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SECTION |
INTRODUCTION

The AZUSA Geometric Dilution of Precision (GDOPS) Program (AZGD2) is
designed to compute GDOPS for a standard KSC theoretical trajectory based on an
AZUSA (or AZUSA-like) system. hternaily the AZGD2 program uses a right-handed
cartesian coordinate system located at the origin (9g, *o, ha) with X downrange at
some azimuth from north, Z crossrange 90 degrees greater than the azimuth of X, and
Y perpendicular to the XZ plane. The output may be in this coordinate system or in
the so called Apollo Saturn Coordinate System, which diffcrs from the afore-
mentioned system only in that its Z is downrangc, its Y is crossrange, and its X is
perpendicular, i.e., the axes are relabeled.
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SECTION 1!
DEFINITION OF SYMBOL/S AND TERMS

Symbol ~ Definition
a Semimajor axis of Earth ellipsoid (input)
b Semiminor axis of Earth ellipsoid (input)
AZ Azimuth of X=~axis (input)
e2 Square of ellipsoid eccentricity
. 9,2k Geographic location (latitude, longitude, altitude) subscripts:
0 : origin, J : baselines, J = 1,5 (see below for identification)
(input)
o, o Sigma for L-cosine, sigma for L~cosine rate (input)
4
O, O | Sigma for M~cosine, sigma for M-cosine rate (input)
OR ok Sigma for range, sigma for range rate (input)
I 4
X,Y,Z Vehicle cartesian position (input)
X,Y,Z Vehicle cartesian velocity (input)
Oy Oy Expected X-position and X-velocity errors
1 .
Oy c*, Expected Y-position and Y ~velocity errors
7
o, o‘z Expected Z-position and Z-velocity errors
, Z
Oy Expected vector 'resultant velocity error
X, Y, 2Z . Cartesian location of baseline points
J, J, J

. et -
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Definition

L baseline end points

M baseline end points

Range tracking point



SECTION 1}
COMPUTER PROGRAM EQGUATIONS AND LOGIC

GEOXYZ

Geographic to cartesian position subroutine:

N = 2
0
’\/1 - e2 sin2 ¢

Po
U0 = (No+ho) cos CPO
_ _ 2 .
V0 = [(1-e )No+h0] sin @
W =0
0
N, = 2

J
\/;- e2 sin2 CPJ

UJ = (NJ+hJ)cos ® cos(xo- AJ)

)
V. =[1-eAN +h] sin @

g St gt hy )
WJ=(NJ+hJ)cos prsin(xo—xJi
U =u,-u

= - )
Vo=V v
W= W W

W
H
fd
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X, = «Ucos AZ cosvy -+ V cos AZ sin :pb ~-Wsin AZ

YJ = U cos Py + V sin g : C
Z, = Usin AZ sin®4 - V cos 9 sin AZ -W cos AZ

MAIN PROGRAM

X, +X
XLL = .....;I‘_......_..?...
2
Y, Y
2, +Z7Z
7L = L "2
2
X, +X
3 4
XMM =
2,
Y, +Y
Yymm = — 4
2
e ¢
MM =
2
XX = )\2-X1
XLY = Y2—Y1
XLZ = 22-21
AMX = X4-X3
MY = Y, ~-Y




-y

XMZ

CXL

CYL

CZL

CXM

CYM

CZM

XXL
YYL
ZZL.
XXM
YYM

LIM

XXR

il

Il

1l

I

2

(XLX™ -+ YLY™ +ZLZ")

(XMX 2

XLX/BL
YLY/BL
ZLZ/BL
XMX/BM
YMY/BM

ZMZ/BM

X - XLL
Y - YLL
7 -7LL
X - XMM
Y - VMM
Z - ZMM

X-X5

+ XMY? -+ XMZ



3-4

YYR =Y ~X5
ZIR = £ -X5
DLMXYZ

Partial derivative computation subroutine:

(A =XXL, XXM; B=YYL,YYM; C=2ZZL, ZZM; D = CXL, CXM;

E=CYL, CYM; F=CZL,CZM; input arguments)

M 0
Wy, Wo

T
1l

|

CVX

]

CvyY

]

CcvZ

é/\
i

W;) are elements of a row vector. (See PHIGAM, paragraph E.)

A2 + B2 + c%1/2
A/P
B/P
c/P

(1 - CVX2)D/P - CVX+CVY-E/P - CVX+CVZ- F/P
CVX-CVY-D/P + (1 - CVYO)E/P - CVY CVZ-F/P

~CVX-CVZ-D/P - CVY-CVZ E/P + (1 - CVZ2)-F/P

LM



gl

DRXYZ

Partial derivative computation subroutine:

R =  (XXRZ 4 YYR? + z7R%) /2
W(IR) = YXR/R
W'?_R’ = YYR/R
Wit = zZR/R
(W(R) W(R) W(R) are elements of a row vector.)
1, W W3o
PHIGAM
Partial derivative matrix subroutine:
- | - L L) (L
Py Pr2 Pis W W Wy
_ ' ol an
Pr=1hay Py Ppg| =W Wy Wy
R) (R (R)
Pay  Pgp Pag Wit Wyt Wy
VARCOV

Variance-covariance matrix, and sigma computation subroutine:

(S1 =0y Oji 52 = Oy, ,% P 53 = OR, O i input arguments. Output

)

arguments SX = OX,CI)'(; SY = GY,U\'(; SZ = OZ,GZ
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= I = 6 B VAN
Al pl]/‘S BL 912/81, ClL. IIEYEH
.

AR 3 [)31/&: BR # pys/Sqi SR ™ TRV
AL = ALZ + AMZ + ARZ
AB = AL‘DL + AM:BM + AR B
AC = AL-CL 4+ AM-CM 4 AR:CR
BB = BLZ+BM? +BR?
BC = BL-CLL+BM:CM + BR:CR
cc = cL?+cM?+CR?

(h.. .. h.o.| [AA AB AC|

41 Mo Pyg AA AB AC

H == I121 h22 h23 = |AB BB BC T

L_hSl h32 hBB_ | AC BC (.)C_d
KD = Y, sx VA, sy VG, sz AV
(Matrix inversion accomplished by MINVRT sn,lbroutino, paragraph H.)
SIGVEL
Vector velocity sigma subroutine:
v o= X2 ay? 73t/

_ (1)

DA = )\ a 1
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(1)

1

DAB 2X Y h

12
DAC = 2X-Z-h{5
B = Yo
DBC = 2V-Z-hyy
c = z%h
o, = (DA DABDAC + DB + DBC + DO/ 2/v
H.  MINVRT

Matrix inversion subtcutine:

hyp hyp hyg]
Ho = Loy hyy hyg

31 M3 "33
Ay T hpg thyohsg =hyshs))
Ay = hyplhgghgg —hyghsy)
Az T Bz Caghgy mhyohay)
i = A A, A,
(If lHl = 0, matrix is singular and inversion is impossible.)
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SECTION IV
MATHEMATICAL FORMUILATION

A. SYSTEM GEOMETRY

— — =
Let i, j, k be the unit base vectors al the origin of a cartesian refarence frame

XYZ and let ”f:?s*L
4

the AZUSA ba.,clinc system. Let Rl R2 extend from the origin to either end of BL
!

— j e » . g H
BM he an intetsecting pain of haselines in this reference frame, VI7

and let ﬁB R4 extend similarly to either end of BIVI' Then, from figure 1,
I

— -4 — —
= - = |
BL, R2 Rl, BM R4 R3 (1)
Then BL IVI have direction cosines, wuth respect to X, Y, Z, given by:
/
-> - > - — - i e ~
cos (BL X) = RAGA l i cos (Byy X) = By i/ |By || (2)
- = -+ i T S e ~»
cos (B Y) =B, -i/ [B IJ cos (Byy Y) = Byi/ By ||
i-—» e e e e I e -5
coS (BL Z) B k/ lB l lk cos (BM ,Z) = BM°I</ BI\/I 1k
e (x)” (y)"" (27 3 )7 (y)"’ (27
‘IfBL— BL +BL +BL k, BI\/I_BI\/I [ I-BM B k
- (x)"> (y)’*"” (7 g SO '3
then, B L' = BL i + BL + BL ki = L ;- BNI = BM (3)
O (V) . o T sy
B i=B[ Bi = By
= = (2) "*‘ _ (2
B, k= BL M l\ B[\/l



- ~> —
Sincelll ‘-‘=l3|‘-=|k|-“’-

1, it follows from equations (2) and (2) that

(x) (x)
cos (B %) = L cos (By, X) = ""
B | EN
_ (y) (y)
cos (BL Y) = T cos (BM Y) =
LN By
(z) B(z)
cos (B, 4) = cos (B,, Z) = wM——
S [BL | Mo Byl
If R1 = /(li +Y11 +le<
- ~ g
R2 = XZI + YZJ +sz
L S s
R3 /\3i +‘|3J +23k
R4 = X4I+Y4J+Z4k
then by equation (1),
Xq =X - X, X
cos (B X) --%— 1 cos (BM X) _._‘l_B___._%
L M
v = Ya=Y —+ Y, =Y
cos (BL Y) = """ZE""—'!:" coS (BM Y) = -ﬁg.__é_
! L ! Vi
- L," L PO L, ™7
cos (B, 7) =2t cos (B, 7) =43
L, BL M, BM

(4)

(5)



where:

- . R VR
B = B = \/xz X+ (Y, -V

e

o o 2 2. 2
BI\/I = Bl\/l = \/(X4 XB) }-(Y4 Y3) 1 (Z4 23)
Thus, the orientations of EL -él\/l with respect to X, Y, Z have been obtained.

Now let RL , RI\/I extend from the origin to the centers of BL, BM respectively.
Then, from figure 2,

Lo L L Bmo

RL= 5 +R1’ RI\/I: > +R3 (6)
But, substituting from equation (1)

. - - -
. R2 ~ R1 R R2 + Rl
RL = 2 + Rl =5 (7)
- -~» - ~»

. R4 ~ R3 . R4 + R3

Ru= "2 TR3 =773

Let—ﬁ he the slant range from the origin to the vehicle.

- - >

Let L, —[\7I be the slant ranges from the vehicle to the centers‘of BL Bl\/l respectively .
From figure 3,

-3 - —p 2 -> -

L=R-R M=R~R . (8)

L, M
Following the reasoning of equations (2), (3), and (4), the direction cosines of

- -3
L, M with respect to X, Y, Z are given by:

> , —>r
e i Ly
cos (L, X) =L gm—sp =75 (9)
Lo i L
-
- - Ly
cos(L,Y)= —5—
L

4-3
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> > -3

ws (,2) = L/ L '
o i -p romps
cos (M ,X) = fx/ M
—p - e
cos (M,Y) = lVly/ M
cos (M Z) = M. / M
—p —-h ._.3. -?. T
Where L L l + L. J*i L k, MXI 'HVIyJ +MZ<
| f RLEQXL\‘,VPYLJ -+ ZLk’ RM'—‘XME 'f-YMj + ZMk
R = Xi+Yj+ Zk, then by equation (8)
— g —_—p  —
cos (L,X) = (X-XL)/L cos (M, X) = (X -XM)/M (10)
—_ - , - -
cos (L,Y) = (Y - YL)/L cos (M,Y) = (¥ -YM)/M
-+ — - -
cos (L.,Z) = (Z - ZL)/L cos (M,2) = (Z —ZM)/M
N . ,
where: L= IL' ='\/(X - XL)2 + (Y - YL)2 +(Z - ZL)2

M =[] =V - x % v v P+ - 7))

— =P

Having thus obtained the orientations of L, M with respect to XYZ, we can now

e — -

derive the orientations of L, M with respect to BL BM respectively:
7

cos (L,B)=L-B, /|| |B, | (1D)
cos (M B ) = V- g /1] -18, |

4~
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But

§ "’": _ x) w.(y) (2)
: LF‘L LxBL IL[L iL[SL
, — G, (y) (7)
M B. MXBM i MyBM M BM
and hence from equations (4) and (9)
cns (L,BL) = C0S (L,X) coSs (B X) 4- cos (-L Y):cos (BL Y) (12)
+ cos '(L,iZ)'cos (BL Z)
— -
coS (M ,BM) = cos (M ,X):cos (BM X) + cos (M ,Y) ' COS (BM Y)
+ cos (M Z) coS (BM, )

The symbolic notation for these direction cosines is

§ 4 % cos (I.,BL) mz cos (IVI B/l)

The AZU SA system normally measures a.m,g M and a slant range from some
point (other than the centers of BL BM) on the system, and an associated range rate.
To derive this range, let R extpnd from the origin to range measuring point and
let ER extend from the vehncle to the range measuring point.

!

Then by the tcasoning of equation (8),

Ry = R~?25 (13)

4-7
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shere R is as inequation (8, Ypon the acsumdinn {hat

R XYl 2k
RR = (K = X5)i 4 (Y - Ys)j (2 = Zs)k . (14)

To simplify the derivation of the expressions for the rates mentioned previously,

lot
a g cos (LX) =(X-~- XL)/L. a, g cos (M, X) =(X- XM)/M
bL = cos(L,Y) =(Y- YL)/L b[\/l z cos (M,Y) =(Y = YM)/M
c = cos(L,Z) =(Z-~ ZL)/L oy = cos M ,Z) =(Z~ ZM)/M '
_ - - - -
dL £ cos (BL,X) dM = cos (BMIX/
e, Z cos (BL,Y) ey = CoS (BM ,Y)
fL % cos (B, 2) iy © cos By 2. Q

Then, by equation (12)

£ =a d, +h e +c f :
L°L "L°L L'L = IVIdM+chM MFM . (15)

Now dL, dNI e ey FL, fl\/i are all constant and hence have zero deiivatives
with respect to any variable. Consequently,

£ = dLaL +- eLbL + fLCL m = dMaM + eMbM + fMCM . (16)

All that remains then is to cvaluate aL bl L I\/l IJM , Sy , l

4-0
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o X
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Substitution of equations (17) and (18) into equation (10) yields the desired
expressions for 2, m.

The range rate Rp is the rate of chanup of the magmtude of the range vector

T

RR in the direction of the velocity vector V= Xi + YJ +Zk
-
This is so since the vector representing the rate of change oflRRl has a maximum
component in the direction tangent to the flight path at (X,Y,Z), i.e., in the direction
e

of V. The space rate of change ofIRR is given by

Rl efdr ol
Then the range rate is given by
R = 7[Rg| - V | (20)

4-1.0
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which upon expansion is

. oR,, . oR . oR
= o Ry Ry R :

RR = =y X 5 Y + 5 Z (21)
where RR = iF?Rl + Since

aRR _ X-X5 BRR_ _ .\_(.:\.(,5_ aRR ) Z—25

d X RR oY RR Y4 RR
Then equation (21) Lecemes

- . — '/ —  . l
. (X XS)X . Y Y5)\ . (Z 25)2
R~ R, " Rp R
R R R

NOTE:  The derivation of the equations used to transform geographic data

to cartesian data can be found in Reference 1.
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B, MATHEMATICS OF THE GDOP DETERMINATION

GDOP determination is the problem of detensining to what degree errors in param - (o
eler measuremants are carried through non-orthogonal transformations. The solution o
to the problem treated here is very specialized to simplify computations. [n particular,
it will he assumed that velocity contributes no crror Lo position, the effect of which
assumptions will he scen further on, The general development of a GDOP determination

scheme will not be presented here. Also, sce Reference 2.

Let S1 be the position covariance matrix, which is a diagonal matrix consisting
, 2 2

of the variances o ¢~ o
£, m, R

Let B be the matrix of partial derivatives of £, m, R with respect to X,Y,Z. Then the

(this presumes independence of errors for £, m, R).

position covariance matrix §2 for X,Y ,Z (i.e., the matrix indicating the extent of prop-
agated error) is given by

3, = [’BT‘éil”BJ -1 | (23)

Then the parameter variances for X,Y,Z are the square roots of the diagonal

(™
elements of 82, i.e., o
_ (2) _ (2) _ (2)
o, = Sll oy = Sy o, = 333 (24)

where §2 = ,:S(Z)] 3 =1
I] 1} !

The case for velocity is similar, except that the partial derivative matrix B
contains the derivatives of £, m, R by X, Y, Z, and in the place of §1 the
— 7
covariance matrix, 83 for &, m, R is substituted, yielding the covariance matrix,

o 4
a4,MrX,Y,Z.

N
Niar

4172



A

Now from cquations (15) and (18) in paragranh A,

e %% oa
X X '
2
= (lnal‘?_ dL -
L
24 BN
oY L
Y :_aLCLdL )
YA L
2
o X M
om — ﬂaM b Y dM -
dY : M
I R Vi Vi
YA M

BIJL
X

(‘l—bz)e'

Y

——

M

oC
e, 4. _ L f
e L 5% L

111

L]

and also from the statement preceding eguation (22) in paragraph A

Rp XX e
X Ry

oR

R
oY

it
o)

3R

(25)

(26)

it
O

4-13



The computed values of equations (25) and (26) are substituted into cquation

(23) giving

-2
A 0
0 o2
m
0 0

When the matrix product in the brackets is expanded, a malrix A is obtained
whose elements are

13

4-14

|

B
N

Q
— o SN

Q
SRS

(27)
uh
-1
~
(28)

e N
N
»



21 12
A= ool Buemo . BRGR
23 . 7 .
L m R
Azp = Ay
Azpg = Ay

‘ The inverse of A, to yield S, is then obtained by using the cofactor inversion
method, )

In general it is not true that

3L . o4& am Bljn aRR _ aRR
- - - . - 0 7 cte.
X 3X X X o X aX
To see that this is so, recall that (from equation (16) paragraph A)
_ : K o _ : . .
£ dLaL + eLbL + flel m dMaM + el\/lbl\/i + fMCIVI

and that from equations (17) and (18) this yields

4-15



2
I L T N
£ N L L.
. ~aLdeL . (1--bL')eL
- C C
-aLchL bLCLeL
+ =L . = o
7L L
(l-az)d a, b, ,e
- VA VA
5 W M
N "'dMlJMUM . (1 uM)LM
i M M
O A VAV VA Vi Vi
i M M

Upon differentiating equation (29) by 'X, \.’, 2, it is seen that

2
(1--aL)dL aLbl eL

32 I g 8
3 X L L
: -a, b, d (1-h%)
YR L L
Y L L
P A BN TR R A T
37 L L

(29)

(30)

el S

€7

s



LW

* Al
A3 .
o

. w 2 t
O ¥V Vi N VAV
X M M M

’ -a, b, ,d (1—l>2)e Dy Conf
am “M MM n MM _ MMM
oY M M M

“a.,C, b,,C,,C (1~02)F
om MMM MMM T MM
dZ M M M

Upon examination of equations (30) and (24), it is seen that

2= A 2L - 22 -, (31)
X ‘ Y 37

am am am
—_— = A —~ =B —_— =

S 2y M 2z M

|

Recalling equations (22) and (26),
3R XX ) SRy (Y=Y )

o= —2 = A —R = —2 =, (32)
o X RR oY RR

- R

oz RR

Consequently, for computation purposes, once B has been computed for position,

it is saved and used in the velocity solution, since B is the same in both cases.



A computation is aif‘n mac‘o whwh propa Au‘ >\ Y errors into the magnitnde
IV[ of the velomty veclor V X; - YJ - z..k Note that this is a just-detennined

~~e

condition since X, Y 4 completely detemnine V. In such a case the covariance matrix
§5 for V is given by

=T

»55 = C 54 C (33)

where §4 is the covariance matrix of X Y 7 , as in the remarks preceding equatlon
(24), and C is the matrix of partial derivatives of V = |V|Wll.|l respect tc X Y Z.

it will be seen that

3V - X v oY v .z (34)
X \Y oY V 07 \Y
and thus C = XY Z Then equation (33) hecomes
vV V V)~
2 X
Gy Oy O A :
X Xy ¥z v (35)
. 2
= (XY Z Y
S “(“ v v> A v
% O;’lé O? ~Z--
_ o |V
which on expansion hecomes ' (36)

z [ 22 L2 2 .5 2 : 2
55 ~(-\7-2-)[ B + Y Oy 4 Zo}‘ + ZXYO “i 2X7o ; + ZYZGS,Z-]

4-13

O



Since 85 has ouly one elament,

(2a? b Pl g 7202 L oNv L OXT . 4 OV
O ”\/x T R YOI 4 250D 2oy o DXZop 4 2VZoy
v v

(37)

4~19/20

1
- sl

»



5.

1
2
3.
4

SECTION YV

COMPUTER PROGRAM OPERATING INSTRUCTIONS

PROGRAM DESCRIPTION

Program Identification
éomputer

Program Library Number
Type of Coding

Core Storage

B. USAGE AND LIMITATIONS

AZGD2
C;E-635
1016
Fortran [V
6666

This program computes GDOPS (accuracies) for a standard KSC theoretical
trajectory based on an AZUSA (or AZUSA-like) system; that is, a tracking system
with two intersecting haselines.

Ul
o
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C. PROGRAM INPUT FORMAT
1. Tape Input

Standard KSC trajectory tape, or with the following format will be used:

Word No. Eniry
1 Time (sec)
2~4 X, Y, Z (mtrs)

5-7 5(, \.’, Z (mtrs/sec)

5-2

-




20

Card Input

a.

Deck Setup
$
$

“r B A B A B9

$
HIKEQF

SNUMB

IDENT

OPTION FORTRAN
PROGRAM DECK
EXECUTE
LIMITS

TAPE 03

FFILE 03

TAPE 04
INCODE IBMF
DATA CARDS
ENDJOB

S
05
RS
RS
RS
RS
RS
RS
RS
RS

Operations Supplied (05)

Requester Supplied (RS)



b, Card Format

Card Colurns

L and

1 1
8-12
16~20

21
22-27

28
29-31

32
33-34
35
36-37
38
39-48

(93
3
I

Information

Program ID

Requester's

control number

Requester's
initials

Project code

Rerun code

Work order
number

Maximum run
time, he/100

Formnat

5.
IDENT
AZGD2

7

XXXXXX

XX

- XX

XX

XXXKXKXXKXX

$
EXECUTE

- $

LIMITS

Remarks AR

o ttrem ' vt i‘ _ J

Control card

Comma

Comma

Comma

o
Al
Control card
'
Control card '
|
J
‘i
Comma 1

ova,




Card

Sn————

) 3
(Cont)
4
)
%
5
(
.,}

Columns

L e

8-11
16-17
18
19-21

22-23
24-28

29-30
31-42

8-12
16-17
183

Information

Core storage

M aximuin
number of lines
to print

File code

Logical unit
designator

i

File serial
nhumber

File name for
external use

File code

TFormat

8000

17

TAPE
03

AIR

17

17

Remarks

Commas

£10000

Control card

Zero~thiee
Comma

If input tape is to
be returned to
requester, replace
R with D.

Commas

99999 if unknown

Commas

Information on tape
[abel

Control card (only

present for tape
input)

Zero~three

Comma

5-5



Lard  Columns

5 19-24
(Cont)

25

26-34

| 35

36-44

45

46-51

6 1

8~11

16~17

18

19-21

Information

File code

Logical unit
designator

Format

NSTDBL

/

BUFSIZ/54

/

FIXLNG/54

/

NASRLS

$
TAPE

04

B1R

Remarks

No standard labels (

%
R

Comma

54 words per record
Comma

54 words per record
Comma

No hlock serials

Control card

Zero~four
Comma
If output tape is to

be saved, use S or @
D for R.

If output tape is needed the following fields must be used on Card 5:

O 22-25
26-37
7 1
8-13
16-19

8 1-5
6-80

(3]
i
o

File for
external use

Program ID

Anything

rriri:

$
INCODE
IBMF
AZGD2

B I R R R T T T C P P S e

Commas

Control card

Comment card



Card

") 9

10

11-16

. s
-
st

Columnne

Information Format

1

1-15
16-30
31-45

1-9
10-12

Coourdinale X
system of
output

a of spheroid
b of spheroid

Azimuth of
X~axis

®j, Degree XX

j=0: trajectory
origin

i=1:L1
Coordinate

j=2:L.2
Coordinate

i=3:M1
Coordinate

i=4:M2
Coordinate

j=5: Origin
the R parameter

£0 , XAXKXXXKELXX
£0  XXXXXXXXEEXX
£0  XXAXKXXKELXX

Remarks

O=output in coordinate
system

X=downrange

Y=up

Z=crossrange

I=output in Apollo
Saturn Standard
Coordinate System

Z=downrange

X=up

Y=crossrange

Meters

. Meters

Degrees

Trajectory origin

Latitude

L Baseline
Latitude

M Baseline
Latitudes

R origin
[atitude

5-7



Card

11-16
(Cont)

Columns  Information
14-15 7, Minute
17-24 %j, Second
27-30 » I, Degree
32-33 A, Minute
35-42 A j, Second
45~56 hj, Meters
57
58 Spheroid
59
60~-80 ID of loca-
tion j
Example: (Card 11)
(Card 12)
(Card 13)
(Card 14)
(Card 15)
(Card 16)

XX

XX, XXXXX
XXX

XX

XX XXXXX
XXX XXKXKX

Pad Coordinate
L1 Coordinate
L2 Coordinate
M1 Coordinate
M2 Coordinate
R Coordinate

Remarks

P AT

Longitude

Longitude

Height

F,C,WorK

Cards 11~16 are all coordinate cards and must be in the order shown above.

17

5~8

1-15

16-30

31-45
46-60
61-75

Oy

£0 , XXAXXXXXELXX

£0  XXXXXAXXXEEXX

A0 XXRXKXXXEEXX
£0  XXAXKXUXEEXX
0 XXXAXXAKKKELXK

[.-direction cosine
accuracy

M-direction cosine
accuracy

Range accuracy (mtrs)
l.-rate accuracy

M-rate accuracy

'."'\‘
P 4



Card Columns  Information
:) 18 1-15 oy
19 1-15  Start time
16-30 Stop Lime
20 1
8-13
21 1-6

Format

00 Pt s g 4 ©

40 AXAXRXAXKES XX

£0 X XXXXKXX XX
1.0 XXXXXXKXEAXX
G -

ENDJOB

SOEOF

Remarks

Range=-rate accuracy
(mtrs/sec)

Second
Second

Control card

End of file

NOTE: The program normally calls for a Fortran binary output tape on logical
File 04. If the tape is not needed, leave Columns 22~80 blank on

Card 6.



D.

PROGRAM OUTPUT FORMAT

The output data are a printer output listing.
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SAMPLE TEST CASE

E.

Input

L.

Test One

1,

403%*%

5-11

T ’ T X goruNg g
20+30000000G°0+0G+300000000°0+
00+300000G00T 0+
90--300000005°0+90-3000060005°0+T0+30J00000G°0+10-300000002°*0+H0-300000002°0+
220t 2UGHT*2E G 080- 6HHHOL°Y8Y S B2C
8Shi02°07 BT14€L°CC GE 08B0~ hIC6hH L H2Z 820
66GG02°3T ~ GTHGL*0C GE 08B0~ 6GLT1*6h hZ 820
0TuhiuTC° 0l H8C90°CE SC 0BU- SLIIL*6h h2

e
gLE wd mm&mwwmﬁmomm%wwm%w*@mﬁgmwmmm%WMm*%mﬁm%@wf

T
NTIINVHS  Q A8 QoW 40 1S3L 2097V

—— s # b e mmam o m— e — — " —— - ————— e = © - tem

TTTonr T e e - T HHET T TAA0ONY T g
HO1¥HIG 446 9:1184 1) 34V L S
SIUSONHG/ONIXI ¢ hG/ZISANE¢BIALSNCO ERVEE . S
) LVWHOS DSNHé¢ hppTéedIVeCD ERELA 3
DOG0T¢0400U0T¢S SLTHIN %
IIN33K3 S
- T s T U330 WY Ho0dd
NVHL1Y04 NOT1IdO 0
' 8I011008d. 0L GD¢ 4S4079Edl¢2392Y IN3QT %



{40<06) IDNYHSSOMI=A fdNsX §(HO) 3JONVUNMOOsZ
H3LSAE 3LYNICH00D OHYANYLS NHALYS Q704Y

00 3000000G7°0

B e——

g/H 80018
TC 300000G606'0 M ¥ DiS

90~-300000006°0C . 10918
¥0-300000002°0 71 9!8
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¥0-300000002°'0 W 9IS
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8.5 Yd 00000998'# 0T909°¥S ‘££°08- 092T°8S 'T£°82
. at 3qn4 1LY 3ANL19NOT 3ANL14VT

_20.300000284°0__834.

2Y-Y¥Q . 40 3£¥8L9S£9'0 . W. B 40 3099784£9°0 W ¥ _

NIXNVHIS *Q A8 *'7 L8311 <2Qyzv
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Test Two

b,

403w

HOrOT g
20+30000000G8°C+00+300020000°0+

00+30006000T°0+
G0-300000005°0+90--300000006°0+10+30000000G*0+4,0-300000002°0+4H0-300000002°0+
ce*ol 2ugyT*2¢ G Quo- 6hHuUC*QH t2 B2

8GHL 020X BT1.CL°vC L€ 090~ HICuh®lh he gen

C T pb&G02°0Y STa65%0C GE 0uQ~ &6SLTT0%&ah he 6§20

o it At s e L & oA S A ) e e — e — — [ —

— - - — T ——— o ———— —— I .

CTuhbyic ol harou vy G¢ 080- 9uriL°6h he 820
SUnLRS 0 99423 1% @M a&ow mc 331 m
, gLe vi 54% 4 m?ukmm o3d6 e S08 ey Mmmmﬁﬁmmhm 9TRLEY* 04
0
NTIANVHS Q A8 QOW 40 1S3t 20927y
Tttt T T T T o T T dWgr T 340N T e
HOLVYEIS ¢4 ¢ 44164 H0 3dvi %
STUSON¢HG/ONTIXI A4 HG/21G4NE¢BIALENCD ERBEE] g
AVWYHO4 2GM¢*t HHhTédHTIV ¢S 34Vt N
0000T¢0¢0NN0T*S SLIWIT S
3Ln03X3 ES
T T T T T 7T T 3g vveaodd T
Nvdidod KNo1ido g
9T0TIN08d. 01 S0¢ d540T9Edreanzy IN3A1 - %
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2. Output

a. Tape Output Format

Word No. Cotry
1 Time (sec)
2-8 Ox, Oy, Oy (mtrs)

o« o+ or o (mtrs/sec)

5-15




-2 - —
@« U U N Y —

N U UY —
— v —- T
DO M oD OM Doom DO M

g -
VWY WU
I -—.—Oi—ﬂx

!

-
P Qe Bl

]
VI UX Y
OOoMM ooam

— = sme T

<XMNWm

b.

<XNW
m

M m HY
T T TO T I XX

LXXENW] <X NW

X N
!
TT O

Y M

SEC
Z M
X M
Y H

~
F IO

- =X

Test One

0,

0,96984651E
0,88302438€E
0,28355843E

0.400000N0E
0,10195760E
0,88364322E
0,29071130E

0.20000000E
0,11739844E
0.88451430F
0.31274728E

0,30000000F
0,.14429137E
0,88627494E
0,35116767E

0.40000000E
0,18355824E
0.,89046787E
0,40753543E

0.50000000E
0.23452763E

70,69180629E

0,48002524E

0,60000000E
0,30448053E
0,91255278E

"~ 0,58264459E

0,70000000€
0.38035312E
6,90870768E
0,.68958733E

0,80000000E

0,4B620799F

0,93842472E
0.,84459590E

0.90000000E
0.60768546E
0.96048232E
0.102049210E

0.10000000E
0.76761069E
0.,10526649F
0.12875503E

02
05
03

01
03
05
03

01
63
05
03

01
03
05
03

01
03
05
03

01
03

05 °

03

01
03
05
03

01
03
05

03

01
03
05
03

L
A

03
05
04

02
03
06

04

G DX
GYnz

SIG Vv
SIG nZ
SIG DX
SIGYD2

SIG VvV
S1G DZ
SIG DX
SIGYDZ

SI1G vV
SI¢ DZ
S§1G DX
SIGYDZ

S1G Vv
516G DZ
SIG DX
SIGYDZ

SIG VvV

SIG D2
SIG DX
S1GYDZ

S1G vV
SI16 DZ
SIG DX
31GYDZ

SI1G vV
SIG DZ
SIG DX
SIGYDZ

S1G vV
SIG DZ
SICG DX
S510YDZ

M/S
M/5
M/S
M/5S

M/S
M/S
M/S)
M/S

M/S
M/§
M/5.
M/S

H/8
M/S
M/5,
M/S

M/S
M/S
M/5,
M/S

M/S
M/ S
M/ S,
M/8S

M/S
M/S
M/S)H
M/S

M/S
M/S

H/S,
M/S

M/8
M/S
M/S,
M/S

M/S
M/S
M/Ss
M/ &

M/S
M/5
M/C,
K78

0.22071069E
0,24249350E
0.2207R67BE
0,70695284E

0.22408007E
0,25809046E
0.2210A1058
0,72730182E

0,22114257E
0,2933221 3K
0.,22114609¢08
0.7681903708

0.22167631E
6.36090278E
0.22167632E
0.,87831268E

0,22257035E
0,45879864E
0,22257023E
0.,10185964E

0,22482259E
0,59123851E
0,22482240F
0,12101078E

0,22476587E
0,7490948198
0.22476564F
0.14350528E

0,22%8021FE
0,94512744E
0,22580106E
0.,17438178E

0.23748508E
0.12304393E
0,23748580E
0,21373917E

0.24317640C
0.153685470E
N,2¢3176356
0.25836818E

0,25525217R
U0.1%45600288
0,25525237€C
0.310258535%%

04
01
04
04

né
01
04
01

04
01
n4
04

04
J1
04
01

04
01
04
02

U4
01
04
02

04
01
04
02"

04
01
04
02

04
02
04
02

04
02
04
02

04
0z
04
uz

TN
2 *
1 3 =



At g

Mt

C.

TIME
SI1G
SIG
SIG

TIME
Sia
S1G
SI1G

TIME
S1G
SIG
SIG

TIME
S1G
S16
S1G

TIME

— 16

S1G
S1a

TIME
__ 816
51a
S1G

TIME
S1G
_sl16
S1G

TIME
S16
S16

. S1G

TIME
S16
S16
S16

T IME

516
516
S16G

CTIME
S1G
516
Sig

Test Two

n

N<XxXW
TITXO XXX 2 T

i

m

m

N <X N<>XW NL<>XW
T

m
XX

m

m m M

>x W2
[RR]
=2

Y M
T M

SEC

Vv

Y M
Z M

L R i C

0,

0,96984681E
0,88307438EF
0.283550438

0.100000008
0.1019576C8
0,08364322E
0,29074430E

0,20000000E
0,117398448
0,8648143098
0.,3127477288

" 0,30000000F

0,14429137E
0,88627494E
0.35116767E

N,400000008

0,18355824E
0,80046787E
0,40753543E

0,50000000€

. 0,234527638

0,89180629E
0,4680025248

0,60000000E
0.304480538
0,91255278¢k
0,5B82641%9E

0,70000000E
0.,38035312E
0.90870768E

. 0,68958733E

0,800000008
0,48620792E
0,9308424728
0,8445954908

0,90000000E
0.60768546E
0,760462320
0,i0204%4108

0,100060008
0,76765.069F
0.1082¢64%E
0,1287550380

02
03
03

01
03
0%
03

0l
03

03

01
03
05
03

04
03
08
03

01

0%
03

01
03
03
63

01
03
05
03

01
03
0%
63

01
03
0%
04

i3
03
06
o4

03 ..

Vv
DX
DY
N

vy
nX
DY
Dz

vy
DX
Dy
DZ

Vv
DX
DY
Dz

A%
DX
DY
DZ

VY

3 DX

DY
DZ

A
DX

M/
M/S
/S
M/G

M/S
M/§
M/§,
M/8

M/3
M/§
M/,
M/$

M/
M/§
M/S.
M/8

M/§
M/ &
M/S,
M/ B

M/§
M/S
M/Se
M/ 8

M/S
M/ 8
M/§,
M/&

M/8
M/S
M/8,
M/8

M/ §
M/ &
M/8,
M/ 8

| M/8

M/ 8
M/ZG,
M/8%

M/d
MsY
M/8,
M/ 6

0,22071069E
0,24249350E
0:.2207R628E
0,708989281E

0,22108007E
0,29509016E
0,22106485E
0,72730452E

0,22514857E
0,29352213E
0,22114899E
0,78190370E

0,22167631E
0,36090278E
0,22167632E
0,87831268E

0,22287035E
0,450879864E
0.22257023E
0,10185964E

0.22482259E
0,59123851E
0,22462240E
0,12104078E

0,22476567E
0,74994819E
0,22476564E
0,14350528E

0.22580219%E
0,94512744¢E
0,225801906E
0,173358178¢E

0,23748590E
0,12304393E
0.7237485%80E
0,74373917E

0,24347640E

0.15388470E
0,24317635°"
0,25036616E

0.23525217E
0,10465028E
0,25328237E
0, 34625350E



Wiy

pt

TRy

START

SECTION VI
COMPUTER PRCGRAM FLOW CHART

- SET LINE = 13
(LINE CONTROL)

v

READ ID
COMMENTS

1S

ID AZGD2/-———
?

YES

PRINT MESSAGE, / READ q, b,
PROGRAM ID AND AZ,
(AZGD2) DOES
NOT CHECK
¥WiTH CARD

1 (XXXX).
COMPUTE 2
i é7
V SLEW ONE }
PAGE, PRINT
ID, COMMENTS;
PRINT o, b, AND
AZ
_
CONVERT AZ
TO RADIANS
)

PAGE 6-2

READ ORIGIN
A, AN, h, in DEG.
o e o

_MIN. SEC. KTRS.

;

PRINT GEOGR
TITLES;PRINT
OR%IN
LOCATION

CALL DEGRAD

TO CONVERT
]

Do ’\o' TO
RADIANS

READ BASELINE
END POINT ¢hy, Ay,
Hy, IN DEG. MIN.

SEC. MTRS.

PRINT GEOGR |

TITLES; PRINT
LOCATION OF
POINT J

PAGE 6-2

6-1



PAGE 6-3

G\
i
(AW

PAGE 6.1

CALL DEGRAD
TO CONVERT ¢y,
AND /\J TO
RADIANS

CALL GEOXYZ
TO CONVERT ¢hy,

Ay by, TO Xy, Yy,
Zy

V

READ INPUT
ACCURACIES

O O s Opu O,

Te s
M R

g

PRINT INPUT
ACCURACIES

v

COMPUTE BASELINE

DIRECTION
COSINES

!

y

START TIME = TSTART
STOP TIME = TsTOP

READ

PAGE 6-1

HALT
(EXIT)

TIME < T5TOR.

()

YES

COMPUTE VEHICLE
COOR.NATES WITH
RESPECT TO
BASELINE CENTERS
AND
RANGE TRACKING
POINT

y

CALL PHIGAM
TO COMPUTE
PARTIAL DERIVATIVE

MATRIX B

FORM POSITION
COVARIANCE
MATRIX §1 FROM

(TLI (,M' (TR,

|
V

CALL VARCOV
TO COMPUTE
POSITION SIGMAS
o a o
x ' YI V4 /

FORM VELOCITY
COVARIANCE

MATRIX 53 FROM
(Jo (Fe (T

L' MR
6
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PAGE 62
L

CALL VARCOV
. TO COMPUTT
VELO(J'I Y Sl(;'»'t
r x: () :lf 7:
CALL siGvrL
TO COMPUTE
) ECTOR VELOCIT
< SIGHA 07y >

7
LINE = LINE #1
2 2
SLEW ONE ' PRINT TIME
FALE , o ot 7
(2 Je (J»
Ve X Y
(F e

SET LINE = 1 i

TIME Oy,

a, ad T
Y Z’( Xt

(Te (T o (T
<) '

7
Frw %

l PAGE 6-2



Bt

DEGRAD ROUTINE

ENTER

SET;
B] n ~B

C]'::-C

COMPUTE D
USING A,B,C

RETURN TO
PROGRAM

NOTE:
A

DEGREES
MINUTES

m SECOKNDS
RADIANS

0O
H]

1

"GEOXYZ ROUTINE

ENTER

COMPUTE XYZ
FROM ¢hA h

RETURN TO
PROGRAM

.
- e —

~
~ =
e



(J

L

e

h\

CALL DLMXYZ
TO COMPUTE
PARTIAL DERIVATIVE

OF L BY Xvz, INY.

 PHIGAM ROUTINE

SET: .
By = ¥,
L
Byg = ¥y

L
By = W3

i

y

CALL DLMXYZ
TO COMPUTE

PARTIALDERIVATIVES
OF M BY XYZ, w']*,

[ M
W2, W3

|
v

SET:
s oy M
By, = Wi
= M
B23 w3
\/

\/

CALL DRXYZ

TO COMPUTE
PARTIAL

DERIVATIVES

OF R BY XYZ, Uy,

U2v U3

SET:

B3

1
<
N

RETURN TO
PROGRAM

6-5



6-6

R A R s

DLMXYZ ROUTINE

ENTER

COMPUTE PARTIAL
DERIVATIVES OF
DIRECTION COSINE

BY XYZ

RETURN TO
PROGRAM

DRXYZ ROUTINE

Y

COMPUTE PARTIAL
DERIVATIVES OF

RANGE BY XYZ

SIGVEL ROUTINE

COMPUTE

Ty

RETURN TO
PROGRAM

 SVpR—

RETURN TO
PROGRAM

e



L

pravanay

VARCOV ROUTINE

COBMPUTE MATRIC
PRODUCT
H=gTsd B

CALL MINVRT
TO INVERT
MATRIC H

MINVRT ROUTINE

CNTER

COMPUTE |H]
OF MATRIX W

)

UZ

1
SET (7] 2%“2]

- o N
"“H22 ' ’.f3 '-'Vﬂzg
WHERE 1-+=X, X,

RETURN TO
PROGRAM

PRINT
MESSAGE;
MATRIX IS
SINGUL AR

e

i

COMPUTE H"

3

RETURN TO
VAR COV
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Conversion of Geographic Coordinates te Cartesian Cooidinates, NASA Document
SP~57-E, by James H. Anderson.

A Treatment of Analytical Photogrammelry , RCA Data Reductlion Technical Report
No. 39, August 20, 1957, by Duane C. Brown.
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