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1 .  SUMMARY 

This  r e p o r t  d e s c r i b e s  a gene ra l  Apollo F l igh t  Software Val idat ion 

P l a n  which STL r e c o m m e n d s  f o r  adoption b y  MSC.  A s e r i e s  of f l o w  

d i a g r a m s  descr ib ing  the detai led s t e p s  t o  be followed f o r  val idat ing the 

fl ight sof tware  f r o m  the m i s s i o n  planning phase  through the post  f l ight 

ana lys i s  phase  is p re sen ted  f o r  a r ep resen ta t ive  ope ra t iona l  ApoIlo 

mission.  

planned Apollo m i s s i o n  schedule .  Solutions to the val idat ion problem 

p resen ted  by s imul taneous  p r i m a r y  m i s s i o n s  and contingency flight 

planning a r e  d i scussed .  The  recornmended documen t s  and s imula t ion  

p r o g r a m s  a s soc ia t ed  with f l ight  sof tware p r e p a r a t i o n ,  t e s t ing ,  cont ro l  

and approval  a r e  desc r ibed .  

tes t ing techniques and the target ing p r o c e s s  a r e  p re sen ted  as an  aid to  

MSC in the val idat ion p r o c e s s .  

The  sof tware  val idat ion r e q u i r e m e n t s  a r e  c o r  r e l a t ed  w i t h  t h e  

Essen t i a l  f e a t u r e s  of s e l e c t e d  so f tware  

When the fl ight so f tware  validation plan is appl ied  to  the overa l l  

Apollo p r o g r a m ,  c e r t a i n  conclusions should be emphas ized .  They a r e :  

Some form of sof tware  s 'andardizat ion is e s s e n t i a l  to 
the s u c c e s s  of the Apollo sof tware  deve lopment  and  
validation. 

This  s tandard iza t ion  can only be achieved with eaz ly  
efforts to defirie and  develop complete  Apollo o p e r -  
ational f l ight  sof tware .  

High confidence i n  flight proven  sof tware  r e q u i r e <  
effective software control through f r equen t  and  m e a n -  
ingful des ign  rev iews .  

The Apollo p r o g r a m  plan r e q u i r e s  suff ic ient  sof tware  
deve lopment  and  validation r e s o u r c e s  to s u s t a i n  at 
least t h r e e  s imul taneous  fl ight p r e p r a t i o n  p r o g r a m s .  

Cons idera t ion  should be given to redef ining the r \ i l r  
of the l a r g e  hybr id  physical /digi ta l  s imu la t ion  p r o  - 
g r a m s  with r e s p e c t  t o  sof tware validation. 

Independent qual i f icat ion tes t ing and ta rge t ing  v e r i -  
f icat ion is r ecommended  for  each  ilight. 

A formal ta rge t ing  and  ver i f icat ion p rocedure  should 
be developed to  coniidently suppor t  the s h o r t  t u r n  
a round t i m e  inhe ren t  i n  the Ago110 h l a s t e r  T e s t  Plan.  
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2. INTRO DU CTION 

T h e  purpose  of th i s  r e p o r t  i s  to p r e s e n t  a g e n e r a l  Apollo F l igh t  

Software Validation P l a n  which is r e c o m m e n d e d  f o r  appl icat ion t o  Apollo 

m i s s i o n  prepara t ion  e f fo r t s ,  This i s  the third and f i n a l  r e p o r t  r e su i t i ng  

f r o m  a t h r e e  month study by T R W  Space  Technology L a b o r a t o r i e s  (STL) 

p r e p a r e d  f o r  MSC under  Task 4, ASSAP, Cont rac t  NAS 92938. The  f i r s t  

r e p o r t ,  Re fe rence  1 ,  d e s c r i b e d  a g e n e r a l  s o f t y a r e  val idat ion phi losophy 

compi led  f r o m  STL's  ex tens ive  expe r i ence  with weapon s y s t e m  a n d  space  

s y s t e m  sof tware  development  and ta rge t ing .  

s t r a i n e d  to re f lec t  the c u r r e n t  Apollo p r o g r a m  r e s o u r c e s ,  s imu la t ion  

tools or  development  p lans .  The second  r e p o r t ,  Reference  2 ,  r e c o m -  

mended a specif ic  sof tware  val idat ion plan for  implementat ion i n  F l igh t  

202  which has  a l r eady  been  i n  p repa ra t ion  f o r  s e v e r a l  months .  

F l igh t  2 0 2  plan adapted much of the ex is t ing  Apollo sof tware  va l ida t ion  

tools and documentat ion t o  min imize  the impact  cf the r e c o m m e n d e d  plan 

on the f l ight  p repa ra t ion  sched\;le and r e s o u r c e s ,  yet  p rovides  a basis f o r  

thorough cont ro l  and rev iew of the f l ight  sof tware .  

would form the f i rs t  s t e p  to  a m o r e  encompass ing  p rocedure  to  be devel-  

oped a s  the missions and sof tware  become  m o r e  extensive.  

p lan  desc r ibed  i n  th i s  r e p o r t  builds on  the  Fl ight  202 plan and r e c o m m e n d s  

a philosophy of so f tware  "module" s tandard iza t ion .  Csing this  plan,  

so f tware  "modules" a r e  evolved f r o m  flight to fl ight,  leading to  the 

opera t iona l  mi s s ion ,  and taking advantage of the prev ious  fl ight s o i t w a r e  

va l ida t ion  effor ts  w h e r e v e r  possible .  

This  r e p o r t  w a s  not con-  

The  

When implemen ted  it 

The  g e n e r a l  
- 

T h e  object of th i s  plan i s  to provide  MSC with the m e a n s  to  m m i t o r ,  

coord ina te  and cont ro l  the Apollo f l ight  sof tware .  This  is  done p r i m a r i l y  

by a s e r i e s  of sof tware  des ign  rev iewsin  which specif ic  sof tware  spec i f i -  

cations, t e s t  plans,  t e s t  r e s u l t s  and desc r ip t ion  documents  a r e  r e q u i r e d  

to h e l p  MSC i n s u r e  that  the  fl ight wor th iness  of the sof tware  h a s  been  

adequate ly  .demonstrated.  The  respons ib i l i ty  f o r  the development  and 

c o r r e c t n e s s  of the f l ight  so f tware  l i e s  with the MIT  Ins t rumenta t ion  

L a b o r a t o r y  (MIT), but the ver i f ica t ion  e f fo r t s  a r e  s h a r e d  between v a r i o u s  

par t ic ipa t ing  agencies  such  a s  MIT ,  MSC, NAA/S&ID, GAEC and Raytheon. 

This plan provides  fo r  the coordinat ion of these  e f fo r t s  in a p r a c t i c a l  

manner. 
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This g e n e r a l  val idat ion plan c o v e r s  the ini t ia l  m i s s i o n  planning 

e f f o r t s  which l e a d  t o  specif icat ions on the f l i gh t  so f tware ,  the develop- 

men t ,  p r o g r a m m i n g ,  and tes t ing of the f l ight  equat ions and log ic ,  the 

target ing of the f l ight  cons t an t s ,  the f ab r i ca t ion  of the m e m o r i e s  f o r  the 

Apollo Guidance Computer  (AGC) and the L E M  Guidance Compute r  (LGC) ,  

the par t ic ipa t ion  of the sof tware  in the ground checkout p r o c e s s ,  the 

in-flight ver i f ica t ion  function and the pos t  f l ight  ana lys i s  effor t .  

v i s ion  is m a d e  i n  the plan f o r  contingency f l ight  plans a n d  so f tware  

change p rocedures .  

ropes, the fl ight port ion of the hybrid ropes  of the AGC a n d  LGC,  and  

the t e m p o r a r y  m e m o r y  in which port ions of the fl ight p r o g r a m  a r e  

s tored .  

of this task and  the spa rc i ty  of the available documentat ion o n  t h e s e  

subjec ts .  S i m i l a r  (but not n e c e s s a r i l y  ident ica l )  val idat ion e f fo r t s  would 

apply to  the t e s t  r o p e s ,  the LEXf a b o r t  cormpLter r r~en’o r ) ,  the redl t i m e  

ground p r o g r a m ,  and the Apol l i ,  sLppor:  equiprr i t tnt  ( A C E )  corllputer p rogran l s .  

It is a s s u m e d  that the overa l l  m i s s i o n  planning d e s c r i b e d  in  R e f e r -  

P r o -  

Th i s  plan Is l imi ted  to the contents  of the f l ight  

This  l imi ta t ion  h a s  been  n e c e s s a r y  because  of the l imi t ed  scope  

ence 3 i s  the  c u r r e n t  b e s t  e s t ima te  oi the Apollo fl ight t e s t  schedule .  

is a l s o  a s s u m e d  tha t  sufficient r e s o u r c e s  will be ava i lab le  among the 

par t ic ipat ing agenc ie s  to  not only p r e p a r e  and val idate  the sof tware  on 

a fl ight by f l ight  b a s i s ,  but also to  s imul taneous ly  ant ic ipate  the needs  

of l a t e r  m i s s i o n s  so as to p e r m i t  e a r l y  s t anda rd iza t ion  of sof tware  

subp rog rams wh e r e v e  r po s s i bl e. 

I t  

This plan is desc r ibed  in six m a i n  sec t ions .  The  cons idera t ions  

of time phasing the sof tware  prepara t ion  e f fo r t s  with Apollo f l ight  

schedules  is desc r ibed  f i r s t .  

d u r e  is desc r ibed  in the f o r m  of f low d i a g r a m s  which should be p e r f o r m e d  

for e v e r y  f l ight  but can  be accompl ished  in p a r t  during preceding flIghts.  

A l is t  of the p r i m a r y  documentation r e c o m m e n d e d  f o r  the adequate  

development ,  coordinat ion,  testing and cont ro l  of the sof tware  i s  provided.  

This is often looked upon as  unnecessa ry  work ,  but has  been shown by 

expe r i ence  to be an  e s s e n t i a l  pa r t  of any so f tware  val idat ion e f fo r t .  A 

br ie f  s u m m a r y  of t h e  b a s i c  s imula t ions  and p r o g r a m s  r ecommended  f o r  

Then a typical  comple t e  val idat ion p roce -  

b 

1 the sof tware  p r e p a r a t i o n  and testing e f fo r t  i s  included. 

programs would not no rma l ly  be  r equ i r ed ,  but because  they ex i s t ,  they 

Some of the 

1 
I 
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c a n  be of s o m e  va lue  i n  inc reas ing  the confidence in  the f l igh t  so f tware .  

Selected sof tware  t e s t  t echniques ,  in  p a r t i c u l a r  the  equat ion  t e s t ,  the  

p r o g r a m  checkout  and  the qualification t e s t ,  a r e  d i s c u s s e d  to ampl i fy  the 

purpyse and conten ts  of t h e s e  t e s t s .  F ina l ly  the t a rge t ing  and target ing 

- - - - . c ; - - + : - -  v ~ ; I L I L . a c L v I A  L A L V A  : ." ~ ; ~ ~ , , ~ ~ ~ a  U.ULYIIIY. This p r o c e s s  t a k e s  on s p e c i a l  s ignif i -  

cance when re la t ive ly  l a r g e  d i f fe rences  ex i s t  be tween f requent ly  occur r ing  

fl ights requi r ing  a r a p i d  r e sponse  t ime .  

The only p a r t  of th i s  r e p o r t  which i s  c l a s s i f i ed  Confident ia l  is the  
With the  r e m o v a l  of pages  flight schedule  r e f e r e n c e s  to ca lendar  da t e s .  

3 - 2  and 3 - 4  this  r e p o r t  .,+odd btlcori-ie cnc la s s i r l ed .  
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3. T I M E  PHASING OF S O F T W A R E  P R E P A R A T I O N  

Th i s  sect ion conta ins  the  t ime phasing schedule  a s s o c i a t e d  with the 

p repa ra t ion  of sof tware f o r  fu ture  Apollo f l ights .  

-development of sof tware fo r  s e v e r a l  f l ights  ;it one t ime  i s  a p r o b l e m  con-  

f ronted  e a r i y  i n  the Apoiio Fiigiii D t : ~ e i ~ p ~ i i ~ ~ ~ t  Ti-ugi-ai-L-i. Sus:i efforts 5s 

p r e p a r i n g  o r  recoding XGC/LGC p r o g r a m s ,  equations and s i r :  .ll;itions 

should be coordinated and the r e s u l t s  of e a c h  flight s h o u l d  be ustlci  i n  p r e -  

par ing  for  a subsequent one.  

p e r m i t  th i s  coordinat ion.  

period r equ i r ed  f o r  so f tware  p repa ra t ion  on each Xpollo mission and the  

so f tware  p repa ra t ion  p r o b l e m s  indicated by contingency ar,d s i m u l t i n e o u s  

m i s s i o n s .  The t ime per iod  of soitwbare p repa ra t ion  L a r  each  rriission was 

chosen  such  that  the t a s k s  as  d e s c r i b e  in  Section 4 can  be c a r r i e d  out in  

a n  eff ic ient  manner .  

The s imul t aneous  

T h e  t ime  phasing schedule  i s  des;gned tc  

The scl-.edule i s  intended to s h o w  tke t i r . e  

f l ’  

3 . 1  FLIGHT PROGRAhl DEVELOPklENT SCHEDULE 

The overa l l  sof tware  p repa ra t ion  and validation schedule  f o r  the 

Apollo F l igh t  Development  P r o g r a m  is  shoun  in F i g u r e  3- 1 .  

The flight plan t aken  f r o m  the  Apollo Spacecraf t  Mas te r  T e s t  P l an ,  

Re fe rence  3, w a s  used  as the  ba2 i s  fo r  th i s  schedule .  The schedule  i s  

composed  of tv. 2 p a r t s .  The f i r s t  i s  a nominal p r o g r a m  and i s  defined 

as the most opt imis t ic  p r o g r a m  cons ide red  feas ib le  u i t h  the m i n i m u m  

n u m b e r  of fl ights.  

poss ib i l i ty  of f a i l u r e s  i n  the p r i m a r y  m i s s i o n s ,  repe.i ted f l ights  and o the r  

cont ingencies  a r e  a l s o  shown. 

the  sof tware  p repa ra t ion  e i f o r t  mere der ived f r o m  the r e p r e s e n t a t i v e  

so f tware  development  schedule  a s  desc r ibed  a t  the end of th i s  sec t ion .  

The second p a r t  ind ica tes  the t ime pe r iods  fo r  the undefined 200 and 500 

series f l ights ,  beginning with miss ions  209 .ind 5(35 r e spec t ive ly .  

s t anda rd  per iod  of 13 1 / 2  months i s  showm f o r  each  flight because  of the 

l a c k  of information defining the  mis s ion  objec t ives .  T h e r e f o r e ,  this  

p a r t  of the schedule  is  not r ea l i s t i c  s ince  the contingency r e l a t ionsh lps  

between each  of these  f l ights  and  those  of the nominal p r o g r a m  a r e  not 

av,\ilable at this  t ime.  
e x t r n t  of the r e s o u r c e s  requi red .  

The a l t e r n a t e  m i s s i o n s  n e c e s s a r y  to  plan  f o r  the 

The t ime  zones ass igned  to  each  phase  of 

A 

The r e a l  value of this schedule  i s  to ind ica te  the 



0 

. I  t-- 
I I ,  
I 1 -  
1 L..* 

1, I 

t 
4 -  

t 

j I  
i 

t 
I '  

I ,  

f 
y 4 

c 

1 1  
-1 r 

J 



37 30- 6003-RC000 

P a g e  3 - 3  

prepa ra t ion  phase  when a l l  200 and 500 ser ies  m i s s i o n s  a r e  flown. 

is shown i n  F i g u r e  3 -1  

Th i s  

From F i g u r e  3- 1,  the total number  of f l ights  involved a t  the s a m e  

time fo r  each  p h a s e  of sof tware  p r e p a r a t i o n  i s  plotted in  F i g u r e  3 - 2 .  

The d a r k  shaded b locks  indicate the loading expected when only the 

deiined i i ights  a re  cons ide red .  

t ional effort r equ i r ed  because  of the undefined m i s s i o n s .  

the nominal  p r e p a r a t i o n  p r o g r a m  h a s  a peak .  

g r e s s e s ,  the peak  sh i f t s  to  the right.  

contingericy and r epea ted  fl ights o c c u r r i n g  within a few months of each  

other .  

additional f l ights the l igh t  colored a reas  will shif t  to  the lef t ,  r a i s ing  the 

peak va lues  and poss ib ly  expanding the peak  to  c o v e r  a longer  t i m e  

per iod.  

be d i scussed  br ief ly .  

-. 
1 he i ight  co io red  a r e a s  a r e  the addi -  

Each  phase  i n  

A s  the  sof tware  e f for t  p r o -  

The  peaking i s  the r e s u l t  of 

If a dec is ion  i s  made  to a c c e l e r a t e  the p r o g r a m  and to include 

The impl ica t ions  on  the r e s o u r c e s  r e q u i r e d  for each  phase  will 

3. 1. 1 Requ i remen t s  Definition Ph5se  

The  e f fo r t  r e q u i r e d  for  this phase can  be  min imized  by  the s t andard i -  

zat ion of so f tware  r equ i r emen t s .  The gap  in e a r l y  1966 is caused  b y  the 

separa t ion  between the planning s t a g e s  f o r  m i s s i o n s  206, 503  and 504. 

It can be ut i l ized by s t a r t i n g  effor t  on  f l ights  503 and 504 e a r l i e r  t han  

shown o n  F i g u r e  3-1 espec ia l ly  when the s t a t u s  of t h e  undefined fl ights a r e  

defined. 

3. 1.2 Equation Modification P!:ase 

The amount  of work  n e c e s s a r y  is a funct ion of the l eve l  of fl ight 

It will be  n e c e s s a r y  to keep  the f u l l y  o p e r a -  equation standardizat ion.  

t ional sof tware  i n  mind  while prepar ing  f o r  the e a r l y  fl ights.  

taneous e f fo r t  e a r l y  in  the p rogram will r e s u l t  in  both reduced  e f f o r t  

later and m o r e  confidence in  the sof tware .  

f ined m i s s i o n s  wlll  a s s i s t  in efficient u se  of the m i n i m u m  e f f o r t  t ime  

per iod  i n  e a r l y  1966. 

A s i m u l -  

E a r l y  def ini t ion of the unde-  
1 

3 . 1 . 3  P r o g r a m m i n g  and Checkout Phase  

The  broad  peak of four  fl ights i n  th i s  phase  a t  the same t ime 

r e q u i r e s  a high l eve l  of manpower.  

re .sogrces  a t  h4IT and the standardizat ien obtained with the AGC/LGC 

fl ight p r o g r a m s .  

Scheduling wil l  be a iunction of the 

I t  is impor tan t  to note tha t  the load  on the compute r  

I '  
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f ac i l i t i e s  wi l l  be  the s u m  of the u s e  load r equ i r ed  !or both the p r o g r a m -  

ming and equation modif icat ion phases .  

3. 1 . 4  Targe t ing  and Verification P h a s e  
J 

The o c c u r r e n c e  of s i m d t a n e u u s  t k r g e t i n g  0 1  thohe i l ights  a t  the 

sar*,t: t i rne  -wiiI ne:c-ssiia:2 50ii;c :'?p" ;; ~ ~ ~ : i - & ; i ~ ~ i ~ ' ~ : i <  p r c g i & i i i  t" 

a ccompl i sh  the target ing.  

not lend i t s e l f  to t r i a l  arid e r r o r  Largetin& m e t h o d s .  

The i rcquency  01 t h e  target ing e i i o r t  t i ; t . >  

3. 1. 5 Qual i f icat ion Test ing Phase  

F u l l  t ime use of computer  fac i l i t i es  \vi11 be r e q u i r e d  d.: :- ;ni:  '.!:c, 

peak months .  

u sage  i n  pa r t i cu la r  if a r e a l  t ime l u n a r  m i s s i o n  s imula t ion  i s  planried.  

3. 1 . 6  

Computer  t ime can be expected to  run in to  aitI.ia1 d a ; s  o i  

Rope Memory  Fabr ica t ion  P h a s e  - 
Ropes  f o r  t h r e e  fl ights ui!! be  in  fabr ica t ion  ;it the s a m e  t i m e .  

Raytheon manufactur ing shoxid plan fo r  th i s  by  p r o \  idir ,S adeq?;ate eqt:lp- 
m e n t  for simu1ta;;eous wir ing of compute r  ropes.  

3. 1 .  7 Ground Tes t ing  P h a s e  

A s  many as five fl ights could be  i n  t he  ground tes t  phase d u r i n g  

the month of October 1966. 

of a s s e m b l y ,  in tegra t ion  and checkout fac i l i t i es  requi red .  

This  p l aces  r e q u i r e m e n t s  on the a m o u n t  

3. 1. 8 Des ien  Review Board  

The  MSC Software Design Review Board  i s  the pr incipal  review 

If should cons is t  of approx-  body i n  the  sof tware  validation p r o c e s s .  

i m a t e l y  six m e m b e r s  and a cha i rmen .  

should be knowledgeable i n  some  a s p e c t  of guidance sof tware and not 

d i r e c t l y  r e l a t e d  to  the so f tware  development .  

The personnel  on  the bodrd 

In the nominal  flight t e s t  p r o g r a m  i t  is poss ib le  to have ten 

d i f f e r e n t  validation p r o c e s s e s  occur r ing  a t  the s a m e  t ime  with t h r e e  

m e e t i n g s  a month fo r  s e v e r a l  months.  

are  included th i s  number  csin become a t  l e a s t  four pe r  month. 

would e s t ab l i sh  the board  m e m b e r s h i p  a s  a full  t ime  job. 

b o a r d  m e m b e r  wi l l  be a responsible  individual wlth other  admin i s t r a t ive  

func t ions ,  full  t ime  e f fo r t  on design rev iew i s  not des i r ab le .  

If the pos t  207 and 504 fl ights 

T h i s  

Since the 
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It is r e c o m m e n d e d  tha t  two pe r sonne l  pools be  es tab l i shed .  The 

f i r s t  will be  a b o a r d  c h a i r m a n s h i p  pool cons is t ing  of t h r e e  to  four  people.  

Approximately e ighteen  o the r  individuals will b e  a s s igned  to  the second 

or  a s s o c i a t e  m e m b e r  pool. 

f r o m  these  pools  who will be on d c t y  ior  i c e r t a i n  pe r iod  of t ime.  

per iod  will depend on the fl ight being rev ie i ied  a t  the t ime .  

c a n  r a t a t e  bet\.\een f l igk ts  having major d i f f e rences  in  object ives  ~ A C : C L  

affect  the s o f t u a r e .  

common  boa rd  t o  niLiir,tain continuity. i t  i s  e s s e n t i a l  that  a l l  docur::e::- 

ta t ion and b o a r d  minLtes  be  d is t r ibu ted  to the r ema in ing  pool n-,en;bers 

who a re  ac t ing  as  altern<Ltes when not a t tending a sof tware  validdtion 

meet ing.  

should not occur .  T h i s  i s  because t h e  b o a r d c h a i r m a n  i s  usuall) ,  a m o r e  

sen io r  individual who  will Le respons ib le  :a hfSC to e n s u r e  tkat the i l l g : l t  

so f tware  h a s  pe r fo rn ied  i t s  functions on the Apollo Iniss ions.  

The boa rd  mee t ings  will be staffed by people 

Tl.e 

hLlembers.'.ip 

Related flights such a s  501 and 5C2 should have  a 

C h a i r m e n  can  a c t  a s  an  a s s o c i a t e  m e m b e r  but the r e v e r s e  c a s e  

3.2 RELATIONSHIP OF FLIGHT TEST P L A N S  TO SOFTWARE 

F i g u r e  3 - 3  i s  a d i a g r a m  indicating the expansion of sof tware 

capabi l i ty  from fl ight  to fl ight.  Only the defined p r o g r a m  flights a r e  

cons idered .  As t he  i'ipollo p r o g r a m  p r o g r e s s e s ,  additiorx! r equ i r emen t s  

a re  placed on the  sof tware,  but much of the capabi l i ty  n e c e s s a r y  for 

earlier f l ights  c a n  be u s e d  continuously.  

should be sys t ema t i ca l ly  expanded and de\relo?ed to s appor t  a fu l ly  

opera t iona l ,  i. e , ,  a l u n a r  landing mis s ion .  F i g u r e  3 - 3  l i s t s  the fl ight 

equat ion and AGC/LGC p r o g r a m  subrou t ines  deduced f r o m  avai lable  

documentation. 

o r  combined in to  s u b - p r o g r a m  a s s e m b l i e s .  

tha t  by u s e  of s t a n d a r d  p r o g r a m s  and  subroa t ines  the e f fo r t  of develo2ir.g 

so f tware  f o r  e a c h  fl ight c d n  b e  niinit-xiized. 

fo rma t ion  subrou t ines  of the In-Fl ight  Alignment  p r o g r a m  r e q u i r e  l i t t le  

modif icat ion after being fo rma l i zed .  

206B, 501, 503 and  504 r e p r e s e n t  a subs tan t ia l  change i n  miss ion  

objec t ives  and  t h e r e f o r e  r e q u i r e  a major updating of the sof tware.  

T h e  s o f t u a r e  for Flight 202  

T h i s  terminology m a y  change a s  the rout ines  a r e  niodiiied 

It is of impor tance  to note 

For  exar-~ipie, ax i s  t r a n s -  

It c a n  be  s e e n  that  f l ights 204-4, 

The effort to in i t ia l ize  Block I1 equat ions  and p rogramming  is 

shown s t a r t i ng  with F l igh t  206B as suming  tha t  a Block 11 ZShiiLEM 
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Fl igh t  Equa t ions  ar.d XGC/ LGC 
P r o g r a m s  

P r e  lailnch A l ignnient  

B o o s t e r  Moni tor  

C o a s t  

Pre-  T h r u s t i n g  

T h r u s t i n g  

M i s s i o n  C o n t r o l  (L 'p l tnk )  

C o m p u t e r  h loni tor  

A b o r t  b lodes  

M i s s i o n  Sequencer I n t e r  face 

Rendezvous 

T h r u s t  Vec to r  C3n t ro l  

At t i tude  Con t ro l  

L E M  Landing  

Mid c ou r s e Guidance 

E n t r y  

O r b i t a l  and  Midcourse  

~- - - - 

Naviga t ion  

inF  11 ght A 11 gnmen t  
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is ava i l ab le .  

F l igh t  207. 

In g e n e r a l  e a r t h  orb i ta l  mi s s ions  will not r e q u i r e  launckL t i m e  

dependent  cons t an t s  and would not r e q u i r e  r e t a rge t ing  unless  the m i s s i o n  

prof i le  changes ,  the vehicle and equipment  models  change,  or the soft.- 

w a r e  changes  a s  indicated by previous  pos t  l l ight r e s u l t s .  Retarge t ing  

will a lways  be n e c e s s a r y  for  lunar  m i s s i o n s  because  of the chcing:cg 

ear th-moon geomet ry ,  even  if the n i i s s ion  is  ident ical  to a prev ious  0r.e 

i n  e v e r y  o the r  way. In these  c a s e s ,  only the ta rge t ing  ver i f icat ion need 

b e  p e r f o r m e d  and the rope  module containing the new cons tan ts  f a b r i -  

ca t ed  and  checked  out. 

If t h i s  is not the c a s e ,  such  e f fo r t  will begin with 

Each  m i s s i o n  w i l l  be  d i scussed  br ie f ly  to identify the flight soft- 

w a r e  impl ica t ions .  

3. 2.  1 Miss ion  204A 

This is the f i r s t  manned orb i ta l  f l ight  and i s  fur ther  dis t inguished 

from flight 202 in tha t  a docking maneuver  and significant plane change 

m a n e u v e r s  are  planned. 

w a r e  in the  Astronaut /DSKY/display a r e a ,  a s  well a s  the rendezvous 

and docking rout ines .  

equat ions  will r e q u i r e  additional t e s t ing  i f  not modification. 

mission p r o c e d u r e s  wi l l  a l s o  be appl ied  f o r  the f i r s t  t ime.  

much  of the pref l ight ,  boost  moni tor ,  o rb i t a l  t h r u s t  control ,  navigation, 

navigat ional  update ,  and r e - e n t r y  log ic  developed for  Flight 202 can 

probably  be used  f o r  th i s  miss ion .  

Th i s  r e q u i r e s  addi t ions to  the Fl ight  202  so f t -  

The  extended appl ica t ion  of t h e  navigation 

The manced  

However,  

3. 2.2 Miss ion  205A 

T h i s  mis s ion  w i l l  be  a long d u r a t i o n  manned flight with objec t ives  

Software for  204A may be adequate  for  205.q perhaps  of 204A r epea ted .  

with f r equen t  ground updating of the navigat ion computat ions a s  I n d l L ~ t t f u  

i n  F i g u r e  3-2. 

3. 2. 3 Miss ions  206A, 206B and 207 
I 

A spec ia l  c a s e  e x i s t s  for  F l igh ts  206A, 206B and 207. Because  of 

the subs tan t ia l  d i f fe rence  between W s s i o n  206A and 206B, a pa ra l l e l  

e f f o r t  is r ecommended  up to the ind ica ted  dec i s ion  point a s  shown on 

F i g u r e  3-1 .  At th is  t i m e  i t  will be n e c e s s a r y  t o  specify the mis s ion  
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objec t ives  f o r  206. 

comple t e  L E M  s y s t e m .  

fl ight of a comple t e  Block I1 CSMILEM sys t em.  

r e a d y  or expec ted  to  be  avai lable ,  e f fo r t  on 206A will c e a s e  and planning 

for 206B will cont inue.  Houeve r ,  i f  th is  is not the c a s e ,  da ta  p r e p a r e d  

for 206B w i l l  be  shif ted to support  fiight 267 and piepiiiation f G i  ?vf. ission 

206A w i l l  cont inue.  

Mission 206A is a n  unmanned fl ight to t e s t  a 

W s s i o n  206B is the e a r l i e s t  poss ib le  manned 

If the Block I1 CSM is 

Software p r e p a r a t i o n  for 206B r e q u i r e s  recoding  all equat ions and 

r ev i s ion  of the i n t e r p r e t u r e  computer  s imula t ions  to  a Block I1 config- 

urat ion.  

men t s  of the CSM/ LE34 rendezvous and CS?Vl/S-IVB at t i tude cont ro l  

equat ions .  

and  L E M  at t i tude cont ro l  equations.  

Modifications will be  necessa ry  because  additional r e q u i r e  - 

Planning must  a l s o  include the bas ic  LEM vehicle s imula t ion  

3. 2 . 4  Miss ion  501 

This is the f i r s t  Sa tu rn  V flight t e s t  in  suppor t  of the Apollo Fl ight  

The  launch vehicle boos t e r  guidance monitor ing Deve1opme::c P r o g r a m .  

equat ions and  boos t  a b o r t  logic  may  r e q u i r e  modification. 

modif icat ions m a y  be r e q u i r e d  in the {relaunch equat ions.  

sequencing logic  may a l s o  be affected by the change to the Sattirn V 

boos te r  configuration. Because of the change of launch  vehic les ,  

s imula t ion  m o d e l s ,  d i s tu rbance  effects  and m i s s i o n  cont ro l  p r o c e d u r e s ,  

wi l l  be affected.  

Sorr,e 
The n: iss ion 

3. 2. 5 Mission 502 

This m i s s i o n  has the  s a m e  object ives  and m i s s i o n  descr ip t ion  as 

Miss ion  501. 

3. 2. 6 Miss ion  503 

This i s  the  f irst  manned Saturn V fl ight t e s t .  I t s  object ive is to  

s t imu la t e  the e n t i r e  l u n a r  miss ion  in ea r th  o r b i t  a s  much  a s  possible ,  

providing a m i s s i o n  pro i i le  that will r e s u l t  in adequate  post-fl igh: 

data. 
t e s t e d  to d e t e r m i n e  i t s  compabili ty with the e a r t h  o rb i t a l  flight. 

m i s s i o n  cont ro l  (up-link logic)  may r equ i r e  modif icat ion to opt imize  the 

t e l e m e t r y  capabi l i ty .  

The  comple t e  s e t  of lunar  mis s ion  sof tware  must be provided and 

The  
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3. 2. 7 Miss ion  504 
~~ ~ 

T h i s  fl ight h a s  been  designated as  the f i r s t  poss ib le  oppor tuni ty  for  

a l u n a r  landing. 

max imum o r  fully opera t iona l  capabili ty to  suppor t  this  m i s s i o n .  

modif icat ions ind ica ted  by the post-fl ight data  f r o m  Fl ight  503  may have 

to be inco rpora t ed  i n  the sof tu ,a re  support ing Xbssion 504. 

Consequent ly ,  the sof tware a t  th i s  point will  b e  a t  i t s  

Any 

Additional planning and tes t ing for  contingency Fl ights  204B and C ,  

205B and C and 207 a r e  shown in F i g u r e  3-1. 

re la t ive ly  s h o r t  t ime  pe r iods  i s  that the 2ossibi l i ty  of a subs t i tu te  flight 

m a y  not become  evident  until the post-f l ight  da ta  of the p r i m a r y  r,iission 

b e c o m e s  ava i lab le .  A second r eason  is that the mis s ion  ob jec t ives  oi thd 

cont ingent  flight a r e  e i t h e r  l e s s  complex than the p r i m a r y  m i s s i o n  o r  the 

so f tware  support ing the S a c k  up miss ion  uould  i n  m o s t  c a s e s  a l r e a d y  

One r e a s o n  fo r  the 

. be avai lable .  

3 .  3 REPRESENTATIVE SOFTWAZE VALIDATION SCHEDULE 

T h i s  s ec t ion  con ta ins  a n  example of a typical sof tware  valid'ition 

schedule  as  indicated in  F i g u r e  3-4. 

in the  schedule  will be ad jus t ed  for  e a c h  mis s ion  depending on the  

p ropor t ion  of new r e q u i r e m e n t s  defined, the amount  of new s u b - p r o g r a m s  

being developed,  and the  complexi ty  of the miss ion .  

The schedule  and e a c h  m a j o r  s t e p  

The  so f tware  p r e p a r a t i o n  p r o c e s s  i s  per iodica l ly  r ev iewed  between 

one  and fou r  month i n t e r v a l s .  

from that  developed for a previous  mis s ion ,  the 

would only re f lec t  updated vehicle and equipment model e f f e c t s ,  and rope  

f ab r i ca t ion  could poss ib ly  p recede  target ing.  Hov.ever, the usua l  

s i tua t ion  would r e q u i r e  some p re l imina ry  ta rge t ing  to p r e c e d e  qua l i f i -  

ca t ion  t e s t s  and both p r o c e s s e s  would then occur  roughly s imul taneous ly .  

T h e  ta rge t ing  ve r i f i ca t ion  i s  p r i m a r i l y  intended to ver i fy  the spec i f ic  

f l igh t  cons t an t s  and sa t i s fac t ion  of specif ic  mis s ion  r e q u i r e m e n t s ,  

w h e r e a s  the  qua l i f ica t ion  t e s t s  a r e  p r i m a r i l y  fo r  the ver i f ica t ion  of the 

s t anda rd ized  fl ight ;' yogram i n  all i t s  intended appl icat ions.  

Where the flight p r o g r a m  will nrjt change 

qual i f icat ion t e s t s  

The  schedule  c a l l s  fo r  a n  e a r l y  copy of the flight p r o g r a m  deck  

and  t a r g e t  dependent cons t an t s  to be sen t  t o  NAA/S&LD and GAEC f o r  

i nco rpora t ion  into t h e i r  hybrid phj-sicali'digital s i r r ,da t ion  c o r e  rope  

s i n l u l a t o r s .  T h e s e  hybr id  siriiula:ions a r e  then used to ver i fy  the vehicle  
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and equ ipmen t  mode l s  used  during the qual i f icat ion tes t .  

r ev iewed  at the fl ight p r o g r a m  r e l e a s e  rev iew meet ing.  

l i n e s  following the hybrid physical s imulat ion t e s t s  indicate the 

f u r t h e r  u s e  of t h e s e  p r o g r a m s  lrith a fl ight rope  for pu rposes  o the r  t h a n  

f i g h t  s c f t w a r ~  . r a l i d a t i ~ ~ .  

but  m a y  be u s e d  to a s s i s t  in  ground p r o g r a m  a s s e m b l y  and checkout.  

The r e s u l t s  a r e  

The  dashed  

These p i ~ r p n s e s  ;ire no t  i inder  stood by  STL; 

T h e  f l ight  rope ,  de l ivered  t h r e e  and a half months before  launch ,  

i s  then  p r o c e s s e d  c t . - ~ u g h  the ground a s s e m b l y  and t e s t ,  as  rev iewed by  

the F l igh t  Read iness  Commit tee .  

MIT us ing  t h e i r  hybr id  s imulat ion be fo re  sending i t  to F lo r ida  for 

s to rage .  

The  s p a r e  fl ight rope is checked by  

T h e  fl ight p r e p a r a t i o n  continues through launch,  flight ope rd t ions  

and p o s t  f l ight ana lys i s .  

A deta i led  so f tware  validation mi les tone  schedule  s i m i l a r  to tha t  

of R e f e r e n c e  2 could be provided h e r e  also. 

de t a i l s  a r e  n e c e s s a r i l y  p r e p a r e d  spec i f ica l ly  for each  fiight. 

details could b e s t  be provided during the r e q u i r e m e n t s  definition p h a s e  

for each f l ight  and  coord ina ted  by all concerned .  

However,  not a l l  of the 

T h e s e  
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4. REPRESENTATIVE COhfPLETE VALIDATION PROCEDURE 

The conipletc  val idat ion proccdurc  d e  sc r ibcd  Iiert, is intended t o  

exercise and ver i fy  the expected opc ra t i ana l  pe r fo rmance  of the c o r i m n d  

module  and LEM vchiclc  f l ight  guidance so i tware  for all an t ic ipa ted  

Apollo F i s s i o n s .  

guidance equati\Jns,  spt 'cial systeri is  ciit-ckout ruu t ines ,  m i s s i o n  and 

launch  t inie dcpendent  p a r a m e t e r  5 .  Ih lU s e n s o r  flig3t c t )nipensat ion 

quan t i t i e s ,  f l i g h t  compute r  diagn3st ic  c h c c k s ,  and,  spec ia l  rou t ines  for 

t es t ing  t h e  G & N  o p e r a t i o n s ,  i n t e r i s c i s ,  and ha rdna rc  per iormanct ' .  In 

addition to t f ; t  11iq;:c scii:wart', the validation p rocedure  is  conct?rned wid: 

the targt 'ti .ig ; , : u 5 r c i r ~ i ,  the rope  fa!,ricat:on ,?rid i er i f ica t ion ,  the, nccc's>ary 

v e r  LiicatLor. s i r n . ~ i c i t . ~ ~ r i z .  ~ n c !  1 Ailciation do,  ,mentatlo:i. 

The f l ight  soitware inc ludes  the p r e - f i g h t  and  in-fl ight 

-:i--ttcmn. -_ 

4. 1 D E T A I L E D  YXLIDXTION STEPS 

Since t!!e uit inute  pu rpose  i n  t l - e  .+d ida t ion  p rocedure  i s  to obtain 

the g r e a t e s t  poss ib le  confidence in the ?light sof tware  contained in  the 

AGC and LGC, the  p r o c e d u r e  has  been  cons t ruc ted  to e m p h a s i z e  r i g o r o u s  

tes t ing  of all areas pe r t inen t  t o  tlic flight p rogram.  

p r o c e d u r e  h a s  been  divided into nine d i s t i rx t  s t e p s .  

are t e rmina ted  i n  a c r i t i c a l  design rev iew by the hSC Soitsvare Des ign  

Rpt- i r= l  R-J-ird. I t  is t h e  respons ib i l i ty  oi this boa rd  to  e n s u r e  tha t  the  

f l lgh t  s j t t r c ; 1 r e  has sa t i s f ac to r i ly  m e t  all t e s t s  ob jec t ives  in  e a c h  s t e p  of 

the p r o c e d u r e  before  continuing to the next step.  Also ,  the boa rd  should 

perform a conipletc  c samina t ion  of all t e s t  plans and t e s t  r e s u i t s  

d o c u m e  n t a t i  on, 

In S t e p  1,  t h e  o v e r a l l  mi s s ion  planning as i t  r e l a t e s  to the Sof tware  

In F i g u r e  4 - 1  the 

In genL>ra l  tAe s t e p s  

R e q u i r e m e n t s  Definit ion is  given. 

r e s p o n s i b l e  f o r  approving the flight so i tware  specif icat ion and equat ion 

test plan. S t e p  2 c o n s i s t s  of the AGC and LGC flight equation develop-  

m e n t  modif icat ion,  and  testing. It e n d s  with a des ign  rev iew to c e r t i f y  

that the p r e l i m i n a r y  fl ight cquat ions will  r e s u l t  i n  a sa t i s f ac to ry  cornpls -  

t ion of the mission r e q u i r e m e n t s .  The  programmirig and checkout  of thc 

f l ight  p r o g r a m  a s s e n i b l a g e s  a r e  contained in  S tep  3. 

program which r e s u l t s  f r ~ m  tl.is s ic2 i s  cuns idered  to be die basic fl ight 

The des ign  rev iew h e r e  wi l l  be 

The guidance 
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Figure 4- 1. Recommended Software Validation P r o c e d u r e  
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p r o g r a m  fo r  the specif ied nussion.  

and ver i f ica t ion  and ,  progr  a n  qualification tc sting. 

might  r e s u l t  f r o m  the targct ing and qual i f icat ion te st ing p roce  sst) s are  

expected to be nl ininium and can be ini?lernentcd r e l a t ive ly  eds i ly  with 

the n e c e s s a r y  reva1ic':rtion of p r e ~ i o u s  s t e p s  included i n  t!ic qualificdtion 

t e s t s .  I t  i s  n e c e s s a r y  ta  pt-rfarnl extensive qua l i i i c j t ion  t c ' s t i ng  o n l y  ior 

the comple te ly  nt.\v sLiitl.t,are mljdule  s. If t'ic f1igb.t configuration I-,:F> not 

changed,  t h i s  m e a n s  d:Lt .)nly the d e s t r u c t  rcadout  meniory ( D R O )  rxust 

be genera ted .  

mum arni;unt of qua.liiicacion t e s t i n g .  

t a rge t ing ,  the AGC and L.GC pr,sgram.i \\,ill r e m a i n  fistLd. 

changes dcxtcbi-niint:d nccesSLlry b y  t k e  LLSC Software Design r"\t.vic\v Bo;Lrd 

for sa t i s fac t . i ry  :.~i;ipletion of :!le flight objectiLres will  be perii i i t ted.  

S t ep  6 ,  tihe AGC and LCC meniory  c t>re  r o p  modules  a r e  fabr icz ted  

along with tlic generLtio:: .;i CIC CRO x e m o r y  punc!:ed t zpcs .  

r i ca t ed  m e m o r i e s  a r e  t e s t ed  i n  h y b r i d  s imulat ions to e n s u r c  cornpj t ibi i i ty  

w i t h  the r e l e a s e d  p r o g r i n l s  in  Step 4. 

integrz.::ed into the AGC and LGC in S tep  7 as p a r t  of the G & N  sys t em 

a s s e m b l y  and checkout.  

component  and s y s t e m  tevel  of LLle G & N  equipmext.  

the va r i ab le  m e m o r i e s  a r e  loaded and ver i f ied by means  of the ACE 

p r o g r a m  in to  the command  xodu le  u ~ d  LEM computers .  

by an  extensive s e r i e s  of groiind t e s t s  which a r e  per formed dur ing  

vehicle  a s s e m b l y ,  i n t eg ra t ion ,  and checkout. 

Review will notify the launch operat ions cont ro l  to begin the countdown 

and launch p rocedure  in  S tep  8. The Missior,s Opera t ion  Cont ro l  C e n t e r  

would monitor the launch operation and take cont ro l  t he rea f t e r .  During 

the fl ight,  s o f m a r e  validation contin-Je s i n  the on-board compute r s  and 

through the t e l e m e t r y  l ink  in the rea! t ime ground p r o g r a m s .  

the post  f l ight a n a l y s i s  i s  performed. 

i n  p repa r ing  f o r  subsequent  fligkts and also fo r  ref ining ha rdware  and 

sof tware  d e s i g n ,  and perfurnlance e s t ima tes .  

S teps  4 and 5 a r e  devoted to ta rge t ing  

The ciiange s: which 

T h e r e i d r e ,  Ste? 5 can b e  modified to  include only a rnini- 

Upon complet ion ci ti:c nliss ivn 

Only t h o s e  

I n  

The fab- 

Tho core  r c p e  n;odules a r e  

/ 
S y s t e m  in t eg ra t i j n  t e s t s  a r e  conducted on bot.. 

The  tapes  cofitaining 

T h i s  i s  fcllrJwed 

The  Fl ight  Readiness  

In S tep  9 ,  
The  r e s u l t s  of t h i s  e f for t  a r e  used 

As shown i n  F i g u r e  4-1 ,  the development  of the t c s t  r o p e s ,  which 

are used in  the h a r d w a r e  checkout,  follow a similar validation p rocedure  

to tha t  of the fl ight sof tware .  

after a definit ion of t e s t  r cqu i r emen t s  and equipment  configuration a r e  

The t e s t  rope p r o g r a m  should be designed 
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defined. 

be per fo rmed  before  the t e s t  r o p e s  a r e  incorpora ted  in to  the guidance 

h a r d w a r e  f o r  component and subsys t em checkout and acceptance .  N o  

ex tens ive  s imulat ion tes t ing of the t e s t  r o p e  p r a g r a m s  is r e q u i r e d  as  

the ground t e s t  i tself  cdn provide a rea l i s t i c  t e s t  of the p r o g r a m ' s  

id e qua  c y . 

P r o g r a m  checkout  and rope  fabr ica t ion  ver i f ica t ion  t e s t s  should 

F i g u r e s  4-2 through -10 p resen t  &e d c t u l s  of each  s t e p  in the 

to ta l  sof tware  vzlidation p r o c e s s  for  the Ap*~;!o miss ions .  

be p e r f o r m e d  a r e  indicated by rec tangular  5 $xes .  

ind ica ted  by a rounded f igure.  

point. 

p r o c e s s .  

Opera t ions  t u  

All docu!:icntit;on is  

A hexagonai i:gurt d e n  J t f  -. 1 revie:. ... 
Solid l ines  f r o m  +he var iuus  operati-gns indicate  a d i r e c t  f l ow  

The dashed l i n e s  r e f e r  to feedbacks f r o m  the rev iew functions.  

The software change procedure  is  an  eifective way to p r o p e r l y  

isolate, ana lyze ,  and implement  the n e c e s s i r y  softurare c u r r e c t i o n s  ir.to 

the AGS and LGC p rograms .  As indicated 11: Fi;xrl- 4 - 1 ,  ti-c. sJ,ft:iaie 

change p rocedure  can  be applied dur ing  any af the s teps  thraugh 7 .  

modif ica t ions  to the m i s s i o n  planning a i t e r  t3e s3f tware  ta rge t ing  i-idis 

b e e n  comple ted  w i l l  be of the f o r m  of sof tware change as nated.  The  

flow d i a g r a m  for the change p rocedure  is  presented  in  F i g u r e  4 - 1  1. 

Any 

4. 1. 1 Fl ight  Software Requ i remen t s  Definitian 

The fl ight sof tware  validation procedure  begins  with the s imul t sn -  

eous opera t ions  of p r e l i m i n a r y  mis s ion  planning and an  a n a l y s i s  oi the 

specific sof tware requi reAments  as  shown in F igu re  4-2. 

of m i s s i o n  planning is  concerned  with defining t h e  p r e l i m i n a r y  nr iss ion 

r e q u i r e m e n t s ,  c o n s t r a i n t s ,  r e f e rence  t ra jec tory  and s c h e d u l e s .  

T h i s  planning i s  pe r fo rmed  by A S P 0  a t  hLSC Aith the coordinat ion of 

other organiza t ions  within hlSC, i'\.ZSFC agencies ,  and the p r i m e  con-  

tractors. 
de t e rmina t ion  of the r equ i r ed  software subpragra ins  which are not 

T h i s  f i r s t  phase  

The  p r e l i m i n a r y  sof tware requi rec ien ts  ana lys i s  involve s the 

c u r r e n t l y  avai lable  in the &UT guidance p r o g r a m  library! T h i s  e f fo r t  

is b a s e d  upon developing s tandar ized  guidancc p r o g r a m  module s which 

can be used  throughout the Apollo fl ight s e r i e s .  T h u s ,  o n l y  sof tware  

'This library of subpiograil ;  ZSsCinblageS i s  c d i e d  the !!Sunrise" and 
"Corona" s e r i e s .  
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Figure 4-5. Step 4: ACC jiCC Prograrri  T d r g c t i n g  atid Ver i f i ca i iun  
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PRZCEDURES POST FLiGriT A N A L )  3 1 2  

.FOR NEXT FLIGHT 
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MIS~ION RE FIN EM EN T REVISIONS OF REVISIONS 

FOR FUTURE DEFINITION TION,  EQUIP- PROC EDURE 8 
FLIGHT 5 OF ALTERNATE MENT A N D  

FLIGHT PROGRAM PERT USBAT ION 
ASSEMBLAGES MODELS 

PLANNING OF SOFTWARE; VEHICLE SIMULA- OF T E S T  

Figure 4-10. Step 9 :  Post Fl ight  Analysis 
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p r o g r a m  development  Lvould be requirt td io r  specif ic  rr;ijs;ion u s a g e  

or fo r  spec ia l  one-t ime use o n  a p a r t i c u l a r  flight. 

T h e  r e s u l t s  of these ana lyses  a r e  uscd  to define a l l  of the spec i i i c  

m i s s i o n  sof tware  r e q u i r e m e n t s  and fcJr  genera t ing  the Guidance Soft.\vare 

Spec i f ica t ions  lor tile conmiand r:iadule and tb.e LEM v6hicle. 

spec i f ica t ions  will include soitLvare r e q u i r e m e n t s  under  noiillnal condi -  

t ions ,  pe r fo rmance  specif icat ions f o r  n<-,n-notizinal condi t ions,  d e t c r n l l n a -  

tion of backup niodes 

ope ra t ions ,  vehic le ,  I!.lV and c o x x p t c r  s imaln t ion  n i ~ ! c l s ,  and 

specif icat ion of t h e  niethqcls and ' Jbject ives  of all t e s t  plans r equ i r ed  in  

the validation p r o c e s s .  The spec i f ica t ion ,  a l though  specif ical ly  appl icable  

to  a given f l ight ,  should evolve f r o m  the previous  specif icat ion with only 

the n e c e s s a r y  changes .  

T h e s e  

d::signation oi per tu rba t ions  ior the non-nominal  

The output of the above analyses  is  also used  together  with some of 

the s tandard ized  guidance subprogranls  in t!ie Sunr i se  and C o r o n a  l i b r a r y  

to a s s e m b l e  a, pre l in l inary  f o r m  ai d-ie f l i gh t  p r a g r z ~  a s s e r ? l ! 1 1 a ~ ~ ~ s .  D - -  

From this informat ion ,  a Fl ight  Equat ion T e s t  F l a n  can  be gene ra t ed .  

T h i s  t e s t  plan,  together  with the so f tware  specif icat ions and p r o g r a m  

a s s e m b l a g e s  i s  t! r.? reviewed by the ,WT and LISC Design Review Boards .  

The MSC board  is the pr inciple  revicwing ? a n e l  in  the software val idat i ' jn  

p rocess .  

f l ight so f tware  objectives have been sa t i s f ac to r i ly  completed as d e  s ig -  

nated in  the  specif icat ions and tes t  plans.  

con t ro l  and coordinat ion function. 

T h e  p r i m a r y  responsibi l i ty  of this board  i s  to e n s u r e  tha t  a l l  

I t  a l so  provides  a so f tware  

The f inal  output in Step 1 is a l e t t e r  of cer t i f ica t ion  by the hlSC 

boa rd  which indicates  the s a t i s f a c t o r y  complet ion of the deve lopmenta l  

step rev iewed.  

I t  is r ecommended  for  the scftsk,are validation p r o c e s s  that 

the guidance s u b p r o g r a m s  used  for gene ra t ing  the complete  fl ight 

p r o g r a m s  be s tandardized.  That  i s ,  for any  operat ional  Apollo m i s s i o n  

the requ i r ed  sof tware p r o g r a m s  can  be a s s e m b l e d  f r o m  a l i b r a r y  of 

ex is t ing  subrout ines  a s  opposed to developing s c p a r a t c  guidance equat ion 

p r o g r a m s  fo r  each  flight. 

program developinent l e a d  tinie which i s  v e r y  impor tan t  for  opera t iona l  

m i s s i o n  when fli$t c;*cle tifile m y  be  as f requent  as two months.  The 

T h i s  allows a s ignif icant  advantage in  the 
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8 standardizat ion of the sof tware  rout ines  is a continuing e f fo r t  throughout  

the validation p r o c e s s .  In Step 1 ,  the  ope ra t ions  a r e  shown in ..hich 

future  and opera t iona l  mi s s ion  sof tware r e q u l r e m e n t s  a r e  s tudied a s  a 

s e p a r a t e  pa ra l l e l  e f for t  along s , i t h  the spec i f ic  i l ight under  p repa ra t ion .  

This s tudy  e f fo r t  continues into Step 2 w h e r e  the a tandard ized  s u b p r o -  

g r a m s  a r e  developed and ref ined accord ing  t o  c u r r e n t  and cint ;s ipi ted 

p r o g r a m  requ i r emen t s .  

4 .  1 .  2 Fl ieh t  Equat ion ModificAtlon and T r s t i n e  

The  second pr inciple  phase in miss ion  planning is t h e  zpr.Lific 

miss ion  ana lys i s  and planning a s  shown in S tep  2.  

that the t a r g e t  r e q u i r e m e n t s ,  and r e f e r e n c e  t r a j e c t o r )  a r e  tLnal :Lt .d  The  

inputs used  in these  de te rmina t ions  o r i t i na t e  f r o m  tile c o n t r a c t o r s ,  within 

MSC, and f r o m  the sof tware  dc \e lopmt . r t .  T!:c p r i m a r y  output dosurr,enta- 

tion is shown in F i g u r e  1-2. 

development p r o c e s s  where  needed 

defined and modified based on the equation r e q u i r e d  an< the outputs of 

I t  is during t'r.,s s t e p  

Th i s  2 l ' ~ ~  ise:! t n  t h e  contirLu:ng sof tware  

The  softw ar t .  t a rge t ing  p r o g r a m  is 

the mis s ion  planning. 

r e q u i r e m e n t s  f o r  the p r o g r a m ,  t:":?cr > I  r;tr-  r t t .  'n mcdrs c?..scr:?tion, 

A descr ipt ion is provided in;!xiding the  technica l  

s imula t ion  f lows,  niajor  subrol-itLc,-s -i-.;\i t r : t e r i i ce  desc r ip t ion ,  r e q u i r e d  

outputs ,  and desc r ip t ions  of t e s t s  and verii icatic,ns t o  be implemented .  

I t  is qui te  poss ib le  that the flight so f tware  can  be s t anda rd ized  t o  

the p0ir.t of combining eqilations rout ines  into fixed s u b p r o g r a m s ,  and into 

fixed por t ions  of p r o g r a m  a s s e m b l a g e s .  

o rganized ,  pe rhaps  even  fixed rope modules  or r o p e s  could be made  f o r  

use in a l l  l a t e r  f l ights .  

r f  t h e s e  a s s e m b l a g e s  a r e  s o  

The  ideal  s i tua t ion  would be t o  approach  the 

opera t iona l  

has been f1igk.t p roken .  

m e n t  would be reduced  t o  only minor  r e f i n e m e n t s  in the flight p r o g r a m  

toward the end of the Apollo development p r o g r a m .  T h e s e  ref inement;  

would be minor  ad jus tmen t s  r equ i r ed  t o  s a t i s f y  the spec i f ic  r e q u i r e m e n t s  

pecul ia r  t o  the fl ight t e s t  in prepara t ion .  

mi s s ion  with a complete  flight p r o g r a m  a s s e m b l a g e  which 

In this  case  the second s t e p  in  sof tware  deve lop-  
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The complete  opera t iona l  sof tware  package may r e q u i r e  thoughtful 

organiza t ion  and c o m p o s i t i o n  O L  :he equat ions to  s t a y  n i t t h i n  the guidance 

computer  m e m o r y  capaci ty  and t iming cons t r a in t s .  

budget should be developed to  a l locate  m e m o r y  and guidance cyclt> por t ions  

to e a c h  subrout ine or subas s c  r x b l n g e ,  

p r  oce s s . 

I 

T h u s ,  a c o m p u t e r  

t o  guide the equat ion devc1op:ncnt 

The  fl ight equation tes t ing  s1:ouId cdns r s t  mainly of guidcd i1igl.t 

s imula t ions  s i t h  the AGC and LGC flight equatiuna p r o g r ; ~ : ~ m i c d  i n  t I l c  

sc ient i f ic  computer  langQage. 

the equat ions to reproduce  t h e  r e fc rcccc  m i s s i o n ,  abG1-t iunctiL,ns,  m d  LI 

p e r f o r m  t r a j ec to ry  cont ro l  when pe r tu rba t ions  drt' p r c  s.??t. The AGC and 

LCC compatibi l i ty  stxdie s a r e  concerned with de te  r:il.ining i f  the developed 

f l ight  equation s u b p r o g r a m s  can  be succc  s s iu l ly  t r a n s f o r m e d  in to  thc 

fl ight computer  language. 

m e m o r y  and t iming r e q u i r e m c n t  e s t i m a t e s ,  specifying m a j o r  and n u n o r  

computing cyc le s ,  and  idopting ; ! * z G i i t ! > r . s  compat ible  to the corriputer 

capabi l i ty .  

r e v i e w s  the p r o g r a m  checkout  plan, t5e equation tes t ing r e s u l t s ,  t he  c o m -  

pat ibi l i ty  s tud ies  r e s u l t s ,  and the fl ight sof twzre  equation descrip:i$Jns.  A 

feedback  from this board to  t h e s e  funct ions is provided f o r  the r e  -te st ing 

or re-evaluation of the so f tware  i f  d e t e r m i n e d  by the hSIT bc;ard. 

This  tes t ing  wil! deternunnc t h e  abi l i ty  ,,f 

Th i s  1 s  acco:i:p:i;hed by perfGrrriing cc>,nlputcr 

When th is  h a s  been  comple t ed ,  t!-e .'.CJT Dt%si;n R e v i e w  Buard 

The MSC Software Des ign  Review Board  , - ~ ' l - . f  s t!.e r e s u l t s  of all 

checkout and tes t ing p e r f o r m e d  in  S tep  2. 

d a t a  the boa rd  will  e i t h e r  i s s u e  a f l ight equatlon approval  l e t t e r ,  o r  

r e c o m m e n d  additional tes t ing of the sof tware .  

d i r ec t ive  p e r m i t s  the rcconunencenlent  of the prograrrJning and coding for 

the AGC and LGC pr3grai:ls (Step 3) .  

f o r m e d  on the equation tes t ing  and compute r  compatibi l i ty  ope ra t ions  until  

s a t i s f ac to ry  r e s u l t s  a r e  obtained f o r  the board.  

and simulat ion desc r ip t ions  a r e  documented  in  de ta i l  and sen t  to the hGC 

Data Bank. 
includes a l l  docunlentation assoc ia ted  with the AGC and LGC sof tware .  

acts as the cen t r a l  documentat ion depot  and  d i s sen l ina t e s  this d a t a  to all 

i n t e r e s t e d  par t ies .  

and involves  a l a r g e  amount  of documenta t ion ,  i t  i s  extreIrlely i m p o r t a n t  

t ha t  the d a t a  bank contain tho l a t e s t  in format ion  concerning die fi ight 

Af te r  ca re iu l  study af Lhcse 

In  the f o r m e r  c a s e ,  t h i s  

In  the l a t t e r ,  i t e r a t i o n s  are p e r -  

All ver i f ica t ion  r e  s d t s  

T h i s  d a t a  bank  i s  opera ted  by the G&C Division a t  MSC and 

It 

Since the softhvare validation p roce5s  is  v e r y  complex 
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equat ions and  tes t ing p r o g r a m s .  

reworking  of sof tware  e l e m e n t s  and permit mi l e s tones  to be ach ieved  

under  the v e r y  tight Apollo schedule. 

T h i s  wil l  p reven t  redundancie  s and 

Coincident  .vith the fl ight equation tes t ing  is  the modif icat ion to the 

ta rge t ing  and ver i f icat ion p r o g r a m s ,  r rucro s imula t ions  at hGC and hLIT, 

and the r ea l - t ime  ground program.  

checks  and tes t ing a r e  used to update o r  m d i f y  the models  used  i n  t h e s e  

s imulat ions.  

is u s e d  i n  the ta rge t ing  p r o g r m  changes.  

t ions a r e  documented and t r a i s m i t t e d  to the da ta  bank. 

C u r r e n t  d a t a  f r o m  h a r d w a r e  s y s t e m s  

InforInr?t..  r: f r o m  qual i i icat ion tes t ing for  previi ,as i l i gh t s  

The  final p r o g r a m  conf igu ra -  

During the sof tware prepara t ion  o p e r a t i o n s  i n  S tep  2 ,  the o p e r a -  

t ional  m i s s i o n  s u b p r o g r a m  a s s e m b l a g e s  to be  used in  the s t anda rd ized  

l i b r a r y  a r e  being defined. 

s tud ie s  a s s i s t  i n  the de te rmina t ion  of the u l t imate  sbf tware  r e q u i r e m e n t s .  

T h i s  provides  a functional in te r face  wit\ the c u r r e n t  sof tware  and 

p r 3 m o t e s  a continual updating of eie at-&!ab!c 5igFAt r cc t ines  f:>r i\,pl!n. 

f 
D a t a  i r o r n  the ,CUT compute r  compat ib i l i ty  

4. 1. 3 P r o g r a m m i n g  and Checkout of AGC and LCC Fliqht Equat ions  -- 

In Step 3 ,  the  fl ight equations will  be p r o g r a m m e d  and coded f o r  the 

AGC and LGC using the equations d e s c r i b e d  in the flight p rbgra rn  asstnib- 

lage document. 
possible as a means of detect ing compute r  a r i t h m e t i c  e r r o r s .  

include self d iagnos t ic  t e s t s ,  m e m o r y  sum c h e c k s ,  r e a s o n a b l e n e s s  and 

l i m i t  checks  f o r  c r i t i c a l  inputs  o r  r e s u l t s ,  and sequence check  rou t ines  

to de t ec t  p r o g r a m  junips  caused by t r a n s i e n t  maliunctions.  T h e  AGC/ 

LCC Prograrnrn ing  Manual ,  which is supplied by Raytheon,  should 

contain p rogramming  ru l e s  and inforrnatlon on the flight computer  inpkt /  

output ope ra t ions .  

Special program. - ing  tec5nique s should be used  w h e r e  

T h e s e  

P r o g r a m  checkout  of the flight equat ions  is pe r fo rmed  using the 

p lan  approved  by the hiSC r e \  iew board in Step 2 wlth a n  in t e r2 re t ive  

s imulat ion.  

to p e r m i t  manual checkout of the equat ions  and "bench t e s t s ' '  by  d r i v i n g  

T h i s  s imulat ion u s e s  a n  in t e rp re t a t ive  computer  sub rou t ine  
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the par t i cu la r  p r o g r a m  phases  \vith r ep resen ta t ive  ~ ~ u s s i o n  prof i les  as 

inputs.  

f ac to ry  pe r fo rmance  

0 All cont ingency p r o g r a m  paths a r e  executed to i n s u r e  sa t i s -  

At the comple t ion  of the p r o s r a m  checkout ,  p r o p e r  docunlcntation 

wil l  be p repa red  which wi l l  include a s u n u n a r y  of t h e  r e s u l t s  of the 

checkout,  and a desc r ip t ion  of thc p r o g r a m m e d  eqEations and cons tan ts .  

A p r o g r a m  symbol ic  l i s t ing  and ca rd  deck  i s  a!so gt%nera ted  a t  this tirile. 

I t  i s  used in  ta rge t ing  and qualii ication tes t ing and copies  a r e  sen t  to 

N A A / S & I D  and GAEC for  u s e  i n  modifying the i r  hybrid si,muIatic,ns. 

T h i s  configuration of the ACC a n d  LGC flight pr  J~I-FLITIS becor::cs t h e  

b a s e  l ine ve r s ion  f r o n i  which a l l  future. prc,gr;tm changes  should be 

r e f e r r e d .  

T h i s  documenta t ion ,  as well a s  the Quaiificatlon T e s t i n g  t e s t  plan 

i s  submitted to t he  L S C  %ftware Design Review Board f J r  z p p r  >V.;L!. 

Upon acceptance .:f d A c  

the AGC and LGC p r o g r a m s  i o r  target ing and qualification testing. 

the same time, all documen t s  a r e  sen t  to the hISC Data B a k  f o r  p rope r  

disseminat ion.  

e-,,- bLjCLrd :ssuc 5 J. $:rzctl-:c la/kic5. r t - j+ : is tx  5 

At 

0 
0 ,Modifications to  the NAA/S&ID and G A E C  sirnulat icns  a r e  made  

s imultaneously with the c d ~ n p u t e r  p r o g r 3 , m u n g  And prograrri  c?.-cc;Cor.:t. 

The inputs  a r e  obtainc(.  f r o m  the ana lys i s  of prev ious  t t s t s  perfurrxcd 

us ing  these  s imula t ions .  I t  should be noted that th i s  p r o g r a m  updat ing 

is a continuing p r o c e s s  thraughout the validation p r o c e s s  i o r  all ci +he 

Apollo miss ions .  

is prepa red  and sen t  to t h e  LISC D a t a  Bank. 

I 
A deta i led  descr ip t ion  of the modified s imula t ions  

Since vehicle  h a r d w a r e  integrat ion and tes t ing will  be conducted 

concur ren t  to  the so f tware  validation, the t e s t  rcasults which affect  

s imula t ion  m o d e l s  will  be prope r ly  implemented  into the sirnulati  c 

p r o g r a m s .  

become  the s o u r c e  f o r  all sof tware s imulat ion p r a g r a m s  and target ing.  

This in format ion  is a l s o  used  to upgrade t h e  guidance ground p r o g r a m  

shown in  S tep  2. 

T h e s e  r e s u l t s  Aou ld  be s u n m a r i z c d  i n  one docurntxnt and 
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4.1.4 AGC/LGC P r o g r a m  Targe t ing  and Verif icat ion 

It h a s  been r e c o m m e n d e d  that the i l ight so f tware  for  the  .rip0110 

.___-___~I_--~ 

m i s s i o n s  be developed in  a modu la r  f o r m  s o  that s o f t w a r e  changes  which 

ex i s t  f r o m  flight to fl ight,  excluding launch dependent p a r a m e t e r s ,  can 

be implemented  with a m i n i m u m  o f  L alidatic:: effcrt .  

qual i f icat ion tes t ing of the new m o d u l e s  to eva lua te  the i r  funct ional  and  

interfacing p rope r t i e s .  A s  a r e su l t  of t h e  c u r r e n t  Apollo fl ight s chedu le ,  

th i s  so f tware  rnodular concept  will  in t roduce  s i tua t ions  w h e r e  i t  u.i!i onl:. 

be n e c e s s a r y  to  d e t e r m i n e  t h e  launch dependent  cons:an!s w h e n  tile t r a -  

j e c t o r y  and vehic le  a r e  ident ica l  f o r  severa l  fl ights.  

only a min imum aniount of qual i f icat ion tes t ing  will be r equ i r ed .  

This  effor t  in\ .olves  

F o r  these  cases  

The  target ing function i n  Step 4 should be p e r f o r m e d  on a n  engi-  

nee r ing  s imula t ion  p r o g r a m  using a " h a r d w a r e  or ien ta ted"  v e r s i o n  of 

the  f l ight  equat ions i .e . ,  us ing the f i igh t  prI3grani a l g o r i t h m s  in  the 

sc ient i f ic  p r o g r a m  coding f o r m .  T h i s  will  p e r m i t  v e r y  c lose  appr sx i rna -  

tion.; to  the r e s u l t s  of the m i c r o  s imular ion  and  with much iess  cornpurer  

running t ime.  

ta rge t ing  p r o c e d u r e  from S t e p  2. A l l  t a rge t ing  cons t r a in t s  and  r e v i s i o n s  

t o  the s imula t ion  models will have a l r e a d y  been  implemented  into the  

t a rge t ing  program f r o m  the  da ta  t ank .  

The t a rge t ing  opera t ion  i s  gove rned  b y  the approved  

The targeting ver i f ica t ion  funct ions perforxxed by MSC and MIT 

p e r m i t  the m i s s i o n  and launch  dependent  cons t an t s  t o  be  eva lua ted  01-er 

e x t r e m e  cpe ra t ion  conditions.  It is  d e s i r a b l e  lo have ,  in  addi t ion,  a n  

independent  ve r i f i ca t ion  p e r f o r m e d  which will  e n s u r e  that no e r r o r s  

have  been over looked  a n d  tha t  a l l  m i s s i o n  cons t r a in t s  a r e  beir.3 obser \ red 

T h i s  ver i f ica t ion  does impose  the condi t ions tha t  any changes  t o  the fligiit 

p r o g r a m s  be p rope r ly  documented and  t r a n s p o r t e d  t o  the p r o p e r  agenc:es .  

I t  is only i n  this  way that  the ver i f ica t ion  p r o c e s s e s  can  be c o n s i d e r e d  

va l id .  

t he  t e s t s  to be p e r f o r m e d  accord ing  t o  the i r  s imula t ion  capabi l i ty .  

The  ver i f ica t ion  plan used by the p a r t i c u l a r  agencies  wi l l  spec i fy  

Upon complet ion of the ver i f ica t ion  p r o c e s s ,  a c r i t i c a l  c o m p a r i s o n  

of the  r e s u l t s  i s  made .  

conf igura t ions ,  a c c u r a c i e s ,  and ope ra t lng  condi t ions.  

w i l l  be re so lved  by mutua l  r e - t e s t ing .  

Cons idera t ions  wi l l  be given t o  s imula t ion  

Any d i s c r e p a n c i e s  

If t h i s  is unsuccessfu l ,  the  
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problem area  will  be ca re fu l ly  documented and g iven  to the MSC review 

boa rd  f o r  f u r t h e r  s tudy.  

T h e  ta rge t ing  ver i f ica t ion  tes t  r e s u l t s  and  the flight cons tan ts  

l i s t ings  a r e  sen t  to the .“\TIT Rev iew Board i o r  ailproval.  

the f l i g h t  i l ’F;C ~ * e r i f i c a t i ~ ~  nl2n.i  r-- - to be used  by Ra , - theon  and MI?’ a r e  

a l s o  receix‘ed by the  b o a r d .  

At thls  t i m e ,  

In addi t ion to  the above documentat ion,  the MSC reL-iew board  

r e c e i v e s  the NAA/S&ID and G A E C  s imula t ion  !est plans and t h e  r e a l  

t ime  ground p r o g r a m  checkout  plan. 

i s  i n t eg ra t ed  into the ground p r o g r a i n  d:id f l ight rIJpc i sb r i ca t lon  

The  f inal  approved  fl ight so f tware  

begins 

4.1.5 AGC/LGC Proqra i i i  Qualiiica’ion Test’ng _- .____. -. 

When new s o f t w a r e  i s  genera ted  f o r  the -4GC o r  the LGC, i t  m u s t  

thoroughly be eva lua ted  t o  de t e rmine  i t s  p e r f o r m a n c e  capabi l i t i es .  

is the func t ion  of S tep  5. The q ~ w ! ~ f i c ~ + i c n  t , > c t i r i g  cons i s r s  of m i c r o -  

s imula t ions  of the  f l igh t  equations toge ther  with the vehicle  dynamics  

This  

under  all ant i i - ,pated va r i a t ions  and e x t r e m e s  of vehic le  p e r f o r m a n c e s ,  

h a r d w a r e  t o l e r a n c e s ,  and miss ion  env i ronmen t .  

of the vehic le  d y n a m i c s  and equipment ope ra t ions  s u c h  as avai l3ble  i n  t he  14SC 

generai m i c r o - s i m u l a t i o n  should be included only to the extent that  A S  needed 

Detailed s i r ru la t ions  

to d e t e r m i n e  the e f f ec t  of the compurer  p r o g r a m  on s y s t e m  opera t ion  

In the  qual i f icat ion tes t ing,  open-loop r e s p o n s e  tests should be 

included t o  s e r v e  as  a n  a c c u r a t e  engineer ing  ve r i f i ca t ion  of the p r o g r a m -  

ming u s e d  for  the AGC and LGC f l ight  equat ions  and cons tan ts .  Th i s  

subjec t  is f u r t h e r  d i s c u s s e d  i n  ‘: Iction 6.2. An MSC independent qual i f i -  

ca t ion  tes t ing  is r e c o m m e n d e d  in  Step 5 to provide  additional c o d i d e n c e  

in the guidance so f tware .  

approved  by the  second r ev iew board in S tep  2. 

T h e  tes t  plans to  be used will have been  

Since m o r e  than one 

agency  is doing t h i s  t es t ing ,  c lose  coordinat ion of a l l  vehic le ,  envi ron-  

men t ,  a n d  p r o g r a m  da ta  between the p a r t i c u l a r  p a r t i e s  i s  r equ i r ed .  

In S tep  5 ,  the  tes t ing r e s u l t s  a r e  c o m p a r e d  and coordinat ion is  

m a d e  with all i n t e r e s t e d  agencies  within MSC. 

in the tes t ing  cannot  be  reconci led,  the MIT o r  MSC review board  will 

be brought  into the  p rob lem f o r  c o r r e c t i v e  act ion.  Since the  sof tware  

ta rge t ing  e f fo r t  and  the qualification tes t ing a r e  p e r f o r m e d  a imost  

If significant d i s c r e p a n c i e s  
+ 
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s imul taneous ly ,  one M I T  and MSC review boa rd ,  n u m b e r  4 ,  will  eva lua te  

both r e su l t s .  

is to denote  the s i m u l a r i t y  and  individuality of t hese  func t ions .  

The  r e a s o n  for showing these  b o a r d s  i n  both S tep  4 and 5 

During this  qual i f icat ion testing per iod,  N A A / S & I D  and GAEC have 

been per forming  v a r i o u s  sof tware  functional and  i n t e r f a c e  tes t ing on 

the i r  hybrid s imula t ions .  T h e s e  r e s u l t s ,  along with the qua l i f ica t ion  

tes t ing ana lys i s ,  i s  examined  by the MSC Board  No.  4 and r e s u l t s  in -i 

p r o g r a m  r e l e a s e  ce r t i f i ca t ion  fo r  rope m e m o r y  f ab r i ca t ion .  

4.1.6 Rope M e m o r y  Genera t ion  and I-Ivbrid Sirr.ulation Tes t ing  

In keeping with the pr inciple  of optimizing the s o l h a r e  validation 

._ -. -. __ _. -~ -. - __~__I_ - -. .. - __ 

p r o c e s s  by genera t ing  the guidance p r o g r a m  in modu la r  f o r m ,  Step 6 
p e r m i t s  s o m e  dupl icat ion of s t anda rd  modules  a s  wel l  as the fabr ica t ion  

of r e v i s e d  modules ,  which may p e r m i t  e a s i e i  s chedu les .  

S tep  6 ,  the  var iab le  p r o g r a m  (des t ruc t )  mPmory  t ape  is g e n e r a t c d  f r o m  

the b inary  p r o g r a m  d e c k  and can then be used  d i r ec t ly  in the MIT Hybrid 

As shown in 

tes t ing . 
To f a b r i c a t e  the 

is f i r s t  conver ted  into 

machine .  At the  same 

b i t - by - bit  v e r ii i c a t i on 

ACC and LGC flight r o p e s ,  the guidance  p r o g r a m  

a punched tape f o r  u s e  in the m e m o r v  wir ing 

t i m e  a check tape is  g e n e r a t e d  f o r  u s e  in the 

of the flight ropes .  All r e s p e c t i v e  f o r m a t  r e q u i r e -  

m e n t s  for each  s t e p  should be documented to e n s u r e  p r o p e r  tape p repa -  

ra t ion.  

and  desc r ip t ion  l is t ing of the fixed and var iabIe  t apes .  

r e m a i n s  with each  g e n e r a t e d  tape and in the bas i c  r e f e r e n c e  f o r  the 

r e m a i n d e r  of the va l ida t ion  p rocess .  

The  output of this  opera t ion  provides  a comple t e  ident i f icat ion 

T h i s  l is t ing 

In S tep  6 ,  the punched tapes  a r e  compared  to the b inary  p r o g r a m  

deck. 

t ion p r o c e s s .  

ma te ly  t h r e e  s e t s  of e a c h  of the fl ight computer  D R O  t apes  a r e  gene ra t ed  

per fl ight,  

f ab r i ca t ion  of the f ixed  computer  m e m o r i e s  ( r o p e s ) ,  

used for bi t -by-bi t  ver i f ica t ion .  

Any d i sc repanc ie s  a r e  c o r r e c t e d  by i te ra t ing  on th i s  tape g e n e r a -  

A total  of two s e t s  of wir ing mach ines  tapes  and approx i -  

One s e t  of w i r ing  machine tapes  i s  used  by Raytheon for  

T h e  o the r  s e t  i s  

Th i s  s e t  contains  one t ape  f o r  the c o m -  

mand module compute r  and one for  the LEM compute r .  

documentat ion will  be r e q u i r e d  h e r e  to  specify the f o r m  of the  wi r ing  

machine  and rope  checkoat preparat :on p r o c e s s e s .  

The appropr i a t e  
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One s e t  each  of the D R O  tapes  i s  s e n t  to the ACE p r o g r a m ,  and  

the f l igh t  compute r s  at KSC. MIT wil l  r e c e i v e  a s e t  of t hese  t a p e s  f o r  

u s e  in  t h e i r  tape checkout t e s t s  and hybr id  s imula t ion  runs .  

u l t imate ly  s e n t  t o  KSC to be used  a s  a s p a r e .  

T h i s  s e t  i s  

The  number  of DRO t apes  and fl ight ropes  r equ i r ed  to  s u p 2 o r t  

each  fl ight will  depend on the role  played by the NAA/.S&ID and the 

GAEC hybr id  phys ica l /d ig i ta l  s imula t ions .  The  u s e  of the full  c o r e  

rope  s i m u l a t o r  and  tne tnory  c a r d  decks  would be sufficient to v e r i f y  

the h a r d w a r e  model ing f o r  so i tware  val idat ion purposes .  H o w e v e r ,  

f l ight ropes  might  be  needed to pe r i a r rn  o t h e r  functions with t h e s e  sirii- 

ulat ions not connected .Kith flight so f tware  validation. 

m e n t s  should be d e t e r m i n e d  s o  that the number  of ropes and DRO t a p e s  

r e q u i r e d  to  suppor t  a fl ight can  be fixed. 

T h e s e  r e q u i r e -  

Approximate ly  t h r e e  s e t s  each of command  module c o m p u t e r  fl ight 

r o p e s  a n d  LEM compute r  flight ropes should be fabr ica ted  by Raytheon 

and ve r i f i ed  according to the defined test plan in Step 5. MTT and the 

Kennedy Space Cen te r  will  rece ive  one s e t  of ropes  fo r  each  c o m p u t e r ,  

while the  th i rd  s e t  fo r  each  compute r  might  go to N A A / S & I D  and G A E C ,  

if i t  is dec ided  to  do so.  
0 

The fab r i ca t ed  f l ight  r o p e s ,  along with rope  ver i f ica t .on  r e s u l t s  

documenta t ion  a r e  s e n t  to MIT f o r  flinctional and in te r face  tes t ing  using 

t h e i r  hybr id  s imula to r .  Each  rope s e t  should be uniquelv ident i f ied and 

conta in  the p r o p e r  desc r ip t ion  docurnenta ' :on,  onlb one s e t  of ropes  will 

be checked  at MIT s ince  the identity between these  s e t s  will have  been  

e s t ab l i shed  during the Raytheon ver i f icat ion operat ion.  

The  fifth MSC Software Design Review wi l l  cons ider  the hlIT r o p e  

checkout  r e s u l t s  and the p re l imina ry  functilsnal testing by NAA/S&ID and 

GAEC. Since a MIT retriew board will ha7.e a l r e a d y  ar,alyzed and approved  

the MIT test ing,  this  task should only r e q u i r e  a min ima l  e f fo r t  b y  the  M5C 

board .  

Kennedy Space  Cen te r  (KSC) i s  reviewed by the board  a t  th i s  t ime.  

The  t e s t  p rocedure  t o  b e  used  in the G & N  in tegra t ion  t e s t s  at the 

This des ign  rev iew boa rd  will also rev iew the r e su l t s  of the real  

t i m e  ground p r o g r a m  checkout which h a s  been  pe r fo rmed  c o n c u r r e n t  t o  the 

MIT test ing.  

the fl ight sof tware  wil l  be es tab l i shed .  

of t he  ex tens ive  i n t e r f a c e s  betLveen these  two s y s t e m s .  

b o a r d  approves  the f ab r i ca t ed  rope m e m o r i e s  and DRO t a p e s ,  a d i r e c t i v e  is 

In p a r t i c u l a r ,  the cornpatibil i ty of the ground p r o g r a m  with 

Th i s  includes a c r i t i c a l  eva lua t ion  

When the r ev iew 

e 
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i s s u e d  which ce r t i f i e s  the sof tware fo r  flight and  p e r m i t s  i t s  in tegra t ion  

with the  guidance hardLvare a t  KSC. 

4. 1.7 H a r d w a r e  Integrat ion and Ground T e s t i n p  

Two s e t s  of cer t i f ied fl ight ropes  and t\vo s e t s  of DRO tapes ,  a long 

with the  p r o p e r  desc r ip t ive  documentat ion,  a r e  sen t  to  the K S C  f o r  u s e  iri 

S t ep  7. T h e  renidining flight ropes and tapes  might  be sen t  to  NAA/SUiI3 

and GAEC f o r  f inal  tes t ing using the hybr id  COSYDYL-E and  GJXIZEC s i m u -  

la t ions.  

GAEC s ince  the i r  p r i m a r y  a r e a  o i  i n t e r e s t  i s  the LELl guidanLe p rogra :  . 
I t  is not n e c e s s a r y  to send  tile XGC flight ropes  and  tar)< s to 

/ 
Upon complet ion of the G&U a s s e m t l y  and integrat ion t e s t ,  l oad ing  

of the DRO tapes  into the .ACE equipment ,  and incor2ora t ing  the tapes  a n d  

ropes  into the  fl ight compute r s ,  the r e s u i t s  of t h e s e  opera t ions  a r e  br ief ly  

r epor t ed  and  sen t  t o  the Fl ight  Readiness  Com&mittec fo r  review,  

r ev iews  should be conducted b y  SXSA and coritraccor e z g i n e e r s  a t  KSC. 

T h i s  c o m m i t t e e  is respons ib le  f o r  cer t i fy ing  that all pre i l igh t  ope rritians 

and  ground tes t ing  h a s  been sa t i s fac tor i ly  accompl ished .  They will  a lso 

examine  the r e s u l t s  of any  f inal  hybrid tes t ing  by NAA/SMD and GXEC, 

if  t h e s e  t e s t s  apply. This  commit tee  should contain m e m b e r s  f r o m  

MSC, MSFC, and the m a j o r  con t r ac to r s .  A m e m b e r  of MSC sho1Jld 

c h a i r  t h i s  commit tee .  This  commi t t ee  should rev iew the documented  

r e s u l t s  of a l l  major  t e s t s  pe r fo rmed  in the ground checkout phase.  S ince  

this is the  f ina l  series of t e s t s  before  the fl ight,  a l l  d i s c r e p a n c i e s  and  

f a i l u r e s  i n  a t e s t  wil l  be resolved b e i o r e  proceeding  to  the next t e s t .  

p r o c e s s  is r epea ted  until  the commit tee  i s s u e s  a r e l e a s e  to the Launch 

Con t ro l  C e n t e r  which r e l e a s e s  tt;e p r o g r a m  fo r  launch countdown. 

These  

T h i s  

T h e  ground tes t ing  shown in S tep  7 will  be oi approx ima te ly  t h r e e  

months  dura t ion .  

documented .  

comple t e  set of Apollo sof tware  and h a r d w a r e ,  adequate  tes t ing  should 

be provided  fo r  a functional checkout unde r  the nominal  and  a b o r t  con-  

di t ions.  

be thoroughly t e s t ed  on a subsys t em and  s y s t e m s  level .  

p r o g r a m  should provide f o r  a t  least  one condensed m i s s i o n  r e h e a r s a l .  

The nucleus  for the ground t e s t  p r o g r a m  c u r r e n t l y  e x i s t s  in  the Ground 

Opera t ions  Requ i remen t s  and Plan ( G O K P )  s e r i e s .  

All  t e s t  should be planned in de ta i l  and p rope r ly  

Since this  will be the finaI a s s e m b l y  and  in tegra t ion  the 

A l l  a s t r o n a u t  o v e r r i d e  capabi l i t i es  and in te r fac ing  should 

The  ground t e s t  
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Throughout  a l l  t e s t s  and checks p e r f o r m e d  in  S tep  7 ,  MSC and a l l  

concerned  agencies  will mon i to r  the p r o g r e s s  and a l l  t e s t  r e s u l t s .  

will  e n s u r e  that  the r e s u l t s  a r e  compatible w i t h  the o v e r a l l  m i s s i o n  

object ives  before  the sof tware  p rograms  a r e  r e l e a s e d  f o r  f l ight.  

This  

4.1.8 Launch Countdown and Flight Opera t ions  

The s o f t w a r e  val idat ion p r o c e s s  conrinues dur ing  the launch count- 

down phase  by introducing automated check rout ines  into the p r o g r a m s .  

The AGC and LGC c a n  be monitored through the autonyatic checkcut  

equipment  (ACE) f o r  de te rmining  sa t i s f ac to ry  opera t ions  of :he flight 

c o m p u t e r s  . 
During  the f l ight ,  the ver i f icat ion p r o c e s s  continut's by exe rc i s ing  

va r ious  m e m o r y  s u m  checks ,  sequencing checks ,  r easonab leness  t e s t s ,  

and  d iagnos t ic  rout ines .  

the G&N s y s t e m  wil l  be monitored by d i sp iays  ar.d t e l eme t ry .  T h e  r r a l  

time ground p r o g r a m  should be performing  s imi l a r  ve r i i i ca t ioxs  b a s e d  

upon data from the  down-link sys tem.  

checks ,  both p r o g r a m s  should contain the capabi l i ty  to p e r f o r m  tes t ing  

us ing  data input f r o m  exterl;al  sou rce  such  as  a s t r o n a u t  or  a launch 

ope r a t ions  off icer .  

Astronaut  functional Ltnd in te r fac ing  cf:eck> with 

In additior, to the pre-programmed 

4.1.9 Post Fl igh t  Analys is  

The "quick-look" ana lys i s  is concerned  with de t e rmin ing  the ove rail  

equipment  and so f tware  pe r fo rmance  during fl ight.  

the a n a l y s i s  is r e q u i r e d  shor t ly  af ter  the f l ight  (usual ly  one o r  two days ) ,  

it is not poss ib le  to obtain a detailed ana lys i s .  

is r econs t ruc t ed  using the in te rpre ta t ive  c o m p t e r  o r  m i c r o  s imula t ion  

and the precomputed  nominal  t ra jec tory .  The  t racking  and te iemet  rv  

da t a  a re  reduced  and the r e s u l t s  compared  to  r e c o v e r  the in s t rumen t  

and propuls ion  p e r f o r m a n c e ,  the environn:ents expe r i enced ,  and to a s s e s s  

and expla in  any  mal func t ions  that w e r e  observed .  

Since the r e p o r t  on 

T h e  so f tware  p e r f o r m a n c e  

The "fine-grain" ana lys i s  in s t e p  9 is a m o r e  de ta i led  invest igat ion 

into the  sof tware  and h a r d w a r e  pe r fo rmance  during the fl ight.  

s t r u c t e d  best e s t i m a t e  t r a j ec to r i e s  c a n  be used  s ince  t ime will be  avail- 

able f o r  p r o p e r  reduct ion  and data es t imat ion .  

r e a l i s t i c  env i ronmen t  f o r  che<:king the opera t ions  of the AGC and LGC 

The  recon-  

This  provides  a m o r e  
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e q u i r e m e n t  f o r  adequate  t e l e m e t r y  

c o v e r a g e  during the fl ight S O  that  a l l  malfunct ions c a n  be p r o p e r l y  moni-  

t o red .  Var ious  techniques will be u s e d  in this  ana lys i s  to t r a n s l a t e  and 

checkout  modif icat ions to the so f tware  which rr . ight p revent  in f u t u r e  

f l igh ts  any of the obse rved  mal func t ions .  

the validdt,c,n p r o c e s s  s i n c f .  rt-fi::t‘ment of the ex is t ing  softLsare should 

inc lude  the exper iences  gai:;tsd fror:i  a c tua l  u s e  in an opera t iona l  

envi  r o n m  e n t . 

T h i s  is an  impor t an t  s t e p  in 

T h e  P o s t  Fl ight  Analysis  Cdmmi t t ee  c o r r e l a t e s  and coord ina tes  the 

v a r i o u s  post-fl ight ana lys i s  p e r f o r m e d  by each  agency and c o n t r a c t o r .  

T h e  c h a i r m a n  should be a m e m b e r  of MSC. The  c o m m i t t e e  s h o u l d  

con ta in  r ep resen ta t ives  f r o m  a l l  agenc ie s  par t ic ipat ing in the post-fl ight 

a n a l y s i s .  

t e l e m e t r y  r equ i r emen t s ,  da ta  p rocess ing  techniques , and d is t r ibu t ion  

of a n a l y s i s  responsibi l i ty .  

4.1.10 Software Change P r o c e d u r e  

P r o c e d u r e s  should be defined by  this  panel in  such  a r e a s  a s  

- -__ 

Throughout  the e n t i r e  sof tware  val idat ion p r o c e s s  i t  m a y  become 

n e c e s s a r y  to i n s e r t  changes t o  the AGC and LGC p r o g r a m .  Until S tep  

6 ,  w h e r e  the  rope  m e m o r i e s  a r e  f ab r i ca t ed ,  the fl ight p r o g r a m  will 

exist in the basic f o r m  of a binary c a r d  deck. 

so f tw3re  changes  can be  implemented  with a min imum of e f for t  but it i s .  

n e c e s s a r y  to  p e r f o r m  re- ta rge t ing  and ver i fy  the change into the prograrr-:.  
However ,  once the p r o g r a m  i s  “frozen” by rope fabr ica t ion ,  t h e  o p e r a -  

t ions  involved in making any  sof tware  changes r e q u i r e  l o n g e r  Icad 

T h e r e f o r e ,  any r equ i r ed  

. t i m e  and  m a y  c a u s e  launch schedule  sl ip.  

m u s t  b e  mechanized  for implement ing  n e c e s s a r y  softLvare i h n : : ; . . ~ i  

after the p r o g r a m  h a s  been  finalized. 

is shown i n  F i g u r e  10. 

T h u s ,  a r ea l i s t i c  p l n n  

A rezot-riniended p r o c e d u r t .  

Changes to the f l ight  sof tware  c a n  or iginate  f r o m  two p r i m a r \ *  

s o u r c e s .  F i r s t ,  an  unexpected r e su l t  can  o c c u r  f r o m  so f tware  o r  h a r d -  

w a r e  t e s t s  which c a n  be at t r ibuted to a n  e r r o r  in the sof tware  logic ,  o r  

which could be effectively reso lved  by modifying the sof tware .  Second, 

a m i s s i o n ,  p rocedura l  o r  equipment  change can  a r i s e  during the sof tware  
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development  p r o c e s s  which affects the sof tware.  

denoted at point (A) in F i g u r e  1 0  and the second a t  (B). 

p r o c e s s  is ini t ia l ly  d i f fe ren t  f o r  the f i r s t  sou rce .  

s ince  the suspec ted  e r r o r  might  be reso lved  quickly,  a s  i n  the c a s e  of 

an e r ro r  in the s ign  of a guidance c m s t z z t ,  GI a physical  defect  in a 

m e m o r y  rope.  

the p rocedure  to handle  these  si tuations.  M I T  is  p r i m a r i l y  r e spons ib l e  

for  this  type of change with the intended act ion and subsequent  p r o g r e s s  

coordinated with MSC. 

The  f i r s t  s i tuat ion i s  

T h e  change 

Th i s  is r equ i r ed  

A r ap id  so f tware  co r rec t ion  path has  been provided in 

For m o r e  involved changes,  a longer ,  m o r e  detai led change pro-  

c e d u r e  is r equ i r ed .  

s imula t ion  ana lys i s  of the problem a r e a .  

funct ions will  be used ,  when n e c e s s a r y ,  to  a id  in  de te rmining  the e r r o r  

s o u r c e .  In p i i r t i cu la r  i f  the  fault  can  be at t r ibuted to  a n  a s t ronau t  sof t -  

w a r e  in t e r f ace ,  r i go rous  coordination between the two funct ions will 

The  f i r s t  s tep  is concerned  w i t h  making a de ta i led  

A l l  dependent agencies  and 

c o m m e n c e  to a t t empt  a f a s t  and definite solution to  the problem.  

The  MSC Soi tware  Des ign  Reviev, B J a r d  ;ha,ild hold conibined nieet-  
ings with the  Change Cont ro l  Board  (CCB)  f o r  the sake  of expedience 

which is usua l ly  a s s o c i a t e d  with such  p rogram changes.  

wil l  review the r e s u l t s  of tht. ana lys i s  connected with the h a r d w a r e  o r  

sof tware  e r r o r  and r ecommend  the type of c o r r e c t i o n  to be made .  

MSC review b o a r d  *&ill  be of significant value to  this  task s ince  the C C 3  

m e m b e r s  will  not n e c e s s a r i l y  be knowledgable in a l l  a s p e c t s  of the 

sof tware .  When approved ,  a change d i r ec t ive  wi l l  be  i s s u e d  by the 

CCB boa rd  and c o r r e c t i v e  action by the p a r t i c u l a r  agency  \vi11 b e g i n .  

A f t e r  the r e - t e s t ing  h a s  been sa t i s fac tor i ly  completed,  both the hfIT 

and MSc rev iew b o a r d s  will  revi t . \v  the resu l t s .  

app rova l  d i r ec t ive  f ina l i zes  the c o r r e c t i o n  and the appropr i a t e  N D R O  

and  DRO t a p e s  a r e  gene ra t ed .  These  tapes a r e  then used  f o r  implement -  

ing the  s o f t w a r e  change into the pa r t i cu la r  f l ight compute r .  

T h e s e  meet ings  

The  

.+\ so f tware  change 

4.2 CONTINGENCY P R O C E D U R E  

The  cont ingency procedure  which dea l s  specif ical ly  with planned 

a l t e r n a t e  f l igh t  conf idura t ions  - i s  not to be confused with the change 

p r o c e d u r e  which dea l s  with unforeseen  sof tware  modif icat ions brought 



bout due  to  cha 

3730- 6003--RC 000 

P a g e  4-28  

Zes in m i s s i o n  p r o c e d u r e s ,  h a r d w a r e  modi f ica t ions ,  o r  

f au l t s  in the rope  equat ions and logic. 

I n  the event  that  a n  a l t e rna te  o r  contingent flight plan m u s t  5 e  

employed  due to unsa t i s fac tory  pe r fo rmance  of preceding f l i gh t s ,  p r e -  

paratinns for these  contin.gent f l i g h t s  mi.i.st he  n-ade s n m ~ t i m ~ . ~ :  we!! in  

advance  of the launch date  s ince  this dec is ion  point m a y  o c c u r  a s  l a t e  a s  

a month  before  launch. The r ep lacemen t  ropes  which would be used  a r e  

s i m i l a r  to those assoc ia ted  with prt.x.-i.dus f1ig:;ts but m a y  not  be  siIiLllar 

to the r o p e s  used  in the p r i m a r y  m i s s i o n  ci)rr,puter merr.ory. 

the possibi l i ty  e x i s t s  that  these  ropes m a y  bypass  s o m e  of the g round  

t e s t s  if the interchange of ropes  o c c u r s  shor t ly  before  launch ,  s p e c i a l  

t e s t ing  of these  ropes  m u s t  be  p e r f o r m e d  and completed p r i o r  t o  the 

t i m e  they a r e  needed. 

d u r e  for  phasing in r ev i sed  f l ight  ropes  i n  the l a s t  few months  be fo re  

launch  without slipping the f l ight  o r  affecting t h e  integri ty  of the g round  

t e s t s .  

and may be a condensed v e r s i o n  of the ground t e s t s  s ince  many  of t h e s e  

t e s t s  may e i t h e r  be duplicated o r  not affected by the contents  of the r o p e s .  

Because  

The problem then i s  to de t e rmine  the b e s t  p r o c e -  

T h e s e  t e s t s  should be conducted with fl ight qual i f ied h a r d w a r e  

A contingency p rocedure  a s  shown in the logic flow d i a g r a m  F i g u r e  
B 

4- 12 is r ecommended .  

soon  as the d i f fe rence  i n  the two rs3pes can  be identified and t h e i r  affect  

or, t he  ground tes t ing  defined. 
are r e q u i r e d  before  the ropes  a r e  r ep laced  at  the t ime  of fl ight dec is ion .  

T h e  p r i m a r y  fl ight rope  p r o g r a m  should be conducted t o  the a t t a in -  

The  contingency p r o g r a m  should be ini : ia ted.as  

T h i s  wil l  de t e rmine  what s p e c i a l  g round t e s t s  

m e n t  of rope  r e l e a s e  even  if  the decis ion point to employ a cont ingency 

conf igura t ion  o c c u r s  before  the ropes a r e  r e l e a s e d  s ince  t h e s e  r o p e s ,  

in  t u rn ,  may become Contingency f l ight  ropes  f o r  subsequent  m i s s i o n s .  

The dec i s ion  point, t h e r e f o r e ,  has v e r y  l i t t l e  impact  in :he p r i m a r y  fl ight 

rope p r o c e d u r e s  o ther  than to ins t iga te  the rep lacement  of r o p e s .  

cont ingency p rocedure ,  however ,  if the decis ion point o c c u r s  be fo re  o r  

du r ing  the spec ia l  g round t e s t s ,  i t  m a y  be des i r ab le  to  discont inue t h e s e  

t e s t s  and t o  u s e  the r ep lacemen t  ropes  a s  soon a s  possible  in  the ground 

t e s t  p r o g r a m .  

In the 

The magnitude of the potential  p roblem d i scussed  h e r e  is dependent  

on the s i m i l a r i t y  of the t e s t  port ions of the computer  ropes  and  the depen-  

dency of the  ground t e s t  p r o g r a m s  on the specif ic  flight rope  conten ts .  
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Obviously,  if the t e s t  r o p e s  a r e  identical between the nominal  ropes  and 

the contingency r o p e s  and if the ground t e s t s  r e s u l t s  a r e  independent of 

the in t e rna l  c o m p u t e r  fl ight p rograms  then a swi tch  can  be m a d e  a t  any 

point in the ground tes t ing withour rr'ush spec ia l  t es t ing .  However ,  i t  is 

quite i ikeiy iiiai the iiomiiia! i x ' i s s : ~ ~  r-;?es 2nd the crinringencv m i s s i o n  

ropes  wi l l  contain d i f f e rences ,  whfch  impl ies  s o m e  amount  of spec ia l  

tes t ing on the s i d e  before  the rop r s  & r e  rep laced  and the ground tes t ing 

continued. 

. .  

4.3 FLIGHT S O F T W A R E  INTERF-ACE S U h f h l A R Y  

In th i s  r e p o r t ,  the validation of t h e  f l ight so f tware  h a s  recei \ .ed 

the m a j o r  e m p h a s i s .  

w a r e  depends on i ts  cons is texcy  w i t h  many o ther  f ace t s  of the Apollo 

program. T h i s  plan h a s  rriade provis iJn for  the  coordinat ing of the flight 

sof tware  in t e r f aces  but in s o m e  cast 's  t hese  have not been c l e a r l y  d is t in -  

guished.  In th i s  sec t ion ,  the genera l  in te r face  a r e a s  will be s u m m a r i z e d  

and the method of i n t e r f ace  ver i f icat ion identified.  

dis t inguish the s t e p s  in the software validation p r o c e d u r e  p r i m a r i l y  con-  

c e r n e d  with the  in t e r f ace  of interes:. 

However ,  it i s  obvious that the validity of the soft-  

T h i s  will h e l p  t o  

The major a r e a s  of flight su f tva re  in te r face  a r e :  

0 Spacec ra f t  GBrN equipment 

0 Spacec ra f t  propulsion and al t i tude con t ro l  s y s t e m s  

0 T e l e m e t r y  link 

0 C r e w  operat ing procedures  

0 Sa tu rn  boos te r  guidance s y s t e m  

0 Guidance s y s t e m  oriented ground suppor t  equipment  

0 Real  t i m e  ground program and m i s s i o n  cont ro l  p r o c e d u r e s  

0 Miss ion  des ign  and re la ted  documentat ion 

q Software descr ipt ion d Jcumentat ion 

0 Test  r o p e s  and ground checkout 
i 

T h e  compat ib i l i ty  of the f l i g h t  sof tware  with the s p a c e c r a f t  G & N  

equipment  is i n s u r e d  f i r s t  through the a c c u r a t e  model ing of t hese  C c j t i l -  

ponents  and  s u b s y s t e m s  in the hardware  or ien ted  fl ight s imula t ion  
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0 programs used  in  qual i f icat ion testing. 

ing a c u r r e n t  and a c c u r a t e  Handbook of Vehicle and Equ ipmen t  Simulat ion 

Models  document.  T h e s e  models  a r e  f u r t h e r  jus t i f ied  i n  the  MTT hydr id  

s imula t ion  rope ver i f ica t ion  p r o g r a m  where  the rope  / c o m p u t e r  i n t e r f ace  

is functionaiiy i e s i e d  a:oiig ~ i t h  the r e s t  nf the G & N  equipment .  

Th i s  model ing r e l i e s  on ma in ta in -  

The  sof tware in t e r f ace  with the spacec ra f t  p ropu l s i an  and at t i tude 

cont ro l  s y s t e m s  is a l s o  t e s t ed  during s . i tware  qua l i f ica t ion  t e s t s  using 

a c c u r a t e  s imulat ion mode l s  control led by  the Handbonk of Vehi.-!e and 

Equipment  Simulation hfodels.  

NAA/S&ID and G A E C  hydr id  s imulat ion t e s t s .  

T h e s e  niodcls  a r e  v e r i f i e d  b y  m e ~ c s  of t h e  

Special  t e s t s  a r e  a l s o  

p e r f o r m e d  during equat ion t e s t s  o r  qual i f icat ion t e s t s  t o  e n s u r e  a c o m -  

pat ible  s tabi l i ty  m a r g i n  between the guidance and cont roI  funct ions.  

T h e  consis tancy of the flight so f tware  with the t e l e m e t r y  link is 

fundamental ly  defined i n  the Software Specif icat ion Document  and thus 

b e c o m e s  a n  in tegra l  p a r t  of p r o g r a m  checkout and qual i f icat ion tes t ing.  

This  functional i n t e r f ace  is l a t e r  physicall;. checked .'iiring the ground 

checkout  p r oc e du r e .  

The compatibi l i ty  of the fl ight so f tware  with the c r e w  opera t ing  

p r o c e d u r e s  if  f i r s t  defined as  par t  of the Software Specif icat ion.  

later checked during p r o g r a m  checkout and qual i f icat ion tes t ing by e i the r  

It i s  

p r e - p r o g r a m m i n g  the as t ronaut  cont ro l  of the compute r  ope ra t ion  o r  

providing an engineer  to t e s t  the c a n - i n - t h e - l o o p  a s p e c t s  of the a s t r o -  

nau t / compute r  p rocedures .  Once the compatibi l i ty  of the so f tware  with 

these procedures  a r e  ve r i f i ed ,  the mis s ion  s i m u l a t o r s  a r e  used to  t r a i n  

the a s t ronau t s  in the u s e  of these  p rocedures .  Any a s t r o n a u t  a ids  in the 

form of wr i t ten  data  c a r r i e d  onboard the spacec ra f t  should a l s o  be 

r ev iewed  f o r  consis tency with the so f tware  during so f tware  qual i f icat ion 

t e s t ing  and target ing ver i f icat ion.  

The a g r e e m e n t  be'ween the spacec ra f t  sof tware  and the Sa tu rn  

b o o s t e r  guidance computat ions is conf i rmed in the P r o g r a m m e d  Equat ions 

and Constants  Document,  the Equation T e s t  Resul t s  Document ,  and the 

Qualification Test Resu l t s  Document and in the ta rge t ing  ve r i f i ca t ion  

operation. 

e a r l y  f l ights ,  the c r i t e r i a  used in the cqmpar i son  computat ion of the r e a l  

t i m e  ground program m u s t  he  checked aga ins t  the qual i f icat ion t e s t  

Since this i n t e r f ace  will be in the f o r m  of moni tor ing  during 

r e s u l t s .  
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I. 
0 

The ground support  equipment in t e r f ace  with the fl ight so f tware  

is main ly  through the A C E  computer  p r o g r a m .  

v e r i f y  opera t ions  will  be checked a s  p a r t  of the ground tes t ing phase ,  

p a r t i c u l a r l y  in  the GkN s y s t e m  integrat ion and a s s e m b l y .  

monitor ing o r  interpretaEion of the iiigiii s v i i w a r r  t y  the ACE pi;ogi=ani 

will have  to  be ver i f ied  b y  e i the r  s p e c i a l  s tud ie s  o r  b y  definit ions of 

c o n s t r a i n t s  in the Software Specification and b y  spec i f ic  qual i f icat ion 

t e s t s  d i r ec t ed  to this  in te r face .  

the real tim-e ground prograrc  and m i s s i o n  con t ro l  p rocedures  i s  a .;cry 

complex  one. The extent to  which the so f tware  m u s t  be s imula ted  i n  the 

m i s s i o n  control  cen te r  h a s  not been d e t e r m i n e d .  However ,  :his i n t e r f ace  

is recognized  in the recorr.n:ended p r o c e d u r e s  by including ,!he r ea l  t i m e  

g round  program. int imately in the so f tware  rev iew p r o c e s s  in SeLVeral 

p laces .  T h e  m o r e  significant review is be fo re  rope  r e l e a s e  to e n s u r e  

tha t  the f inal  v e r s i o n  of the flight so f tware  i s  re f lec ted  in the m i s s i o n  

control s imula t ions .  

equipment  mode l s  and target ing data a r e  used  cons is ten t ly  in both s i d e s  

of the in t e r f ace  as provided in the p r o c e d u r e s .  

The  compute r  load and 

However ,  any  

The in t e r f ace  of the flight sof tware  with 

1 
It is  a l s o  impor tan t  that  the shrne vehic le  and 

T h e  m i s s i o n  des ign  cons idera t ions  a r e  inco rpora t ed  in the fl ight 

s o f t w a r e  i n  the f l ight  sof tware  specif icat ion and in  t h e  target ing r e q u i r e -  

ments documents .  The  ver i f icat ion of th i s  i n t e r f ace  is  provided in the 

equat ion t e s t s ,  the qual i f icat ion t e s t s  and  in the ta rge t ing  ver i f icat ion.  

the o t h e r  s i d e ,  the f i M 1  miss ion  planr,ing is  p e r f o r m e d  using guided 

f l ight  s imula t ions  ref lect ing the flight so f tware  and  t a rge ted  cons tan ts .  

On 

Since the  f l ight  s o f t w a r e  is  used  by many  organiza t ions  involved 

in the  Apollo m i s s i o n  prepara t ion ,  it i s  i m p e r a t i v e  that the desc r ip t ions  

of the sof tware  avai lable  in  documents  be  comple t e  and rel iable .  

wi l l  not only provide the d i v e r s e  u s e r s  with a c c u r a t e  informat ion ,  but 

wi l l  provide a m e a n s  of ' ' t rouble shooting" an t ic ipa ted  sof tware  p r o b l e m s  

dur ing  va r ious  t e s t s  in which the s o f t w a r e  pa r t i c ipa t e s  and in  post  f l igh t  

analysis. Tnese  documents  a l s o  s e r v e  to define the sof tware  configura-  

tion for  the pu rposes  of control.  The  p r o c e d u r e  ident i f ies  the s ignif icant  

po r t ions  of the so f tware  which w a r r a n t s  spec i f i c  documented desc r ip t ions .  

T h i s  

T h e  f l ight  s o f t w a r e / i e s t  rope in t e r f ace  b e c o m e s  s ignif icant  b e c a u s e  

the t e s t  rope  is u s e d  to  checkout  t h e  c ;mpu te r /ha rdware  f.;ncti~fis and  

m a y  take the  place of the fl ight rope during c e r t a i n  phases  of ground 
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a s s e m b l y  and tes t .  Lf the t e s t  ropes  and fl ight ropes  a r e  not cons is ten t  

in t e r m s  of the methods  of operat ion on c o m p u t e r  input /output  s igna l s ,  

then equipment  t e s t s  p e r f o r m e d  using the t e s t  r o p e  m a y  become invalid 

or  that f l ight rope  fau l t s  m a y  bypass c e r t a i n  equipment  tes ts .  

i n t e r f ace  is ver i f ied  main ly  with the MIT h y d r i d  s imula t ions  using fl ight 

ropes  and during ground testing involving both +he t e s t  and fl ight ropes .  

T h i s  

Because  of the complexity of t h e  ,4pollo p r o g r a m ,  and the re la t ive lv  

l imi ted  scope  of th i s  study it i s  poss:ble  tha t  a l l  sof tware interfaces h<i\ .e 

not been  t r e a t e d  specif ical ly  in this validation plan.  

omiss ions  a r e  identified,  they can be i ~ ~ c o r p o r a t e d  *xi th in  the p r o c e d u r e  

outlined h e r e ,  and the incorporat ion of spec i f ic  t e s t s  in the t e s t  plans 

designed to  ve r i fy  each  interface,  

However ,  if  these  
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5. FLIGHT SOFTWARE VALIDATION DOCUMENTATION 

T h i s  sect ion d e s c r i b t s  the n e c e s s a r y  documenta t ion  f o r  comple te  

p repa ra t ion ,  rev iew,  and tes t ing  o i  the ~ l p o l l o  AGC and  LGC f l ight  s o f t -  

ware .  

ver i f icat ion p r o c e s s  fo r  the anticipated nominal  Xpollo mis s ion .  

pa r t i cu la r  function in this  p r u c e 3 s  i s  in estclSlishing a con t ro l  o v e r  the 

very  l a r g e  and complex sof tware  ? r o g r a m .  

qui r ing  that the denions t ra ted  per t 'ormance of the so f tware  as  defined 

m e e t  the r equ i r emen t s  and cons t ra in ts  Lcrhich a r e  spec i f ied  in  the p a r t i -  

c u l a r  documents .  

ibil i ty of de te rmining  that th i s  does occur .  

This  documentat ion i o r m s  a n  in[egrdi  p a i t  of t h e  f l igh t  s n f t v : a r ~  

I t s  

This  is  a c c o m p l i s h e d  by  r e -  

T h e  hf IT and iMSC rev iew b o a r d s  i n c u r  the r e s p o n s -  

T h e  require:? documents  have been grouped toge ther  in  a f o r m  

which is designed to min imize  the e f for t  r e q u i r e d  f o r  t h e i r  p r e p a r a t i o n  

and  revis ion.  

o rgan ized  in r ep lacab le  sec t ions ,  the e f for t  r e q u i r e d  to i n c o r p o r a t e  

r e v i s e d  t e s t  plans o r  to  expand on previous  t e s t s  is reduced .  

Sof tware  Spec i f ica t ions ,  the T e s t  P lan ,  s e l ec t ed  so f tware  d e s c r i p t i o n  

documents  r equ i r e  the f o r m a l  approval  of MSC. Many of the r e q u i r e d  

documents ,  or sec t ions  of them, can r e m a i n  unchanged o v e r  a nurr.ber 

of f l ights ,  and would only requi re  rev is ion  when a m a j o r  change ir, the  

form of the so f tware  is required,such a s  the inco rpora t ion  o i  the B!ock 

KI computer .  

By providing ane  comprehens ive  t e s t  plan document  

Only the 

The recommended sof tware  validation documen t s  a r e  grouped  

into the following s i x  ca tegor ies :  

o Spec i f ica t ions  

o Test P l a n s  

o T e s t  R e s u l t s  

o Sof tware  Descriptioris 

o Approvals  

o Handbook and  manuals .  

b 
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5. 1 SPECIFICATIONS 

The  Sof tware  Specif icat ion i s  produced  a f t e r  the spec i f ic  m i s s i o n  

s o f t w a r e  r e q u i r e m e n t s  have  been def ined in  S tep  2 ,  and  i t  f o r m s  the b a s i s  

f o r  a l l  fu ture  tes t ing  of the Ati(1; and  L e C  iiighr so:r*.\,sre. T h e s e  s p e c i f i -  

ca t ions  w ~ l l  include so f tware  r e  : -ements  unde r  nominal  and  non-nomina l  

ope ra t ing  conditions,  de t e rmina t ion  of guidance backlip m o d e s ,  and  a 

spec i f ica t ion  of the pe r tu rba t ions  to  be mechanized  fo r  non-nominal  p e r  - 
f o r m a n c e  s tudies .  -Also includes a r e  spec i f ica t ions  of the veh ic l e ,  I b l U ,  

and  compute r  s imula t ion  mode l s .  

ope ra t ions  and  p r o c e d u r e s  shoQld b e  included. 

de f ine  quant i ta t ive so f tware  p e r f o r m a n c e  c r i t e r i a  S O  thdt the s o f t w a r e  

t e s t  r e s u l t s  wil l  be  e a s y  to i n t e r p r e t e  and  approval  can be  m a d e  s t r a i g h t  

fo rward .  T h i s  document  should a l s o  contain a11 t .ehicle and  equ ipmen t  

p e r f o r m a n c e  c r i t e r i a  to be used in, de t e rmin ing  the ape  ra t iona l  p e r i o r m -  

ance capabili ty.  

ob jec t ives  of all tes t  p lans  used  i n  the ver i f ica t ion  p r o c e s s .  

A11 a s t r o n a u t / s o f t w a r e  i n t e r f a c e  

T h e  ipcc i f i ca t ion  should 

Th i s  document  i s  u s e d  to d e t e r m i n e  the method and  

T h e  contents  of the T e s t  P l a n  a r e  shown in Table  1. Many of 

t h e s e  p lans  will  r e m a i n  unchanged o v e r  a dura t ion  of many  f l ights .  T h i s  

would o c c u r  if the t e s t s  a r e  comprehens ive  and  genera l ly  appl icable  and  

the  so f tware  becomes  s tandard ized .  When modif icat ions a r e  m a d e  for 

a spec i f ic  fl ight,  i t  will  b e  n e c e s s a r y  to  p e r f o r m  only the functional and  

i n t e r f a c e  tes t ing  on  the new rout ines  developed o r  the new combina t ion  

of s e v e r a l  s tandard ized  subrout ines .  

5. 2. 1 Fl ight  Equat ion T e s t  P l an  

This plan is u s e d  for checking out  the p re l imina ry  AGC a n d  LGC: 

f l ight  equat ions developed by MIT. 

eng inee r ing  o r  idea l  s imula t ions  of the equat ions in  a c Iosed- loop  guid-  

ance configurat ion.  

m i s s i o n  pe r fo rmance  under  both nominal  and non-nominal  condi t ions.  

T h e y  should a l s o  be  capable  of comple te ly  checking al l  p roposed  individual  

subrQutines.  T h i s  t a s k  can be  c o n s i d e r e d  to be the b a s i s  f o r  the s o f t w a r c  

p e r f o r m a n c e  ana lys i s  which i s  p a r t  of the guidance equation spec i f ica t ion .  

This t e s t  plan should be r ev i sed  only \vhen i t  i s  n e c e s s a r y  to p e r f o r m  

special tes t ing on the modified fliLht ,of:..vare. 

I t  wi l l  contain t e s t s  which u s e  the 

T h e  t e s t s  should be  des igned  to  d e m o n s t r a t e  the 
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5 . 2 . 2  P r o g r a m  Checkout P l a n  

Th i s  plan def ines  the e a r l y  t e s t s  o r  the coded f o r m  of the equat ions 

when p r o g r a m m e d  f o r  the guidance compute r .  T h e s e  t e s t s  should in-  

ci-ude those -&i& ;iyc .cs2d ;;.hen i.liIiriing ' 'Lcnch :e.:" in:erpic;ivc 

computer  s imula t ions  (ICs) which u t i l i ze  the tn i c ro  s imula t ion  2rogrram. 

This  plan should a l s o  include t e s t s  which d e m o n s t r a t e  that  the f l i g h t  

p r o g r a m  is cons i s t en t  with a l l  of the comp3iter logic  and a r i t h m e t i c  

opera t ions .  Th i s  document  need only be  wr i t t en  once ,  and modified only 

when new guidance p r o g r a m  subrou t ines  become  ava i lab le .  

desc r ip t ion  of the p r o g r a m  checkout p r o c e s s  is given in Sect ion 7 .  2. 

A iur tk .er  

~ 

5. 2. 3 Softvdare Qual i f icat ion r e s t  P l a n  

T h i s  t e s t  plan d e s c r i b e s  the qua l i f ica t ion  tes t ing  which i s  used  to 

d e m o n s t r a t e  tha t  the flight sof tware  when included as  p a r t  of the G&Y 

s u b s y s t e m  i s  capable  of guiding and cont ro l l ing  the vehicle  in a l l  of the 

opera t ing  m o d e s  f o r  the mis s ion .  

which c o n s i s t s  of the m i c r o  s imula t ion  w h e r e  the loop h a s  been closed 

between the fl ight computer  and the vehic le  f o r  a l l  an t ic ipa ted  mis s ion  

conditions.  A l s o  s imula ted  a r e  the de ta i led  models  of the flight h a r d -  

w a r e  which i n t e r f a c e s  with e a c h  of the flight compute r s .  This  t e s t  plan 

should also provide  t e s t s  in which all of the nominal  and abor t ive  a s t r o -  

naut i n t e r f aces  are r igorous ly  exe rc i sed .  

computat ions which a r e  r equ i r ed  fo r  m h s i o n  con t ro l  and moni ta r ing  

should be checked f o r  comple teness .  The  l i m i t s  to the perform-ance 

of the AGC and  LGC sof tware  should be explored  unt i l  a l l  nominal ,  a b o r -  

t ive and contingent ope ra t ion  modes  a r e  d e m o n s t r a t e d  sa t i s fac tor i ly .  

T h e s e  t e s t s  u s e  a n  ICS/FS s imula t ion ,  

b 

The  outputs  of the computer  

An i m p o r t a n t  p a r t  of this plan is  the spec i f ica t ion  of that  portion of 

the qual i f ica t ion  tes t ing  which should be p e r f o r m e d  by MIT and hiSC con-  

s ider ing  the unique capaSi l i t i es  of e a c h  s imula t ion  p r o g r a m .  

of respons ib i l i ty  should be par t ia l ly  complemen t  a r y ,  but i t  i s  impor t an t  

to spec i fy  s o m e  ident ical  runs f o r  the purpose  of ver i fying the s imula t ions  

them se lve  s .  

The divis ion 

The Software Qual i f icat ion T e s t  P l a n  should be modified to  r e f l ec t  changes  

in the software, vehicle configurat ions,  or updatedf l igh t  envi ronmenta l  i n f o r m a -  

tion, m i s s i o n  and equipment  pe r fo rmance .  The r e v i s i o n s  t o  the plan should 
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include descr ip t ion  01 :!le c h a n g e s ,  ne\\’ e q u ~ p ~ ~ ~ c r l t ,  ijr ~ I Y I ~  :!jt:on require- 

m e n t s ,  and functional and in t e r f ace  opera t ion  p rocedures .  

contains a fu r the r  desc r ip t ion  GI t he  sof tware  qual i f icat ion p r o c e s s .  

S u b s e t  tion 7. 3 

5. 2.4 MIT Fl ight -Rope  Verif icat ion Plan 

T h e  tes t ing  to  be  p e r f o r m e d  Sy 1:IT ) -  b L t -  ? C C  a::d LGC flight 

ropes  when they a re  rece ived  f r o m  Ray:hc ):. ,!~ocLci se- 

this  plan. T e s t s  to ve r i fy  the functlona1 c.iiaractLrrlst:cs of the3e ropes ,  

and the i r  i n x r f a c e  with the G h i  equ1;)ment \sflth t h e  LlIT p h y s l c a l  AGC-  

LGC/digi ta l  s imula t ion  a r e  defined. 

this  s imula t ion  should be spec i i ied  In this  plan. 

and deviat ions for  all i n t e r f ace  testl:lg s h o u l d  be speci i ied.  

ver i f icat ion phase  will be  used  to compiement  the t e s t s  p e r f o r m e d  on 

the ropes  by Raytheon. 

rib,ed in 

Al l  GFS equipment  to be used  in 

The  accep tab ie  l imi t s  

T h i s  

T h i s  plan would only h a t e  to b e  r ev i sed  when equ ipmen t  i n t e r -  

f a c e s  o r  configurat ions change  s ig . i f ican t ly .  

5.2.5 Raytheon Rope-Verif icat ion P l a n  - -  - 

This  ver i f ica t ion  plan p r i m a r i l y  shol..ld cons i s t  of mak ing  a b i t -by-b i t  

This  cornpar i san  check  of e v e r y  f ab r i ca t ed  fl ight rope with the check tape. 

p r o c e s s  should be comple te ly  au tomated ,  and ab le  to ind ica te  any d i s c r e p -  

a n c i e s  when they o c c u r .  

Boa rd  p r i o r  t o  i t s  ini t ia l  use .  
between f l ights ,  a f t e r  i t  i s  approved  by MIT and hfSC. 

5. 2.6 NAAfS & ID Sirnillation T e s t  P l a n  

T h i s  plan should  be re\ . iewed by the MIT  Rex.iew 

This  plan will  not r e q u i r e  modificatiGns 

T h i s  d e s c r i b e s  the s e r i e s  of planned t e s t s  to be p e r f o r m e d  with the 

flight sof tware  in the NXX/Sg;lT) hybrid physical  s imulat ion.  

mation concern ing  the p r o c e d u r e s  to be used in each  t e s t ,  f l ight  h a r d w a r e  

to  be employed o r  s imula t ed ,  and  the n e c e s s a r y  inputs  and  d e s i r e d  outputs  

should be comple te ly  d e s c r i b e d  i n  this document.  

also include funct ional  and  in t e r f ace  tes t ing  using the fl ight h a r d w a r e .  I t  

may r e q u i r e  rev is ion  t o  spec i f ica l ly  v e r i f y  spacec ra f t  equipment  changes.  

The MSC Review B o a r d  should examine  this  document  to  e n s u r e  that  the 

proposed  tes t ing  is cornpatbile with the ove ra l l  flight so f tware  val idat ion 
p r o c e s s .  

All  i n fo r -  

This  t e s t  p lan  should 
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5 .  2.7 GAEC Simula t ion  - T e s t  P l a n  

T h i s  t e s t  plan should be analogous to the  plan in the above  subsec t ion .  

The  MSC Review B o a r d  wi l l  be respons ib le  ior .de te r rn in ing  tha t  both hybr id  
s imula t ions  a r e  being u s e d  i n  afi op t imum m a n n e r  individually.  

t e s t ing  should be kept  t o  a mininium and b e  used on,ly to ve r i fy  the func-  

t ional  p e r f o r m a n c e  of the CSh[/ LEhI equipmext  in te r face .  

modified s i m i l a r l y  to the NAA/SkID t e s t  plar.. 
5 .  2.8 Real -Time Ground F r o g r a r n  Cl:eilkui.!t P l an  

Redundant  

I t  should  be 

T h i s  checkout  plan is  u s e d  to e-: tablish the .capability o f  th i s  r ea l - t i n l e  

g round  function to  effect ively p e r f o r m  t he  r equ i r ed  i l ight  cbniputer  funct ions 

d u r i n g  the s imula t ed  f i g h t s .  

t ions s y s t e m  s h G d d  a l s o  be tes ted.  

ou tputs  f o r  each  t e s t  should b e  defined. 

A l l  da:a in te r fac ing  writti the t e l e c o m m u n i c a -  

The r c q u i r e d  eqL;ipment and  inpu t s  and 

This  documen t  should be c o o r d i n -  

ated with the sof tware  p r o g r a m  checkout and qual i f icat ion tes t ing  p r o c e s s e s .  

T h i s  will  p r o m o t e  s tandard iza t ion  o i  the checkout  p r o c e d u r e  and  he lp  m i n i -  

m i z e  the change r e q u i r e m e n t s .  

5.2.9 G & N In tegra t ion  Tes t  P l a n  

This test plan is used for in tegra t ins  the G&U equlprnezt  t age the r  on a 

s y s t e m  and  component  l eve l  a t  the  Kennedy Space Center .  

m a n d  module  and  the L E M  p r i m a r y  guidar,ce sy 

configurat ion,  one  plan c i A l d  be p r e p a r e d  to inco rpora t e  both sys tems.  

Since t h e  com-  

tern a r e  of the same bas i c  

Th i s  plan should include a comple te  functional checkout  of both of the 

f l ight  s y s t e m s .  

the GORP ser ies  of checkout  testing. Thus ,  n l lnor  modi f ica t ions  should 

only be r e q u i r e d  to adap t  this  plan to both fl lght s y s t e m s .  

P o r t i o n s  of th i s  t e s t  p rocedure  a l r e a d y  e x i s t  as p a r t  of 

5 .2 .  10 Vehicle A s s e m b l y  ar,d Integrat ion Tes t  P l a ~  

T h i s  document  is  d e s c r i b e d  only functionally in  this  val idat ion p r o -  

c e s s ,  s ince  i t  a l ready e x i s t s  as  pa r t  of the G O R P  s e r i e s  of checkout  t e s t s .  

It should be noted,  however ,  tha t  the t e s t  r e s u l t s  m u s t  be provided in  a 

form which c a n  be e a s i l y  checked  a g a i n s t  t!ie pe r fo rmance  c r i t e r i a .  Th i s  

p e r m i t s  the r e s p e c t i v e  r ev iew boa rds  to de t ec t  anomalous  behavior  i n  the 

f l ight  so f tware  without  r e s o r t i n g  to de ta i led  ana lys i s .  

T h i s  p r o c e d u r e  should reniain f ixed  f o r  a gi\.er, guidance s y s t e m  

configurat ion.  

Block I1 is made. 

It  should be n todi ! :ed  . n l y  u h e n  the  change f r o m  Block I to  
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5.3 TEST RESULTS 

T h e  documenta t ion  n e c e s s a r y  f o r  r e p o r t i n g  the r e s u l t s  of all tes t ing  

dur ing  the software validation p r o c e s s  is  l i s t e d  i n  Tab le  ‘3-2 and  d e s c r i b e d  

beiow. 

The  t e s t  r e s u l t s  r e p o r t s  a r e  bas i ca l ly  i n f o r m a l  documen t s  which 

a re  c o n c e r n e d  with present ing  these r e s u l t s  i n  a conc i se  and a c c a r a t e  

f o r m  to the MSC and LIIT Review Boards .  A s  such ,  these  r e p o r t s  ( o r  

m e m o r a n d u m s )  a r e  not  approved  documen t s .  

to be u s e d  in  p re sen t ing  the t e s t  r e su l t s  \.till depend u?on the na tu re  of the 

involved tes t .  For e x a m p l e ,  the f l ight-rope ver i f ica t ion  tes t  resul ts  m i g h t  

c o n s i s t  of a few pages  which s ta te  that  all t e s t  ob jec t ives  have b e e n  

ach ieved  without  r epor t ing  de ta i l s  OK c a c h  s tep.  

involves  checking  the  pe r io rmance  of v a r i o u s  p a r a m e t e r s  i n  the s o i b v a r e  

sub rou t ines ,  for e x a m p l e ,  (which migh t  be the s i tua t ion  dur ing  qual i f icat ion 

tes t ing)  i t  would be n e c e s s a r y  t o  be more spec i f i c  i n  present ing  the t e s t  

r e s u l t s .  

The  d e g r e e  of infurr:ali:y 

However ,  when the t e s t  
/ 

I t  should be n e c e s s a r y  to specify the fo rma t  to be used i n  each  type 

of t e s t  r e s u l t  only once .  

r e s u l t  will  p rov ide  a rapid m e a n s  of communica t ing  the s t a t u s  of the f l ight  

so f tware  be tween  the  tes t ing  agency and  the r e s p a n s i b l e  rev iew board .  

Th i s  s tandard iza t ion  of r epor t ing  e a c h  type of 

5 .  3. 1 Fl igh t  Equat ion  Test ing Resul t s  Summarv  

T h e  results of MIT’work  p e r f o r m e d  o n  t h e  p r e l i m i n a r y  guidance 

equat ions ,us ing  a n  engineer ing-  type s imula t ion ,  should be s u m m a r i z e d  

and  documented .  

p e r f o r m a n c e  on  the  so f tware .  

p roduced  m a r g i n a l  o r  unsa t i s fac tory  r e s u l t s  should be del ineated.  

I t  should include a n  ind ica t ion  of the  expec ted  leve l  of 

All pos i t ions  of t he  guidance log ic  which 

5 . 3 . 2  P r o g r a m  Checkout  Resul t s  S u m m a r y  

T h e s e  results are  a surnmary  of the t e s t  r e s u l t s  obtained from the 

p r o g r a m  checkout  funct ion using the approved  t e s t  plan. 

to this checkout  plan,which migh t  r e s u l t  i ron1 so f tware  modificatiofis f o r  

a p a r t i c u l a r  flight, should be  documented  in  th i s  r e p o r t .  R e f e r e n c e  

should  be made h e r e  t o  the p r o g r a m m e d  equations a n d  cons tan ts  used ir: 

Any modif ica t ions  
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t 

the  checkout.  

made to the fl ight p r o g r a m s  dur ing  the testing and expl ic i t  r e a s o n s  fo r  

doing so. 

This  s u m m a r y  should a l so  d e s c r i b e  any  funct ional  change 

5 .  3.  5 Qual i f icat ion T e s t  R e s c l t s  Summar;. 

Th i s  s u m m a r y  documen t  will contain the r e s u l t s  of the so f tware  

qual i f icat ion tes t ing p e r f o r m e d  by LlSC and MIT. T h i s  documen t  should 

r e f e r e n c e  the m o s t  c u r r e n t  desc r ip t ion  of the i l ight so f tware .  It should 

specif ical ly  c o m p a r e  the rt 'sults obtainqd aga ins t  the s o i t w a r e  reqi i i re-  

m e n  t s s pe r if ica ti on. 

5. 3 . 4  Targe t ing  Verif icat ion Tes t  R t s r i l t s  S u : 7 i m a r y  

The  r e s u l t s  of the target ing \ -er i f icat ion p r o c e s s  by the t v . ~  pr incipal  

agenc ie s  should be p r o p e r l y  combined and documented .  

s u m m a r y  should include,  in addition to nominal  m i s s i o n  p e r f o r m a n c e  da ta ,  

the r e s u l t s  of the au tomdted  t e s t  p e r f o r m e d  to e x e r c i s e  the  soft9.vare in the 

p r e s e n c e  of the se l ec t ed  per turba t ions  a sed  and the a b o r t  mode t e s t s .  

This t e s t  r e s u l t s  

5 .  3.  5 Hybr id  S imula t ions  T e s t  Ri.sl.llts Si immary 

This documen t  conta ins  the r e s u l t s  of the nybr id  s imula t ion  t e s t s  

p e r f o r m e d  a t  N U  or GAEC using the flight p r o g r a m  d e c k s  and DRO tapes .  

These r e s u l t s  should be u s e d  t o  de t e rmine  the validity of the  equipment  

models used  in s o f t w a r e  s imula t ion  p r o g r a m s .  

5. 3 .  6 Flight-Rope Ver i f ica t ion  - 
T h i s  r e p o r t  conta ins  the r e su l t s  oi both the Raytheon a n d  IMIT rope  

ver i f ica t ion  t e s t s .  

of the fabr ica ted  f l ight-core ropes  with the check t apes .  

f ica t ion  da ta  s h e e t  should e x i s t  for  each  manufac tu red  rope .  

The Ray theon  tests cons i s t  oi a b i t -by-b i t  compar i son  

A s e p a r a t e  v e r i -  

Since i t  will  not be n e c e s s a r y  fo r  hlIT to thoroughly check  e v e r y  

f l ight  r o p e  r ece ived  f r o m  R a b - t h e o n ,  t he i r  t e s t  \ . e r i f ica t ion  wil l  r e p r e s e n t  

s e v e r a l  s e t s  of rapt .;, i. e .  , th ree  flight ropes p e r  s e t ,  w h e r e a s  the ac tua l  

tes t ing  might  be done kvith only o n e  comple te  se t .  

Raytheon will have p e r f o r m e d  r igorous  testing on all of the r o p e s  p r i o r  t o  

d e l i v e r y  to MIT. 

T h i s  is poss ib le  s ince  
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5. 3. 7 R e a l - T i m e  Ground P r o g r a m  T e s t  Resril ts  S u m m a r y  

T h i s  document  sumrra r i z e s  the r e s u l t s  of the real-t ime ground 

p r o g r a m  checkout  testing. 

by d e t e r m i n i n g  the efiective in te r face  of the r e a l - t i m e  ground p r o g r a m  

with the s o f t w a r e .  

g round sof tware  function to the flight sof tware.  

It is useful to the sof tware  \-alidation p r o c e s s  

It is a l s o  used to  e s t a b l i s h  the compatibiiicy of the 

5. 3.8 Vehicle  Assembly  and 1nteSra:;qr-i Tes t  R e s u l t s  Siim.rnary 

T h i s  s u m m a r y  contains  both the G 6; N in tegra t ion  t e s t  r e s u l t s  for 

the AGE and L G E ,  and the vehicle a s s e m b l y  test r e su l t s .  

r e s u l t s  will  be  used  to e s t ab l i sh  confidence in the in tegra t ion  of the 

guidance sof tware  with the guidance hardware .  

both a component  and sys:ems level ,  this  s u m m a r y  will  f o r m  the b a s i s  

for  f u r t h e r  s y s t e m s  integrat ion studics dur icg  the vehicle assembly a n d  

checkout  tes t ing  phase a t  KSC. 

The f o r m e r  

Since the tes:s will be on 

The  vehicle  assembly t e s t  r e p o r t s  a r e  br ief  desc r ip t ions  of the t e s t  

r e s u l t s  for each  s t ep  i n  this t e s t  p rog ram.  

F l i g h t  Read iness  Commit tee  for use  i n  approving the r e s u l t s  of the ground 

checkout procedure .  

The): a r e  p re sen ted  to  the 

5. 3 . 9  "Quick-Look" Pos t -F l igh t  ?. . Talysis  Repor t  

The purpose  of th i s  r e p o r t  i s  to produce a n  immedia t e  indicat ion of 

the p e r f o r m a n c e  of the flight. It should idfntify any obvious anorca l ies  in  

the da ta  and indicate  the g r o s s  pe r fo rmance  l eve l  of the vehicle  sks tems.  

T h i s  w i l l  genera l ly  be a sepa ra t e  r e p o r t  coord ina ted  Sehveen those  

agenc ie s  par t ic ipat ing in  the post-fl ight ana lys i s .  

5. 3.  10 "F ine -Gra in"  Pos t -F l igh t  Analysis  R e p o r t  

T h i s  r e p o r t  e n c o m p a s s e s  the r e s u l t s  of the f ine-gra in  post-f l ight  

It cJn ta ins  the de ta i led  r e s u l t s  of the f l ight  a n a l y s i s  of the r a d a r  data .  

tes t .  

the sof tware .  

and  i s  the  b a s i s  for  fu tu re  refinement.  

This  inc ludes  recons t ruc ted  in te rpre t i \ . e  s imula t ions  ( m i c r o )  of 

It provides  insight into potential  p r o b l e m s  in the sof tware  

I t  i s  also a s e p a r a t e  coord ina ted  

r e p o r t .  
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5 .4  SOFTLVARE DESCRIPTIONS 

Th i s  g roup  of documentation d e s c r i b e s  the f l ight  sof tware  a s s e m -  

b l ages ,  f l i gh t -memory  conten ts ,  and the ma jo r  so f tware  val idat ion s i m u -  

la t ions which a r e  r e q u i r e d  in the verification p r o c e s s .  

contents  is given in Table  5 -3 .  

A l i s t  of t hese  

The  only cont ro l led  document requi r ing  approva l  in t h i s  group is 

the Fl ight  Equat ions  Descr ip t ion  Document which m a y  be r e v i s e d  to  

r e f l e c t  the p r o g r a m m e d  equations and constants  a f t e r  p r o g r a m  checkout  

is comple ted .  Mos t  of the o ther  documents  a r e  in fo rma l  and a r e  for in- 

fo rma t ion  pu rposes .  

5 . 4 .  1 F l ight  Equation. Descr ip t ion  

T h i s  document  should desc r ibe  all of the AGC and LGC flight 

p r o g r a m s  a s s e m b l a g e  used  on a par t icu lar  mi s s ion .  

a s s e m b l a g e s  a r e  made  up of the subprograz-,s f r o m  the "Sunr i se"  and 

"Corona"  s e r i e s  l i b r a r y  at MIT, plus any spec ia l  funct ions developed in 

S tep  2 of the p rocedure .  

working wi th  the so f tware  t o  understand i t s  philosophy. 

5 .  4. 2 AGC/LGC P r o e r a m m e d  Equatior,s and Cons tan ts  

The  fl ight p r o g r a m  , 

The document i s  intended to  provide those 

Upon complet ion of the p rogram checkout of the fl ight ' sof tware fo r  

the command module computer  and t h e  LEhl c o m p u t e r ,  the guidance 

equat ions  (along wi th  any rxodifications) and a l l  cons tan ts  a r e  documented.  

This p r o g r a m m e d  guidance equation descr ip t ion  should contain the c o m -  

p le te  flight p r o g r a m  flow c h a r t s ,  much of which i s  conce rned  with logic 

o the r  than guidance equat ions.  

for p r o g r a m  sca l ing )  and a s e t  of p re l iminary  cons t an t s ,  which a r e  used 

for t es t ing ,  should be included. 

p r o g r a m m i n g ,  i. e . ,  t iming requi rements  to  account  for  i n t e r rup t ,  shou ld  

be describer' , ,  as w e l l  as the t e l eme t ry  f o r m a t s  provided.  

The range of va lues  of the v a r i a b l e s  (used  

All  problems which w e r e  appl icable  to  

5 .4 .  3 AGC/LGC P r o e r a r n  _. is t ines  ar.d Card  D e c k s  

This data  package i s  a cover  le t te r  which uniquely ident i f ies  the 

e n c l o s u r e s  when t r a n s m i t t e d  f r o m  MIT to  other  using organiza t ions .  

conta ins  the symbol ic  l is t ing of the AGC and LGC fl ight  p r o g r a m  and a 

binary c a r d  deck  of e a c h  p r o g r a m .  

It 

/ These a r e  i s sued  a f t e r  the coded f o r m  
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of the  f l ight  p r o g r a m  has  been sa t i s f ac to r i ly  checked out on the  i n t e r -  

p re t ive  compute r  s imulat ion in  Step 3 .  

e s t a b l i s  :I the sof tware  configuration dur ing  ta rge t ing  and qua l i f ica t ion  

t e  s t ing  . 

5 . 4 . 4  Revi sed  Sunr ise  and Corona S e r i e s  L i b r a r v  Descr ip t ion  

T h i s  information i s  u sed  to 

T h i s  document  should contain comple te  and detai led d e s c r i p t i o n s  

of all the new and modified MIT s u b p r o g r a m  assemblages .  

%he s o u r c e  of all s tandardized subrout ines .  

also contained in  thi: document.  I t  is a l so  useful  as  r e f e r e n c e  inf0rrr .a- 

tion for the p r o g r a m  checkout opera t ion  in S tep  2 .  

It should be 

The t e s t  rope rou t ines  a r e  

5 .4 .  5 T a r g e t  p r o g r a m  Descript ion 

This r e 9 o r t  is continuously r e v i s e d  as n e c e s s a r y  to  r e f l ec t  the 

c u r r e n t  capabi l i t i es  and techniques used  in the target ing opera t ion .  

spec i f ica t ion  wi l l  include the technical  r e q u i r e m e n t s  for the ta rge t ing  

p r o g r a m ,  desc r ip t ions  of the gene ra l  modes  of operat ion and computa t ion  

flow, and a desc r ip t ion  of the major  sub - rou t ines  used  and the i r  i n t e r -  

facing r e q u i r e m e n t s .  

ou tputs ,  tests, and verif icat ions t e s t s  t o  Le used .  

5 . 4 . 6  Wir ing  Machine and DRO -- F o r m a t  Descr ip t ion  

T h i s  

Al so  included a r e  desc r ip t ions  of the r e q u i r e d  

The  wi r ing  machine and DRO f o r m a t  document  should be p r e p a r e d  

by Ray-theon t o  provide MIT with a desc r ip t ion  of the fo rma t  recjuired of 

the punched tape t o  be loaded into co re  rope  wir ing  machine.  

m e n t  wi l l  p e r m i t  MIT to  d i rec t ly  gene ra t e  the inputs t o  the c o r e  r o p e  

w i r i n g  machine .  

the p r o p e r  f o r m a t  and medium (magnet ic  tape ,  punched tape or c a r d  d e c k )  

so tha t  Raytheon i s  not requi red  to modify the punched t apes  but can  feed 

them d i r e c t l y  to the wir ing machine.  

T h i s  docu-  

, 

The wir ing ins t ruc t ions  furn ished  by MIT  sha l l  be of 

This document. wi l l  include the f o r m a t  and r equ i r emen t s  needed  

for checking t apes  on a bit-by-bit  c o m p a r i s o n  t o  the rope readout  if a 

d i f f e rence  e x i s t s  f r o m  the machine input. 

A desc r ip t ion  of the DRO m e m o r y  f o r m a t  i s  a lso given which h a s  

b e e n  coord ina ted  with the agencies respons ib le  for the GSE and .4CE. 

T h i s  i n s u r e s  comple te  compatabili ty o f  the sof tware  to the a s s o c i a t e d  

checkout  equipment  . 
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5 .4 .  7 Identification of Fl ight  Ropes  and DRO T a p e s  

This document  is actual ly  i n  the f o r m  of a cove r  l e t t e r  which  

accompan ies  the t ransmiss ivr i  of the f l ight  r s p e s  afid variat-,le rnernory 

tapes .  This document  uniquely identifies t h e  enclosed  when de l ive red  

to us ing  org,anizations.  

5. 4. 8 M i c r o  Simulat ion Descr ip t ions  

A desc r ip t ion  of the i r :erpretat ive o r  ( m i c r o )  s imula t ions  as-dii : b l c  

at both MIT and MSC should be provided t o  the re-Jiew b o a r d s  t o  p e r m i t  

the evaluat ion of r e s u l t s  and t o  define t e s t s  m o r e  expl ic i t ly .  

s c r ip t ion  should contain all operating modes,  1imitatior.s of the p r o g r a m ,  

and the n e c e s s p r y  input and outputs obtaina51e. 

to s i m u l a t e  the a s t r 5 n a u t  functions and i ts  i n t e r f aces  should be p rope r ly  

documented.  

T h i s  d e -  

The progra ,m capabi l i t i es  

This document  should contain a descr ip t ion  of the l eve l  of modeling 

of the  vehic le ,  envi ronment ,  and equipment a s soc ia t ed  wi th  the sofbvare .  

This simulation desc r ip t ion  wil l  be helpful to  the des ign  r ev iew boa rds  

at both ,MIT and MSC in evaluating the  softl.vare t e s t  r e s u l t s .  

5 . 4 .  9 Targe t ing  Data  Package  D e s c r i p t i o n  

This documen t  contains a l l  of the final guidance and navigation 

cons tan ts  that  w e r e  genera ted  during the target ing p rocedure  fo r  t h e  AGC 

fl ight  p r o g r a m .  T h i s  inciudes launch-time -dependent  acd m i s s  ion - 
dependent  cons t an t s ,  i. e , ,  those  cons tan ts  which allow the m i s s i o n  

objec t ives  to  be s 'at isfied for the given vehicle and t r a j e c t o r y  cons t r a in t s .  

The f l igh t -cons tan ts  deck  wil l  be in the f o r m  of a s e t  of IBM c a r d s  and a 

d e c i m a l  l i s t ing .  I t  p rovides  additional plots and tab les  r e p r e s e n t i n g  the 

r e s u l t s  of the ta rge t ing  operat ions s u c h  a s  f i r ing t ab le s ,  equipment  se tup ,  

and  the var ia t ion  of se l ec t ed  var iab les  throughout e a c h  launch window. 

Since both MSC and &TIT a r e  involved in  the s o f b a r e  qualification 

tes t ing ,  this document  is  a reliable means  for quickly t r a n s f o r m i n g  the 

results of the t a rge t ing  e f fo r t s  for qualification tes t ing.  
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5 . 4 .  10 R e a l  T i m e  Ground P r o g r a m  Descr ip t ion  

Th i s  document  p r i m a r i l y  defines the funct ional  desc r ip t ion  of the 

It  contains  r e a l - t i m e  ground p r o g r a m  to be used on a l l  Apollo f l igh ts .  

a desc r ip t ion  of all c,>r ,putation used in p rocess ing  t racking  and t e l e m e t r y  

d a t a  f l ight  so f tware ,  contingency and abor t  c r i t e r i a  s t a tus  parZ:-KietCr d2 - 

sc r ip t ions  and s i m u l a r  de t a i l s .  I t  a l s o  contains  ove ra l l  flow d i a g r a r . 3  to  

unders tand  the bas i c  operat ion 0 :  the  p r o g r a m .  

5 . 5  APPROVALS 

Throlighout the sof tware  validation p r o c e s s ,  f o r  a given f l ight ,  

the MSC Design Review Board i s sues  approval  l e t t e r s  signifying tha t  the  

f l igh t  sof tware  has  sa t i s f ac to r i ly  passed each  p repa ra t ion  s t ep .  

l e t t e r s  a r e  r ecommended  for  the following s t e p s .  

T h e s e  

a) F l igh t  Equat ions Appr oval 

b) P r o g r a m  Checkout -Approval 

c )  P r o g r a m  R e l e a s e  for Fabr ica t ion  

d) Certification of F ixed-Memory  Ropes and 
Variable -Me mor y Tapes . 

Cer t i f ica t ion  l e t t e r  a} is wri t tez  by the MSC Software Des ign  Review 

B o a r d  qllpon sa t i s f ac to ry  completion of tbe f l ight  equation development  and 

t e s t ing  in Step 2.  The approval  le t ter  in  bF s i g r i f i e s  tha t  the coded f l ight  

p r o g r a m s  have sa t i s f i ed  a l l  t e s t  objectives in  the  p r o g r a m  checkout phase  

Approval  l e t t e r  c )  i s  wr i t t en  when the flight p r 6 g r a m s  have successfu l ly  

comple ted  all ta rge t ing  and qualification tes t ing ,  p r o g r a m  cer t i f ica t ion .  

T h i s  p e r m i t s  the f ab r i ca t ion  of the flight ropes  for the AGC and LGC by 

Raytheon.  

by cer t i f ica t ion  d )  when the board has  de t e rmined  tha t  the planned v e r i -  

f ica t ion  t e s t s  have been successful ly  passed .  

The rope m e m o r i e s  and var iab le- inemory  tapes  a r e  r e l e a s e d  

In addition to  the above approvals ,  the Fl ight  Read iness  C o m m i t t e e  

ind ica t e s  t he i r  r e l e a s e  of the flight vehicle t o  the launch ope ra t ions  d i r e c -  

t ion with a b r  ie  f c e r t if i cation. 

t 

I 
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5 . 6  HANDBOOK AND M A N U A L S  

5 . 6 .  1 Handbook of Vehicle and Equipment Simulation Models 

The pu rpose  of th i s  document i s  to  con?pile in one volume a l l  s ign i -  

i i can i  c h a r a c t e r i s t i c s  o i  tk1e equ;pr,efi: 2nd /..e>Aic!~ -.i;hiCh 

the s imula t ion  mode l s .  

to -da te  informat ion  on the vehicle and equipment .  

r p q l ~ i r ~ : d  i" 

Th is  w i l l  e n s u r e  that  the  s imula t ions  contain up -  

T h i s  document  wil l  be prepared  by X I S 3  and re\ . i . icd per iodical ly  

to  r e f l e c t  all s y s t e m s  and subsy j t ems  changes  and p c r f o r m a n c e  obtained 

f r o m  s u b s y s t e m  design verification and in tegra t ion  t e s t ing ,  for example.  

R e f e r e n c e  should be indicated,whert :  needed,  to the s o u r c e s  of the 

da ta  and the  o the r  documents  containing m o r e  detai led data .  

should contain a s  a min imum,  the def ini t ions cf all  models reqviirea in 

qual i f icat ion te  s i ..ig and t a r  g ctir,g. 

Xowevcr ,  it 

5 . 6 .  2 AGC/LGC P r o g r a m m i n g  Manual 

T h i s  document  is provided by Say theon  to  aid in the programming of 

the guidance compute r s .  

speeds ,  s p e c i a l  f e a t u r e s  and subrout ines  developed,  input /output  p r e p a r a -  

tion r e q u i r e m e n t s  and o ther  s imi la r  infor rnatlon. 

It l i s t s  the instriJction c a p b i l i t i e s ,  computat ional  
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6. SIMULATIONS AND PROGRAMS 

Th i s  section contains  a brief desc r ip t ion  of the m a j o r  compute r  

p r o g r a m s  considered Recessa ry  ior the  sof tu .a re  validation p r o c e s s .  

s u m m a r y  of these  p r o g r a m s  i s  given : : Table  6 -1  including the  agency  

pe r fo rming  the s imulat ion o r  p r o g r a m ,  a;)prosirnate  av. i i labi l i ty  5 cliedules 

r e l a t ive  to the launcl. date ,  and the flow c h a r t  f igure  number  \\?here i t  is 

cited.  

X 

T h e  r ema inde r  of this sect ion C , J Z t d i n S  descr ipt io: is  o i  the s imula t ion  

p r o g r a m s  a s  applied to  the soi twart :  \ .alidatioL plan. These desc r ip t ions  

a r e  only intended t c  c l a r i fy  t h e  functiondl descr ip t ion  oi the  p rograE i s  o r  

t o  provide  comment s  concerning the i r  application. L; a few i n s t a n c e s ,  

recommendat ions  a r e  m a d e  to provide modes of oper;ition ,rJf the  s a m e  

b a s i c  s imulat ion to p e r f o r m  var ious  funct '  ions.  

6.1 ENGLVEERJXG GUIDED F L I G H T  Snl'L'LXTION 

T h e  p r i m a r y  pur?ose of an  engineer ing guided fl ight s imula t ion  1s 

f o r  u s e  in the  design, development and p e r f o r m a n c e  a! ia lJs is  of the 

e a r l y  ve r s ions  of the fl ight equations by 1tIT. 

v e r s i o n  of thi? simulat ion is used :n t r a j e c t o r y  shaping and  mis s ion  

ana lys i s  by MSC. 

In addition, a s i m i l a r  

The pr inc ip le  sec t ions  of the s imula t ion  cons i s t  of Ina themat ica l  

mode l s  of the  vehicle ,  aerodj-namics ,  flight environment ,  ro ta t iona l  

dynamics ,  a low frequency model of the vehicle  cont ro ls  s y s t e m ,  and 

t r ans l a t iona l  equations of motion a s  \yell a s  the  fl ight equat ions.  \%%en i t  

is d e s i r e d  to  study only the guidance equat ions,  scient i f ic  compute r  

running t i m e  can b e  saved if a point mass  ve r s ion  of the  vehicle  dynamics 

and a control  s y s t e m  model which h a s  a unity t r a n s f e r  function a r e  used 

The  fl ight equations a r e  p r o g r a m m e d  in  an ideal ized fashion taking full  

advantage  of the scient i f ic  compute r ' s  ins t ruc t ion  capabi l i ty  and \vord 

size. 

to d e t e r m i n e  the e f fec t  of s imulat ion model s impli l icat ions on so f tware  

p e r f o r m a n c e .  

When used  in the ful l  six degree  of f r eedom mode,  i t  c an  be u s e d  
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Q 

I 

The  engineer ing guided flight s i rnulat ion is  s o m e t i m e s  knowm a s  the 

Ideal  Fl ight  Simulat ion s ince  accu ra t e  ma themat i ca l  e x p r e s s i o n s  a r e  
used in the navigation and  guidance computat ions.  

This is a combinat ion a f  an in t e rp re t ive  compute r  s imula t ion  and 

the  vehicle  dynamics ,  environmental ,  and equipment  models w h i c h  c a n  be 

u s e d  to provide guided fl ight s imulat ions of s e l e c t e d  phases  of the mis s ion ,  

The in t e rp re t ive  computer  port ion i s  capable  of s imula t ing  in  a b i t -by -b i t  

fashion the operat ion of the -4GC and LGC. 

should contain the rotat ional  dynamics as  wel l  as +&e t r ans l a t iona l  

dynamic s . 

The vehic le  dynamics  model 

This s imula t ion  should be  designed to o p e r a t e  in  s e v e r a l  rr.odes. 

The  f i r s t  i s  an open loop o r  "bench t e s t "  mode  in which the interpreti7:e 

computer  por t ion  i s  provided nominal m i s s i o n  inputs  i n  a f o r m  acce2taSIz 

to the AGC and LGC. 
and p r o g r a m  checkout phases  of sof tware  p repa ra t ion .  

This  mode  is u s e d  during the fl ight progracm-ikAg 

The second mode i s  a guided flight s;mulation mode  in  which the 

loop is cfosed around the vehicle dynamics and envi ronment .  

ve r s ion  is 

t e s t  p rocedures .  

This 

zd in  the t a rge t ing  i -e r i f ica t ion  and so f tware  qual i f icat icn 

A third m o d e  would . r;e advantage of t h e  r e l a t ive iy  de ta i led  vehicle  

dynamics  and envi ronmenta l  por t ions  of the s imula t ion  but would r ep lace  

the  in t e rp re t ive  compute r  rout ine with a compute r  h a r d w a r e  o r i en ted  

s e t  of flight equations p r o g r a m m e d  in sc ien t i f ic  compute r  (MAC) 

language. 

This versio.: should c lose ly  approximate  the r e s u l t s  obtained Lvitll t l e  

second ve r s ion  d e s c r i b e d  above, but would r e q u i r e  l e s s  r e a l  run t i m e  by 

a f a c t o r  of about five.  

s t a n t s  by an i t e r a t i v e  technique. 

Th i s  s imula t ion  would f o r m  the b a s i s  cf t h e  t a rge t ing  p r o g r a m .  

This  vers ion  would be  u s e d  to obtain fl ight con-  

In the qual i f icat ion t e s t  sirnulation of the RCS o r  c o a s t  phdses  of 

long duratlgn, i t  would be reasonable  to obtain a t t i tude  con t ro l  s y s t e m  

l imit  cycle  c h a r a c t e r i s t i c s  only ot e r  r ep resen ta t ive  pe r iods  du r ing  this 

phase  and a l s o  for the per iods  bcfore  and a f t e r  a mis s ion  sequencing  event. 
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6 . 3  MSC MICROSIMULATION 

As cur ren t ly  planned, the micros imula t ion  being developed a t  MSC 

is a v e r y  genera l ized  and detai led s imula t ion  p r o g r a m  des igned  f o r  c o m -  

p le te  fl ight proof tes t ing of the flight so f tware .  

p r o g r a m m e d  and checked out in modular  f o r m  with t h r e e  m a i n  sec t ions .  

The  f i r s t  sec t ion  cons is t s  of a n  i n t e r p r e t i v e  compute r  s ec t ion ,  which is 

capable  of an  exact duplication of the .AGC/LGC computat ions.  The  

second sec t ion ,  called a n  enviro;;ryer,t sec t ion ,  contains de ta i led  ? l a the -  

ma t i ca l  models  of the vehicle,  prcpulsion, and at t i tude cont ro l  systems,  

flight ha rdware ,  and gravi ta t ional  po ten t ia l  and a t m e s p h e r e s .  The  i a s t  

m a j o r  sec t ion  i s  called the communica tor ,  which p e r f o r m s  the i n t e r i a c e  

function between the f i r s t  two sec t ions .  The  communica tor  s ec t i cn  a l s o  

contains  the p r io r i ty  i n t e r r u p t  log ic  and c a n  be u s e d  to input  t e l e m e t r y  

l ink and l a t e r  c rew input functions.  

It is being des igned ,  

This  si-mulation i s  being desigped to centain de ta i led  m o i d s  of 

s loshing and bending motion and ex t r eme ly  de ta i led  equipment  models .  

Because  of f i e  ambi t ious  na tu re  of th i s  p r o g r a m ,  i t  is sugges t ed  

that  advantage be taken of the modular  cons t ruc t ion  of the p r D g r a m  by  

chzc'king out those p..  r t ions of the p r o g r a m  which a r e  needed on a p r i o r i t y  

b a s i s  f i r s t .  Th i s  m a y  a l s o  apply to  the qual i f icat ion t e s t s ,  p a r t i c u l a r l y  

i f  the s imula t ion  computer  m e m o r y  l imi t a t ions  make  p i e c e - w i s e  t e s t ing  

una\-,idable. 

on a f i r s t  p r ior i ty .  

t iona l  dynamics lrersion which will be u s e d  t o  p e r f o r m  the t r a d e  offs 

between the guidance s t e e r i n g  and cont ro l  s y s t e m  gains.  

will not r e q u i r e  the s losh ing  and  bending modes  to  provide  the b a s i c  t r a d e  

offs, but should include the e s s e n t i a l  f e a t u r e s  of the s t e e r i n g  equa t iom 

and cont ro l  sys t ems .  

It is r e c o m m e n d e d  that  two modes  of ope ra t ion  be  2 rov ided  

The f i r s t  is a high f requency ,  ro ta t iona l  and t r a n s l a -  

This  v e r s i o n  

The second high p r i o r i t y  mode of opera t ion  is  a combinat ion i n t e r -  

p r e t i v e  computer  guided f l ight  s imula t ion  u s e d  to suppor t  the  s o f t w a r e  

qual i f icat ion testing. 

p e r f o r m e d  by ?JU/S&LD a$d GrlEC to s impl i fy  modeling. 

The fullest advantage should b e  taken of any  s tud ie s  

On a lower  p r i o r i t y  than the  f i r s t  two, the s losh ing  and bending 

m o d e s  could be  incorpora ted  with higher  f requency  models  of the con t ro l  

6ystem and hard \vare  dynamics .  This  high f requency  tes t ing  m u s t  b e  0 
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per fo  med  with e x t r e m e l y  s m a l l  digital  in tegra t ion  t i m e  s t e p s  and, hence ,  

should be  employed in s h o r t ,  r ep resen ta t ive  dura t ions .  P r i m a r y  a n a l y s i s  

d t!!eSe h ighe r  f requency  modes  should b e  p e r f o r m e d  with hybr id  ( a n a -  

log /d ig i ta l )  s imula t ions .  The abi l i ty  to  p e r f o r m  open loop o r  bench t e s t  

s tud ies  on the  fl ight sof tware  with s p e c i a l  e m p h a s i s  on diagnost ic  p r i n t  - 
out and plot rou t ines  and the exerc is ing  of a l l  possible  in t e r rup t  

s igna ls  f r o m  the da ta  l ink tvould also be of l o w e r  p r i o r i t y ,  s ince  th i s  

would no rma l ly  be  p e r f o r m e d  by M I T  as par t lof  the  p r o g r a m  checkout 

p r o c e s s .  

i n t e rp re t ive  descr ip t ion  need to  be r epea ted  only if s o m e  qaes t ionable  

r e s u l t s  a r e  found. 

The open loop response  engineer ing  t e s t s  d i scussed  in  the MIT  

For the  qual i f icat ion t e s t s ,  the c o m m e n t s  m a d e  in the  XlIT m i c r o -  

s imula t ion  sec t ion  concerriing s imula t ion  d-Jrir.g t::e RCS o r  coast  ph2 s e s  

a l s o  apply he re .  

6 . 4  H'r'3RID (ANALOG/DLGITAL) 6-DEGREE -OF -FREEDOhl 
SIMULATION 

The p r i m a r y  purpo.;, s of this M I T  hybr id  (analog/digita!) computer  

s imula t ion  a r e  the des ign  and ver i f ica t ion  of d ig i ta l  cont ro l  s y s t e m  equa -  

t ions  and se lec t ion  of cons t an t s ,  the ver i f ica t ion  of adequate ront ro l  

s y s t e m  stabi l i ty  m a r g i n s  and per formance  including high f requency  modes ,  

the ver i f ica t ion  of the guidance /cont ro l  i n t e r f ace ,  the qual i i icat ion of 

s impl i f ied  digi ta l  mode l s ,  and verif icat ion of p rope r  ?hasing of att i tude 

s igna l s  and  s t e e r i n g  commands .  

purposr ts ,  inclusion of s imple  models of the  s p a c e c r a f t  cont ro l  s y s t e m  

is suf f ic ien t ,  the exception being high f requency  dynamic concrol s y s t e m  

s tud ie s .  

r e - e nt  r y stud ie s . 

To accompl i sh  the ma jo r i ty  of t hese  

This s imula t ion  can  be useful in pe r fo rming  r e a l i s t i c  p a r a m e t r i c  

For the  ver i f ica t ion  of control s y s t e m  ga ins ,  l i m i t s ,  and digi ta l  f i l t e r s ,  

it i s  r ecommended  that  open loop r e s p o n s e  t e s t s  of the  p r o g r a m m e d  

equat ions b e  m a d e  to  i n s u r e  that  the p r e c i s e  cons tan ts  s e l e c t e d  have been  

included. 

i n i t i a l  conditions and  funct ions can be p r e c i s e l y  de t e rmined ,  conf i rming  

the s e l e c t e d  gains  and f i l t e r s ,  and sa tu ra t ing  s igna l s  will  ver i fy  that  the  

limits a r e  p r o p e r .  

T r a n s i e n t  r e sponses  of the equat ions as  a r e s u l t  of input 

These  resu l t s  a r e  f a r  m o r e  a c c u r a t e  and p red ic t ab le  
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than those  f o r  the c losed  loop s imula t ions  which a r e  e i t h e r  s u b j e c t  to 

h a r d w a r e  to l e rances  or to s imula ted  h a r d w a r e  nonl inear i t ies .  The  open 

loop re sponse  t e s t s  can  b e  viewed a s  being a n  engineer ing  ve r i f i ca t ion  of 

the p r o g r a m m i n g  of cont ro l  equations and cons tan ts .  

A man- in- the- loop  o r  human o p e r a t o r  s imula t ion  will be  d e s i r a b l e  

in  the  ver i f icat ion of manual  control  log ic  equations and,  to a g r e a t e r  

d e g r e e ,  in the ver i f ica t ion  of p r o g r a m s  a s soc ia t ed  Lvith the opt ica l  

subsys t ems .  

ve r i fy  tYLe marmal p r o c e d u r e s .  

ac tua l  G&N h a r d w a r e  in o r d e r  to  conduct the man- in- the- loop  por t ion  of 

this s imulat ion.  

An eng inee r  with a n  opera t ions  handbook c a n  moni tor  and 

It may be n e c e s s a r y  to include p a r t  of the 

6 . 5  HY B R D /  P H  Y S  ICA L SLvfU LA TION 

The  p r i m a r y  pu rpose  of th i s  hUT Analog/Digi ta l /Phys ica l  Simu1,ition 

is to aid expeditioijslv in  the ver i f icat ion of mechanica l  and e l e c t r i c a l  

i n t e r f a c e s  f o r  the c o r e  r o p e s ,  AGC/LGC, and o t h e r  s p a c e c r a f t  G, N acd 

C equipment.  

the tapes which c o m p l e m e n t  the bit by  bit  check Raytheon h a s  p e r f o r m e d  

on the ropes, 
ana:ag/digital simu!atior, where C ,  N a n d  C h a r d d a r e  r e p l a c e s  these  

digi ta l  models .  

deve lop  equipment in tegra t ion  tes t s .  

This  s imula t ion  is used  to proxpide funct ional  checkout  of 

It can be developed a s  a n  extension of the MIT combined 

Th i s  s imula t ion  can a lso be used t o  ver i fy  and 

6 . 6  PUNCHED TAPE AND CARD DECK GENERATOR AND 
COMPARATOR 

A p r o g r a m  to conve r t  e i ther  a magnet ic  tape  o r  c a r d  deck  of the 

f l igh t  p r o g r a m  m e m o r y  to punched tape  o r  c a r d s  in  a given f o r m a t  should 

be avai lable  a t  MIT. 

wiring machine  input, the check  tape,  and the va r i ab le  o r  des t ruc t ive  

readout  (DRO) tape  input in  fo rma t s  appl icable  to  each purpose .  Th i s  

p r o g r a m  should a l s o  be  capable  of compar ing  one f o r m  a g a i n s t  the o the r  

on a bi t -by-b i t  b a s i s  to ver i fy  the tape  p r e p a r a t i o n  p r o c e s s .  

p r o g r a m  is es tab l i shed ,  i t  need  not be modified un le s s  changes  in  f o r m a t  

are required.  

Th i s  p r o g r a m  would provide the  punched tape  f o r  the 

Once th i s  
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6.7 NAA/S&ID HYBRJD/PHYSICAL SLVULATION 

T h i s  NAA/S&ID Combined  Sys tem Dynamic Ver i f ica t ion  (COSYDYVE) 

s imula t ion  p r o g r a m  incorpora t e s ,  a s  much as  poss ib le ,  all of the  s p a c e -  

crdir r& A L ~ ~ L A L  f i : - L h  ~ - - ~ * ~ ~ = ,  

oped a s  a n  extension of a hybr id  engineer ing s imula t ion  with optional 

capabi l i ty  to  include each ha rdware  i t e m  sepa ra t e ly .  

nf the CE;N a n d  the S C S  s y s t e m .  It can be d e v e l -  

I 

The s imula t ions  conducted b y  NAIZ/S&LD and G.AEC a r e  no rma l ly  not 

r equ i r ed  in  the so f tware  validation p r o g r a m .  

avai lable ,  they can  be u s e d  to p e r f o r m  the function of validating the 

s imula t ion  models  and equipment in t e r f aces .  

However ,  because  they a r e  

The value of these  s imula t ions  i s  g r e a t e s t  during the ini t ia l  p h a s e  of 

the  p r o g r a m  and a s  suppor t  f o r  vehicle in tegra t ion  t e s t s  and subsequent  

h a r d w a r e  changes.  

evaluation and recons t ruc t ion  of hardyi a r e  ma1funct:ons. 

They can  a l so  b e  of cons ide rab le  a id  in pos t  f l ight 

This  s i rnulat ion 

includes a n  AGC and a c o r e  rope sirriulato; f u r  accc2tir.g  bot?^ c o r k  rope 

and t ape  inputs.  The  COSYDYVE s imula t ion  can  a l s o  b e  useful  in  the  

t e s t ing  of contingency fl ight configuration employing released ropes .  

U s e  of the COSYDYVE simulat ion might  a s s i s t  s ign i f icant iy  in 
0 

formula t ing  and condiicting *:e!-.ic!e in tegra t ion  t e s t s .  

of p rob lem a r e a s  and in t e r f aces  can be developed and the be t te r  u n d e r -  

s tanding of t e s t  cons t r a in t s  and diff icul t ies  wil l  enable cons t ruc t ion  of 

an effect ive t e s t  p r o g r a m .  These may be suff ic ient  r e a s o n s  to  supply 

NAA/S&KD and G A E C  with a copy of the r e l e a s e  flight rope  fo r  e a c h  

mis s ion .  

w i l l  land added confidence to  the s o f t w a r e ,  however.  

Pe rcep t ive  t i s t s  

Any sof tware  tes t ing included in  the use  of these s imu!at ;ons 

6 .  8 W R I N G  MACHINE PROGRAM 

The wir ing  machine p r o g r a m  is p r e p a r e d  by Raytheon to  o p e r a t e  

the w i r e  machine f r o m  a punched tape .  The  wir ing of co re  ropes  is a 

semiau tomat i c  p r o c e s s  i n  which the tape cont ro ls  the  th read /no  ! ! . : t ' 3  ! 

dec i s ions  f o r  each  of the s e n s e  l ines  when the rope  i s  fabr ica ted .  The 

input  f o r m a t  r e q u i r e m e n t s  of this p r o g r a m  a r e  fo rma l i zed  in  the  Wiring 

Machine Input Requ i remen t s  Document  to  i n s u r e  that  the  wir ing  t apes  

r ece ived  by MIT have thta right fornr;at. 9 n c e  th i s  p rogran i  is e s t ab l i shed  

a n d  documented i t  need not b e  repea ted  unlkss  the wir ing  machine  o r  i t s  

input r equ i r emen t s  change. 
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6 . 9  MEMORY READER AND CHECK T A P E  COMPARATOR 
* 

The m e m o r y  r e a d e r  and check tape  c o m p a r a t o r  p r o g r a m  i s  r e q u i r e d  

by Raytheon t o  t e s t  the c o r r e c t n e s s  of the f l ight  rope  fabr ica t ion .  It 

should be  capable  of compar ing  the m e m o r y  r e a d  f r o m  a f ab r i ca t ed  rope  

with that prov ided  in a poss ib ly  different f o r m a t  f r o m  the  check tape  on a 

bi t -by-bi t  l eve l .  

been es tab1 i s h  ed. 

This  p r o g r a m  would not r e q u i r e  rev is ions  once i t  h a s  

6.10 DRO TAPE R E A D  IN, LGC/AGC READOUT A N D  V E R I F Y  
PROGRAM 

This p r o g r a m  is p r o t i d e d  by  Ger:t:r,i: E l e c t r i c  a s  p a r t  of the ACE 
4 

compute r  p r o g r a m .  

des t ruc t ive  readout  (DRO) o r  t e m p o r a r y  ;nernory of the ASC/LGC and the  

subsequent  readout  and ver i f icat ion of that  po r t ion  of the men.ory.  

p r o g r a m  is not m i s s  ion dependent aRd will r e m a i n  v i r tua l ly  unchansed 

u n l e s s  c o m p u t e r  loading and readout capa’oiliti2s are modified.  It *dill 

It should b e  capable  of control l ing the loading of the 

This  

have  to  be r e v i s e d  for  the change over  ta Block II computer ,  however.  

6.11 GAEC HYBRID PHYSICAL/DIGITXL SIhIULATION 

This GAEC s imula t ion  for  the LE?.{ s y s t e m  is comparab le  in scope  

to the NAA/S&ID COSYDYVE s imula t ions .  

LCC and a c o r e  rope  s i m u l a t o r  for accept ing  bot!! c o r e  rope  afid tape  

inputs  with as much  in te r fac ing  LEM s p a c e c r a f t  h a r d w a r e  a s  possible .  

The  majority -: the  comment s  for  the COSYDYVE s imula t ions  a r e  

appl icable  to the  GAEC simulat ions with the except ion that  all  of the LEM 

p r i m a r y  G&N s y s t e m s  will  employ  digi ta l  guidance and con t ro l  sys t em 

equations and no Block I or Block I1 des igna t ion  is employed. 

The s imula t ions  ir;c!udes a 
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This  sec t ion  d e s c r i b e s  some  of the i m p o r t a n t  a s p e c t s  of the 

equation t e s t s ,  the p r o g r a m  checkout,  and the qual i f icat ion t e s t s  which 

can  be used  a s  a guide i n  p repa r ing  the a p p r o p r i a t e  t e s t  p l ans .  

specif ic  s imula t ion  r u n s  c a n  only be defined on a f l ight-by-f l ight  b a s i s  

taking into account  the spec i f i c  sof tware  ;nvolved and the  modif icat ions 

taking p lace  f r o m  p rev ious ly  ver i f ied s u b p r o g r a m s .  

p r o g r a m  s t a n d a i  .iization recommended h e r e  i s  imp lemen ted ,  much of 

the tes t ing  r e q u i r e d  f o r  l a t e r  f l ights c a n  be min imized  by building on the 

backlog of prev ious  t e s t s .  

spec ia l  t e s t s  r e q u i r e d  f o r  the specif ic  mis s ion  des ign  changes ,  r e t a r g e t -  

ing of contingency f l i gh t s ,  configuration changes ,  r eo rgan iz ing  of the 

p r o g r a m  a s s e m b l a g e ,  o r  softv-aare re f inement  found n e c e s s a r y  f rom 

previc:s f l ights ,  

gzne ra l  i n  na ture .  

The  

Lf the so f tware  sub-  

These  t e s t s  can  be supplemented  K i t h  the 

T h e s e  t e s t  techniqces  d i scuss ions  will t h e r e f o r e  b e  

7. 1 EQUATION TESTS 

The equat ion t e s t s  should be pe r fo rmed  p r i o r  to r e l e a s e  for p r o -  
m 

gramming and should be designed to e s t ab l i sh  that  the equat ions  have 

been designed in a c c o r d a n c e  with the r e q u i r e m e n t s  of the Equation 

Specification. The t e s t s  should contain,as  a min imum,  a s e r i e s  of 

s i rwdat ion  r u n s  to eva laa t e  the pe r fo rmance  oi the  equatior,s in the 

p r e s e n c e  of nominal  and non-nominal conditions 

c o r r e c t n e s s  of the log ica l  des ign  of the au tomated  dec i s ions  and 

sequencing.  

and  to  eva lua te  the 

Specif ical ly ,  s imula t ion  r u n s  shouid b e  des igned  t o  eva lua te  the 
4 

abi l i ty  of the eqaa t ions  to  reproduce  the nominal m i s s i o n  des ign  under  

nominal  condi t ions.  The  l imi ta t ions  imposed  by the approx ima t ions  to 

the  r e a l  wor ld  of ten found n e c e s s a r y  in  the equat ion dys ign  should be  

evaluated o r  the a p p r o p r i a t e  biasing techniques eva lua ted .  

r e q u i r e m e n t s  should be  identified in t e r m s  of a d j u s t m e n t s  i n  cons t an t s  

r e q u i r e d  to  r e p r o d u c e  vary ing  miss ion  conditions.  

The  ta rge t ing  

Most of the equat ion t e s t s  can be p e r f o r m e d  on a n  engineer ing  

v e r s i o n  of a t h r e e  -d imens iona l  guided flight s imula t ion ,  although often 

the r e a l i s t i c  s imula t ion  of r e - e n t r y  r e q u i r e s  2 s ix -c !cg iee -=f - f r eed=m 
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s imula t ion .  

spec ia l i zed  s imula t ion  p r o g r a m s  such a s  a n  optifal equipment  s imula t ion  

for  l u n a r  navigation, for exar r~ple .  

Other  por t ions  of the  equat ion t e s t  c a n  be p e r f o r m e d  on 

The  abi l i ty  of the equat ions  to p r o p e r l y  con t ro l  the t r a j e c t o r y  in the 

p r e s e n c e  of a n  exhaus t ive  l i s t  of 3a o r  maximum values  of veh ic l e ,  

p ropuls ion ,  envi ronmenta l ,  and sequencing d i s p e r s i o n s  should be e v a i -  

uated.  

ca t ion  and should be c u r r e n t  in o r d e r  to  r ea l i s t i ca l ly  a s s e s s  t h e  

p e r f o r m a n c e  of the equat ions  with r e s p e c t  to the m i s s i o n  d e r i v e d  

p e r f o r m a n c e  c r i t e r i a ,  a l s o  e s t ab l i shed  in the equation spec i f ica t ion .  

Spec ia l  s tud ie s  should be made to d e t e r m i n e  the dependence of so f tware  

p e r f o r m a n c e  with r e s p e c t  to  guidance ha rdware  s e n s o r  e r r o r s  so tha t  

r e a l i s t i c  e r r o r  ana lys i s  p r o c e d u r e s  c a n  be es tab l i shed .  T h e  l i n e a r i t y  

and c o r r e l a t i o n  between ef fec ts  of pe r tu rba t ions  

i t e s  to pe r tu rba t ion  p a r a m e t e r s  s tou ld  be es tab l i shed  to a id  in  the 

ex t rapola t ion  of p e r f o r m a n c e  e s t i z ~ ~ t e s  under  proposed  m i s s i o n ,  

envi ronmenta l  or m e a s u r e m e n t  e r r o r  changes .  

equat ion p e r f o r m a n c e  ga ined  during these  t e s t s  wi l l  a l s o  p e r m i t  the 

se l ec t ion  and combinat ion of l imi ted  per rurba t iona  in the t a rge t ing  

ver i f ica t ion  opera t ion .  

s t r i n g e n t  t e s t  of the s o f t w a r e  p e r f o r m a n c e  c a n  be made  a s  appl ied  to a 

spec i f ic  mis s ion  phase  once the p rope r  cons tan ts  i r e  d e t e r m i n e d .  

should be  des igned  to e s t a b l i s h  the validity of the m i s s i o n  sequencing  

log ic  in switching between computer  opera t ing  modes or re spond ing  to 

all a l t e r n a t e  m e a n s  of e x t e r n a l  updating including the c o m m a n d  i n t e r r u p t  

log ic .  

s i rnulat ion t e s t s  r a t h e r  than  p e r f o r m e d  in  a m o r e  r e a l  time s e n s e .  

However ,  the real t i m e  da ta  input /output  r e q u i r e m e n t s  a r e  eva lua ted  

with r e s p e c t  to f o r m a t .  

Th i s  l i s t  should be  e s t ab l i shed  a s  p a r t  of the equat ion spec i f i -  

and r e l a t i v e  s e n s i t i v -  

The unde r s t and ing  of the 

Th i s  is  where  an  efficient but r e a l i s t i c  and 

T e s t s  

At  th i s  point e x t e r n a l  inf luences a r e  p r e p r o g r a m m e d  into the 

The  equat ions should be e x e r c i s e d  in a l l  a b o r t  and cont ingency 

modes not only f o r  the spec i f i c  miss ion  in p r e p a r a t i o n  but f o r  the 

ope ra t iona l  m i s s i o n  condi t ions ,  if t i m e  p e r m i t s .  

aid i n  the s tandard iza t ion  of equation s u b p r o g r a m s  and m i n i m i z e  the 

t e s t ing  and s o f t w a r e  modif icat ions r e q u i r e d  fo r  subsequent  m i s s i o n s .  

These t e s t  r e s u l t s  c a n  
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T h e  equat ions  should be  tes ted f o r  t h e i r  c h a r a c t e r i s t i c s  r e c o v e r y  

from v a r i o u s  and d i s p e r s e d  initial condi t ions so that  the s a m e  s u b p r o -  

grams may be  used  in s e v e r a l  miss ion  p h a s e s  where  possible  and t h e i r  

! i . ~ i t ~  ef application es tab l i shed .  

An impor t an t  a spec t  of the equat ion t e s t s  which i s  often overlooked 

is the  tes t ing  of equat ions to des t ruc t ion ,  so  to speak.  

pe r tu rba t ions  o r  unr  ea l i  s tic ally l a r g e  pe r t u r  ba tion s , for  example  

10-15 u , should be included to  gain an  unders tanding  of the weak spots  

and f a i l u r e  m o d e s  of the equations and the i r  l i m i t s  of pred ic tab le  p e r -  

f o r m a n c e  or c h a r a c t e r i s t i c s  of p e r f o r m a n c e  de te r io ra t ion .  

in format ion  c a n  be used to  design r e a s o n a b l e n e s s  t e s t s  on cons t an t s ,  

p a r t i c u l a r l y  when they a r e  subject t o  e x t e r n a l  modification by the uplink 

or the  a s t r o n a u t  through the D S K Y .  

the  des ign  of diagnost ic  t e s t s  and  self  c o r r e c t i o n  logic often found 

useful .  

Combinat ions of 

This  

T h i s  in format ion  c a n  be used  in 

The equat ion t e s t s  c a n  a l so  be u s e d  to  just i fy  s imulat ion model 

simplifications where the behavior of the  s imula ted  guided t r a j e c t o r y  c a n  

be compared using simplif ied control  s y s t e h  models  o r  RCS log ic ,  fo r  

example. The effect of integrat ion s t e p  s i ze ,  the freqGency spectra171 

of the  vehic le ,  propuls ion and equipment dynamic models  can be 

eva lua ted .  

f l ight s imula t ion  is not changed s ignif icant ly  when m o r e  r ea l i s t i c  details  

are added to  the si .Tulation models.  Th i s  in format ion  a l s o  provides  the 

basis f o r  m o r e  eff ic ient  pe r fo rmance  a n a l y s i s  and ta rge t ing  computer  

r u n s  i n  the  fu tu re .  

Genera l ly ,  i t  i s  found that  the bas i c  behavior of the gGided 

B y  wri t ing  a n  equation tes t  p lan  e a r l y  in the equation development  

p h a s e ,  m a n y  oi the  r e s u l t s  of the informal  engineer ing dnd t r adeof i  t e s t s  

n o r m a l l y  p e r f o r m e d  anyway in eqliation development  can  be r e c o r d e d  a s  

p a r t  of t h e  t e s t  r e su l t s , t hus  leaving to :he end only the m o r e  fo rma l  

d e m o n s t r a t i o n  of pe r fo rmance  r equ i r ed  to  sa t i s fy  pe r fo rmance  c r i t e r i a .  

7 . 2  PROGRAM CHECKOUT 

The  ACC and LGC fl ight p r o g r a m  checkout  should occur  a f t e r  the 

equat ion  t e s t ing  phase ,  and be fo re  qual i f icat ion tes t ing.  

p u r p o s e  of th i s  checkout i s  t o  ver i fy  that  the equat ions which have been  

coded and p r o g r a m m e d  i n  the !ligtlt compute r  language,  a g r e e  with those  

The p r i m a r y  
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d e s c r i b e d  in  the Guidance Equation Descr ip t ion  Document  and 

mechanized accord ing  to  the specific r equ i r emen t s  found i n  the docu- 

ment .  

f r o m  which sca l ing  p a r a m e t e r s  can be obtained, r e p r e s e n t a t i v e  values  

ef the cons tan ts  used in the equation, f o r  compar i son  with equat ion t e s t  

r e s u l t s ,  and any  spec ia l  p rog ramming  techniques to be employed such a s  

spec ia l  overflow p ro tec t ion ,  and cons t ra in ts  on computa t iona l  f r equen-  

c i e s ,  e t c .  

T h e s e  r equ i r en ien t s  include r anges  of the va lues  of the v a r i a b l e s  

P r o g r a m  checkout  c o n s i s t s  of a s e r i e s  of t e s t s  uhrch  a r e  p e r -  

f o r m e d  on var ious  fl ight equation configkrat ion levels .  

is user! because  i t  a l lows  a sys temat ic  build-up of confidence i n  the 

sof tware .  In these  t e s t s ,  a n  in t e rp re t ive  computer  s i rnulat ion ( I C s )  i s  

employed in  a n  open-loop manner  (i. e . ,  "bench- tes t ing") .  A comple te  

nominal  m i s s i o n  prof i le  i s  .,sed a s  a d r i v e r  in  these  s imula t ion  s:udies. 

Th i s  d r i v e r  m u s t  contain p a r a m e t e r s  uh ich  a r e  compa t ib l e  to a l l  of the 

input logic  used  in  the s imula t ion  p r o g r a m ,  and mus t  provide  outputs 

compat ib le  with the compute r  i n t e r i ace  r e q u i r e m e n t s .  

Th i s  technique 

The  f irst  s e r i e s  of p r o g r a m  checkout t e s t s  involves  a study oi the 

c h a r a c t e r i s t i c s  of the p r o g r a m m e d  flight equat ions subroi l t ine s, and 

o v e r a l l  p r o g r a m  a s s e m b l y .  

a s s e m b l y  for duplicate  or unassigned loca t ions ,  f inding in t e rmed ia t e  

quant i t ies  in  the p r o g r a m  which a r e  beyond the compute r  sca l ing  

provided ,  and  checking f o r  e r r o r s  i n  the defined a r i t h m e t i c  opera t ions  

to be p e r f o r m e d .  

cons t an t s  used in  the p rogramnied  equations a g r e e s  with the va lues  

spec i f ied  in  the equat ion descr ip t ion  document.  

This  involves checking the p r o g r a m  

A check  should be made to a s s u r e  tha t  the value of the 

The  second series of t e s t s  involves pe r fo rming  limized du ra t ion  

open loop ICs  r u n s  to  eva lua te  the pe r fo rmance  of individual  subrout ines  

used i n  the p r o g r a m .  

rou t ines  to input da ta  which v a r i e s  over  the expected dynamic r ange  of 

t h e s e  va r i ab le s .  

for each  input cons tan t .  

va lue ,  i n t e rmed ia t e  va lue ,  and the maximum value. The  p e r f o r m a n c e  

of e a c h  subrout ine would b e  analyzed to a s s u r e  tha t  i t  funct ions p rope r ly  

throughorzt the an t ic ipa ted  r ange  of computational v a r i a b l e s .  

T h i s  is accomplished by subjec t ing  t h e s e  sub-  

Toward  th i s  end, t h r e e  different  va lues  could be used  

They would cons i s t  0f a n  expec ted  m i n i m u m  

Branching  
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log ic  and  abor t ive  logic  will be examined t o  ver i fy  i t s  opera t iona l  

p e r f o r m a n c e  . 
T h e  t h i r d  s e r i e s  of t e s t s  i s  p e r f o r m e d  on the total guidance p r o -  

g r a m  which contains  all  the r equ i r ed  subrou t ines  and in te r fac ing  log ic .  

The input  s t imu lus  i b r  t hese  t e s t s  is the nominal  mi s s ion  p ro f i l e  d r i v e r .  

The  r e s u l t s  a re  then  com2,ared with the  an t ic ipa ted  r e s u i t s  obtaixed in 

the eng inee r ing  t e s t s .  

which c a n  be used  to e s t ab l i sh  the t ime-sequenc ihg  l imi ta t ions  of da ta  

uplink quant i t ies ,  ground p r o g r a m  computa t ion  t i s ie  i n t e r v a l s ,  and 

a s t ronau t - f l i gh t  compute r  r ep ly  t imes .  Th i s  involves  es tab l i sh ing  both 

the t i m e  i n c r e m e n t  r e q c i r e m e n t s  needed to  p e r f o r m  these  funct ions hnd 

the i n t e r f a c e  t iming r equ i r emen t s .  

d e t e r m i n i n g  the expected running t i m e s  fo r  all of the flight and ground 

so f tware .  

i n t e r r u p t  logic  used  in  b r lnch ing  to any  a l t e r n a t e  guidance subrou t ines  

i n  the  p r o g r a m .  

e x e r c i s e  the upper  and lower  bounds on  the cons t an t s  u sed  in the p r o -  

g r a m .  

p r o g r a m  and a m e a n s  of de te rmini2g  the validity of the sca l ing  employed .  

All mode s\ \ i tching command  logic should be thoroughly t e s t ed  t o  assure  

that the  p r i o r i t i e s  and cQmputat ions used  a r e  cc rmxensura t e  with 

require men:^ s t a t ed  i n  the Guidance Equation Descr ip t ion  Document .  

Included in t h e s e  s imula t ion  runs  should be  t e s t s  

T h i s  in format ion  can  be u s e d  in 

Th i s  i s  p a r t i c u l a r l y  impor t an t  when ver i fying the p r i o r i t y  

T h e s e  s imulat ion r u n s  should a lso include t e s t s  which 

T h i s  p rov ides  a check on the in t eg r i ty  of the cons tan ts  in the 

T h e  r e s u l t s  of the p r o g r a m  checkout  t e s t s  a r e  used  to ind ica t e  any  

d i s c r e p a n c i e s  which might  have o c c u r r e d  between the f inal ized guidance 

equat ions  from the engineer ing  s imula t ion  s tud ie s  and the p r o g r a m m e d  

f l igh t  compute r  equat ions.  

ind ica t ing  where  guidance modes should be modif ied,  o r  r e v i s e d  p r o -  

g r a m m i n g  techniques  employed to c o r r e c t  any marg ina l  guidance logic  

i n  the  AGC and LGC p r o g r a m s .  

the  equat ions  document  should be r e v i s e d  to faithfully d e s c r i b e  the  

p r o g r a m m e d  equat ions and cons tan ts .  

. 
They a r e  p a r t i c u l a r l y  beneficial  f o r  

At the comple t ion  of p r o g r a m  checkol : t ,  

7. 3 QUALIFICATION (SYSTELLI SIhlULATION) TESTS 

T h e  qual i f icat ion o r  s y s t e m  s imula t ion  t e s t s  a r e  p e r f o r m e d  a f t e r  

p r o g r a m  checkout  h a s  been  comple ted ,  and is des igned  to d e m o n s t r a t e  

the overall per iorn iar ice  of the g1Lidrificc and navigation s y s t e m  when 
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dis t inguishing f e a t u r e  is the u s e  of the f l ight  so f tware ,  a s  implemented  

in the AGC or LGC, by m e a n s  of c losed  loop i n t e r p r e t i v e  or m i c r o -  

s imula t ions .  T h e  t e s t s  should be suff ic ient  t o  d e m o n s t r a t e  the behavior  

nf the equat ions  as  implemen ted  in  the guidance compute r  with the 

sca l ing  spec i f ied  in  the Guidance Equations Desc r ip t ion  Document (and 

subsequent ly  u s e d  i n  guidance computer  p r o g r a m m i n g ) .  T h e  p e r f o r m -  

ance  of the G & N S y s t e m  is evaluated under  nominal  and abnorma l  

vehicle ,  env i ronmen ta l  and input da ta  p e r f o r m a n c e  condi t ions including 

m a r g i n a l  l i m i t s  which cannot  be r ea l i s t i ca l ly  d e t e r m i n e d  during 

equat ion tes t ing .  

s imula t ion / f l igh t  sirr?ulation is relat ively expens ive  to  run ,  as  much 

so f tware  tes t ing  as poss ib le  should be done during the Equat ions 

Test.  However ,  the r e a l i s  t ic testing of compute r  scaling, computat ional  

t iming,  command i n t e r r u p t  logic ,  and dy-naTic conipat ibi l i ty  of the 

c o m p u t e r  input  and output wi'h their  i n t e r f a c e s ,  c a n  only be r ea l i s t i ca l ly  

eva lua ted  with a bi t -by-bi t  or a t  l e z j t  a word -by-word  o r  ins t ruc t ion-  

by - ins t ruc t ion  s imula t ion  of the sof tware.  

Since the combination i n t e r p r e t i v e  compute r  

The Qualif icat ion T e s t s  include spec i f ic  t e s t s  f o r  computer  

s ca l ing  under expec ted  nominal  3nd non-nominal  condi t ions dur ing  

po r t ions  of all p h a s e s  and  modes  of compute r  opera t ion .  

sequencing  used i n  the  guidance p r o g r a m ,  which a r e  not cove red  in the 

program checkout ,  is ver i f ied .  

switching and  c o m m a n d  in t e r rup t  i s  thoroughly e x e r c i s e d  by preplanned 

i n t e r r u p t s  or by a n  engineer  at the con t ro l s  of the  compute r  e x e r c i s i n g  

m i s s i o n  p r o c e d u r e s  du r ing  a l l  phases  of the  s imula t ion .  

The t iming and 

The compute r  logic  involving mode 

The  i n t e r f a c e s  between the compute r  and  i n e r t i a l  p la t form,  the 

opt ica l  s u b s y s t e m ,  the astronaut /DISKY and the s p a c e c r a f t  s u b s y s t e m s  

are e x e r c i s e d .  T h e  mode l s  used  i n  the qual i f icat ion t e s t  s imula t ions  of 

these i n t e r f a c e s  a r e  jus t i f ied  by s e p a r a t e  t e s t s  or hybr id  s imula t ions  

of ten m a d e  a p a r t  of the  ove ra l l  qual i f icat ion tes t ing .  

of the  s imula t ion  model  i s  the main cont r ibu t ion  of the phys ica l / ana log /  

d ig i ta l  S imula t ions  of NAA/S&ID and GAEC to the s0ftwar.e validation 

e f for t ) .  

(Th i s  jus t i f ica t ion  

The combined  pe r fo rmance  of the G&N so f tware  and ha rdware  is 
v e r i f i e d  du r ing  qua l i f ica t ion  tes t ing by compar ing  the r e s u l t s  with the 
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p e r f o r m a n c e  c r i t e r i a  or ig ina l ly  defined in the sof tware  specif icat ion.  

This  i s  often of the na tu re  of a proof t e s t  in  tha t  e a r l i e r  t e s t s  have 

e s t ab l i shed  the i r  p e r f o r m a n c e  separa te ly .  

The  qual i f icat ion t e s t s  can  be p e r f o r m e d  with ta rge t ing  cons tan ts  

de r ived  f rom a r e p r e s e n t a t i v e  mis s ion ,  not n e c e s s a r i l y  the specif ic  

m i s s i o n  to be flown. 

t ions  should be included to  demons t r a t e  the  rnanser  of i nco rpora t ing  

launch t ime  dependent cons t an t s ,  and the compatibi l i ty  with the targeting 

technique. To aid in the s tandard iza t ion  of the sof tware  s u b p r o g r a r r s ,  a 

r ange  of ant lc i -a ted opera t iona l  mi s s ions  shou ld  be included where t ime 

p e r m i t s .  

r e q u i r e m e n t s  w i l l  be me t .  

Buc where  poss ib l e ,  enough of the mis s ion  v a r i a -  

The ta rge t ing  verifica:ion will i n s u r e  that  the spec i f ic  rnisslon 

The qualification t e s t s  should include a t  l e a s t  one corr.plete 

m i s s i o n  s imulat ion with the iCS/FS. 

l a s t  many days ,  and the ICS/FS simuiat ior .  gene ra l ly  r'ui-s between 

5 to 10 t i m e s  real t i m e ,  the  s imulat ion p r o g r a m  should  be designed to 

run  in  segmen t s  fo r  per iodic  review and ana!ysis. 

providing the capabi l i ty  to s t a r t  and st,s!p the s imula t ion  a t  any  place and 

s t o r e  all of the i n t e r m e d i a t e  data f o r  continuation a t  a l a t e r  t ime .  

e f fo r t  should be made  to opera te  the :CS/FS s imulat ion a s  efficiently a s  

poss ib l e  as the qual i f icat ion tes t s  can bec0rr.e a signif icant  p a r t  oi the 

c o s t  of the s o f t u a r e  validation p r o g r a m .  This  can  only be done by 

invest ing much ef for t  ; r . t~ simplifying the sirnulation models  to the  

g r e a t e s t  extent  poss ib l e  without significantly affectir,g the p e r f o r m a n c e  

of the  r e s u l t s .  

dupl icat ing s losh ing  and bending modes  w i l l  be n e c e s s a r y  for  extended 

s imula t ion  runs, for example .  

t h i s  point t o  s imul taneous ly  s imula te  s e v e r a l  or a l l  of the a i r b o r n e  

guidance  c o m p u t e r s  a t  the s a m e  t ime to  validate the  so f tware .  

may be a p r o b l e m  i n  the r e a l  t ime ground p r o g r a m ,  but the d e t e r m i n a -  

t ion of t h i s  r e q u i r e m e n t  is beyond the scope  of th i s  study. 

Since opera t iona l  mi s s ions  may 

This  c a n  be done by 

Every  

It is v e r y  doubtful that  s imulat ion models  to  the level  of 

The re  does  not appea r  to  be a need a t  

This  

A signif icant  p a r t  of the qualification t e s t  involves the tes t ing of the 

so f tware  to  des t ruc t ion .  To rea l ly  e x e r c i s e  the scal ing,  a l a r m  d i s -  

cretes,  command  i n t e r r u p t ,  abo r t  and diagnost ic  logic ,  r ea sonab leness  

t e s t s  on DSKY and uplink inputs ,  e t c . ,  unreasonably  high va lues  of 

p e r t u r b a t i o n s  and purposefu l  a t t empt s  to  confuse the p r o g r a m  must  be 
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s imula ted .  

must b e  de te rmined  to r ea l ly  gain confidence i n  the sof tware.  

The l i m i t s  of i t s  p red ic tab le  behdbior  and the f a i lu re  m o d e s  

The above d iscuss ion  p r o v i d e s  some of the r e a s o n s  why the so f tware  

rrhniild be s tandard ized  wherever  poss ib l e .  

satisfactory, u n n e r e s s a r y  changes should be avoided and that s t r i c t  

f ide l i ty  of the desc r ip t ion  documentat ion should be maintained. If th i s  is  

imp lemen t rd ,  the qual i f icat ion testing c a n  be i imi t ed  to se lec ted  t e s t s  of 

sof tware  behavior  in  later  f l ights ,  and  spec ia l  t es t ing  designed to  ver i fy  

the modif icat ions found necessa ry .  

Once the sof tware IS proven 
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8 .  TARGETING AND VERIFICATION PROGRAM 

T h i s  sec t ion  contains  a d iscuss ion  of the Ta rge t ing  and Verif icat ion 

P r o g r a m  which i s  ope ra t ed  before  each  fl ight.  The p r o g r a m  is used to 

d e t ~ r r n i n ~  the  s p e ~ i f i r  m i s  s i n 2  c r  f l i o h t  6"- d c ~ e n d c n t  cons tan ts  a ~ d  ~ ~ S Q T P  

the sa t i s fac t ion  of a l l  mi s s ion  a n d  t a r g e t  r e q u i r e m e n t s .  

dependent cons tan ts  and check sums and de ta i led  of the  launch window a r e  

a l s o  gene ra t ed .  

The launch t ime  

It is r e c o m m e n d e d  that this program,be somewha t  automated b e -  

cause  of the number  of s i m i l a r  miss ions  and high launch r a t e .  

a r e  r equ i r ed  in the per;-::;inent memory  of the c o m p u t e r ,  then a r ev i sed  

m e m o r y  deck  i s  a l s o  provided with the ver i f ied  sofhvare  package.  

I f  changes 

Bas i ca l ly  the  t a rge t ing  ana  ver i f ica t ion  p r o c e s s  cons l s t s  of the 

1) final m i s s i o n  t r a j e c t o r y  design, 2 )  the  spec i f i c  mis s ion  depmden:  

cons tan ts  genera t ion ,  3) a l i r . i t ed  ver i f ica t ion  of p e r f o r m a n c e ,  and 

4) verif icat ion of corri2atibility of the guidance cons t an t s  and p r o g r a m  

with mis s ion  objec t ives .  

Targe t ing  ver i f ica t ion  should be done independer,tly by two di f fe ren t  

The ver i f icat ior ,  port ion of t h i s  p r o c e s s  i s  intended to  ver i fy  g roups .  

spec i f ic  m i s s i o n  o r i en ted  flight constants  a s  appl ied to  a specif ic  m i s s i c x  

so t ha t  the p a r t i c u l a r  sof tware  objectives a r e  m e t ,  

t ion tes t ing  is a genera:  ' = t  of the so f tware  p r o g r a m  and may not be 

or ien ted  to  a spec i f ic  mis s ion .  

to be a spec ia l i zed  s c a l e d  down qualification t e s t .  

cons tan is  developed as a r e s u l t  of the ta rge t ing  e f for t  a r e  then f ab r i ca t ed  

into one r ep laceab le  computer  memory  module.  

By c o n t r a s t ,  qual i f ica-  

Targe t ing  ver i f ica t ion  can be cons ide red  

The flight dependent 

Depending on the extent  oi pre - t a rge t ing  m i s s i o n  des ign ,  the 

t r a j e c t o r y  shaping rout ine  m a y  be qui te  involved. 

of i t e r a t ion  between p o w e r e d  and  f r e e  f l ights  us ing  the  "ha rdware  

or ien ted"  ve r s ion  of the  so f tware  to obtain a s e r i e s  of r e fe rence  t r a -  

j e c t o r i e s  a c r o s s  the  launch window which sLt isfy all the  cons t r a in t s  and 

m i s s i o n  object ives .  T h e s e  t r a j e c t o r i e s  define the beginning and end of 

the windows as well  as all of the abor t  modes  and cons t r a in t s .  Checks 

The p r o c e s s  cons i s t s  

a r e  built into the i t e r a t i o n s  to  guarantee  the  satisidctil?r. c f  a l l  cons t r a in t s  

th r ou e hou t. 
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The next s t e p  is to  g e n e r a t e  l aunch  t ime and o t h e r  spec i f ic  m i s s i o n  

dependent  cons tan ts  in  a f o r m  cons i s t en t  with the sof tware  f o r m a t  and 

ver i fy  tha t  they p e r f o r m  a s  expected by  guided s imula t ions .  

p r o c e s s ,  cons tan ts  a r e  sca l ed  and checked to i n s u r e  compatibi l i ty  with 

the r e s t  of the sof tware.  

then  .znula ted  to  t e s t  the m i s s i o n  e f f e c t s  of known w e a k n e s s e s  of the 

sof tware .  

During this  

A se l ec t ed  s e t  o i  e x t r e m e  pei-iuibatioiis  a r e  

The  next s t e p  is to  s imula t e  se l ec t ed  r e f e r e n c e  c a s e s  using the 

ICS/FS with the fl ight sof tLvare to ; ,erify p e r f o r m a n c e  and compatibi l i ty  

with m i s s i o n  goa l s ,  and to de te r rx ine  that the r e s u l t s  a r e  ir, agreement  

with the "hardware o r i e n t e d ' '  ve r s ion  of the s imula t ion  used  to gene ra t e  

guidance  constants .  The  final s tep  i s  to conver t  the sof tware  into a forrn 

u s e d  to p r e p a r e  the fl ight cons tan t  module  and the DRO tape i f  appl icable .  

In the c a s e  of contingency f l ights  w e r e  the m i s s i o n  objec:ives 

r e m a i n  unchanged, the only preparar ion  for  these  f l igh ts  i s  retargetiR.7 L1 

and verif icat ion to provide  a r e p l a c e m e n t  f o r  a m i s s i o n  dependent  c o m -  

p u t e r  m e m o r y  module.  

S ince  the Targe t ing  and  Ver i i ica t ian  P r o g r a m  tends to be a con:- 

p l ica ted  seq"3nce of spec ia l i zed  compute r  rount ines ,  i t  should be 

con t ro l l ed  and t -a l idated j u s t  as the f l i g h t  sof tware  i tself .  The bas ic  

steps in  the Target ing and Verif icat ion P r o c e s s  a r e  shown sc!:en:ati:,2!1 Y 
in Figure 8-1. 



I 

3 7 30 - 6 00 3 - R C 0 li r; 

Page 8 - 3  

P- 
O 
d 

1 

i-3 4 i B e  

f 

t 

1 

ir 

I 

I 

I 

1 



l 

0 

U 

3730 -6003 -RC000 

P a g e  9- i  

9. CONCLUDING R E M A R K S  

The appl icat ion of a sof tware validation plan to  the ove ra l l  Apollo 

p r o g r a m  h a s  l e d  to s e v e r a l  conclusions which should be s u m m a r i z e d  h e r e  

for empahs is .  They a r e  a s  follows: 

a) S o m e  f o r m  of sof tware s t anda rd iz j t i on  i s  e s sen t i a l  f o r  the 

s u c c e s s  of the Apollo fl ight so f tware  development and 

validation. 

t ime,  and  the  miss ion  r equ i r emen t s  during sequent ia l  flight 

t e s t s  a r e  qui te  divers  e ,  the  s ignif icant  validation effor t  

Since the fhgh t  schedule  demands s h o r t  l ead  

r e q u i r e m e n t s  can  lead  to unmanageable  p rob lems  un le s s  

s o m e  s tandard iza t ion  of so f tware  in the f o r m  of subrout ines ,  

s u b p r o g r a m  a s s e m b l i e s ,  o r  even ' rope  modules if poss ib le  i s  

imp lemen ted  wherever  poss ib le .  

b) The above  s tandard iza t ion  can  only be actiieved with e a r l y  

e f fo r t s  to  define u d  develop comple te  Apollo operatior-a1 

f l ight  sof tware .  

a comple t e  5 cf tware spec i f ica t ion  f r o m  miss ion  planning of 

t h e  lunar landing and r e t u r n  ni iss ion.  

should be developed cons ider ing  the computer  t iming and 

m e m o r y  capac i ty  cons t ra in ts ,  e tc .  lne t es t ing  requi red  GR 

a f l ight-by-f l ight  bas i s  should b e  supplemented with t e s t s  

r e l a t ing  to  the operat ional  mission so  that  the s tandard ized  

s o f t w a r e  s u b p r o g r a m s  can  be  inco rpora t ed  into the e a r l i e s t  

f l ight  poss ib l e  resul t ing i n  fl ight proven  Software 5acked  up 
by an accumula t ion  of appl icable  validation testing. 

This imp i i e s  a p r e l i m i n a r y  effor t  to define 

Complete  equations 

-7 

c )  High cozfidence i n  flight proven  so f tware  r e q u i r e s  effect ive 

s o f t w a r e  cont ro l  tlirough f requent  and meaningful design 

r ev iews .  In addition to  reviewing the  adequacy of the soft:  

ware des ign ,  the  review b o a r d  should a c t  a s  a qual i ty  control  

board and  m o s t  impor tan t ly  a configuration control  board.  

The f r equen t  changes to the so f tware  which i s  inevitably 

d e s i r e d  f r o m  the  p r e s s u r e s  of changing mis s ion  planning 
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should b e  r e s i s t e d  whenever poss ib l e  with r e c o u r s e  to the 

MSC Apollo Change Cont ro l  Board  a s  n e c e s s a r y .  

d) The Apollo p r o g r a m  plan  r e q u i r e s  sufficient sof tware  

development  and  validation r e s o u r c e s  to  s u s t a i n  a t  l e a s t  

t h r e e  s imul taneous  fl ight prepara t ion  p r o g r a m s .  

n e c e s s a r y  m a n  power ,  s imulat ion fac i l i t i es  with insured  

computer  tin..: avai lable ,  and design revlew boa rd  personnel  

who c a n  s u s t a i n  the duty cycle  r equ l r ed  m u s t  b e  provided to 

s u s t a i n  the  validation effor t .  

adequate  documentation effr -' should b e  provided  a s  i t  is 

l ikely to  b e c o m e  a significant p a r t  of the Validation effor t .  

-. i n e  

Resources  to  suppor t  an 

e) Considera t ion  should b e  given to redefining the  ro l e  of the 

l a r g e  hybr id  physical/digita! s imulat ion p r o g r a m s  with 

r e s p e c t  to so f tware  validation. 

the  so f tware  vr ' :dation ,;for: i 3  to j i i s t i f j  :tie h s r d z z r ~  

s imula t ion  mode l s  used ,  they may  not r e q u i r e  a corxplcte 

set of f l ight  ropes  in suppor t  of e v e r y  t e s t  f l ight 'cut only 

when s igni f icant  changes have o c c u r r e d  in the h a r d w a r e  

design or i n t e r f a c e  definit ions.  

Since the i r  m a i n  ut i l i ty  to 

f )  Independent qual i f icat ion tes t ing and ta rge t ing  ver i f icat ion 

has been  found to be useful and should b e  provided  f o r  in 

the p lans  of each  flight. 

g) A f o r m a l  ta rge t ing  and ver i f icat ion p rocedure  should 

be developed and modified a s  necessa ry  to conform to 

the migs ion  arid so i tware ,  so a s  to confidently support  

the s h o r t  t u rn  around t ime built, into the p r o g r a m  plan. 
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