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The establishment of umn/machine relationships within automatic checkout systents 

i s  somewbat akin t o  the weather. Ebst engineers ta lk  about it, but not taa many 

of these same designers actually get involved, o r  do anything about it. This i s  

probably bronght about by the strange crossbreed of raquiremnts extant fo r  the 

type of engineer required t o  solve this problem. 3br a single inaividual t o  be 

qualified i n  t h i s  area requires a couibination of d ig i ta l  systems engineer, aper- 

ations engineer, pzwpamer, and psychologist, o r  what is  k n m  i n  the industry 

as human engineer (implyLng 1% afraid tha t  there sre those of us who are not 

human). Bbr an individual t o  be accomplished i n  each of these f ie lds  TJould re- 

quire oany years of trsiniag and experience. Therefore, the u s d l  approach t o  

the problem is to gather together a group of individuals, each experienced i n  

his own m a ,  aho t r y  to work together i n  order to solve the problem. Uke all 

gmupsY howevery the indivi&als ~ la ry  in the amwnt of influence they have over 

the f ina l  gmup output. The result  is tha t  the output generated is  mtighly 

equivalent to  what the stmngest member of the group is capable of, o r  i n  more 

effective cases, vhat the two strongest nedmrs are capble  of. 

Automatian is  being attempted f o r t h e  checkout and s t a t i c  fiTTng of the individ- 

ual stages of the Saturn vehicle. lu addition, it i s  being attempted fo r  the 

checkout and launch of the integzsted vehicle i t s e l f .  !Phis attenpt is  based 

part ly  on the success achieved by military missile systems presently operational 

i n  the f ie ld,  and part ly  on the success achieved by data gatherlng and parameter 

predicting systems also operational. Rapid advances i n  the s ta te  of computer 

design has also contributed t o  the appeal of automatic checkout systems. Hm- 

ever, the cwnunications problem present i n  the automatic systems now being 



&n thd ty&z6x &C1sQmd for cp~r~t- 

or thb d t  under test. Themiare, the 

cmtmls  end og>sssWr @dons wewe ain&ldrly lindtsb. 

5!he ai t-cal, 02Mtary g d ~ ~ r a l l y  consists of g0-m go inforpnr- 

t$m, and in som ca-8, a prl.rrted antput of the corrective actlm t o  be taken. 

B e  test gmca&tlmar a lms  am re~latlvely 8 5 n a p ~  -a usflally inclada 

there ogsmtiona which caul4 not b~ b p  ed sutmaticaUy. In  the design 

, tha ops~mttms swneartlas Wffcient ly  experianced to co- 

orZUmte d, in a Urge ~atimm, $ 0 1 ~ ~  the ~ / m s c h f n e  cation problem. 

Z t  is  pmababh tW axear mwmd connultaticm with plpgrsrm#zrr, digi ts1 

b e w m ,  em, stc. lbmmr, the nm3orlty of plobl~las were solv- 

able by wfcl.rance to the overall5 operational pxoblam. 

Irr anmuter m%%m~, par se, the l n g r r t / ~ t  console, m t r r  and line print- 

er repm~ent the ca~tiaga Unk. Zn most assee the lgochiaear are pmgrs~rmbd 

tation, ad. i n  many oases, by the scuas people. 

"ucasrW generally nevsr beer the machine, nor i e  he amre of the acttrel 



aperation except t o  knmr that h is  code sheets, o r  whatever the input form ia ,  

turns in to  the output required, such as  reams of l ine  pr inter  outputs, etc.  The 

e c p i p n t ,  therefore, i s  generally designed by and f o r  progrmmrs. Again cer- 

ta in  areaa ar ise  that require c o n d t a t i o n  with other disciplines, but the pri- 

mary influence i s  that  of the programer. 

The integration of high speed d ig i ta l  coaq,uters in to  checkout and hunch systems 

for  space vehicles, s l a g  with the additional mquirements generated due to the 

R&D nature of space pmgrerms, make both the go-no go and the programer-oriented 

type of comnarnication link insufFicient f o r  use i n  these systems. In order to  

understand the requirements fo r  these new systems, an understernding of the type 

of personnel involved with the operation of these systems is  necessary. 

l i ng  block in the creation of a8 effective c o ~ i c a t i o n s  link is  

met 51% %he describing of the aperst ioml personael, f o r  them is no single 

description that ell fit these Jie. &me are the engineers who are respons- 

ib le  f o r  the successf'ul conducting of the t e s t  program. S t i l l  others are  pro- 

gramers responsible fo r  the programming and operation of the clfgital caonputer 

system i t s e l f .  S t i l l  others are operational types who do not understand the 

technical aspects of the operstion, but are responsible fo r  meting required 

schedules snd specifica-tione as  par t  of the overal l  program plan. 

The problem is  further conrplicatea by the fact that  the operating personnel are 

generally experienced i n  the f i e ld  of stage checkout. In fact, for  years through 

the development of those systems we now take fo r  granted such as Thor, A t h s ,  



Redstone, etc., these same t e s t  eBgineers were the people who had t o  make had- 

ware do the job regardless of the candttion of the stage anti checkout equip~13nt 

when received at the operstiansl site. Bese peaple have a justifiable pride 

in their  abi l i ty  and contribatians to the success of these programs. 'PhQ design 

engineer, on the other hand, has developed a subsystem in m c h  he has a jnsti- 

iiable prfds. V there i s  something vrpng with that subsystem, the designer 

wants mfficient infonmtion to be able to f i r s t ly  convince -elf t h a t  it is 

his subeyskm tha t  ha8 failed, and secondly, to tell what is plPbsb4 wrong and 

xhst must be done to correct the fsalt. 

ll'o attack the pmblem of establishing a comssmications link which i s  suitable 

for  use by the msny t y p e  of operating personnel i m l m d  requires an understand- 

ing of the elements of such a link. The l ~ ~ n / ~ ~ ~ c h i n a  canmaMicatiane link contains 

fom basic elemnts. mest are : 

1. 'Fhose contmle exerted through the test pmgm.  

2. Born cartrole 6xe-d dxulng the test opezation. 

3. %bat information displa~nd to allow the operator to make decisions 

with respect to the t e s t  pmcessing. 

4. !%at informtion displayed to allow the operator to judge the 

apelatian of the checkout system and the unit under test. 

Control Emtrted Through the Test Pmgmm 

Jjefora defining the contmls exerted through the test program, it is  pmbably 

useful to dhflmz the test prpgrarm i tse l f  and indicate the steps involved in i ts 



generation. The basic computer system i s  usually a mediu-sized, relatively 

high-speed digttal computer. A typical example i s  the Control Data Corporation 

924-A, which i s  used i n  the S-IVB Checkout System. With t h i s  computer i s  a 

group of u t i l i t y  routines t o  handle such Functions as  input-output, tape 

searches, etc., and one o r  more executive routines. This executive routine 

normally interprets the t e s t  program inputs and causes the proper computer 

actions t o  execute the t e s t  program. It also monitors the processing of the 

t e s t  program and w i l l  generally take c a n  of bookkeeping, processing interrupts, 

and timing. 

The t e s t  program i t s e l f ,  then, must be a series of machine words which the 

executive m t i n e  will interpret correctly, and process according t o  the desires 

of the t e s t  engineer preparing the t e s t  program. The t e s t  program can best be 

thought of as a series of calling instructions which represent some required 

action on the part  of the computer, and as a result, on the checkout system. 

mese calling instructions lnay take m y  form. Some of these a m  forms calling 

f o r  discrete outputs, analog outputs, time delays, coprparieons, measurements and 

displays. Tfie precise list of calling instructions is  a f'unction of the compnter 

and the checkout system. 

The problem of iimn/machine c o d c a t i o n  i s  first encountered i n  the preparation 

of the t e s t  program. It is  generally accepted that the person best able t o  

define the t e s t  reqnirements fo r  a subsystem t o  be tested is the designer of 

tha t  subsystem. Therefore, the f i r s t  problem i s  t o  establish a means of allow- 

ing tha t  designer t o  express the t e s t  requirements of h i s  subsystem i n  a ntanner 



which m y  be converted into a t e s t  program which i s  usable wfth the c o p t e r -  

controlled checkout system. The R&D nature of space pmgraune pats an added 

constraint on the means of getting from designer t o  t e s t  program, i n  that  the 

time t o  create and change t e s t  programs muat be kept short t o  allow fo r  the 

development processes that  subsystem designs and subsystem t e s t  requirements 

pass through prior  t o  being; firmly established. 

A t  present the most pl9mislng appmach to the generation of t e s t  programs which 

seems t o  meet most of the requirensents of the overall program i s  the use of a 

coqi ler / t ranslater  off-line to generate t e s t  programs. 'Phis compller/trms- 

l a t e r  accepts as an input e i ther  Ehgllsh language o r  -1-wllsh larngtrage rnnd 

translates these inputs in to  the reqnired series of c U x q  instructions i n  

machine hmgtmge. Qtdte obviously, considerable gains can be made if the sub- 

system designer can express h is  test requlremats i n  Fhgllsh language and 

engineering units Kith which he i s  familiar and have a colap~ter translate these 

requirements in to  the proper t e s t  program wlthmt having t o  go through a second 

party. A by-product of t h i s  approach i s  the poaaibili ty of standardizing the 

language used by the design engineer such that  his  requlreBments can be ander- 

stood not only by the personnel of h i s  own company but a lso by those of other 

companies and organizations also working on the same overall program. 

The first method of control through the t e s t  program is  the establlehmbnt of 

the sequence of calling instructions i n  the t e s t  program. Soate fairly obvious 

examples of this is  the use of such stalmmnts as : 

Set Com~land Relay #55 



Measure Fuel Tank Pressure 

Execute Digital Bata Acquisition Subsystem Test 

Apply 5.0 t o  !klemet.ry Channel 24 Calibration Input 

In  the S-IVB program, the t e s t  requirements are generated i n  the form of f l o w  

diagrams using the types of statements indicated above. These flow diagrams 

are then transferred t o  standard computer coding sheets i n  a t e s t  language that 

has been defined fo r  the checkout system. This lam-p%ge i s  very similar t o  the 

hnguage used 5n the flow diagrams, with only d n o s  changes made t o  simplify 

the actual co~lpilation aperation. 

In  addition to the action calling instructions noted above, a second type of 

calling instruction i s  also available t o  the t e s t  engineer. These are k n m  

as control operations. These c o n s i ~ t  of such operations as "Beginw, "Halt", 

wIfn, and "Go Tbn. Begin and Halt are f a i r l y  self  explaining. The "If" state- 

ment i s  essentially a conditional jump statement. It i e  usually written i n  

the flow diagram i n  a s l ight ly different form. This fonn is: 

Is the h e 1  ffank F'ressure Greater Than 35 PSIA? 

A t  t h i s  point the flav diagram branches t o  two different paths depending upon 

the a n m r  to the question. I n  order t o  put t h i s  statement into a form more 

v t i b l e  t o  the computer opexation i t se l f ,  the statement i s  transformed into 

a conditional jump i n  the form: 

If the h e 1  Tank Pressure is Greater Thm 35 PSIA, Go To XXXX. 

XXXX represents the procedure t o  'be followed i f '  the answer to  the question i s  

yes. IPha Go !tb statement, used here as a part of the conditional jmp, can 



a lso  be used i n  the test progmm as  an unconditional jump. 

Controls Fkerted M n g  the -st Operation 

One of the m s t  d i f f icu l t  phases of the system design of an autanrstic checkout 

system i s  tha t  phase during which the g e n e d  operating concepts are conceived 

and provisions a n  made t o  implement these concepts. It i s  quite obvious that 

the checkout system must be usable by the operating personnel, o r  it i s  of 

l i t t l e  value. Hawever, as noted befon,  the operating personnel who use the 

checkout system i n  the type of Re9 grog- represented by Saturn stage check- 

out, are  of varied backgrounds and interests.  The operating concepts, then, 

mnst in  effect provide all things to all people. 'Ihe t e s t  engineer wants a 

e~rstem with which he can get t h m g h  the t e s t  s~lcceasfttlly i n  spi te  of whet- 

ever unforeseen events ndght take place. "Fhe p ~ ~ r  wants a system which 

sllaws hixu t o  checlumt and debug his  programs as efi ic ient ly as  possible. 'Phe 

operations engineer m t s  a system which he can understand, and which is simple 

enotrgh tha t  he can have a high level sf confidence i n  i t s  reliable operations. 

me  subsystem designer wants a system tha t  will implemnt h is  t e s t  requinumnts, 

and yet allow him to  modify these a s  experience &ctates. 

The resul t  of all of these requirements on the operating concepts of the check- 

out system i s ,  as  usual, a canpromise. I n  genersl, the operating system should 

be kept simple, i f  f o r  no other reason then the fact  that the computer lnust pro- 

cess the inputs from the operator and ac t  upon them. An extremely complicated 

system would put a large burdcn on the campnter i t s e l f ,  and thus reduce i t s  



capability t o  successi2llly and reliably process the t e s t  program. lbe S-NB 

operating system represents a c o q n n i s e  of d l  of the conflicting require- 

ments put on such a system. In SOE respects it i s  m r e  complicated than would 

be ideal, and some respects it i s  not as versatile as  it could be. Hmver,  

it does represent a reasonable approach t o  the problem, which, with actual 

experience in  the field,  should meet the needs of the checkout system and i t s  

operating personnel. 

IPhe operation of the S-IVB checkout system i s  controlled from a Digital Control 

Panel (See figure 1). I n  order t o  understand the operation of t h i s  panel, and 

how it exerts control over the computer system, it i s  necessary t o  go bact t o  

the t e s t  pmgraan and look a t  certain elelraents of it not previously discussed 

which allow t h i s  on-line control. There arc two such elements that are a part 

of the t e s t  program. These are the t e s t  s ta temnt nuniber and the control 

character$. 

The establishment of a t e s t  statement nwmbering schem i s ,  i n  i t s e l f ,  a com- 

plicated process. The programmers wbuld l ike the t e s t  statement nunibers t o  do 

all of the machines bookkeeping for  it, and yet, the t e s t  engineer would l ike 

these same nunibers t o  act  as  a road map t o  the t e s t  program. The t e s t  state- 

m n t  number i t s e l f  has a t  least  three f'mctions. "Phese are: 

1. To ac t  as  i d e n t i w n g  tag fo r  each t e s t  statement. 

2. To act  as a mans of identifyfng a starting point for  a particular 

operation. 

3.  To act  a s  a means of indicating t o  the aperator the current point i n  



the t e s t  program. 

The th i rd  function wi l l  be discussed i n  the next section on Information 

Displayed to  the Qpelstor. 

The second fwnction, tha t  of identifying a starting point fo r  a particular 

operation, i s  relatively straight foIvard. By inserting a t e s t  statement 

mmber from the ton tml  psnel with the kefboard s h m ,  the o p e m b r  can direct 

the computer to go to that  point in the t e s t  and start processing it f m  

there. Sum concern must be given t o  controlling the n-er of plaaes within 

a t e s t  program that the operator may s t a r t  fmm. 'Ilhis wi l l  be discussed 

shortly under the general subject of control characters. 

It i s  of considerable importance to the programmer that each t e s t  statement 

have some form of identification. Everytime an unconditional o r  conditional 

jump is processed within the t e s t  program, the location of the new statement 

must be indicated. I n  addition, the programmer must have sorns method of 

keeping the t e s t  statements i n  the right ardor and of referring to them when 

changes must be made t o  individual o r  se t s  of t e s t  statements. I n  most com- 

puting systems, a symbolic form of statement identification i s  wed. Before 

running a program using t h i s  f o w  of identification, an assenibler must be used 

t o  assign discrete computer addresses to the synibolic fonns. These asseniblers, 

which an? qnite carmsaon in the computer f ie ld,  are usually pecnllar t o  each 

machine, o r  model of machine. A similar approach hss l~drit f o r  assigning t e s t  

statemrnt wnibers. Instead of aa asscmibler assigning memory locations, however, 

the same compiler/translator W c h  plocessee the t e s t  language inputs, can also 



be wed t o  assign t e s t  s ta temat  nuaibers. I n t e n s t i n g u  enough, it tmrns out 

tha t  an asseaibler must also be used i n  order t o  associate discrete memory 

locations with the t e s t  statemt n-rs. 

I n  aaldition to the t e s t  statement i t s e l f ,  md  the m e r  assigned thereto, 

aaother character may be used as a part of the eaaplete statement a s  input to 

the compiler. This character i s  n f e m d  to as a control character. Four 

control characters have been defined i n  the S-fVB system. IPhese are: 

1. E - Hold RDint - a place i n  the t e s t  program where the system under 

t e s t  i s  i n  a quiescent state.  It i s  not expected that the system 

will stay a t  t h i s  point fo r  any extended p r i o d  of t i n e .  

2. S - Stop m i n t  - a place i n  the program which meets the requirements 

of a hold point but has the additional characteristic of being a 

place where the system may stay for  an extended period of time. 

3. E - Entry Pbint - a place i n  the *st program where a t e s t  m y  be 

entered and executed independently of any part of the t e s t  pm- 

gram existing pr ior  t o  the entry point. 

4. BI - Do Hot Intervene - a statement or sertes of statements i n  the 

t e s t  program d-ng which timing i s  sufPiciently c r i t i c a l  that  

it roald jeopradize the successArl processing of the t e s t  pm- 

gwpa i f  the computer were allowed t o  leave the t e s t  program i n  

order to do doHseceping o r  other non-related operations. 

The control characters are added to the t e s t  now diagrsln a f t e r  it has been 

completed. Usually t h i s  is aone by the programwr o r  t e s t  engineer i n  



conjact ion with the subsfrstem designer who created the original flow diagram. 

The es tab l i shent  of contml characters may, i n  some cases, cause revision to 

the flow diagram. Ibr example, the t e s t  engineer m y  wish t o  designate an 

entry point i n  the t e s t  program, but finds that the cperation i s  dependent 

w p m  sat! ea r l i e r  step i n  the pmgram. He mast then revise the flow i f  he 

i s  to  have the entry point desired. !&is my, of COUTBQ, simply involve 

turning off ma back on soma f'unction %n the system under tes t .  

m i l e  the Do Not Intervene inputs control the machtne internally, and the Entry 

B i n t  designattons allow entry t o  s t a r t  a tes t ,  m ~ s t  of the on-line operation 

makes use of the hold and stop points designated in  the t e s t  program. 

mree means of halting the computer operation are provided on the control panel. 

These are %oldn, "Stop", and "hergency Stop'' switches. The hold input causes 

the computer t o  go on t o  the next hold point and ha l t  at that  point. The stop 

input causes the computer t o  go to the next hold point and then back up t o  the 

last stop point. The emergency simp causes the computer t o  halt immediately and 

jmgi to a predefined emergency shutdotW rarttine. 

Through the use of these hptxts the operator can ei ther  halt the test  ~abmentarily 

t o  investigate some evant o r  circtms-ce pr ior  to contirming (such as a voltage 

or pressure out of tolerance), o r  halt the t e s t  and mse t  it to a s t a t i c  condition 

while mrinor repairs are made o r  detailed investigation I s  carried aat, o r  t o  get 

the uni t  u n b r  t e s t  into a safe condition and the system shut down t o  avoid what 

raight becone a serious conclition. Qnce the t e s t  i s  halted, them must be, 



obviously, a means of starting it again. !f!uo inputs a n  provided to do this .  

These are the "Wsum" and "Clear" switches. The Resame input causes the 

coquter  to  s t a r t  processing the t e s t  program fmm the point st which it has 

halted. The Clear input causes the computer t o  reset the eyatemn t o  the s ta te  

it was i n  pr ior  to the beginning of the t e s t  program, and to process the next 

t e s t  designated by the operator. 

It should be noted tha t  both the $top and Clear inputs -ly a reset m t i n e .  

It becones increasingly clear with experience tha t  a reset m t i n e  i s  not 

necessarily the t e s t  program in reverse, snd tha t  the reset routine is  a 

constantly varying thing depending  pan the status of the system and the current 

point i n  the t e s t  program. A t  present, the handling of resets i n  the S-IVP) 

system i s  considerably m r e  a w M  than i s  desirable. It i s  hoped with f'urther 

investigation and experience tha t  a clean, and hopefW1y simple method can be 

established t o  generate these routines during the t e s t  operation. 

TZle controls discussed so far represent a Qclnimtlm requirement i n  order t o  alluw 

the control of the t e s t  operation desired by the t e s t  engineer. However, the 

programers involved do not have, with only these controls, the versa t i l i ty  of 

operation necessary t o  properly and eff ic ient ly checkout t he i r  programs. The 

programer requires granae control over the node of operation of the computer 

with respect to the lrranner i n  which the t e s t  program i s  processed. 

R n n  mdes of operation can be defined within the structure of the t e s t  program. 

These are : 



1. Processing of the t e s t  program as  aa ent i ty  withmt halt unless a fault 

is encamfiered o r  the uperator intervenes. 

2. Pmcessing of the t e s t  pmgram i n  relatively large increments with 

lengthy W t s  'between inc-nts. 

3. Bmcessing of the t e s t  program in relatively short incremrsnts v i th  

shorter hal t s  between i n c r e m t s .  

4. Pracessing of the t e s t  program one tast statenent at a time. 

The first d e  requires no inple~entation, since t h i s  is the nornml mod@ o f  

operation. 'Ihe second wode i s  readily rerognizable as, i n  effect,  processing 

the t e s t  pmgran! f m n  stop point t o  stop point. Therefore, an "Enable Conditional 

Stops" switch i s  incorporated on the control p e l .  mi$ inptlt causes the cm- 

gtxter to t r ea t  each stop point as a h a l t  instruction. The "Rzsnmew w i t c h  i e  

used t o  continue on to the next stop point. 

The thin3 mode can likewise be related t o  processing the *st program from hold 

point to hold point. %enfore, an "Enable Cwditiensl Roldsm wi t ch  is  incor- 

porated on the contml pawl. This inpat w i l l  cause the compater to treat each 

hold and stop point as a halt instruction. Again the "Restme" s r l tch  causes 

the computer t o  continuo. The fourth is  not incorporated i n t o  the S-fVB 

system directly, h a t  all be discusseal later. 

Althoagh the above capabilities were iecorporated into the system printwily 

with the programmer i n  mind, it can be seen that they also represent powered 

tools t o  the t e s t  engineer during the actual test operation. !k%mmgh the use 



of these switches the aperator has the capability of sluwing down the operation 

and i n  essence going thnntgh the test step by step. This form of weration 

allows the personnel connected Kith the test t o  keep current with the t e s t  

operation and actually verify the aperation as it i s  carried oat. 

One f'urther capability seened necessary the evolution of the S-IVE operat- 

I' 
ing system. It is  assumed that none of the t e s t  programs w i l l  be perfect when 

I 
they are first used. Nor will all of the possible contingencies have been 

co~sidered and preprogrmmd. Therefore, it is  desirable t o  have the capability 

of interrupting a t e s t  program and jump to sorme other part of another program 

i i z  order to accomplish some task that should have been, but ram, not, incorporated 

i n  the original t e s t  pregm.  It is  equally desirable to be able to return to  

the original test progrsla a t  the polnt from which it was lef t .  Therefore, a 

"Store Pmgmm EW.ntw switch i s  incorporsted on the control panel. This input 

causes the computer to ston its carrent position i n  the t e s t  program and stand- 

by for  a new starting point t o  be input by the operator. All of the other con- 

t r o l  p ~ v i c m s l y  described i s  ncnr applicable to the new pmgrsa! being processed. 

By turning off this input, the computer is  caused to retarn t o  the origina;b test 

program a r t  the point whele the input was turned on. 

Although t h i s  capability m a  originally incorporated to all- the establishment 

of a linkage between two t e s t  programs, severel side benefits are also accrued. 
I Since there is  no restriction as to what t e s t  program may be jumped t o  i n  th is  
I 

m e ,  there i s  also no restriction that it necessarily be a t e s t  program per se. 

merefore, two special rowtines are presently defined which m y  also be entered 



i n  t h i s  node. One of these establishes tJrpevriter c o d c a t i o n  between the 

operator and the machine, which allows a limited on-line Isodification of the 

t e s t  sequence or the generation of short routines t o  be executed on-line. The 

second causes the computer to go into an operating mde such tha t  the t e s t  

program is  processed one t e s t  statement a t  a time dependent apon the operation I 

of the "Ellastllllen switch a s  the triggering factor. %erefore, elen though, as  

noted before, the single t e s t  statdmdnt processing mode is net incorporated an 

the control panel directly, it i s  implem~nted i n  the system through th i s  special 

capability. CTbviously, other special rantines can be written a s  required by 

future circumstances. 

Information Msplayed t o  Allow the Operator t o  M e  Decisions 

!b a large extent, the infomation presented t o  the t e s t  operator on which he 

must base on the spot decisions i s  somewhat fixed by the controls he has avail- 

able. lPor example, he must have an indication of the cause of any hslts i n  the 

t e s t  operation. Therefore, indicatorer are provided showing the existence of a 

hold, stop, or emrgency stop and whether that  ha l t  was generated by the computer 

o r  the operator. Also indicators are necessaryto acknowledge operator inputs 

such as cenditional holds o r  stops enabled and program point stored. 

Secondly, the operator mast have the 'ireneflt of the coaqruterrs preliminary 

analysis of any fau l t s  tha t  appear i n  the system. This i n i o ~ l ~ a t i o n  can be pre- 

sented on a CRT Msplay (which w i l l  bQ discussed i n  more de ta i l  i n  the next 

section), on the tgpevriter o r  l ine  printer. Regardless of when it is  displayed, 



all of the information available t o  the computer regarding the fau l t  should be 

presented t o  the operator. The operator m a t  then decide whether t o  continue 

on wlth the test ,  o r  t o  clear tha t  t e s t  and process another. To specify tha t  

a t e s t  mast be 'scrubbedn whenever a fau l t  i s  found is not reasonable, partic- 

ular ly i n  the ear ly phases of factory checkout. Tbemfore, the operator must 

h 8 ~  the cspabilt ty of testing annrnd a faalt as nmch a s  possible t o  find 

other fau l t s  befom shutting dara the aptem. Even i n  the case of "scrubbingn 

the t e s t  pmgram being pxvcessed, the aperator m e t  decide which other, if  any, 

t e s t  program lliey be processed under the circmpstsnces. 

Information Msplayed to Alluw the Operator t o  Judge the Opeza-Uon 

This type of infonuation covers that  data displayed t o  the operating personnel 

both during and aftQr the operation. A considerable amount of t i m e  can be saved 

i n  the ovarall  t e s t  aperation i f  sufficient informtion can be made available t a  

the t e s t  operators during the processing of the t e s t  such tha t  t e s t s  may be 

"bought-offn as  soon a f t e r  t he i r  completion a s  possible. It i s  highly desirsble 

tha t  the system configuration used dmdng a t e s t  not be disturbed un t i l  the t e s t  

i s  bought off. 'Phis i s  based upon the consideration that  i f  a fau l t  i s  found 

during post t e s t  analysis tha t  reqairea rerunning the test ,  it I s  desirable that 

the system not ham chsnged configtlration between the two mmings of the same 

test program. Rcnraver, it has been true fo r  maay years tha t  mre time is  c o n m d  

settlng wp and tearing down fo r  tests than is coneaand in the actual t e s t  oper- 

ation. The advent of automatic checkout lsystemta does nothing but accent that 

fact. !?%emfore, the total time required at any given s i t e  t o  accomplish a 



tes t ing prog;rambeco~s primarily a consideration of se t  tap tie f o r  the t e s t  

operations. Reducing the interval between t e s t s  by timely displays t o  the 

operating parsomel can man a significant savings i n  ti= and mney f o r  an 

o w r a l l  program. 

In addition, the operating personnel can contribute t o  the t e s t  aperation 

direct ly  i n  pmportion t o  t he i r  capability of anderstanding what i s  occurring 

d&ng the processing of the t e s t  pmgram. This capability i s  directly related 

t o  the glseoant and quality of the information presented by the autolnatic aystem. 

In the same vein, the automatic checkout system inevitably contains certain 

manual controls which allow the operating personnel t o  take over control of the 

system and put it i n  a safe condition shcmld the computer o r  automatic system 

fail .  In order t o  be able to perf'ow th i s  backup function intell igently,  the 

operating personnel muat be ware of vhst i s  taking place i n  the t e s t  program 

and w h a t  the s ta te  of the ugit under t e s t  and the checkout system i s  a t  any 

ti* i n  the t e s t  operation. 'Phis is, i n  fact, a pretty large order f o r  any a s -  

play system. 

The actual h a m  used t o  provlde the required informpstion t o  the aperating 

personnel will vary from system to system. However, it generally falls into 

four categories. These are: 

1. Standard computer peripheral equipment such as  typawriters, l ine  

printers, etc.  

2. Standard recording devices such as s t r i p  charts, event recorders, etc.  

3. Standard indicators such as  meters, l ights,  etc. 



4. Special display devices such ss CRT displays. 

We typewriter and l ine  pr inter  seem l ike logical choices fo r  displaying data 

from the computer. Hawever, each has a serious disadvantage. The typewriter 

i s  too slow t o  output any amcmnt of meaningful data i n  a short period of time, 

and i s  certainly not fas t  enough t o  keep the operating personnel abreast of 

the t ea t  program operation. The l ine  pr inter  i s  much faster,  but i s  difficult 

t o  read direct ly  daring an aperation. In addition, both of these devices 

require s considerable amormt of casrputer t h e  t o  operate. B e  typewriter i s  

a s e m  f o r  small. mounts of infomation, and the l ine  pr inter  i s  

useful f o r  post t e s t  mtpnts.  However, neither meets the requirements f o r  on- 

l ine  infonastian display. 

Standard moording delrlces such as str5p charts and event recorttem are nsef'tal 

t o  provide hard copy f o r  post test analysis and a certain amourit of on-line 

monitoring. However, these devices are best use& in para l le l  with the computer 

system. Attempts to drive these devices leads t o  considerable requirements i n  

tenas of driving h a m ,  and in  the case of malog valnes, prohibitive cm- 

puter time requtremants t o  drive the recording devices. 

Standard indicators such as metera and l ights  are usef'tal fo r  mnitorlng certain 

c r i t i c a l  fPnctions. Agsin, these devices are best used i n  p r a l l e l v i t h  the 

computer system. I n  general, the use of these devices is, i n  effect, defined 

by the establishment of those BarrtLal cont rds  necessary to backup the auto- 

= t ic  system. 



Because of the above considerations, a considerable ~ m ~ u n t  of attention has 

been given t o  the incorporation of CFtF type displays into the Saturn automatic 

checkout system. Many different types of CRT displays have been, o r  a n  being, 

evaluated fo r  the Saturn program. No effor t  xi11 be mde herein t o  describe 

any particular display system. However, certain ground rules should prevail 

f o r  any such display system incorporated as part  of an automatic checkout system. 

These ground rules are  : 

1. The display system should provide real  ti= information t o  the operator 

i n  a form that  may be readily understood without reference t o  support- 

ing documentation during the operation. This implies tha t  the display 

should have an output i n  engineering units wlth sufficient ident i f i -  

cation of parameters such that  the information i s  recognizable t o  

operating personnel familiar with the system under t e s t .  

2. The display system should have sufficient f lex ib i l i ty  t o  allow 

change8 t o  the number and ammgelaent 02' parameters displayed. 

Since one of the at t r ibutes  of an ant-tie system i s  the capability 

of m d i m n g  the t e s t  program thmugh changes t o  the software, and 

thus reduce the reaction ti= of the checkout system t o  changes i n  

the unit under tes t ,  t h i s  same short reaction t i m e  should be 

achievable with the display system. 

3. 'Phe display system should be such that it requires a nbnimun? 

amount of computer t i m e  t o  process and update the infonaation 

displayed. This implies a minimizing of the to t a l  computer 

requirements of the display system. These requirements may in- 

clude such things as  data processing, tape searches, computer 



i npu t -ou tp~ ,  etc.  

!lh generations of C B  display ay8tema presently exist. The first uses the 

CIlP as an electronic l ine  printer. Himy models of t h i s  generation system 

exis t  i n  use today. 'Phis techxtque conibinae the readability of the typevriter 

with the speed of the l i ne  printer. 

Generally, the l ine  pdnt ing CRT dieplay is used i n  conjunction with a program 

that essentially dumps a designsted portion of memory into the CIE Usplay system. 

It is  capable of presenting real t i m e  parameter values by inserting theee numbers 

in to  predesignated memry  locations adjacent t o  other locations having pammmter 

ident incat ion infonuation prestored. m i l e  t h i s  approach does, essentially, nreat 

the first two requirements for  a dieplay system (parameters are displeyed i n  engl- 

neering units and the block of memory being dumpad can be m~dif ied under program 

control), it falls woef\xlly short of meeting the third cr i ter ia .  It may be 

consemtively estimated tha t  four words of identifying data is  required fo r  

each word of mreninghl infomation (in more conrplicated systame t h i s  ra t io  nniy 

go t o  ten-to-one o r  higher), the computer llaast process, store, and output four 

o r  mom tims cur much data as would be necessary under mnem ideal conditions. 

Ime second generation of C E  dlqlaye include SORB internal memory t o  alleviate 

the computer load. Most ~ p d e l e  of this genelation a m  sti l l  in  the development 

stage, although several are now i n  probetion. This internal memory varies with 

modale f'rcm~ high spaad corn lasll~r~r to slidse o r  film etrlps. In this type of 

display the inforaa;tion is  broken down in to  two dist inct  types, s t a t i c  and 



dynamic infomation. m e  first, s t a t i c  information, i s  W e  up of parsmeter 

identffication and any other supporting information such as  limits, etc., that  

i s  meaningful. The second, dynamic infomation, i s  the actual paraareter values 

measured i n  rea l  ti= by the checkenat system. These two types of informstion 

are then mr r i ed  within the display unit, e i ther  within the memory, o r  optically, 

o r  electronically i n  the video portion of the display system. 

In those display systems using c o n  ~s~mory, the cmputer need only output the 

parameter values as  long as  the number of paremeters being displayed i n  any t e s t  

sequence das nof exceed the ~ n r o r y  capability supplied f o r  s t a t i c  inforapation. 

If the meaDry capability i s  exceeded, the cennputer must then also output that  

information as i n  the case of the CICP l ine printer. Hmver,  t h i s  s t a t i c  infor- 

mation need only be transmitted once, as  compared to the first generation 

a s p l a y  system where it =st be t r ansd t t ed  each t i m e  the pammter  values are 

-tea. 

I n  those displays where slides o r  flh st r lps  an used, the s t a t i c  data i s  con- 

tained on the film and does not require any computer time t o  generate o r  transnit .  

This technique provldes a large a r ~ ~ r m t  of internal storage a t  a very low cost and 

i n  a form conptible  with video displays. This technique has the added advantage 

that  the s t a t i c  information may be changed off l ine  without requiring d ig i ta l  

equipnent of any kind. 

In systems the size of those being devaloped f o r  stage checkout on the Saturn 

program, a single display systen seem t o  be adeqnste, although experience may 



show that two o r  even three such dlsplaye, each Independent of the other, are 

requlred. As long ss the third c r i t e r i a  i s  arst by these display system, that 

i s  tha t  the computer reqairelaents to  process the display s~rrrteaur is  k q t  t o  a 

m i n i m m ,  it also is  evident that a cmpnter of the capability caappenmrate wlth 

tha t  being asad i n  the S-IVB system can handle both the display and t e s t  pro- 

gram processing sWtanaous ly .  

However, when the launch of the integrated vehicle i e  coneidQred, o r  when future 

program involving even bigger and nore complicated rjstema are considemd, it 

becoms obrLans tha t  multiple display system a m  reqaired due to the large in- 

crease i n  the ~ l ~ ~ ~ l n t  of Information raqulrcB i n  a given t i m .  It also appear6 

that theee displays ell be of eufficient nuniber that  they mast e i ther  opezate 

essentially independently of the caarputer controlling the t e s t  aperation, o r  

that  a second computer w i l l  be reqnired t o  service the display systems. For 

the display syetcm t o  operate essentially independently of the computer will 

require yet another generation of display systems t o  be devaloped. Considering 

the cost and time inoolved i n  the development of the second generation, it i s  

more l ike ly  tha t  a second computer serrlcing a group of the presently baing 

dewloped second generation display sg t ane  ell be incorporated in these 

laqpr systems. 

The fomgolng discussion of the e s t a b l l s h n t  of a eatlsiactory m/machlna 

ralationship i n  amtomatic checkout ay8temi~ may be suu~mnl?ted quite briefly.  

It lllnst be realized that the estabU8-t of the requlmd communications 

between the operational personnel and the mchine is  om of the largest single 



tasks before the system designers of autolnatic checkout syst@ms. &lo reqnin-  

merits imposed upon the system are f a r  reaching and cannot be established too 

early i n  the system design. The definition of the process f o r  generating t e s t  

pr;yl;ramrr, the t e s t  language, the t e s t  statement ntl~lbering scheme, control 

characters, on-line controls, on-line indications, and dlsplay system affects 

every facet of the hardware and software design. The computer i s  bu i l t  in to  

the system t o  help the laan do a job. The man must be able t o  communicate with 

it and control i t s  operation. Until such time as  we a n  prepared t o  tanr the 

ent i re  operation over t o  coaputers (a situation which may or may not ever occur) 

it can be no other way. 
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