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ABSTRACT 

The purpose of the report is to present the 
documentation of the subroutines used in the "Least 
Squares Adjustment of Satellite Observations for 
Simultaneous Directions or Ranges" computer programs. 

Each write-up is self-contained, there are no 
references made to other subroutine write-ups. However, 
in many cases, the logic can be fully comprehended only 
by seeing the subroutine within the framework of the 
complete computer program. 
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TITLE: ANRAD (Func t ion )  

PROGRAMMING LANGUAGE : SCATRAN 

MACH I NE CONFI GURAT I ON/ 
TYPE : IBM 7 0 9 4  

DESCRIPTION : Converts  from d e g r e e s ,  m i n u t e s ,  
and seconds i n t o  r a d i a n s .  

RESTRICTIONS/ 
ASSUMPTIONS: 

METHOD : 

Only one conve r s ion  p e r  c a l l .  

Th i s  f u n c t i o n  c o n v e r t s  an a n g l e  
t o  r a d i a n s  by f i r s t  c o n v e r t i n g  t h e  
a n g l e  t o  degrees  and decimal d e g r e e s ,  
and t h e n  d i v i d i n g  t h i s  by 
57.29577951308232. 

CALLING SEQUENCE : FUNCTION ( G )  = ANRAD. ( I , M , N , C  ) + 
where G = a n g l e  i n  r a d i a n s  RDF * 

I = s i g n  of a n g l e  RSI **  
M = d e g r e e s  RS I 
N = minutes  RS I 
C = seconds  RDF 

* R e a l  Double P r e c i s i o n  F l o a t i n g  

**  R e a l  S i n q l e  P r e c i s i o n  I n t e g e r  
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TITLE : CARGEO 

PROGRAMMING LANGUAGE : SCATRAN 

MACHINE CONFIGURATION/ 
TYPE : IBM 7 0 9 4  

DESCRIPTION: Converts Cartesian coordinates to 
geodetic coordinates. 

RESTRICTIONS/ 
ASSUMPTIONS : Only opelco?version pyr ?all. The 

values for A , E Z ' ,  and PI (a, e2, 
11) must be defined in main program. 

METHOD : Given X, Y, Z, a, e2, and II, 

D = +  
( X 2 + Y 2 )  

1 

( 2 )  Tan 0 = D (1 - e2) 

1 ( 4 )  Tan 4 = D ( l+e2N1Sin+' 
Z 

If (0 - $I 1 ) is gTeater than .5 x 
the value of $I is replaced by 

0, and equations ( 4 )  ?nd (5) are 
iterated until (0 - 0 ) is less than 
.5  x 10"O. 

Then , 
Y X = tan" 

2 4  ( X 2 + Y  ) 
cas+ - N  H =  

-2- 



c . 

CARGEO (Contd) 

where 
4 = geodetic latitude of stations, 

in radians RDF 
X = geodetic longitude of stations, 

in radians RDF 
H = elevation of station above 

the ellipsoid, in meters RDF 

CALLING SEQUENCE: CALL SUBROUTINE ( C ,  G ,  H )  = CARGEO. 
(X, Y, Z)t where 
X, Y, and Z = the Cartesian coordinates 

of the station, in meters RDF 

G = geodetic longitude, in radians RDF 
H = elevation above ellipsoid, in 

meters RDF 

C = geodetic latitude, in radians RDF 

-3 -  



TITLE : CHCON 

PROGRAMMING LANGUAGE : SCATRAN 

MACHINE CONFIGURATION/ 
TYPE : IBM 7094 

DESCRIPTION: This subroutine computes the chord 
distance between two stations along with 
the 3 - 3x3 matrices required to constrain 
this distance in the solution of Normal 
Equations. 

RESTRICTIONS/ 
ASSUMPTIONS: 

METHOD : 

Only one computation per call. 

Given the two station Numbers (for 
identification) and the X, Y, 2 coordinates 
for the two stations, 

2 % .  RR = ( (X2-X1)2 + (Y2-Y112 + (22-21) ) 

T h e  direction cosines of the vector 
between the two stations are computed 
from each station 

(X2 -X1) 
T1 ( 0 )  = - R 

Three 3x3 matrices are computed as 
follows: 

-4  - 



CHCON (Contd) 

where 
P = weight = 1000. 

CALLING SEQUENCE: CALL SUBROUTINE (N11, N22, N12, RR) = 
CHCON. (ICC1, ICC2, XX1, XX2, YY1, 
YY2, zzl, ZZ2)+ 

where 

N11, N22, N12 are defined under METHOD RSF* 
RR = Computed chord distance between 

the two stations RDF 
ICCl = Identification number of first RS I 

station 
ICC2 = Identification number of second RS I 

station 

station 

station RDF 

XX1, YY1, ZZ1 = X, Y, Z coordinates of first RDF 

XX2, YY2, 222 = X, Y, Z coordinates of second 

* Real Single Precision Flating 
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TITLE : FMMJD (FUNCTION) 

PROGRAMMING LANGUAGE : SCATRAN 

MACHINE CONFIGURATION/ 
TYPE : I B M  7094 

DESCRIPTION: C a l c u l a t e s  t h e  number of  J u l i a n  days  
t h a t  have e l l a p s e d  since Jan.  1 . 0 ,  1950. 

RESTRICTIONS/ 
ASSUMPTIONS: 

METHOD : 

Only one conversion per ca l l .  

1 I 

The f u n c t i o n  tes ts  t h e  month , 
and calculates t h e  number of days i n  t h e  
year p r i o r  t o  t h a t  month. A t e s t  i s  made 
f o r  a l e a p  y e a r ,  and i f  it i s  a l e a p  y e a r  
the ex t r a  day i s  added. 

The hour s ,  m i n u t e s ,  and seconds are 
converted t o  t h e  dec imal  p a r t  of t h e  day.  
Then t h e  number of  J u l i a n  days t h a t  have 
ellapsed s i n c e  Jan .  1 . 0 ,  1950, i s  
computed. 

CALLING SEQUENCE: FUNCTION (AMJD) = FMMJD. (LHR,  LMN, 
ASC, LMO, LDA, LYR) + 
where 

LHR = Hours RS I 
LMN = Minutes  RS I 
ASC = Seconds RDF 
LMO = Month RS I 
LDA = Day RS I 
LYR = Y e a r  RS I 

AMJD = Number of J u l i a n  Days RDF 
s i n c e  Jan.  1 . 0 ,  1950 
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TITLE : GEOCAR 

PROGRAMMING LANGUAGE : SCATRAN 

MACHINE CONFIGURATION/ 
TYPE : IBM 7094 

DESCRIPTION : Converts geodetic coordinates to 
Cartesian coordinates. 

RESTRICTIONS/ 
ASSUMPTIONS: Only opelconver7ioy per call. The 

values fo r  A , and EZ (a, e2) must be 
defined in main program. 

METHOD : If 'a' is the semi-major axis of the 
ellipsoid, and 'e2' is the eccentricity 
of the ellipsoid, then 

X = (N+H) Cos@ CosX 

Y = (N+H) Cos@ SinX 

where + = latitude of station 
X = longitude of station 
H = height of station above 

the ellipsoid 

CALLING SEQUENCE: CALL SUBROUTINE (X, Y, Z )  = GEOCAR. 
( @ ,  A ,  H) + 

where (p = latitude in radians RDF 
A = longitude in radians RDF 
H = elevation above ellip- RDF 

soid in meters, 
X, Y, & Z = Cartesian coordinates RDF 

of station, in meters 
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TITLE : HRRAD (Function) 

PROGRAMMING LANGUAGE: SCATRAN 

MACHINE CONFIGURATION/ 
TYPE : IBM 7094 

DESCRIPTION : Calculates radians from hours, 
minutes and seconds. 

RESTRICTIONS/ 
ASSUMPTIONS : 

METHOD : 

Only one conversion per call. 

This subroutine converts hours, 
minutes and seconds into radians by 
using the standard procedures. 

CALLING SEQUENCE: FUNCTION ( B )  = HRRAD- (1, J, A) -I- 
where 

I = Hours RS I 
J = Minutes RS I 
A = Seconds RDF 
B = Output value, in radians RDF 
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TITLE : INVPR 

PROGRAMMING LANGUAGE : SCATRAN 

MACHINE CONFIGURATION/ 
TYPE : I B M  7 0 9 4  

DESCRIPTION: Converts  C a r t e s i a n  coordinates t o  
g e o d e t i c  coordinates .  

RESTRICTIONS/ 
ASSUMPTIONS: Only one conve r s ion  p e r  ca l l .  T h i s  

s u b r o u t i n e  shou ld  be used on ly  f o r  g e t t i n g  
' rough estimates' of  $, A ,  H .  

METHOD : Given X ,  Y ,  Z ,  a ,  e 2  

Z D =  
( X 2 + Y  2 3 5  ) 

t a n  9 '  = D (1 - e 2 1  

a 
' 3 5  N =  

(1 -e2S in2@ 

1 l -e2NSin@' 
z Tan @ = D ( 

- 1  k' 
X A = t a n  

CALLING SEQUENCE: CALL SUBROUTINE (FF, XLAM, H )  = INVPR. 
( A , E E , X , Y , Z )  + 

where 
FF = l a t i t u d e  of s t a t i o n ,  i n  RSF 

radians 
XLAM = l ong i tude  of s t a t i o n ,  i n  RSF 

rad ians  
H = elevat ion above e l l i p s o i d ,  

i n  meters RSF 
A = semi-major ax is  of RSF 

e l l i p s o i d  

-9- 



INVPR (Contd) 

EE = eccentricity of ellipsoid RSF 
X, Y, Z = Cartesian coordinates of RSF 

station, in meters 
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TITLE : MULTM3 

PROGRAMMING LANGUAGE : SCATRAN 

MACHINE CONFIGURATION/ 
TYPE : 

DESCRIPTION : 

RESTRICTIONS/ 
ASSUMPTIONS : 

METHOD : 

CALLING SEQUENCE: 

IBM 7 0 9 4  

Multiplies two 3x3 matrices. 

The elements of the A and B matrix 
must be defined prior to calling the 
subroutine. 

Given two 3x3 matrices, A and B. 
R (1,l) = A (1,l) * B (1,l) + A (1,2) * 

B (2,1) + A (1,3) + B (3,l). 

This process is reqeated for all nine (9) 
elements of the R matrix. 

CALL SUBROUTINE (R) = MULTM3. (A,B) + 
where A = 3x3 matrix RDF 

B = 3x3 matrix RDF 
R = Resulting 3x3 matrix RDF 
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TITLE : MULTV3 

PROGRAMMING LANGUAGE: SCARTAN 

MACHINE CONF I GU RAT1 ON/ 
TYPE : 

D E S C R I P T I O N  : 

RESTRICTIONS/  
ASSUMPTIONS: 

METHOD : 

CALLING SEQUENCE: 

IBM 7094  

M u l t i p l i e s  a 3x3 Matrix by a 3x1 
vector.  

The vector w i l l  be pre-mult ipl ied by 
the  matrix. T h e  vec tor  cannot be post- 
mult ipl ied by t h e  matrix. 

G i v e n  t h e  m a t r i x  A ( 3 , 3 )  I and t h e  
vector B ( 3 , l ) .  The subrout ine m u l t i -  
p l i e s  A t i m e s  B t o  give t h e  r e s u l t i n g  
vector R ( 3 , l ) .  

CALL SUBROUTINE ( R )  = MULTV3. ( A , B )  + 
w h e r e  

A = 3x3 Matrix RDF 
B = 3x1 vector RDF 
R = R e s u l t i n g  3x1 vector RDF 
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TITLE : NUT 

PROGRAMMING LANGUAGE : SCATRAN 

MACHINE CONFIGURATION/ 
TYPE : IBM 7094  

DESCRIPTION : This subroutine computes the nutation 
in longitude and obliquity of the ecliptic 
to be used in computing the Greenwich 
apparent sidereal time. 

RESTRICTIONS/ 
ASSUMPTIONS: 

METHOD : 

O n l y  one computation per call. 
This subroutine calls the system 

subroutine DMTMPY, which must be in the 
library. 

The subroutine is entered with the 
time of the event expressed as the number 
of days and decimal days since 1900.0 

The theory of the computations is 
explained in full detail inthe text of 
'Part I: Theory. The output of the 
subroutine is the nutation in longitude 
and nutation in obliquity-. 

CALLING SEQUENCE: CALL SUBROUTINE (C,E) = NUT. (DD) + 
where 

C = Nutation in longitude RDF 
E = Nutation in obliquity RDF 
DD =Number of days and RDF 

decimal days since 1900.0 
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TITLE : POLE 

PROGRAMMING LANGUAGE : SCATRAN 
.. 

MACHINE CONFI GURATI ON/ 
TYPE: IBM 7 0 9 4  

DESCRIPTION : This  s u b r o u t i n e  i n t e r p o l a t e s ,  from 
d a t a  i n  computer s t o r a g e ,  t h e  motion of 
t h e  p o l e  (x and y )  f o r  any i n s t a n t  of  
t i m e  from 1958.0 t o  1 9 6 7 . 0 .  

RESTRICT1 ONS/  
ASSUMPTIONS : 

METHOD : 

CALLING SEQUENCE : 

Only one i n t e r p o l a t i o n  p e r  c a l l .  

The v a l u e s  f o r  t h e  motion of t h e  p o l e  
are t a b u l a t e d  from B e s s e l l i a n  d a t e  1958.0 t o  
B e s s e l l i a n  d a t e  1967.0, t h e  t a b u l a r  i n t e r v a l  
be ing  0.05 y e a r s .  

The i n p u t  t o  t h e  program i s  t h e  d a t e  of 
i n t e r e s t ,  exp res sed  as t h e  number of J u l i a n  
days and dec imal  days t h a t  have e l l a p s e d  
s i n c e  January 1 . 0 ,  1950 Greenwich u n i v e r s a l  
t i m e .  To t h i s  i s  added t h e  J u l i a n  D a t e  of 
January  1.0,  1950. 
J u l i a n  Date = T i m e  of i n t e r e s t  + 

+ 2433282.500 
where 
2433282.500 = J u l i a n  d a t e  of  January  1 . 0 ,  

1950 U T 

The t i m e  o f  e v e n t  i s  t h e n  conve r t ed  t o  
B e s s e l l i a n  d a t e  by t h e  fo l lowing  convers ion  

J.D. - 1721060.133 
365.2422 B.D. = 

The t a b l e  of p o l a r  motion v a l u e s  are sea rched  
u s i n g  t h e  B e s s e l l i a n  d a t e  of t h e  even t  as 
argument. A second o r d e r  B e s s i l l i a n  i n t e r p o -  
l a t i o n  is performed t o  a r r i v e  a t  t h e  v a l u e s  
f o r  x and y .  

CALL SUBROUTINE (FUNX, FUNY) = POLE. ( T I E V )  + 
where 

FUNX = t h e  x motion of t h e  p o l e  RDF 
FUNY = t h e  y motion of  t h e  p o l e  RDF 
T i E V  = t i m e  of even t ,  which i s  3 2 ~  

e q u a l  t o  t h e  number of 
days  and decimal  days  t h a t  
have e l l a p s e d  s i n c e  Jan .  1 . 0 ,  
1950. 
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TITLE: 

PROGRAMMING LANGUAGE : 

MACHINE CONFIGURATION/ 
TYPE : 

DESCRIPTION : 

RESTRICTIONS/ 
ASSUMPTIONS: 

METHOD : 

CALLING SEQUENCE: 

into 

Only 

RADAN 

SCATRAN 

I B M  7094 

This subroutine converts radians 
degrees, minutes and seconds. 

one conversion per call. 

This subroutine multiplies the radian 
value by 57 .29577951308232  to get degrees 
and decimal degrees. The decimal portion 
of the degrees is multiplied by 60 to get 
minutes and decimal minutes. The decimal 
portion of the minutes is multiplied by 
60 to get seconds and decimal seconds. 

CALL SUBROUTINE (I,M,N,C) = RADAN. (T) + 
where 

I = sign of angle RS I 
M = degrees RS I 
N = minutes RS I 
C = seconds RDF 
T = radians RDF 
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T I T L E  : RADHR 

PROGRAMMING LANGUAGE : SCATRAN 

MACHINE CONFIGURATION/ 
TYPE : IBM 7094  

DESCRIPTION:  C a l c u l a t e s  h o u r s ,  minutes ,  seconds 
from rad ians .  

RESTRICTIONS/  
ASSUMPTIONS: Only one convers ion  p e r  c a l l .  

METHOD : This  s u b r o u t i n e  c o n v e r t s  r a d i a n s  t o  
hour s ,  minutes and seconds by u s i n g  t h e  
s t a n d a r d  procedures .  

CALLING SEQUENCE: CALL SUBROUTINE ( I ,  J ,  A )  = RADHR. ( T H E T A ) +  
where  

I = Hours RS I 
J = Minutes RS I 
A = Seconds RDF 

THETA = i n p u t  v a l u e ,  i n  r a d i a n s  RDF 

-16- 



TITLE: RB RAN 

PROGRAMMING LANGUAGE : SCATRAN 

MACHINE CONFIGURATION/  
TYPE : IBM 7094  

DESCRIPTION:  T h i s  s u b r o u t i n e  performs a leas t  
square  i t e r a t i o n  ad jus tment  f o r  t h e  
X ,  Y ,  Z c o o r d i n a t e s  ( tcrrestr ia l  o r  
g e o d e t i c  system) of a s a t e l l i t e .  

RESTRICTIONS/  
ASSUMPTIONS: 

METHOD : 

Subrout ines  GEOCAR and S Y I N V T  must 
be inc luded  w i t h  t h i s  s u b r o u t i n e .  

This  s u b r o u t i n e  performs a l ea s t  
squa re  adjustment  fo r  t h e  X ,  Y ,  Z 
c o o r d i n a t e s  of a s a t e l l i t e  by ho ld ing  
t h e  ground s t a t i o n s  f i x e d  and apply ing  
t h e  r e s i d u a l s  t o  t h e  ranges .  The 
approximation f o r  t h e  parameters  ( X S ,  Y S ,  
ZS) is ob ta ined  by c o n v e r t i n g  t h e  so- 
called approximate geodetic c o o r d i n a t e s  
of t h e  s a t e l l i t e  t o  C a r t e s i a x  c o o r d i n a t e s .  
The approximation i s  ob ta ined  by meaning 
t h e  l a t i t u d e s  and l o n g i t u d e s  of t h e  ground 
s t a t i o n s  and u s i n g  1 .6  megarneters . f o r  t h e  
e l l i p s o i d a l  h e i g h t .  ( N o t e  t h a t  1 . 6  i s  
c o n s t a n t ,  and f o r  h i g h e r  s a t e l l i t e s  t h i s  
v a l u e  i s  t o o  s m a l l ;  however, i n  view of 
t h e  r a p i d  convergence,  it i s  a t  t h i s  t i m e  
n o t  deemed necessa ry  t o  make t h i s  a 
v a r i a b l e  w i t h  each s a t e l l i t e ) .  

The f o l l o w i n g  fo rmula t ion  i s  used:  

R = [ A X 2 + A Y 2 + A Z 2 1 ’  

a R  
a Parameters A =  

where 
X = c o r r e c t i o n s  t o  parameters  
V = r e s i d u a l s  t o  ranges  
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=RAN (Contd) 

The convergence criterion of the 
XS, YS, ZS is 1 cm. Upon convergence 
the coefficient matrix "A" and the 
residuals "V" are output. 

CALLING SEQUENCE: CALL SUBROUTINE (ACOEF, XS, YS, ZS, FL, 
V, K) = RBRAN. (NS, FLAT, FLON, STAXYZ, 
NO, RO) + 
where 

ACOEF = A (defined in METHOD) RSF 
XS, YS, ZS = Cartesian coordinates RDF 

of satellite 
= L  FL = Rcomp-Robs RDF 

(topocentric range) 
V = AX+L (residuals to RDF 

ranges) 
K = Number of iteration RS I 

(maximum) 
NS = Number of stations RS I 

involved in the simul- 
taneous event 

FLAT = an array containing the 
latitudes (in radians) 
of the stations 
involved RDF 

FLON = an array containing the 
longitudes (in radians) 
of the stations 
involved RDF 

STAXYZ = a matrix containing the 
Cartesian coordinates of 
all the ground stations 
in the whole net. RDF 

NO = an array containing the 
assigned numbers of 
stations involved in the 
simultaneous event RS I 

ranges RDF 
RO = an array of observed 
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TITLE : RCOMP. 

PROGRAMMING LANGUAGE : SCARTAN 

MACHINE CONFIGURATION/  
TYPE : IBM 7094  

DESCRIPTION: T h i s  s u b r o u t i n e  computes t h e  X ,  Y ,  
Z of the  s a t e l l i t e  from t h e  a ,  6 from 
t h e  t w o  ground s t a t i o n s .  

RESTRICTIONS/ 
ASSUMPTIONS : 

METHOD : 

One c a l c u l a t i o n  p e r  c a l l .  

Given a & 6 from t h e  t w o  ground 
s t a t i o n s  t o  t h e  s a t e l l i t e ,  

a = cos C X ~ C O S ~ ~  i 

bi = s i n  a . c o s b i  

ci = s i n  6 i  

( t r u e  celest ia l  
1 c o o r d i n a t e  system) 

a r o t a t i o n  i s  performed t o  t h e  v e c t o r  
i n t o  the terrestr ia l  c o o r d i n a t e  system. 

bi ' 1  = R  

c 1  i I 
ai 

bi 

i C 

where the  r o t a t i o n  m a t r i x  R has been 
computed p r i o r  t o  c a l l i n g  t h e  s u b r o u t i n e .  

S ince  t h e  t w o  ground s t a t i o n s  have 
known c o o r d i n a t e s ,  t h e  d i r e c t i o n  c o s i n e s  
of t h e  u n i t  v e c t o r  between t h e  two s t a t i o n s  
i s  computed. The three v e c t o r s  t h e n  
r e p r e s e n t  t h e  three sides of a t r i a n g l e ,  
and the vectors are dot ted  t o  g e t  t h e  
a n g l e s  of t h e  t r i a n g l e .  The scale i s  
in t roduced  by t h e  computed d i s t a n c e  
be tween t h e  t w o  ground s t a t i o n s ;  f i n a l l y ,  
t h e  X ,  Y ,  and Z of t h e  s a t e l l i t e  i s  
computed u s i n g  t h e  l a w s  of t r igonometry .  
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RCOMP (Contd) 

CALLING SEQUENCE: CALL SUBROUTINE ( X S ,  Y S ,  ZS) = RCOMP. 
(NO, STAXYZ, RA, DEC, R 3 )  + 

where 

X S ,  Y S ,  ZS = Cartesian coordinates RSF 
of satellite in the 
terrestrial or geodetic 
system 

NO = Vector containing the 
numbers of the two 
ground stations 

STAXYZ = matrix containing the 
X, Y ,  Z of the ground 
stations RDF 

RA = vector containing the 
right ascensions (radians) 
from the two ground 
stations (in the same 
order as N O ) .  RDF 

declinations RDF 

rotate into the 
terrestrial system RS F 

R S I  

DEC = same as RA, but for the 

R3 = rotation matrix to 
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TITLE : ROTATE 

PROGRAMMING LANGUAGE : SCATRAN 

MACHINE CONFIGURATION/ 
TYPE : I B M  7094 

DESCRIPTION : Forms a r o t a t i o n  m a t r i x  which i s  t h e  
p roduc t  of any number of s i n g l e - a x i s  
r o t a t i o n s  through any a n g l e s .  

RESTRICTIONS/  
ASSUMPTIONS: The  r o t a t i o n  a n g l e s  must be i n  t h e  

a r r a y  IC', ang fhe r o t a t i o n  a x e s  must be 
i n  t h e  a r r a y  L p r i o r  t o  c a l l i n g  t h e  
sub rou t ine .  

METHOD : T h i s  s u b r o u t i n e  forms a r o t a t i o n  
m a t r i x  which i s  t h e  p r o d u c t  of  any 
number of s i n g l e  a x i s  r o t a t i o n s  through 
any ang le s .  The i n p u t  t o  t h e  s u b r o u t i n e  
is  : 

1. The r o t a t i o n  a n g l e s ,  which are g i v e n  
i n  t h e  a r r a y  ' C  . The o r d e r  of t h e  
ang le s  i n  t h e  a r r a y  w i l l  be t h e  order 
i n  w h i c h  t h e  r o t a t i o n s  are performed.  

2 .  The a x i s  abou t  which t h e  r o t a t i o n s  
are t o  take p l a c e  are g iven  i n  the 
a r r a y  ' L ' .  The v a l u e  1 refers t o  a 
r o t a t i o n  abou t  t h e  X a x i s ,  2 abou t  
t h e  Y a x i s ,  3 abou t  t h e  Z ax i s ,  and 
a number larger t h a n  3 i n  t h e  a r r a y  
i s  t o  i n d i c a t e  t h a t  a l l  r o t a t i o n s  have 
been made, and t o  t r a n s f e r  o u t  of t h e  
s u b r o u t i n e .  

The s u b r o u t i n e  looks a t  t h e  v a l u e  
i n  L (0). I f  it i s  a 1, it w i l l  per form 
a r o t a t i o n  a b o u t  t h e  X a x i s  by t h e  amount 
of t h e  angle g iven  i n  C (0). I f  L (0) i s  
a 2 ,  a r o t a t i o n  w i l l  be performed a b o u t  
t h e  Y a x i s  by t h e  amount of t h e  a n g l e  i n  
c (0). I f  L (0) i s  a 3 ,  a r o t a t i o n  w i l l  
be performed abou t  t h e  Z a x i s  by t h e  amount 
of t h e  angle  i n  C (0). 
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ROTATE (Contd) 

I f  L ( 0 )  = 1, R = 

T h e  r o t a t i o n  ma t r ix  w i l l  be as 
follows : 

1 0 0 

0 cos C ( 0 )  S i n  C ( 0 )  

0 -Sin C ( 0 )  cos  C ( 0 )  

I f  L ( 0 )  = 2 ,  R = 

cos C ( 0 )  0 - S i n  C ( 0 )  

0 1 0 

S i n  C ( 0 )  0 cos C ( 0 )  

The s u b r o u t i n e  t h e n  looks a t  L (1) , 
performs t h e  r o t a t i o n  through t h e  a n g l e  
l o c a t e d  i n  C (l), and t h e n  m u l t i p l i e s  
t h i s  new r o t a t i o n  m a t r i x  by t h e  p rev ious  
mat r ix .  T h i s  p rocess  is  r e p e a t e d  u n t i l  
a number l a r g e r  t han  ' 3 :  appea r s  as one 
of t h e  e lements  i n  t h e  L '  a r r a y .  

CALLING SEQUENCE: CALL SUBROUTINE ( R )  = ROTATE. ( C , L )  + 
where 

C = r o t a t i o n  a n g l e s  a r r a y ,  
s i n g l e  s u b s c r i p t  
(0  t o  ( n - 1 ) )  RDF 

L = r o t a t i o n  axes  a r r a y ,  
s i n g l e  s u b s c r i p t  
( 0  t o  N )  RS I 

double  s u b s c r i p t  
(0,O t o  2 , 2 ) .  RDF 

N = number of s i n g l e  a x i s  
r o t a t i o n s  RS I 

L (M) # 1, 2 ,  or 3 

R = r o t a t i o n  ma t r ix  a r r a y ,  
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TITLE : 

G = 

SIG 

-Sin@ CosX -Cos@ Sin1 Cos@ CosX 

-Sin@ SinX Cos@ Cosh Cos@ SinX 

Cos@ 0 Sin@ 

PROGRAMMING LANGUAGE : SCATRAN 

MACHINE CONFIGURATION/ 
TYPE: IBM 7094 

DESCRIPTION : This subroutine compi tee the variance- 
covariance matrix of +, A, H from the 
variance-covariance matrix of X, Y, 2. 

RESTRICTIONS/ 
ASSUMPTIONS 

METHOD : 

This subroutine calls two system 
subroutines, MTINV and MTMPY. These 
subroutines must be in the library. 

Given the variance-covariance matrix 
of X, Y, and Z, and also given +,  X, H I  
the subroutine computes 

Ex is the variance-covariance matrix of 
x, y, z. 

1 (Meters)2 = G-lCx (Gl)-l 
Y 
z 

! 
h 

where I$ is the variance-covariance 

of @ ,  A ,  H (in meters2) . 
x 
h 

The subroutine also computes 
which is the variance- I [meters2,sec21 

covariance matrix of @ ,  A, H in mixed 
units by converting the units of @ and 
h to seconds2. 

B 
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SIG (Contd) 

CALLING SEQUENCE: CALL SUBROUTINE (SIGL, SIGM) = SIG. 
(SIGX, FLAT, FLON, H )  + 
where 
SIGX = Cx, the variance-covariance RSF 

matrix of X, Y, z 
FLAT = Latitude RSF 
FLON = Longitude RSF 

H = Height above ellipsoid RSF 
RSF 

2 
SIG L = E T t e r s  , the variance- 

covariance matrix of 
Q, A ,  E, in meters2 

SIGM = C the variance-covariance RSF 
matrix of Q, A ,  H, in 

H mixed units. 
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T I T L E :  SYINVT 

PROGRAMMING LANGUAGE: SCATRAN 

MACHINE CONFIGURATION/ 
TYPE : I B M  7 0 9 4  

DESCRIPTION: Inverts  a symmetric 3x3 m a t r i x .  

RESTRICTIONS/  
ASSUMPTIONS: Only one mat r ix  i n v e r s i o n  p e r  c a l l .  

METHOD : T h i s  s u b r o u t i n e  i n v e r t s  a symmetric 
3x3 m a t r i x  by forming’ t h e  m a t r i x  of 
c o f a c t o r s ,  and d i v i d i n g  each element  of 
t h e  c o f a c t o r  m a t r i x  by t h e  d e t e r m i n a t e  of 
t h e  o r i g i n a l  ma t r ix .  The r e s u l t  i s  t h e  
i n v e r s e  mat r ix .  

CALLING SEQUENCE: CALL SUBROUTINE ( B )  = SYINVT. (A,S) + 
where 

A = name of t h e  double  s u b s c r i p t e d  a r r a y  
t h a t  is  t o  be i n v e r t e d .  ( a r r a y  
s t a r t s  a t  (0,O) ) RDF 

a r r a y  t h a t  i s  t h e  i n v e r s e  of 
A ( a r r a y  s t a r t s  a t  (0,O)) RDF 

S = s i n g l e  s u b s c r i p t e d  v a r i a b l e  
w i t h  dimension a t  least  1 0 ,  
used for i n t e r m e d i a t e  s t o r a g e .  
S ( 9 )  w i l l  be t h e  d e t e r m i n a t e  
of ‘ A ‘  RDF 

B = name of double  s u b s c r i p t e d  
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T I T L E :  TRANSP 

PROGRAMMING LANGUAGE : SCATRAN 

MACHINE CONFIGURATION/ 
TYPE: IBM 7 0 9 4  

DESCRIPTION : Takesthe t r a n s p o s e  of a squa re  
m a t r i x .  

RESTRICTIONS/ 
ASSUMPTIONS : 

METHOD : D i r e c t  a p p l i c a t i o n  of t h e  d e f i n i t i o n .  

Only one m a t r i x  t r ansposed  p e r  cal l .  

CALLING SEQUENCE: CALL SUBROUTINE (G) = TRANSP. ( N )  + 
where  

I t  w i l l  a l s o  be t h e  name of t h e  t r a n s -  
posed ma t r ix .  (Double s u b s c r i p t e d  
a r r a y  variable s t a r t i n g  a t  (0,O)) RDF 

N = number of e l e m e n t s  i n  any 
r o w  o r  column RS I 

G = t h e  m a t r i x  t o  be t r ansposed .  
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APPENDIX 

L i s t i n g  of Subroutines 
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NEG 

UN E 

TWO 

THK 

29 
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M O N l  

MON2 

MON3 

MON4 

MON5 

MON6 

MON7 

MONB 

MON9 

MONlO 

MONll 
MON 

F U N C T I O N  (AMJD)=FMMJD.(LHR,LMN,ASC,LMO,LMO,LDA9LY~)- 
PREC I S I  ON 
C O N D I T I O N A L  ( M 0 N ) -  
P R O V I D E D  (LMO.LQ.SJAN 3) O T H E R W I S E  ( M O N 1 ) -  

( 2 9ASC 9AMJD 1 - 

KMO=U- 

K M O z 3 1 -  

KMO=59-  

KMO=90- 

OR P R O V I D E D  ( L M O o L Q o S F E B  

OK PHCIVIDED (LMOmLQoWIAR 

OR P R O V I D E D  (LMOoLO.$APR 

OK P R O V I D E D  (LMOoLQeBMAY 
KMOz12CI- 

OR P R O V I D E D  (LMO.LQ.BJUN 
KMO= 1 5 1- 

OR P R O V I D E D  (LMOoLQ.8JUL  
K M O = 1 8 1 -  

OR P R O V I D E D  (LMOoLQ.SAUG 
KMO=2 12- 

OK P R O V I D E D  (LMO.LQo$bEP 
K M O z 2 4 3 -  
OH P R O V I D E D  (LMOeLCJoSOCT 

K M O = 2 7 3 -  
OH P R O V I D E D  ( L M O s L Q s S h O V  

KMO= 3 0 4- 

K M O = 3 3 4 -  
M= L Y  R / 4- 

END C O N D I T I O N A L  - 

SI O T H E R W I S E  (MON5 

8 )  O T H E R W I S E  (MON6 

$ 1  O T H E R W I S E  (MON7 

S i )  O T H E R W I S E  ( M O N 2 ) -  

8 )  O T H E R W I S E  ( M O N 3 ) -  

4;) O T H E R W I S E  ( M O N 4 ) -  

- 
- 
- 

B )  O T H E R W I S E  ( M O N 8 1 -  

3) O T H E R W I S E  ( M O N 9 ) -  

3) O T H E R W I S E  ( M O N 1 0 ) -  

3) OTHERWISE (MON11)- 

P R O V I O E D  (LYR-4+M.E.U.AND.KMO.L059) ,KMO=KMO-l- 
A M J D = - ~ ~ ~ ~ . O + ( L Y R - ~ ~ ) * ~ ~ ~ + K M O + L D A + M + ( L H R + ( L M ~ + A S C / ~ O . ) / ~ O O )  

124.- 
NORMAL EXIT - 
END SUBPROGRAM - 
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FUNCTION (B)=HRRADo(  I * J , A ) -  
L I T E R A L S  ( T 9 0 o 2 6 1 7 9 9 3 8 7 7 9 9 1 4 9 4 ) -  
P R E C I S I O N  ( 2 9 B 9 A 9 T ) -  

NORMAL E X I T  - 
END SUBPROGRAM - 

B = I * T + J * T / ~ L ~ ~ + A * T / ~ ~ O U ~ -  

33 



L l u  

L 2 u  

34 



MULT 

35 
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TWO 

38 
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SUBROUTINE ( I , J , A ) = R A D H R e ( T H E T A ) -  
PRECIS ION (2 ,P I ,A ,THETA) -  

PI=3.141592653589793238- 
A=THETA*12. /P I -  
I =A- 
A = ( A - I ) * 6 G . -  
J=A- 
A = ( A - J ) * 6 0 . -  

NORMAL E X I T  - 
END SUBPROGRAM - 
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bUM 

L E R l  
HCi)l4P 

IVUKIV~AL 

XVECT 

43 



44 
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i I N T O  

G E T  

COMP 

M U L T  

46 



TRN 
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h- 

CH 

I 

48 



c 

h" 

CuNJ 
JC 



F o r  t h e  Department of Geodetic Sc ience  

Project  Supe rv i so r  Date 

For t h e  Ohio S ta te  U n i v e r s i t y  Research Foundat ion 

50 


