~{ aud intprms the Pmll when the optics are driviag or have reached a
loops are operating correctly.
rescribed position. In addition, the gptics gre calibyated prige to each
presc PO ’ optic e L (&) Tining Slgnsls - the CPC provides the timing signals fer the
el Fhi t ed durl
upe by progresms stored in rhe g calibration dzta 18 ws uring progran loading of the airborme computer {D37), rhe Beal Tise

the azimuth capabilizy determination teazing of MM IIT systems,
P ¥ ng ¥ Interyupt £or the P-G, and those tining sigeais required to operate

The CPC provides these funetiows which can be tisme—shared by up o the different interface consoies.

six stations with a minfoum of ifnterface, These include the following:

TEST ¥RILOSOPHY
{1} ©Gyro Start Voltage — & power supply that provides the high gyro

start voltage required to start gyros. Each test progyam (both Fumetfonsl test and M/1) 1s divided inte a

{2} Freguegcy Cousker — a Beckmsn frequency counter which is set of test sequences which must be performed to satisfy rotsl rest rew
utilized to provide the followiag medsurements: quirements {#.g., the GSP has a Pre-Vibration Seguence and Post-Vibratlion
{a) Freguency Seynenen).  Each sequenice is further divided fmto modes. Each mode con-
(83 Periad nists of sub-tests which must be performed to aatisfy that mode, Each
) Time faterval sub-test i programmed 4t the subrousine level. Programesing at the sub—
{4} Frequemcy ratio routine level permits ome to easily wake corrections, to insorporate
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TEST PHILOSOPRY {tontinued)

diagnostics and to respond to hardware design chauges with a new or xe-

vised program,

Bach sest progran has & test program sequencey which is loaded inte
core #nd controls the sequeneing of the test accovding ro operator command
ipputs, The sequencer oyeles through vequested sub~tests or moder as
fcllown: the first sub-test or wode fs Ioaded intv core, execuved, and
then released upon successful complavion; the sedond sub-test or mode ig
lnaded into core, exacubed, and then releassd upon svecessful completion;

8l) subseguent sub-teBts By modes ave handled similarly.

The operdater actually way request the seosencer to autumativally
exscute an entive seguence, a specific mods, v & stack of efghr modeas
to be executed @8 & group. The sequencey will verily that aill faftial
requirements for each melected mode have been exmouted. If all require~
ments have net been met, then ke progeam sequencer will cause the execution
of those modes which will sartsfy these Inirial requirements and then axe—

cute the salected mode.
EXECUTIVE PROGRAM

The Executive Program is rhe operating system of aach test complex.
1t eomtrols aud allocates the cowputer Tesources and the aupport conseles
in accordance with the requests «f the different res:i stakbons., In April,
1965, Auteneticos preseated a paper on rthe Execstive Program when It was
still i the design and development phase. The following discussion Te-

fleces the finalized Execucive Program aud ffs opszational status.

14
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EXECUTIVE PROGRAM (continnad)

Yeatures of the Exacutive Program include the following:

{1} Scheduiing algorithm with both real-time and time-sharing
attributes,

(2} Pynamic memary allocatfon with a paging technigas,

(3} Twoaprocess Wunctions.

{4} Special mensage processing and data handliag,

{3} Input/Output processing.

(6) Operater communfcation.

{7) Intervept vrocessing.

(8) Ervor processing,

Schedulfng Afsorithm

The scheduling algoricim of the Test System fncludes hioth real-time
and time~sharlog attridutes. The most consivingent timeecrifical element
exists in the testing of the MM III Buidasoe System. The Goidence System
tequires a G meee servo tontrol servicing rate. Thie servicing, however,
may be performed In § msec or lass. It was detersined that an additiocnal
4 msec would be sufficlent to handie the non—timew-gritiua? functions of a
test gystew, such as Specizl Bata Handling, Operator Communicstieon, Execu-
cive Bookkeeping, etc. The Schedulasr was thus designed o operate with 10
meee intervals and ¢o sllocate time among the six test stations.

A 10 msec Real~Time Interrupt (RTI} genarated by the CPC 1s used Lo
concyol the allocatien of time in & cyciic manner among the programs of

the six statdons. The time-critical poreion of a test stacion program Is
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£ MACNITUDE OF WEVELCPED PROGRAMY AND RARDWARE MAGRITUBE OF DEVELOPED FPROGRAMS AND HARDUWARE f[continued}
) The amount of progresming maintained for the present 4 TII Test System The MM III Teat Svstem {operational since Jply, 1970} is presestly
is extemsive., The mmount of programming Ffar the MUS functional fest dnciude being used st the following locationsg:
both F~C aud 037 coding. (1} Auvtenetices Manufasturiog Faeilities - Anshelm, California
The follewing software is listed as separate complete programs. Three Six-Station Complexes for MM 111 Fuserlonal Testing.
WORD COUNT {2} Wewatk Air Foree Station (DEPOTY - Wewark, Ohio
¥M TI1 BEECUTIVE PHOGRAX 21,000
' Four $dx-8tetion Complexws for MM X1) Malfunction Isclation
MM IIT MO8 FURCTIONAL TEST PROGEAM 85,000
and Chackout.
MM I11 GSP FUNDCTIOMAL TEST PROGEAM 48,000
{3}  Awtonetics Laboratory Faeflitias = Acaheim, California
MM TIT MGSC FURCTIONAL TEST PROGRAM 20,000
{for hardware and proyras development)
M4 11T MALFUNCTION ISOLATION PROGRAM 492,000
Four Complexs#s with varfous multdstation cepubilites.
¥ Il PRINTED CIRCUIT BOARD TEST PROGRAM 6, 000
HOTE: A test complex iz configured to handle aix statioms with the software
MM ITI NONPROCESS FURCTIONS 34,000
e —— bowever, not all test complexes conbain the necessary hardware for
TOTAL 428,000 all six stations,
The Tollowlng table indicates the amount of hardware developed and CORCLUS 10N
maintained to support the #M 111 Tesi System. The utilization of an suiowsted real-time multistation test systenm for
4 68 Interface Consoies 20 agcaptance and maintenance testing of complex electromic systems has been
{including holding fixtures) highty effecrive and very well recedved. The gystem is struciusrsd sueh that
5P Interfzce Conscles 14 with minor modiffications {t may be utilized for similar vest environment
Uncluding holding fixtures) applications. The systes condd be expanded to accommodate wore Lest sterions
MUSC Interface Nonsoles 2 whore the time constralots of the UUT s permit such an expansion. The systen
PCBF Consoles 2 {goftwate and hardware) hag proven £ b highly effective In deverminiog the
SAT Uonsoles % spurce of a detecved malfonction, whether ik 1s In the unir wumder cesr or is
P Comsoles I the test equipment consoles. Also, the system has been wery successful in

” reducing the overall tes: time and the errers which are cauped By copsratar
OTAL 52

interface.



CONCLUSTON [continued)

The wtilization of & paging scheme is eitremely useful for programming
in a multintation envivonmént and elimfcates the constraint that programs
wogt be desigoed Lo exarute fromw fimed sreas., The Nonprocese Functions,
which suppore software development in the time-sharing envircmment, have
comtributed aignificaatly in reducing the time inwelvad in program develop-

want wnd checkout .
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GLOSSARY

AVE
COASS
cre
DA
Iy
ECO
¥/T
Gsp
15T
IPROT

1/0

MGEG

o754

B-g
PCET
BIBT
F1sW
PIV
RTT
BAT
554

TCB
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Aergspace Vehlele Equipmant
Central Darsd Acquisicion and Anslysis Systenm
Qeptral Power Consele

Phgtral vo Analog Converter
Digital Imput Yoltege
Electronic Contact Uperate
Functicnal Test

Gyre Stabilized Flatform
Interzupt Branch Table
Programmed Interrupt Brauch Table
Inputffutput

Missile Guidance System
Misgile Guidance 5S¢t Controel
Halfunetion Isolatfon
Kinutemsn

Bon~Time~Lritical
Procesuor—Contraller

Frinted Clreatt Bosrd Tester
¥roevess Interrupt Branch Table
Process Interzupt Status Word
Process Interyupt Polrage
Real Tiwe Interrupt
Seif-Aligument Technique
Staticn Save Area

Task Control Block

Unir tUnder Test



