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RTCC REQUIREMENTS FOR MISSION G: SELECTING AND 

VERIFYING USBS DOPPLEB DATA SOURCES DURING LM ASCENT AND DESCENT 

By Alan D. Wylie 

S m Y  AND INTRODUCTION 

This note describes a program for computing MSFN high-speed Doppler 
tracking residuals  used i n  t h e  Real-Time Computer Complex f o r  ver i fying 
and select ing USBS Doppler data sources during LM ascent and descent. 
These same res idua ls  are used for detecting t h e  more cor rec t  LM navigation 
system i f  t h e  two s igni f icant ly  disagree. The two systems, which are 
sources of  telemetry vectors,  are  the  primary guidance and navigation 
control .  system (PGNCS) and abort  guidance system (AGS). 
t h e  capabi l i ty  of processing nondestruct Doppler data for up t o  four USBS 
ground s t a t ions  simultaneously tracking the  LM during ascent and descent, 
one of which may be the  t ransmit ter .  
b iases  f o r  these s ta t ions  have been computed. 

The program has 

It i s  assumed t h a t  t h e  Doppler 

I n  order t o  check t h e  v a l i d i t y  of t h e  ground tracking da ta ,  Doppler 
res idua ls  are computed f o r  each tracker using common telemetry vectors 
from e i the r  PGNCS or AGS. The "residuals" should agree t o  within some 
expected tolerance.  Should one s t a t ion  disagree,  it can be replaced. 

Doppler res idua ls  are ac tua l ly  computed using both telemetry vector 
sources so t h a t  t h e  computer cont ro l le r  may display e i the r  set of res iduals  
and so t h a t  both sets are avai lable  f o r  t he  f l i g h t  control  vector source 
select ions.  For each vector source an average i s  taken of t h e  va l id  
s t a t i o n  residuals  i n  order t o  indicate  which system i s  providing t h e  
b e t t e r  data.  

The information i n  t h i s  note supersedes t h a t  i n  reference 1. 

GENEBAL PROCEDURE FOR SELECTING AND VERIFYING DOPPLER DATA SOURCES 

Residual Computations 

The main purpose of t h i s  program i s  t o  ve r i fy  t h e  Doppler data  of 
t h e  ground s ta t ions  tracking t h e  LM during ascent and descent. The most 
e f f i c i e n t  method i s  t o  ca lcu la te  a Doppler res idua l  - t h a t  i s ,  t o  f ind  for 
each s t a t ion  t h e  difference between observed and computed Doppler values. 
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Each tracking s t a t i o n  receives time-tagged r a w  Doppler count obser- 
vations a t  a 10-per-second rate. 
cessor rout ine  which makes simple e d i t  checks and s to re s  t h e  va l id  data 
f o r  t h e  main program. 
s t a t e  vectors  a r r ive  a t  t h e  s t a t ions  a t  an e f fec t ive  one-per-two-second 
rate f o r  each onboard navigation system. 
the  LM i s  on the  moon, t h e  program predictor  generates t he  LM state vectors 
at  the  same real-time rate. 
source makes simple'edit checks on t h e  vectors  and s to re s  t h e  v a l i d  values 
for fu ture  processing. 

The observations pass through a prepro- 

During the  powered f l i g h t  mode, telemetered LM 

During free f l i g h t  or t h e  time 

A separate preprocessor rout ine f o r  each vector 

The program starts t h e  res idua l  computations process by select ing 
a recent telemetry vector and i t e r a t i n g  t o  f ind  t h e  transmitter-vehicle 
(uplink) range and vehicle-receiver (downlink) ranges. A l i n e a r  in te r -  
polation scheme i s  used f o r  each s t a t i o n  t o  f ind  t h e  "pseudoactual" 
Doppler count which corresponds i n  time t o  the  receiver  t i m e  of t he  vector ,  
The program recycles ,  processes a second vector from t h e  same source, and 
obtains a new Doppler count f o r  each s t a t ion .  The observed and computed 
Doppler frequencies are then calculated and differenced t o  obtain the  
residual .  This res idua l  process i s  a s l id ing  type such t h a t  t he  oldest  
of t h e  two vectors  i s  replaced by a new vector from t h e  same source before 
each computation. 

The res idua ls  are converted from cycles per second t o  feet per second 
and p lo t ted  continuously i n  t i m e  as i n  f igu re  1. 

T i m e ,  see  

Figure 1.- Sta t ion  Verif icat ion Display 
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Residuals w i l l  a lso be computed using t h e  other vector source. Each 
s e t  of v a l i d  s t a t i o n  residuals  is then averaged and p lo t ted  continuously 
i n  t i m e  on a f l i g h t  control  display t o  ind ica te  which telemetry system i s  
i n  b e t t e r  agreement with t h e  MSFN t rackers .  

Operational Modes and Procedures 

The ascent-descent program i s  designed primarily t o  function i n  t h e  
"average G" or powered-flight mode. 
cover short  periods of free f l i g h t  and the  LM's s tay  on t h e  moon. 

However, it has been extended t o  

Program use ac tua l ly  begins approximately 5 minutes before ign i t ion  
f o r  powered descent arid i s  i n i t i a l i z e d  by MED 1 ( t a b l e  I ) .  
d i c to r  , possibly t h e  analyt ic  ephemeris generator (AEG) y w i l l  use t h e  best 
LM anchor vector t o  project  LM state vectors which are processed i n  the  - 
high-speed mode i n  the  same manner as t h e  powered-flight PGNCS and AGS 
vectors.  Residuals a r e  computed and displayed by t h e  s ta t ions  fo r  check- 
out purDoses. 
send updated vectors ,  and a switch is  s e t  a t  t h e  RTCC console t o  i n i t i a t e  
high-speed processing of ac tua l  telemetry vectors.  

A RTCC pre- 

Approximately 30 seconds before ign i t ion  t h e  LM begins t o  

A f t e r  touchdown on t h e  lunar surface,  t h e  LM continues t o  send vectors 
A t  the  end of t h a t  t i m e ,  used by t h i s  program for  approximately 3 minutes. 

a MED i s  entered t o  terminate res idua l  generation. About 5 minutes pr ior  
t o  lunar l i f t - o f f ,  MED 1 i s  reentered and t h e  program resumes high-speed 
processing of RTCC-computed LM vectors and MSFN observations i n  preparation 
for  t he  ascent phase. A switch will i n i t i a t e  t he  use of ac tua l  telemetry 
vectors  when they are  received. 

During the  ascent s tage,  high speed processing of PGNCS and AGS 
vectors continues u n t i l  averaged vectors become available following engine 
cutoff.  A t  t h a t  time the  cont ro l le r  has t h e  option e i the r  t o  continue 
using ac tua l  telemetry vectors or t o  switch and use t h e  RTCC predicted 
vectors based on t h e  computed average vectors. If t h e  average vectors 
are not avai lable ,  t h e  last  powered-flight vectors w i l l  be considered i n  
the  option. The program continues t o  process the  vectors ( e i the r  ac tua l  
or predicted) i n  t h e  high speed mode u n t i l  an orb i t  switch i s  thrown, 
s i g n i a i n g  the  end of t h e  ascent phase. 

DETAILED EQUATIONS AND LOGIC 

Telemetry Vector Preprocessor 

Two telemetry vector preprocessors (appendix A )  are used i n  t h i s  
program i n  order t h a t  t he  telemetered powered-flight vectors and t h e  
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predicted free-f l ight  or lunar-stay vectors may be t rea ted  separately.  
Each preprocessor is  a t o t a l l y  independent rout ine which is  s t a r t e d  by 
executive control.  Only one of the two may function a t  any.given time. 

The telemetry vector preprocessor receives the LM powered-flight 
s t a t e  vectors telemetered from t h e  onboard PGNCS and AGS navigation systems 
and performs simple t e s t s  on t h e  vectors and t i m e  tags .  
t e s t s  are included, and a l l  necessary granular i t ies  are applied. All 
vectors not edited out are stored i n  one t ab le  f o r  fu ture  processing. 
log ic  i s  described i n  flow chart  A - l ( a ) .  

Basic telemetry 

m e  

The predicted vector preprocessor generates LM s t a t e  vectors a t  the 
real-time r a t e  while the LM i s  e i the r  i n  free f l i g h t  or on the  lunar surface. 
The logic  i s  described i n  flow chart  A-l(b). 

MSFN Preprocessor 

The MSFN preprocessor (appendix A )  a l so  i s  an autonomous rout ine 
s t a r t ed  by executive control.  It receives from t h e  tracking s t a t ions  
high-speed data  cansis t ing of r a w  Doppler counts accumulated from count 
i n i t i a l i z a t i o n  and not a count difference over a f ixed t i m e  in te rva l .  
Continuous t e s t s  a r e  performed t o  check i f  t h e  iden t i ty  of t h e  t ransmit ter  
or any of t he  four tracking s ta t ions  has been changed. 
added, only i ts  storage area i s  r e in i t i a l i zed .  A l l  four storage areas are 
r e i n i t i a l i z e d  f o r  a new transmit ter .  
applied. 
within a s e t  range. 

If a new s t a t ion  i s  

Any necessary granular i t ies  are 
Simple tests and an e d i t  rout ine insure t h a t  t h e  data  remains 

j / i ’  The MSFN data passing the  above tests are s tored i n t o  the  arrays N 

where i represents the  s t a t i o n  and j represents t he  posi t ion i n  the  

Flaw 
t j / i ’  
tab le .  
chart A-2(b) describes t h e  e d i t  rout ine logic .  

Flow chart  A-2(a) describes the logic  for the  preprocessor. 

Main Program Control Logic 

The main program control  log ic  (appendix B) completes the  l i s t  of 
processors which are started by executive control.  
four par t s :  
t h e  interpolat ion subroutine, and the res idua l  computation subroutine. 
Flow charts.  B-1 through B-4 present-the eq+tions and .logic for  each of 
t he  four parts of the program. 

It i s  broken down in to  
the  main program logic  or dr iver ,  t he  i t e r a t i o n  subroutine, 

A l l  var iables  must be i n i t i a l i z e d  t o  zero a t  t he  start of t h e  program. 
The o r b i t  determination constants described i n  appendix B and t h e  RNP 
matrix of current t i m e  are then read in .  
t e r i s t i c s  and a lunar ephemeris must be available.  
edited Doppler N-count observations are generated f o r  n s ta t ions .  

I n  addition, s t a t ion  charac- 
Tables of time and 
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The program begins by picking up a telemetered vector and t e s t i n g  
whether t h i s  vector i s  from the PGNCS or AGS. It then checks if i t s  time 
t ag  has been.updated since t h e  time of the preceding vector from the same 
source. 
vector.  

If the last tes t  fa i l s ,  t h e  program recycles t o  pick up another 

If the  t i m e  t ag  has been updated, then the  ranges from the  vehicle  t o  
t h e  t ransmit ter  and receiver are computed f o r  each t racker .  Since there  
i s  but one t ransmit ter  and four receivers ,  one uplink range and four down- 
l i n k  ranges are computed. The i t e r a t i o n  rout ine computes these ranges and 
t h e  receiver  times f o r  each s ta t ion .  

For each s t a t i o n  the r a w  observations are set up i n  the following 
arrays: t and N where i = 1, ... , n and J = 1, ..., M l .  The var iab le  

j /i j /i 
M l  represents t h e  most current observatioh a t  a s t a t ion  and i s  determined by 
the  t ime length of the  data table. Two time t e s t s  are then performed - 
the  f i rs t  t o  determine if  t he  receiver time f o r  s t a t ion  i obtained from 
the  i t e r a t i o n  rout ine l i e s  within the range of the current observation 
t a b l e  plus 6 seconds, and the  second t o  determine if the  receiver t i m e  l i e s  
immediately within the  range of the table. 
causes the  program logic  t o  check the next s ta t ion .  If the second tes t  
fa i l s ,  t he  program w a i t s  f o r  more data from t h e  s ta t ion .  An addi t ional  
t es t  was  inser ted t o  l i m i t  t he  time the program w i l l  w a i t  f o r  data from 
l a t e  reporting s ta t ions .  
cycles t o  pick up a new telemetry vector.  
t o  the interpolat ion routine.  

Fai lure  of the first tes t  

If a l l  s ta t ions  f a i l  the t e s t s ,  the  program re- 
Otherwise, the  program proceeds 

The l i n e a r  interpolat ion rout ine is  ca l led  t o  y ie ld  the interpolated 
value of t h e  count f o r  each s t a t i o n  a t  each receiver time. The main 
program then checks whether the telemetry vector R ( t L M )  i s  PGNCS or AGS and 

then tests i f  the time in t e rva l  since t h e  previous telemetry vector from 
the  same source i s  less than TMAX, where TMAX i s  the maximum T i n t e rva l  
fo r  which the Doppler frequency i s  allowed t o  be computed. If t h i s  tes t  
fa i l s ,  the current values of vehicle  t h e  t ag ,  observation time, uplink 
and downlink ranges, and Doppler count are sltored; and the program recycles 
by reading i n  a new telemetry vector.  Once t h i s  tes t  i s  passed, however, 
t he  program proceeds t o  the residual computation subroutine. 

Outputs of t he  residual  computation subroutine are BY the  res idua ls  i’ 
computed using one vector source and the interpolated counts from each of 
the  n s ta t ions .  

average residual 6Y computed by using one vector source i s  then compared 
on a display w i t h  the  average residual of the other vector source for the  
selected s ta t ions .  
uplink and duwnlink ranges, and Doppler count are  then stored, and the  
program recycles by reading i n  a new telemetry vector. 

The AYi are then displayed as shown i n  figure 1. The 

The current values of t i m e  tag,  observation t i m e ,  
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I t e r a t ion  Subroutine 

One input t o  the  i t e r a t ion  subroutine (flow chart  B-2) i s  t h e  telemetry 
posit ion vector,  R ( t  

X-Y plane pa ra l l e l  t o  the ear th ' s  mean equatorial  plane, the  X-axis through 
Aries at  the  beginning of the nearest Besselian year (NBY) , and the  Z-axis 
directed along the  mean pole. Also input are a vector time tag ,  tm, re f -  

erenced t o  Greenwich midnight pr ior  t o  launch, s t a t ion  charac te r i s t ics  f o r  
s ta t ion  i (i 1, * . .  n) I and ..a..lunar ephemeris. The f i r s t  computation 
transforms the  mean NBY selenocentric vector t o  a mean NBY earth-centered 
i n e r t i a l  (ECI)  vector by 

) , i n  a selenocentric coordinate system with the LM 

where % i s  the  posi t ion of the  moon i n  the ear-bh-referenced mean NBY 

system. 
transmitt ing s t a t i o n  and lunar orbi t ing vehicle.  

The next computation involves finding the  range between the 

I n  computing the  range, the program must i t e r a t e  t o  f ind the time, 
the  signal was  transmitted from the  transmitt ing s t a t ion  i n  order tTR' 

t o  have arrived a t  the  vehicle at  t LM 
l i g h t  , R '  (t,) the  .geocentric i n e r t i a l  posit ion vector of the  vehicle at  

posit ion vector of the  transmitt ing s t a t ion  a t  the  computed transmission 
time, t ' .  Then 

( r e f .  2). Let c be the veloci ty  of 

i n  the  mean NBY coordinate system, and R s ( t ' )  t he  geocentric i n e r t i a l  tuvi 

t '  = tLM - e 
C 

where 

For an i n i t i a l  guess of R s ( t ' ) ,  we s e t  t '  = tm; thus,  

P =  

This p from equation (3)  is  then used i n  equation (1) fo r  a new 
estimate of t'. 
revised t '  
l a t ed  i n  equation (1). 
ference between successive values of t '  i s  l e s s  than or  equal t o  I O w 9  seconds 
or u n t i l  s i x  i t e r a t ions  have beepmade. 

The posit ion of the  s t a t ion  i s  then computed fo r  the 
a new p i s  calculated i n  equation (2) and a new t '  is  calcu- 

This i t e r a t i v e  process i s  repeated u n t i l  the  d i f -  
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A r e f r ac t ion  correction i s  then applied t o  the computed uplink range 
p t o  form p ' i n  the following manner. (See ref.  3. ) Let 

r S = I R s ( t ' ) l  

and 

Then 
cnk rs 
R ( t ' )  P - p '  = p + 

S 

( 4 )  

where c 

x which are avai lable  from the s t a t ion  charac te r i s t ic  table. (See 

i s  the  product of re f rac t ion  modulus and radio r e f r a c t i v i t y  nk 

m' appendix B. ) The uplink range, p ' , w i l l  then be stored as p 

The subroutine then computes downlink ranges and times f o r  the 
n s ta t ions  successively. The only change from the uplink computations 
i n  the  t ime-iteration equation which now becomes 

i s  

t '  = tm + e C ( 5 )  

where t '  i s  the computed t i m e  a t  which t h e  s ignal  should be received a t  
the  s t a t ion  if it l e f t  the vehicle  a t  tm. 
has been applied t o  a downlink range, p '  i s  stored as p and t '  stored 
as tR,i (i = 1, . . . , n) and the subroutine picks up the proper s t a t ion  
charac te r i s t ics  f o r  t h e  downlink computation f o r  the next s t a t ion .  

A f t e r  the re f rac t ion  correction 

R / i  

The posi t ion of the s t a t ion ,  R ( t ' ) ,  is  computed fo r  each successive 
S 

i t e r a t i o n  of time, t ' ,  from the  s t a t ion  charac te r i s t ics  as follows: 

L e t  6 be t h e  angle between the  t r u e  posi t ion of Green- 
wich at  midnight pr ior  t o  launch and Greenwich a t  t ' .  
Then 

e = w ( t l  + DT) 
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where t h e  other constants are defined i n  appendix B. 
Then the  angle, A ' ,  of the s t a t ion  i s  given by 

A ' = A + 8  

where X i s  the  longitude of t he  s ta t ion .  Final ly ,  - 

R s ( t l )  i s  given by 

R s ( t l )  = (RNP)T 

cos A'(r cos 4 '  + h cos 4 )  

s i n  X1(r cos 4 '  + h cos 4 )  

r s i n  4 '  + h s i n  $I 

A l l  t h e  above var iables  are defined i n  appendix B. 

Interpolat ion . _  Subroutine 

The interpolat ion subroutine (flow chart  B-3) i s  ca l led  t o  

(7)  

(8) 

f ind  a 
ps eudoac tual  Doppler count , NR/ , f o r  each s t a t ion  at  the  receiver  time 

which i s  not l i k e l y  t o  be a recorded observation t i m e .  Inputs t o  t h e  t R / i  
subroutine are t R / i  
Ml observation times, t 
(i  = 1, ..., n:and j = 1, ..., Ml). 

(obtained from t h e  i t e r a t i o n  rout ine)  and n tab les  of 

j / i '  
versus Ml observed Doppler counts, N 

j /i' 
All s ta t ions  for  which the  f l a g  MSW(i) 

i s  zero a r e  processed. 

The interpolat ion scheme tests t h e  t of each s t a t ion  against  t h e  R / i  
corresponding t a b l e  of recorded observation t i m e s  t o  f ind  between which 
two recorded va l id  observation times t l i e s  and between which two 

recorded va l id  observations N l i es .  Once these two values of N 
t are found, t h e  rout ine tests t and t 

R / i  

j / i '  R / i  
-to see i f  j+ l / i  j /i j /i 

- t  > a  ' j+l/i j / i  T 

If so, the  time in te rva l  is  too long t o  l i n e a r l y  interpolate .  There- 
fore ,  do not in te rpola te ,  but set NRIi equal t o  a dummy negative value 

denoted by aN, and start the  time tests f o r  t h e  next s t a t ion ,  If, however, 
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- t  
‘j+l/i j / i .  <‘T 9 

the time in t e rva l  i s  su f f i c i en t ly  short  t o  accuratel; in te rpola t  . Therefore, the following equation can be s o l v d  f o r  N N R / i  R / i “  

f o r  

where i i s  the  s t a t ion  number. 

subroutine will then be passed t o  the main program. 

The outputs NR/i from the interpolat ion 

Residual Subroutine 

Inputs t o  the residual  computation subroutine (flow chart  B-4) are 
two receiver  times, two uplink ranges, two downlink ranges, two interpolated 
N-count ‘observations, and a table of bias values. 
ca l led  i n  two d i f f e ren t  places i n  t h e  main program depending on whether 
the vector source i s  PGNCS or AGS; t h i s  se lec t ion  is  controlled by the LSW 
f l a g  (see appendix B ) .  The inputs t o  t h i s  subroutine can be controlled 
by the  arguments of the ca l l ing  statements (or equivalent);  f o r  example, 
for a PGNCS vec%or we might have: 

The subroutine w i l l  be 

Then for an AGS vector w e  would have: 

Once the  input arguments have been established, the program processes 
t h e  residual subroutine, which is  of the following form: 

Before computing a residual f o r  an observation s t a t ion ,  the v a l i d i t y  
of the two Doppler counts NlIi and N2/i must be ver i f ied .  

value f o r  either NlIi or N 

s t a t ion  t o  be omitted, and the rout ine checks the Doppler counts f a r  the 
next s ta t ion .  

A negative 

causes the res idua l  computation of tha t  2 / i  
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L e t  p2/i and p be the  downlink ranges computed f o r  t he  receiver 4 / i  
times t and t and l e t  p and p be the  corresponding uplink ranges. 

The computed Doppler observation i s  obtained from the following equation 
( r e f .  2 ) .  

l/i 2/ i 1 3 

Di = (w, + bi) + 
"bfTR 

c ( t2 / i  - tl/i (P, + P)+/i) - (P, -b P2/$ 

c , b. a r e  explained i n  appendix Be A 3' '4' 'TR' 1 
where t h e  constants w 

pseudoactual Doppler observation, Si, is  obtained by 

and theeresidual  i s  computed from 

where K,  the  conversion fac tor  from Hz t o  fps ,  i s  given by 

where fTR i s  the  frequency transmitted t o  the  LM. 

as i n  f igu re  1. The average of t he  residuals  from n' s ta t ions  i s  then 
obtained by 

These AY. a r e  plot ted 
1 

n' c AYg 
R = l  6Y = n' 

where n' i s  the  number of s ta t ions  selected.  This 63 w i l l  then be plot ted 
against  Sy computed w i t h  t he  other vector source and displayed. 
i s  then t ransferred t o  the  main program, and the current values of t 

t R / i '  'TR' ' R / i '  N R / i  
t o r  source 

Control 

are saved f o r  t he  next cyc l?  f o r  a pa r t i cu la r  vec- 
ma 
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TABLE I.- CONTROLS AND DISPLAY$ 

CONTROLS 

Manual Entry Devices 

1. Source selection.- This MED allows t h e  program t o  enter 
high-speed processing and specif ies  which MSFN s t a t ions  w i l l  be processed. 

Push Button Indicators 

1. 
the  respective MSFN stat ions are t o  be used i n  the average residual  
computation. 

STAl., STA2, STA3, STA4.- These four PBI's specify whether or not 

2. PGNCS.- This PBI designates t h a t  PGNCS - MSFN residuals  be 
gisplaycd. 

3. AGS.- - This PBI designates t h a t  AGS - MSFN residuals be displayed. 

4. TLM-PRED.- This  PBI designates whether telemetered or predicted 
LM state vectors a re  t o  be currently processed. 

DISPLAYS 

1. Range rate residual  no. 1.- This display provides an analog trend 
curve of range rate versus time f o r  two MSFN sources using PGNCS or AGS 
telemetered vectors.  

2. Range rate residual  no. 2.- This display provides t h e  same infor- 
mation as no. 1 f o r  two other MSFN sources. 

3. PGNCS versus AGS.- This display provides an analog trend curve 
of range rate versus time for both telemetry sources. 
sents  t he  average of t he  s t a t ions '  residuals f o r  one of t h e  telemetry 
sources . 

Each curve repre- 

__ -~ 

Reference 4 should be consulted for d e t a i l s  on the above general a 

de s c r i p t  ion. 
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APPENDIX A 

FLOW CHARTS FOR PREPROCESSOR ROUTINES 
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ta 

IR* I 
Iv* I 

Variables Used i n  Telemetered Vector. Subroutine 

time t ag  (g .e . t .>  of a PGNCS or AGS telemetry vector 
unprocessed by the  preprocessor rout ine,  sec (TJTC) 

selenocentric posi t ion and veloci ty  of a telemetered 
vector a t  t i n  mean NBY coordinates, f t  and fps  a 

maximum acceptable value f o r  IRaI , f t  

maximum acceptable value fo r  lVal , fps 

maximum and minimum times acceptable for t 

time t ag  of a current PGNCS o r  AGS telemetry vector re f -  
erenced t o  Greenwich midnight pr ior  t o  launch, sec ( U T C )  

sec (UTC) a' 

selenocentric s t a t e  vector (PGNCS or AGS) of the vehicle 
at  time tLM i n  mean NBY coordinates, f t  and fps 

switch s e t  by t h e  ident i f ica t ion  code of the  telemetry 
vector: 
vector 

LSW = 0 f o r  a PGNCS vector,  LSW # 0 for an AGS 
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"START " 0 

FROM TELEMETRY 

GRANULARlTl E S 

Flow chart A-1.- Preprocessor for LM vectors. 
(a) Logic for the telemetered LM vectors. 
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Page 2 of 2 
Flow chart A-1. - Preprocessor for LM vectors. 

(a) Logic for the telemetered vectors - Concluded. 



t 

L M = L M + l  a 
SELECT LM 

I 

REAL TIME RATE USING 
R, A, 9 OF LM AND 

START VECTOR AND 
FREE FLIGHT 

Page 1 of 1 
Flow chart A-1.- Preprocessor for LM vectors. 

(b) Logic for the predicted LM vectors. 
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Variables Used MSFN Subroutine 

C l ( i )  s t a t i o n  counter of Doppler data which do not pass the  
extrapolation t e s t ;  when C l ( i )  equals four, a l l  counters 
for s t a t i o n  i are  r e i n i t i a l i z e d  and t h e  extrapolation 
e d i t  routine starts over 

c2( i) s t a t ion  counter of Doppler data which pass the  extreme 
count in te rva l  t e s t ;  C2(i)  = 3 i n i t i a l i z e s  the  use of 
extrapolating for Doppler. 

~ 3 ( i )  s t a t ion  counter of Doppler data which pass the  extrapola- 
t i o n  t e s t ;  C 3 ( i )  > 4 causes the  da ta  t o  be tagged va l id  
when stored by t h e  preprocessor routine 

an array of r a w ,  non-destruct Doppler counts recorded a t  
s t a t ion  i; the element N represents the  current value, 

counts 

Nk/ i 
k/ i 

time array for t h e  N k / i ’  sec (UTC) t k / i  

j /i N an array of raw, non-destruct Doppler counts accepted and 
stored by the  MSFN preprocessor rout ine;  the  element N 

represents the l a s t  accepted value of N 
/i 

, coimts k / i  

j /i 
t 

MAX T 

NMAX 

HIGH 

time array for  t he  N sec (UTC)  

maximum T in te rva l  allowed for l i nea r  extrapolation of 
Doppler, sec (UTC) 

jli’ 

maximum acceptable count difference between the  ac tua l  and 
extrapolated values of N k/i, counts 

maximum acceptable value of N t es ted  when a l l  previous k / i  
time requirements have been met , counts 
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INITIALIZE ID OF 
TRANSMITTER AND 
STORAGE AREA FOR 
FOUR TRACKING 
STATIONS 

6 

Flow chart A-2.- MSFN preprocessor. 
(a) Logic for the preprocessor. 



22 

Flow chart A-2.- MSFM preprocessor. 
(a) Logic for the preprocessor - Concluded. 

Page 2 of 2 
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"START" 0 

Flow chart A-2.- MSFN preprocessor. 
(b) Logic for the edit routine. 

Page 1 of 2 
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c1 (1) = c1 (1) + 1 ti) = $> 

c3 (1) =c3 ti) + 1 

PREVIOUS VALUES 

Flow chart A-2.- MSFN preprocessor 
(b) Logic for the edit routine - Concluded. 

Page 2 of 2 

I 
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APPENDIX B 

FLOW CHARTS FOR PROGRAM CONTROL LOGIC 
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Variables Used i n  the  Main Program 

PtLM 

AtLM 
SEC 

c4 

WW(i> 

j 

FSW: 

MI. 

KSW 

TMAX 

KSWA 

I ptR/ i  

"'R/i 

p'TR 

pNR/i  

A t R / i  

& R / i  

&TR 

ANR/ i  

time t ag  of a previous PGNCS vector,  sec (WC) 

time t a g  of a previous AGS vector,  sec (UTC) 

counter used t o  l i m i t  the  length af time $hat tba  progrw 
will w a i t  for data from l a t e  reporting stq,$iops 

counter which counts the number of a.t;wtdons tb%$ ca,wQt 
meet the  time tests for  a par t icular  t e a w e t r y  vqfl;$or 

switch which denotes MSl?N data: 
ihval id  da%a for s t a t ion  i; M S W ( i )  = Q implie6 vel,id &+$a, 

r J l s W ( i )  # 0 imp1iC;s $iqe 

posit ion number i n  an observation tab le  

switch which when not equal zqra prohipits program frpm 
waiting fo r  data from l a t e  reportin8 stqtiops 

number of MSFTV observations copie4 in to  a dqta t;&ble 

switch which denotes the  PGNCS veotpr: 
first PGNCS vector, KSWP # 0 thereaf t s r  

KSW F 0 for the 

the  maximum time in te rva l  between two successiyq tekemetry 
vectors from the  same source for  which a Doppler resi@ual. 
may be computed, sec 

switch which denotes the AGS vector;  KSWA = 0 f o r  the 
first AGS vector,  KSWA # 0 thereaf te r  

R / i 2  ' R / i '  'ws temporary storage of previous values pi? t 
and NR/i9 respectively,  resu l t ing  from a PGNCS telemqSry 
vector 

R / i '  ' R / i Y  'TR) temporary storage of previous valueg of t 
and NR,i9 respectively, resu l t in4  from ag AGS talemetry 
vector 
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o ORBIT DETERMINATION CONSTANTS; 
JPL EPHEMERIS TAPES; STATION 
CHARACTERISTICS TABLES AND 
EDITED OBSERVATION TABLES FOR 
n STATIONS. 

P ROC E S SO R 

c 

PICK UP NEXT TLM 
VECTOR IN TABLE L 

YES 
--tLM, Rrt,MIX LSW 

I 

NO I J 

, 

NO 

Flow chart B-1.- Logic for the maln program. 
Page 1 of 4 



ALLOW 1 SEC OF 
DATA TO B E  STORED 
IN T A B L E  

SEC = SEC + 1 

OBSERVETABLE 
OF L A S T  M1 
0 BSERVATI ON S 

tj/i Nj/i 

Page 2 of 4 

Flow chart 6-1.- Logic for the main pmgram - Continued. 



- - YES 

L 

K S W P = l  

Page 3 of 4 
Flow chart B-1.- Logic for the main program - Continued. 
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Page 4 of 4 
Flow chart B-1,- Logic for the main program - Concluded. 
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Variables Used i n  the I t e r a t i o n  Subroutine 

ECI posi t ion vector of t h e  vehicle  a t  t 
NBY coordinate system, f t  

i n  the  Aries mean LM 

pos i t ion  vector of moon, ECI coordinates, f t  

s t a t ion  number, where i = 1, n 

switch which denotes uplink or downlink range computation: 
ISW = 0 f o r  uplink range computation, ISW # 0 f o r  downlink 
computations 

counter which limits the  number of i t e r a t i o n s  

temporary storage locations used i n  t h e  i t e r a t i o n  cycle 

angle between true-of-date posi t ion of Greenwich and t h e  
posi t ion of Greenwich at  midnight pr ior  t o  launch, rad 

ro t a t iona l  rate of t he  ear th ,  rad/sec 

difference between UT1 and UTC, DT = UT1 - UTC, sec 

X + 8 ,  r a d  

longitude of s t a t ion ,  rad 

ECI posi t ion vector of a s t a t i o n  a t  t h e  computed time t '  
i n  the  Aries mean NBY coordinate system, f t  

i n i t i a l  guess of R s ( t ' )  , f t  

matrix which converts from t h e  Greenwich posi t ion a t  mid- 
night p r io r  t o  launch true-of-datei coordinate system t o  
the Aries mean NBY system 

The following constants are found on the s t a t ion  charac te r i s t ics  
tape : 

r cos ( p '  + h cos 9 project ion of posi t ion vector of t h e  s t a t i o n  
i n t o  the  x-y plane i n  t h e  ECI coordinate system 

r s i n  0' + h s i n  $I z coordinate of s t a t ion  i n  ECI system 
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P 

r 
S 

cnk 

PTR 

t R / i  

' R / i  

where r radius t o  e l l ipso id  below s t a t ion ,  f t  

4 '  geocentric l a t i t u d e  of s t a t ion ,  rad 

41 geodetic l a t i t u d e  of s t a t ion ,  rad 

h height of s t a t ion  above e l l ipso id ,  f t  

vector difference between R ' ( t L M )  and R S ( t ' ) ,  f t  

magnitude of the vector R ( t ' ) ,  f t  

product of the radio r e f r a c t i v i t y  x 
constant calculated from radio r e f r a c t i v i t y  w i t h  an ex- 
ponential reference atmosphere; both var iables  a re  found 
i n  s t a t ion  chakacter is t ics ,  nd 

S 

and the  decay 

time the  s ignal  m u s t  be transmitted from the  transmitt ing 
s t a t ion  t o  a r r ive  a t  the  vehicle a t  tLM, sec 

uplink range from the  transmitt ing s t a t ion  a t  t '  t o  the 
vehicle at  tm, f t  

time a t  which the  s ignal  would a r r ive  at  statio11 i i f  it 
had l e f t  t he  vehicle at  tLM, sec 

downlink range from the vehicle a t  tLM t o  s ta t ion  i at  

tR/ i 

number of s ta t ions 

(i = 1, n ) ,  f t  

n 
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0 INPUT: SELENOCENTRIC TLM VECTOR 
I RQLM); STATION CHARACTERISTICS 

TRANSMITTER AND STATION i 
1, nl; LUNAR EPHEMERIS; 
IT DETERMINATION CONSTANTS 

ACTERISTICS EQUAL 
TO CHARACTERISTICS TO CHARACTERISTICS 
OF TRANSMITTER OF STATION i 

ACTERl STI  CS EQUAL 

LOOP = 1 LT-J 
c 

Page 1 of 3 

Flow chart 6-2.- Logic for the iteration subroutine. 



LOOP = LOOP 4- 1 

Page 2 of 3 

Flow chart 6-2,- Logic for the iteration subroutine - Continued. 
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A APPLY REFRACTION 

Page 3 of 3 

Flow chart B-2.- Logic for the iteration subroutine - Concluded. 
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Variables Used i n  the  Interpolation Subroutine 

dunrmy negative value f o r  N 

res idual  w i l l  not be computed f o r  s t a t ion  i f o r  t he  current 
telemetry vector being processed, counts 

which s ign i f i e s  t ha t  a N R / i  0 

the  maximum t i m e  i n t e rva l  over which the  
be l i nea r ly  interpolated,  sec T CI 

an interpolated N-count s i tua ted  between 

counts 
NR/ i 

Doppler data may 

j+ l / i ’  NJ,i and N 
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INPUT: tR,i OUTPUT FROM 

OBSERVATIONS FOR STATIONS i 
(1 = 1, n; j = 1, M U  

Page 1 of 1 
Flow chart 6-3.- Logic for the interpolation subroutine. 
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Variables Used i n  the  Residual Subroutine 

3 w 

bi 

fm 
C 

I 5/i 
t2 / i  

p1 p3 I 
I '2/i 

'4/i 

si 

AY 

K 

6Y 

n' 

interpolated values of N-count a t  t and t2/i3 counts l/i 

computed Doppler frequency a t  s t a t ion  i, Hz 

a b ias  introduced by the tracking equipment tha t  guarantees 
t ha t  the Doppler shift  w i l l  never become negative, Hz 

a multiplying fac tor  which adjusts  the frequency of the  
s ignal  at  the  spacecraf-b, nd 

bias for s t a t ion  i on the  ac tua l  Doppler observables 
(previously solved for i n  a preascent rout ine) ,  Hz 

frequency transmitted t o  the  LM, Hz 

veloci ty  of l i g h t ,  fps  

successive cgmputed observation times f o r  s t a t ion  i, sec 

uplink ranges computed for  t and t respectively,  f t  1/ i 2 / i  

downlink ranges computed fo r  tlIi and t2/i respectively,  f t  

observed Doppler frequency s h i f t  over t2,i - tlIi, HZ 
residual  computed fo r  s t a t ion  i (ac tua l  minus computed) , Hz 
constant which converts Hz t o  fps  

average value of the  AYi, Hz 

number of s ta t ions  used i n  computing 8Y; the  value of 
n' is subject t o  external  control vis. the  s t a t ion  PBI 
( t ab le  I) 
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INPUT: ORBIT DETERMINATION CONSTANTS;, 
TABLE OF DOPPLER BIAS VALUES; THE 
FOLLOWING VARIABLES OBTAINED FROM 
THE ITERATION AND INTERPOLATION 
SUBROUTINES: tl/!t t.21,' PI, P2/it 

ti = 1, n), p3t Nl/it N2/1' 

I 

DO NOT USE DATA 
FROM STATION i 
IN COMPUTATION 
OF 8 Y  

I 
A 

Page 1 of 2 

Flow chart B-4.- Logic for the residual subroutine. 
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P 
COMPUTE AND DISPLAY 8Y 

pkY. - 
\AND NOT EDITE 

I c-t7 llRETURN" 

Page 2 of 2 

Flow chart B-4.-  Logic for the residual subroutine - Concluded. 
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