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Subroutine:

Purpose:

Calling Sequence:
Input and Output

GHA

To detemmine the Greenwich hour angle of the first
point of Aries for a given date and time.

CALL GHA(TSEC,D,GHAN,DA ,@MEGA)

Symbolic Data
: 1/¢ | Name or Di::zg::a s:::gl Dimensions Definition
b Location ‘ or Units
I |TSEC Seconds Fractional part of day
- from D.
I {D Days Whole days from
— 1950 Jan 0.0 ©T.
| ¢ |GBAN Degrees Greenwich hour angle
0 < GHA < 360
I |DA Degrees Adjustment due to nutatiom.
¢ |éMEGA deg/sec Rate of rotation of Rarth.
See also DEHA.

PHILCO I

PHILCO-FORD CORPORATION

Common storages used: None

Subroutines required: None

GHA-1
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$IBFTC MC13GH NOLISTsNOREFsDECKsM4sNODD»XR3

CMC13GH SUBROUTINE GHA ) GHAO0010
SUBROUTINE GHA(TSEC»DsGHANsDA»OMEGA) GHAQ0020
DOUBLE PRECISION DD GHA00030
OMEGA = o0041780742/(14+521E-13%D) GHA00040
DD=D GHA00050
DD=DD*{.98564735/360,) GHA00060
DF=IDINT(DD) : GHAO0070
DF=DD-DF GHAQ0080
TEM1 = 100407554+360,*DF 4+249015E-13%D*D+0OMEGA* TSEC GHAD0090

1 IF (TEM1) 293,3 GHAOD100

2 TEM1 = TEM1+360, , GHACO0110
GO TO 1 GHA00120

3 IF (TEM1-360,) 53494 GHAO0130

4 TEM1 = TEM1-360, GHAQO 140
GO TO 3 GHAO00150

5 GHAN = TEM1+DA®57,2957795 GHAC0 160
RETURN GHAOQ170
END

PHILCO M@iﬁil

PHILCQ-FORD CORPORATION
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Subroutine:

EEEOSS:

Calling Sequence:

GPTPR

To solve Kepler's equation for incremental eccentric

anomaly on a conic section given the incremental mean
anomaly (time),

Input and Output

CALL G¢T¥R (K,VM,C,FF,EO0)

Symbolic Data
I/P | Name or Di;:ﬁzzghs Sthgl Dimensions Definition
Location ym or Units
I X Orbit type (1) Elliptic
(2) Hyperboliec
I W™ &M rad Incremental mean anomaly
I c (2) C44Cy Kepler's equation coefficients
¢ FF %) F Trigonometriec functions of
incremental eccentric anomaly
I/¢ EO a Incremental eccentric anomaly
Common storages used: None
Subroutines required: None

eico]
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Method

The incremental eccentric anomaly, o, is implicitly expressed as a

function of incremental mean anomaly, M, and conic coefficients, 01 and

Cz, by the transcendental equations

oM = (¢ - sin a) + C, sina - Cz(cos a-1) elliptical

8M = (sinh a - a) + C, sinh a + Cz(cosh a - 1) hyperbolic
The two equations above may be written as a single equation

oM = £,(a) + C1f3(“) + C,f) (a) _ o
if the following convention is adopted. For the elliptical case, let

fi(a) =aq-sina
fz(a) =1-cosaq

fB(a) = sin o

fa(a) = cos q
and for the hyperbolic case, let

fi(a) = sinh a - a

f2(°‘) = coshqa - a

sinh a

Il

fB(a)

fl:—(“’) = cosh q

GPTPR-2
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When |a| < 1, numerical accuracy requires that fi(a) and fz(a) be computed
by truncated series expansions, Otherwise, the computer library functions
SIN, CfS, EXP are used in the computation.

The slope of the function

Fla) = £,(a) + 01f3(a) + C,f) (a)

at a 1s seen to be
1 Fi(a) = £,(a) + C;fy(a) + Cyf,(a)

1 F(a) is a monotonically increasing function of a so that any solution of
: the equation F(a) = 6M is obviously unique. Newton's method of iteration

is used, That 1is, letting a_be the n" estimate of a, the (m+1)st
estimate is caleulated from
) oM - Fla )

Cnp1 = Oy + F'Zani

The iteration is halted and o is said to be oy when

Ot ~ % 8

< 3| X 10-
Opey ¥ Oy

or when n = 20, whichever occurs first, The fi(c") as well as o are
} output from GPTYR to avoid their re-computation outside the subroutine.

GPTPR-3
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SIBFTC MC13GO XR3sM94sNODDSLIST
CMC13G0  GOTOR

PHIL.CO I

PHILCO-FORD CORPORATION

w N

10

11

SUBROUTINE GOTOR{K sVMsCsFF»EQ}

DIMENSION Cl2)s Fl&)
DIMENSION Al5) B(5)

DATA A/ +250521083E=T7s +275573192E-5,
1 ¢833333333E~2s 166666667
DATA B 7/ #275573192E~6s +24801587E~4s
1 e416666667E-1y o5

DATA NMAX / 20 /

F1=EQ

N=0

GO TO {(14+6)9K

CONTINUE

ELLIPTICAL CASE

S51G==1e

IF(ABS(F1)«GEsls) GO TO 5

D2=E1%#E1

F=D2*A

G=D2%B

DO 4 I=2,5

F=D2¥(A(1)+SIG*F)

G=D2*(B({I11+SIG*G)
F{1)=E1x*F
Fl2)=G

F{3)=E1+SIG*F
Fla)=1e+51G*G
Go To 8
F(3)=SIN{EL)
Fl4)=COS(EL)
F{1)=E1~-F(3)
Fl2)=1e=Fl4)

GO TO 8

CONT INUE
HYPERBOLIC CASE
51G=1.
E3=ABS(F1)
IF(E3eLTsle) GO TO 3
EX=e5%#EXP(E3)

OX=e25/EX
F{3)=STGN(EX~-OXsE1)
Fla)=EX+0X

F(1)=F{3)~FE1l

Fi2)=F(4)~1.
CM=F{1)+C{1)%XF(3)+C(2)*¥F{2)
DM=F{2)4c (1)1 *F(4)+C(21%F(3)
DE=(VM=CM) /DM ’
AR=ABSI(DF)

IF{ABsGTsla) DE=DF/AB
E2=E1+DF
IF(ABSINF/(E2+4F1))el.Fe3.F—-8) GO TO 10
IF{N-NMAX)} 9510410

N=N+1

E1=E2

GO TO (2571sK

CONTINUF

EO=E1

DO 11 I=1s4

FFLT)=F (1}

RETURN

END

«198412698E-3

+138888889E~2

/

/

GOTR0O000
GOTROO10
GOTR0020
GOTRO030
GOTR0O040
GOTROO0O50
GOTRO060
GOTROO70
GOTRO080
GOTR0090
GOTRO100
GOTRO110
GOTRO120
GOTR0O130
GOTRO140
GOTRO150
GOTRO160
GOTRO170
GOTR0180
GOTRO190
GOTRO0200
GOTRO210
GOTR0220
GOTRO0230
GOTRO240
GOTRO250
GOTRO260
GOTRO270
GOTRO280
GOTR0O290
GOTRO300
GOTRO310
GOTRO320
GOTRO330
GOTRO340
GOTRO350
GOTRO360
GOTRO370
GOTR0380
GOTRO390
GOTRO400
GOTRO410
GOTR0420
GOTRO430
GOTRO440
GOTRO450
GOTRO460
GOTRO470
GOTRO480
GOTRO490
GOTRO500
GOTRO510
GOTR0O520
GOTRO530
GOTRO540
GOTRO550
GOTRO560
GOTRO570
GOTR0580

Space & Re-entry
Systems Division



Subroutine: GRAVD
Purpose: To compute the acceleration due to a central body's
gravitational attraction. The gravitational potential

may include any combination of inverse-square attraction,

zonal harmonics, and tesseral harmonics. (See also

GRAVDP).

Calling Sequence: CALL GRAVD(A,U,NZ,NT,ZH,TH,RC,TB2C,GC,IG)

Input and Qutput

g Symbolic Program Math Data
Name or Dimensions Symbol | Dimensions Definition
1/¢ L ; ;
ocation or Units
5 I A d a km Central body equatorial
o radius
I U d w kmz/sec2 C.B. gravitational
3} constant
I NZ ,NT N,Nm Harmonic summation
limits
I ZH d(Nz-1) Jno zonal harmonic coeffi-
cients
I TH d(N2+N -2) 1J A Tesseral harmonic co-
m m nm, nm . .
efficients
RC d(3) R km Position vector, C-frame
I TB2C d(3,3) Transformation, body-fixed
to C-frame
i¢ GC d(3) G km/sec2 Acceleration
I IG Model and output option

Common storages used: 4N+50 cells

Subroutines required: DD@T,DVN@RM

GRAVD-1

Frico]

PHILCO-FORD CORPORATION

Space & Re-entry
Systems Division



SIBFTC MC133Q XR3,M94,NODDsLIST

SUBROUTINE GRAVD (AsUsNZsNTsZH»THHRC»TB2C»GCHI1G) GRAV0001

C COMPUTES GRAVITATIONAL ACCELERATION wITH SPHERICAL HARMONICS GRAV0002

C GRAV0003

DOUBLE PRECISION A s RC(3) sTH(1)  #ZH(1) GRAVG004

1 . sGC(3) »TB2CI3+3) sU GRAVO0005

2 sDDOT  »DVNORM sDATAN2 »DCOS $DSIN »DSURT GRAVS006

GRAV0007

COMMON D »GI HUVEC sC PN GRAV0008

DOUBLE PRECISION C(10) sGI(3) sUVEC(3,3) GRAV0009

1 sDL9)  HPN(10) GRAVQO1l0

C . GRAVOO11

DOUBLE PRECISION FN(12} GRAVOO12

DATA  FN/ GoD0Us 1eDOs 2.D0» 34D0s 4eD0s 54D0 GRAVO0O013

1 s 64D0s 7eD0s B84D0s 94DN310sDN»114DC/ GRAVO0014

C " GRAVOO15

C SET UP UNIT VECTORS AND SPHERICAL COORDINATES GRAVGOl6

1 DI(1) = DVNORM{RCsUVEC) ) GRAVOO17

DO 2 I=1s3 GRAVOO18

2 DUI+1) = DDOT (UVECsTB2C(1+1)) GRAVOO19

D(5) = DATAN2(D(3)sD(2)) GRAV0020

Ty D(3) = DSIN (D(5)) GRAV0021
o D12) = DCOS (D(B)) GRAV0022
i c(1) = FN(2) GRAVCC23
Ci2) = DSQRT (FN{2)-D(4)1*D(4)) GRAV3024

D(8) ==D{4)*D(2) GRAV0025

DL9) ==D(4)1%D(3) GRAV0026

) DO 3 1=1,3 GRAVO027
N UVEC(Is2) = D(8)I*#TB2CII»1)+D(91#T32CLT1s2)+C(2)%*T32C(1s3) GRAV0028
3 UVEC(I®3) = DI2)¥TB2C(I+2)=D(3)%T32C11s1) GRAVO0029

D(2) = A/DI(1) GRAV0030

i D(3) ==U/D(1)/DI(1) GRAV0031
D(6) = FN(3)%D(4) GRAV0032

ad DO 4 I1=1,3 GRAVO0033
4 GI(I)Y = U400 GRAVOQ34

C GRAVO035

C SET CPTION SWITCHES GRAV0036

10 MT = 1 GRAV0037

MZ = 1 GRAV0038

JG = IABS(IG) GRAV0039

- IF (JGaLEe3) GO TO 13 GRAV0040
] JG = JG-2 GRAV0O041
13 IF {JG=1) 14,16515 GRAV0042

= 14 GI(1) = D(3) GRAV0043
GO TO 5 GRAVOO44

15 MT = NT , GRAV0045

16 MZ = NZ GRAVOO46

- DO 17 M=1sMT GRAVOQ47T
e 17 C{M+2) = CL2)*C{M+1) GRAV0048
C GRAV0049

C INITIALIZE FOR N-SUMMATION (ZONALS) GRAV0050

20 D(3) = D(3)%D(2) GRAV0051

; PN(2) = FN{2) GRAV0OD52
’ JG = 1 GRAV0053
DO 49 N=2sMZ GRAV0054

| 4 C GRAV0055
| C GENERATE PN{M) GRAV0056
. D(3) = D(3)%*D(2) GRAV0057
D{7) = FN(N+1)+FN{R) ) GRAV0058

D(8) = FN(N+1)*FN(N+2) GRAVO059

PN{N+1) = DUT)*PN(N) GRAV0060

PN(N) = D{4)*PN(N+1) GRAVO061

M =N GRAV0062

DO 22 I=2sN GRAV0063

M = M=1 GRAV0064

DI9) = DIBI-FNIM)*FN{M+1) GRAVOD65

22 PNIM) = (D(6)*FN(M+1)*PN(M+1)=C{3)*PN{M+2)1/D(9) GRAV0066

C GRAVO0067

C COMPUTE AND ADD ZONAL TERMS GRAV0068

30 DI{9) = ZHI(N-11%D(3) GRAV0069

GI(1) = GI({1)~D(9)I*FNIN+2)*PN(1) GRAV0070

GI(2) = GI(2)+D(9)*CL2)*PN(2) GRAVOOT71

e IF (NeGT.MT) GO TO 49 GRAVOD72
C GRAVOOT73

C COMPUTE AND ADD TESSERAL TERMS GRAV0OT74

PHILCO I Space & Re-entry

PHILCO-FORD CORPORATION Systems Division




40 DO _48 M=1sN ' GRAVO075
D(7) = FNIM+1)*®(D{5)=TH(JG+1)) GRAVO076
D(9) = TH(JGI*D(3) GRAVO077
D(8) = D(9)1*DCOS(DITN) GRAVOOT78
D(9) = D(9)*DSIN(D(7)) ’ GRAVO079
D(7) = FN(M+1)*C(MI*PN{M+1) GRAV0080
GI(1) = GI(1)~D(BI*¥FNIN+2)*¥CIM+1)*PN(M+1) GRAVO081
GI(2) = GI(2)+D(8)*(C(M+2)*¥PNIM+2)-D(4)*D(T) ) GRAV0082
GI(3}) = GI(3)~-D(9)*DLT) GRAV0083 I
48 JG = JG+2 GRAVGO84
49 CONTINUE GRAV0085
C GRAVCO86
C COMPUTE ACCELERATION GRAVQO87
506 DO 51 I=1s3 GRAVO088
DO 51 M=1,3 GRAVO0089
51 GC{I} = GCUI}+GI(M)*UVECIIM) GRAV0090
C GRAVDO091
999 RETURN GRAV0Q92
END

e

PHILCO I Space & Re-entry
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Subroutine:

Purpose:

GRAVDP

To compute the acceleration due to a central body's

gravitational attraction, and optionally its gradient

and partial derivatives with respect to harmonic co-

efficients.

The potential may include inverse-square

attraction, zonal harmonics, and/or tesseral harmonics.

Calling Sequence: CALL GRAVDP(A,U,NZ,NT,ZH,TH,RC,TB2C,GC,IG,RG,GP,1Z,IT)

Input and Output

Symbolic Data
1/¢| Name or Di::zg;z:s Sy:;g? Dimensions Definition
Location or Units
I A d a km Central body equatorial
radius
1 1] d n km3/sec2 C.B. gravitational constant
I NZ ,NT N,N Harmonic summation limits
1 ZH d(Nz-1) Jno Zonal harmonic coefficients
I TH d(N2+N =2) 2 Tesseral harmonic coeffi-
m m nm, nm
cients
RC d(3) R km Position vector, C-frame
TB2C d4(3,3) Transformation, body-fixed
to C-frame
19 GC d(3) G km/sec2 Acceleration
I IG Model and output option
19 GR d(3,3) AG 1/sec2 Gradient of the accelera-
tion
¢ GP d(3,n) km/sec2 Partial derivatives of the
acceleration with respect
to the harmonic coeffi-
cients
1 1z (¢.)) Output options for zonal
partial derivatives
I IiT (Ni+Nh—2) Qutput options for tesseral
, partial derivatives
Common storages used: &4N+76 cells
Subroutines required: DD@T,DMVIRN,DVNERM

|=FHLCRDlH§§i

PHILCO-FORD CORPORATION

GRAVDP-1

Space & Re-entry
Systems Division



Usage:

Model control: The model is controlled by the absolute value of IG. The

value of |1G] and the terms included in the model are

Spherical Zonal Tesseral
‘IG‘ Term Harmonics Harmonics
1 X
2 X X
3 X X X
4 X
5 X X

Qutput control: The gravitational acceleration,

input value for output. If IG < 0, the gradient

acceleration is summed with GR and output in GR.

control output of the partial derivatives in GP.
1Z,IT which is #0, the partial derivative of G with respect to the corres-

ponding component of ZH,TH respectively, is computed.
are upper-loaded into the columns of GP.

Oor 1.

PHILCO l

PHILCO-FORD CORPORATION

G, is summed with the

of the gravitational

The vectors IZ

» IT

For each component of

These partials

The components of IZ must be

GRAVDP-2
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Harmonic coefficients: The harmonic coefficients are stored in the arrays
ZH,TH in the order:

Zﬁ(n"l) - Jno ] n= 2’ 3, eee ,N‘

TH(1) = 321'
2) =Xy
- “4) =12y
1 } ) =34
®) =13
] o
& @ =1y,
i () =33
| a0 =y
. an =3,
. .
g .
¥ (41) =My n
M, The J_ are assumed zero for m #0, n>R .

The internal array FN contains double precision integers from 0 to ni2

(FN(n) = n-1). 1Its dimension data statement must be at least NZ+3. The
common arrays C(1), PN(i) are used to store Ci-l, Pt(li-n, respectively,
and must be dimensioned at least NZ+2. The dimensions compiled in the

listed subroutines are adequate for NZ = 8.

- 1 A GRAVDP" 3
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Model

The gravitational field is described by the potential function

N M n
T e E 2 . 2 m -
v £, b n§2 m?o 3 (r) PR(S) cos m(A- A ) (1)

where (r, ®, )\) are the spherical coordinates of the field point,

§ = sin @
C =cos ©
P: (S) = associated Legendre function of the first kind,

order n, degree m

= c'“Pt(‘"‘) (s)

@) oy o 40
By () = Z F®

The first term is called the spherical term, and the remaining terms
are the spherical harmonics. Those harmonics with m = 0 are the zonal

harmonics, and those with m # 0 are the tesseral harmonics.

The acceleration, G, is obtained by taking the gradient of U,
G = - AU.

Introducing the unit vectors

in

= unit vector along R

I=

= unit vector along ¢ = m/2

>
H

Ofm
I

Xz

B
#

i=
b

>

GRAVDP-4
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and the abbreviations

N n
2 =2 X

n,m n=2 m=0

n
C_ =~ .Ei. J (%) cos m(\ ~ )‘nm) (2)

n
= - B a -
smn 2 Jmn (r) sin m() 1nm)
we obtain
G = Gt_l‘._‘ +6, L+ G)\};

,,,,, | . T T
: V6 =G rr +G , xt +G1’X 14 |

T

®)

T T T
LT 46, W +6, B

+ G n 2

fr

; T
+6 Ar +6

T T
\p 2L+ Gy 1

whgte the coefficients G ? G__, etc., are computed from the derivatives

rr
of the Legendre polynomials, using

GRAVDP-5
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Gi = L ,0m
n,m

- cm(n+1)cmpr(l“‘)

09
f
L]

g, = c (c“"'lp (m+1)

m=-1_(m)
,nm nm n msC Pn )

- - m-1_{(m)
g3,mn Smn me Pn

o)

g4,nm =TT (n+2)gl,nm
. (4)
g =-7 (“+2)32,mn

N |
86 om : ()8, o

" |

s m(C‘“pf“*D - (m—1)sc“"2Pf‘“‘))

1

1o (sc™®D 4 m@-1)c™ %™ + uc™) | E
r nm n n n

g8,mn

If the spherical term is omitted,

Y rf Gr)\

24 H 5

1% A 6 7 8

GRAVDP-6
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oy

and if the spherical term is included, the quantities (-u/rz, 2p,/r3, -u./r3,

3
-u/r”) are added to (3P G . Gl

Gz‘e) X).

The partial derivatives of G with respect to the Jnm’)‘mn are

. €, L
j -3-5;: Jmn (31,m£+32,nm-‘-"+33,nm Lo
(6)
%an; = - msm(n+1)c"pt(‘“) T+ msm(cm*'lpflm“) - msc™ 11’;“‘))1,

m-1_(m)
o€ (mC P ))

Note that the use of £ rather than k is computationally superior since
the singularities at C = 0 are removed. Indeed, with the equations in
this form, we have merely to note that m(:m"1 and m(m- 1)(:"‘-2 may be omitted
from the summations for m = 0 and m = 0, 1, respectively.

Method

The required Legendre polynomials are genmerated using the recursion formulas

m . o 1yp(n=1)
Pl (2o-1)P__,

p(a-1) _

(n)
o SP, ¢))

R

GRAVDP-7
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with the starting value

n
P, 1 | (8)

For each n, the set P ,ma=0,1, ... n, {8 computed and stored in

PMM, with

(m)
n

PNM(m+1) = "r(.m)

For each n, the subroutine first computes the contributions of the zonal

harmonics, then the tesseral harmonics, adding the contributioms to the
Gi' As each gi,nm is computed, the corresponding components of I1Z,IT

are checked. For those components which are not zero, the corresponding ”

partial derivatives are upper-loaded into the GP-array in the order:
(1) all BG/BJno required; (2) all M/Mm. as/axm in the same order as
IT. The components of IZ,IT are discussed under "Usage". J

GRAVDP-8 ]
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3

!
4
4
4

$IBFT
C
C
C
C
C
C
C
C

1

2

3

4
C
C

10

11

12

13

14

15

16

17
C
C

20
C

PHILCO l
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C MC13GV  XR3,M94sNODDsLIST

SUBROUTINE GRAVDP (AsUsNZsNTsZHsTHsRCsTB2CsGCsIGsGRIGP>»1Z51T)
COMPUTES GRAVITATIONAL ACCELERATION WITH SPHERICAL HARMONICS
OPTIONALLY COMPUTES GRADIENT OF THE ACCELERATION

AND PARTIALS WITH RESPECT TO HARMONIC COEFFICIENTS

DOUBLE PRECISION A

»GP(351)sRC(3) s TH{1)sZH(1)

1 +GC(3) »GR(353)5TB2C(353)5U ,
2 »DDOT  »DVNORM sDATANZ2 ~ »DCOS »DSIN sDSGRT
DIMENSION IT(1) »12(1)

COMMON D sGI sGN sUVEC sC sPN

DOUBLE PRECISION  C(10) »GI(8) sPN{10) >UVEC(3,3)

1 sD(9)  sGN(8) sVEC (353)
EQUIVALENCE (D> VEC)

DOUBLE PRECISION  FN(12)

DATA FN/ Q.,00s 14D0s 24D0s 34D0s 44DCs 54D0

1 s 6oD0s 7eDCy 84DOs» 94D0s10sD0s11.D0/
SET UP UNIT VECTORS AND SPHERICAL COORDINATES
D1} = DVNORM(RCsUVECQ)

DD 2 I=1,3

D(I+1) = ODOT (UVECsTB2C(1s1))}
D{5) = DATANZ2(D(3),D(2))

D(3) = DSIN (D(5))

D(2) = DCOS  (D(5))

crny = FN(2)

Ct2) = DSQRT (FN{2)-D(4)*D(4))
D(8) ==D{41¥D(2)

D(9) ==D(4)*¥D(3)

DO 3 1=1,3

UVEC(T92) = DI(BI*TS2CIIs1)+D(9)1¥TB2C(1s2)+C(2)1%¥TB2C(153)
UVEC(Is3) = D(2)1*TB2C(1+2)-D(3)#T82C(I»1)
D(2) = A/D(1)

D(3) ==U/DI(11/D(1)

D(6) = FN(3)*D4)

DO 4 I=148

GI(IY = 0.DO

SET OPTION SWITCHES

MT = 1

MZ = 1

Lz = 1

LT = 1

DO 11 N=2sNZ

LT = LT+IZ(N-1)"

JG = IG

ASSIGN 35 TO LLA
ASSIGN 46 TO LLB
ASSIGN 56 TO LLC

LN = 3

IF (JUGeGELD) GO TO 12
ASSIGN 33 TO LLA
ASSIGN 44 TO LLB
ASSIGN 52 TO LLC

LN = 8

JG =-JG

IF (JGeLE«3) GO TO 13
JG = JG-2

IF (JG~1} 14,1615
GI(1l) = D{(3)

Gl(4) ==FN(3)*D{(3)/D(1)
GO TO 50

MT = NT

MZ = NZ

DO 17 M=1sMT

CiM+2) = CL2)1*C(M+1)

INITIALIZE FOR N-SUMMATION (ZONALS)
D(3) = D{(3)*D(2)

PN(2) = FN(2)

JG = 1

DO 49 N=2»MZ

GRVPOOO1
GRVP0002
GRVPQ003
GRVP0O0O4
GRVPOOO5
GRVPOQO6
GRVP00OO7
GRVP0O008
GRVPO0O9
GRVPOO10
GRVPOOL11
GRVPOQ12
GRVPOO13
GRVPOO14
GRVPOO15
GRVPOQ16
GRVPOO17
GRVPOOQL8
GRVPOO19
GRVPO020
GRVPO0021
GRVPO0O022
GRVP0023
GRVPOD24
GRVP0O025
GRVPQ026
GRVP00O27
GRVP0028
GRVPQ029
GRVPCO30
GRVPO031
GRVPOO032
GRVP0O033
GRVPCO34
GRVP0O035
GRVP0O036
GRVPO037
GRVPQO38
GRVP0039
GRVPQ040
GRVPOO041
GRVPO042
GRVP0043
GRVPQO044
GRVP0045
GRVPOO46
GRVP 0047
GRVPO048
GRVPO049
GRVP0050
GRVPO051
GRVPO052
GRVP0053
GRVPOOS4
GRVPO0O55
GRVPO0O56
GRVP0OOS57
GRVPO058
GRVPO059
GRVPQO060
GRVPOO061
GRVPO062
GRVP0063
GRVPO064
GRVPC065
GRVPCO66
GRVPO067
GRVPO068
GRVPQ069
GRVPOO70
GRVP0OQ71
GRVPOOT72
GRVP0O73
GRVPOO74

Space & Re-entry
Systems Division



C
22
c
c
c
30
d
31
32
C
33
34
35
36
¢
c
40
C
41
42
C
43
¢
44
45
46
47
48
49
c
C

GENERATE PN(M)

D(3) = D{3)%¥D(2)

D(7) = FNIN+1)+FNIN)
D(3) = FN(N+1)I*FN{N+2)
PN{N+1) = D(7)*PN(N)

PNIN) = DL4)*PN{N+1)

M = N

DO 22 1=2,N

M = M-l

D(9) D(B)~FN(M)¥FN(M+1)

PN{M) = (D(6)¥FN(M+1)%¥PN(M+1)-C(3)¥PN{M+2))/D(9)

COMPUTE AND ADD ZONAL TERMS

ACCELERATION
GN(1l) =—D(3)*FN(N+2}#PN(1}

GN(2) = DU3)%C(2)%¥PN(2)
GN(2) = 0.D0

IF (IZ{N-1)4EQe0) GO TO 32
PARTIAL WRT JNO

DO 31 I=1»3

GPUIsLZ) = GN(1}®UVECII»1)+GNI2)*UVEC(1+2)
LZ = LZ+1
GN(1) = ZH(N=-1)#GN(1)

GN(2) = ZHIN-1)*GN(2)
GO TO LLA» (33,35)
GRADIENT

D7) ==FNIN+3)/D(1)
DO 34 =142

GN(I+3) = DIT7)*GNI(I)
GN(I+5) 0eD0

GN(8) = ZHAN-1)*D(3)*D(4)*¥PN(2)/D(1)
CONTINUE

DO 36 I=1,LN

GI(I) = GI(I)+GN(TI}
IF (NeGTMT) GO TO 49

({1

COMPUTE AND ADD TESSERAL TERMS
DO 48 M=1sN
DIT) = FNAM+LI*¥{D(D)-TH(JIG+1})

GN(4) = D(3)*DCOS(D(T7))

GN{5) = DI3}1#DSIN(D(T7))

GN(6) =~FNIN+2)*¥C(M+1)*PN{M+1)
GN(8) = FN{M+1)*C(M)*PN(M+1)
GN(T7) = CIM+2)*¥PN(M+2)=D(4)%GN(8B)
GN({1) = GN{4)*GN(6)

GN{2) = GNI(4)*GN(7)

GN(3) =~GN{5)%GN(8)

IF {IT(JG)«EQed) GO TO 41
PARTIAL WRT UNM

CALL DMVTRNIUVECIGNsGP{1sLT)s191)
LT = LT+1

DO 42 I=1,5

GN(I) = TH(JGI*GN(1)

IF {IT(JG+1)4.EQeu) GO TO 43
PARTIAL WRT LNM

GN(6) = FNIM+1)*GN(5)%#GN(6)

GN(T7) = FNIM+1)*GN(ES)%*GN(T)

GN(8) = FN{M+1)*GN(4)*GN(8)

CALL DMVTRN(UVECsGN(6) 9GP (1L T)s1s1)

LT = LT+1

GO TO LLBy (44546)

GRADIENT

GN(6) = CIM+]1)*¥PN(M+2)

GN({B) = FNIM)*CIM=-1)*¥PN{M+1)

GN(7) = GN(3)*FNAM+L)*¥(D(4)%¥CGNI8B)-GN(6))/D (1)
GN(8) = GNA4)I*¥(DI{4)*GN(6) +FNIM+1)* (GN(B)+CIM+L) *¥PN(M+1)))/D(1)
GN(6}) ==FNIN+3)/D(1)

DO 45 I1=1+3

GN(I+43) = GN(6)*GN(I)

DO 47 I=1»sLN

GI(IY) = GI(I)+GN(TI)

JG = JG+2

CONTINUE

COMPUTE COMPONENTS COF GR ALONG UVEC

PHILCO l
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GRVPOO75
GRVPOQ76
GRVPOOT77
GRVPQO78
GRVPGOT9
GRVP0O08O
GRVPOO81
GRVP0O082
GRVPQ083
GRVP0O084
GRVPO085
GRVPOQ86
GRVP(C087
GRVP0O088
GRVPO089
GRVP0090
GRVPO091
GRrRVPO0Q92
GRVP0093
GRVPQ094
GRVPQ095
GRVPO096
GRVP0097
GRVP0098
GRVPO0O099
GRVPO100
GRVPO101
GRVPO102
GRVPO103
GRVPO104
GRVP0O105
GRVPO106
GRVPO107
GRVPO108
GRVP0O109
GRVPO110
GRVPO111
GRVPO112
GRVPO113
GRVPOQ1l1ls4
GRVPO115
GRVPQO116
GRVPO117
GRVPO118
GRVP0O119
GRVPQ120
GRVPO121
GRVP{O122
GRVPQ123
GRVPO124
GRVPO125
GRVPQ126
GRVPO127
GRvPO128
GRVP0129
GRVP0130
GRVPD131
GRVPO132
GRVPO133
GRVPO134
GRVP0O135
GRVPO136
GRVPQ137
GRVPO138
GRVPO139
GRVPO140
GRVPO141
GRVPO142
GRVPQ143
GRVPO144
GRVP0O145
GRVPO 146
GRVPO147
GRVPO148
GRVP0O149

Space & Re-entry
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50 GO TO LLCy» (52556) . GRVPO150

52 GI(12) = GI(1)/D(1)~GI(8) GRVPQO151
GI(11l) = GI(T) GRVPO152
GI(10) = GI(6) GRVP0153
GIL 9Y = 6I(M GRVPO154
GIt 8) =-GI(4)-GI(12} GRVP0155
GI( 7) = GI(3) GRVP0156

C GRVP0O157
C COMPUTE GRADIENT GRVP0O158
CALL DMVTRN{UVECYGI(4)sVEC»193) GRVPD159

DO 53 I=1+3 GRVPO160

DO 53 M=1,3 : GRVPO161

DO 53 N=1,3 GRVPO162

53 GR{MsN) = GR(MsN)I+UVECIMs II*VECINsI) GRVP0163

C GRVPD164
C COMPUTE ACCELERATION GRVPQO165

56 DO 57 1=1»3 GRVPO166
DO 57 M=1s3 GRVPO167

57 GCUI) = GCOIH)+GI{M)*UVEC( M) GRVP0O168

C GRVP0169
999 RETURN GRVPO170
END '

erny

PHILCO | Space & Re-entry

Systems Division
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Subroutine: GRDAT
Purpose: Computes four Goddard Range-Range Rate System

measurements (x, y, range, doppler).

Calling Sequence: CALL GRDAT

Input and Output

Common storages used: /DATCOM/

Subroutines required: SBDAT

GRDAT-1

PHILCO l Space & Re-entry

BHILCO.FORD CORPORATION Systems Division



COMMON LOCATIONS

DESCRIPTION

COMMON | LOCATION NAME | DIMENSION
DATCOM c(l) BIAS d(2)
c(3)
c(133) FTR d
c(135) @MEGA d
c(137) SPDLT d
c(139) STA d(5)
c(159) TAU d
c(161) TB2CY d(18)
c(197) TB2CT d(18)
c(233) TT2B¢ d(9)
c(269) XV d(12)
c(297) NALIGN
C(298) NANG
c(299) NFRAC
e(5) ¢BS d(64)

BIAS(1), Doppler bias freq. (CPS).

BIAS(2), Transponder retransmis-
sion ratio.

Doppler transmitter frequency (CPS).

Earth rotation rate (rad/sec).
Speed of light (km/sec)

STA(1-3) ,Receiving station position
in B-frame (km).
STA{(4-5) ,Refraction constants.

Doppler count interval (sec).

TB2C@#(1-9), B-frame to C-frame
transform at end of doppler count
interval at time of signal recep~
tion at receiving station.
TB2C#(10-18), Same as above but
at beginning of doppler count
interval. 4

B-frame to C~frame transforms at
end and beginning of doppler
count interval at time of signal
transmission.

Unit North, East, Down vectors
at station in B-frame.

xv(1-6), Spacecraft position and
velocity at end of doppler count

interval at spacecraft (km, km/sec).

XV(7-12), As above but at begin-
ning of doppler count interval.

Should be set to +1 to indicate
antenna mount has its primcipal
axis North.

=1, include angles
=2, omit angles

=1, include refraction
=2, omit refraction

Measurements

¢BS(l) =x (rad)
¢BS(2) =y (rad)
¢BS(33) = Range (sec)
#BS(49) = Doppler (counts)

See Table 1, in description of
CBDAT.

I=FHLCHDIH§§i
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$IBFTC MC13DC  M94sNODDsXR3
CMC13DC  GODDARD RANGE AND RANGE-RATE SYSTEM MEASUREMENTS
SUBROUTINE GRDAT
COMMON  /DATCOM/ BIAS(2)s 0BS(64) s FTR» OMEGA
1s SPDLTs STA(10)s TAUS TB2C0O(18)
2 TB2CT(18)s TT2BO(9)s  TT2BTI(9)s  XV(12)
3, MLT» MODE » MSTA MT IM
4 NALIGN> NANG NFRAC
DOUBLE PRECISION BIAS» ORS FTR» OMEGA » sepLT
1s STA» TAU TB2CO» TB2CTs TT280
2 TT2BT, XV
MODE=2
BIAS(2)=1
CALL SBDAT

0BS(33)=0BS(33) /SPDLT
ORS(49) =D+ ¥ TAU¥RIAS(1)}-0NBS(49)

RETURN
END

PHILCO l
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Space & Re-entry
Systermns Division

GRDT0001
GRDT0002
GRDT0003
GRDTO004
GRDTO005
GRDTO006
GRDT0Q007
GRDT0008
GRDT0009
GRDTO0010
GRDTO011
GRDTO0012
GRDTO013
GRDTG014
GRDTO015
GRDTO016



Subroutine: GRDATP

Purpose: Computes four Goddard Range-Range Rate System
measurements and their partials (x, y, range,
doppler).

Calling Sequence: CALL GRDATP(R2)

Input and Qutput

amy

,Q Symbolic Data
I/¢ |Name or Di:::f;::; sg:;gl Dimensions Definition
- Location or Units
@ R2 d 82 km2 Slant range squared

Common storages used: /DATCOM/
Subroutines required: SBDATP

GRDATP-1

PH““CD l Space & Re-entry
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COMMON LOCATIONS
COMMON | LOCATIONS | NAME | DIMENSION DESCRIPTION
DATCEM c(l) BIAS d(2) BIAS(l), Doppler bias freq. (CPS).
c(3) BIAS(2), Transponder retransmis-
sion ratio.

c(133) FIR d Doppler transmitter frequency (CPS).

c(135) ¢MEGA d Earth rotation rate (rad/sec).

c(137) SPDLT d Speed of light (km/sec).

c(139) STA d(5) STA(1-3), Station position in
B-frame (km).

STA(4-5), Refraction constants.

Cc(159) TAU d Doppler count interval (sec).

c(16l) TB2CY d(18) TB2C#(1-9), B-frame to C-frame
transform at end of doppler count
interval at signal reception.
TB2C@(10-18), Same as above, but
at beginning of doppler count
interval.

c(197) TB2CT d(18) Same as TB2C@, but at time of
signal transmission.

c(233) TT2B0 d(9) Unit North, East, Down vectors at
station in B-frame.

C(269) Xv d(12) XV (1-6), Spacecraft position and
velocity in C-frame at end of
doppler interval at time signal
leaves spacecraft,

XV(7-12), As above but at begin-
ning of doppler count.
*

€(293) MLT Speed of light partial optiom key .

C(295) MSTA Station location partial option
key*.

*

Cc(296) MTIM Station clock partial option key .

c(297) NALIGN Should be set to +1 to indicate
antenna mount with principal
axis North.

Cc(298) NANG Angle inclusion option key*.

€(299) NFRAC Refraction correction option key*.

%*
If key = +1, option will be included
If key = +2, option will be omitted.
If angles are omitted, no angle
partials are computed.
c(5) ¢BS d(64) Measurements and partials. See

Table 1, description of CBDAT.

IDFHLCHDIH§EH
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$IBFTC MC13DG XR3sM94sNODDHLIST
MC13DG GODDARD RANGE AND RANGE~RATE SYSTEM MEASUREMENTS AND PARTIALS GRpDP0001

SUBROUT INE GRDATP(R20B) GRDP0002

COMMON /DATCOM/ BIAS(2)s  OBS(64)» FTR» OMEGA GRDP0003

1s SPDLT» STA(10) TAUS TB2C0(18)  GRDP0O0O4

25 TB2CT(18)s TT2BO(9)s  TT2BTI9)s  XV(12) GRDP0005

3 MLT MODE » MSTA' MTIM GRDP0006

45 NALIGN» NANG s NFRAC GRDP0007

DOUBLE PRECISION BIAS, 0RS, FTRs OMEGA » RSPLT  GRDP000S

1s SPDLT, STAs TAUs TR2COs TB2CT  GRDP0O009

25 TT280, TT2B7T XV R208 GRDP0010

RSPLT=1.D0/SPDLT GRDP0O11

MODE=2 ' GRDP0012

BIAS(2)=1e GRDP0O13

CALL SBDATP(R208) GRDPOO14

¢ ADJUST RANGING OBSERVABLE AND PARTIALS GRDP0O15

o c ADJUST DOPPLER OBSERVABLE AND PARTIALS GRDP0016

- DO 1 1=32»45 GRDP0017

ORS(1+16)==0RS(1+16) GRDP0018

1 ORS(1)=0RS{1)*RSPLT GRDP0019

OBS(401=14D0 GRDP0020

o OBS(49)=2.*TAU*RIAS (1)+0RS (49) GRDP0021

: 0BS(56)=TAU GRDP0022

' RETURN GRDP0023
END

PHILCO |
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Subroutine: GRTEST

Purpose: To read Goddard Range and Range Rate System raw data
tapes, decode the data, convert units and using sub-
routine POLYFT, test for outliers and write the edited
data in the DCP format on Unit 12.

Calling Sequence: CALL GRTEST(IERR)

} Input and Qutput

] Symbolic Data

5 1/¢ | Name or Diz::g;::s sl;:;l;]_ Dimensions pefinition
Location or Units

N ¢ | IERR Error flag. Set = 2 by

GRTEST if more than 20
stations are accumulated
Set 0 otherwise.

fee

Common storages used: /TRKCEM/,/@UTCOM/,/TSTC®M/,/DATCOM/,/SUMCOM/
Subroutines required: DATINP, PSLYFT

i

- ; GRTEST-1

W PHILCO | Space & Re-entry

i
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V GRTEST

IERR =0 MPUNT=1
INPCNT=0 KTAU =0
MTYPE =2 ID$=999
M@DE . =2

l I=1 |

KNTRPL(T)
KNTRYL(T+2)

4
1

uu

(Supress Ith observable? )Mo
| Yes

l KNTRGL(I) = 0 ]

[

1 Yes
I KNTRPL(T+2) = 0 |

(Supress I+2th observablei)gkL—

| T = T+l |

|

Mo ™ 1> 21 D

+ Yes

YR = NYR(TRAW)
TFINSH=FINISH(IRAW)
TSTLY = TLH(IRAW)
TSTHI = THI(IRAW)
KSMAX = KMAX(TIRAW)

1

Read special leading
record
KIX = 0 ISTART = 0

20 )=

Read a data record
from unit 9

Y ﬂ
(; Special record? A:ﬁﬁl————

y Yes
C KIX = 07

o B GO

PHILCO-FORD CORPORATION

No

60)

Y
Backspace Unit 09
and read a data
frame (2 records)

| mf ’1 |
( ID = ID¢? )—z-e—é—
{ Mo
l I=1 B
X
(1D = ISTABK(T,TRANT ) 2%
+ No
I I =‘1+1 |
o I > KSMAX? D)
— | Yes

!
Convert time tag and

place it in TIMTST

y
0 (" TSTIPCTIMTSTSTSTHIT )

y les
[ Decode, store data keys |

INPCNT = INPCNT+1
IQ(INPCNT) = O
TIMTAG(INPCNT )=TIMTST

( New data are? )—YQE@

y No
Have station ID or No
data keys changed?

y Yes

INPCNT = INPCNT-1
Backspace 9 twice

@

GRTEST-2
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P

i ISTART = 1

| Store summary data

]

| I=1

7

NUMSTA = NUMSTA+1 |

C NUMSTA:> 207

)

L KSTA = I

in block data?

Yes Station ID found )

* No

[ I =T+1

All codes in
block data tested?

NAMSTA (NUMSTA )
=STANAM(KSTA)

STIMNX(NUMSTA)
=TIMTAG( INPCNT)

@

|

STIMNX (KK)

Z=TIMTAG (INPCNT)

=AMIN1 (STIMNX(KK),Z)

)No_

Yes

\

Yes / No stations yet in
summary record data

D)

* No

{ I=1

Y

{ KK =1

\

Cs the station alrea

in the summary data?

Yes

y No

{ I =T+

Have all stations in \No
summaYy been examined}

PHILCO l

PHILCO-FORD CORPORATION

Save data keys
IDg=ID
@BSNAM=STANAM(KSTA)
TRANAM=@BSNAM
CR1=C1(XSTA)
CR2=C2(KSTA)
RATI@=RETR(KSTA)

GRTEST-3

Space & Re-entry
Systems Division



?

WI=TIMTAG(INPCNT)
TXTRA(INPCNT)
=WT-TIMTAG(1)

1

(:j Omit X-angle? :} Zes,

y No

L_ Convert X to radians
and store in XANG(INPCNT)

\
| XANG(INPCNT)=-.12345678E20 |

r
( Omit Y-angle? ") des

{ No

Convert Y to radians
and store in YANG(INPCNT)

!
| YANG(INPCNT)=-,12345678E20 |

y

(;7 Omit Range? 4;) Tes
f No

Convert range to seconds
and store in RANGE(INPCNT)

—

\
| RANGE(INPCNT)=-. 12345678E20|

)

(_ Omit Doppler? j) Tes
y No

Convert doppler to seconds
and store in DPP(INPCNT)

1

| DPP(INPCNT)=-.12345678E20 |

il N
( Angles omitted?  )——

*th
| IQ(INPCNT)=IQ(INPCNT)+1i |

(ﬁ Range bad or omitted? :}—Eg—
§ Yes

| TQ(INPCNT)=IQ(INPCNT)+2 |

-

( Doppler bad or omittedfi)—lﬁl—
*Yés

[ TQ(INPCNT)=TQ(INPCNT)+4 |

A=

PHILCO l
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i

INPCNT=INPCNT+1

IQ(INPCNT)=1

TIMTAG( INPCNT )=WT+(I-1)*DELT

TXTRA(INPCNT)
=TIMTAG(INPCNT)-TIMTAG(1)

XANG(INPCNT )=-~, 12345678E20

YANG(INPCNT)=-, 12345678E20

( Omit Range?
‘ No
Convert Ith range value to

seconds and store in
RANGE(INPCNT)

~ Yes
e

| RANGE(INPCNT)=-, 12345678E20]|

!

‘No

Convert Ith doppler value to
seconds and store in
DPP(INPCNT)

C Omit Doppler? )22

I
[ D@P(INPCNT)=-.12345678E20 |

\
( Range bad or omitted? )9
* Yes

| TQ(INPCNT)=IQ(INPCNT)+2 |

}Yes
[ TQ(INPCNT)=IQ(INPCNT)+4 |

(_ Doppler bad or omitted? )M

\
| I=7T+1 |

PHILCO |
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I> es

C Data array full? fes
* No
Data arc of maximum Ye
time duration?
* No

C Maximum time reached?

Yes
‘

GRTEST-5
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Assign 20 to JUMP [ Assign 999 to JUMP |
ISTART = O
70
( mroNT < b1 oS
+No

[ dnToME = TIMTAG(1) ]

o

Make all values of X and
Y positive by adding
appropriate multiple
of 2 to entire are,

!

Remove recycle jumps
from range by adding
multiples of range
ambiguity as needed.

Test for outliers and
write data on tape 12

[ Compute TSTART, TST@P. |

990 )=

| INPCNT = O | =

1
o =7

| Write error message. | [ Write error message. |
NUMSTA = NUMSTA-1
JERR = 2

999 N
Return v
GRTEST-6 |

PHILCO Space & Re-entry

Systems Division
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$IBFTC MC1l34X M94,NODDyXR3

CMC134X GODDARD RAW DATA PROCESSOR GRTS0001

SUBROUTINE GRTEST(IERR) GRTS0002

COMMON /TRKCOM/CTRK(700) GRT50003

DOUBLE PRECISION FTRI(50)s C1(50)» C2(501), BIAS(50)s RETR{50)GRTS0004

DIMENSION STANAM(50) KODSTA{50), NALIGN(50) PAIR(50) GRTS0005

EQUIVALENCE (CTRK{1)sSTANAM) » {CTRK (511 sKODSTA) GRTS0006

1s {CTRK{101)sNALIGN)s (CTRK{151)sFTR)s {CTRK(251)5C1} GRTS0007

2» (CTRK(351)5C2) (CTRK{451)9BIAS) (CTRK(551) yRETR) GRTS50008

3y (CTRK(651)sPAIR) GRTS0009

C GRTS0010

COMMON  /QUTCOM/COUT(40) . GRTS0011

DOUBLE PRECISION ONTIME, TFIRSTY TLAST, TAU» TRF GRTS0012

1s CR1s CR2» DR BIASF, RATIO GRTS0013

EQUIVALENCE (COUT{1)sNPAIR) s (COUT(2)sNEOT) GRTS00l4

1s {(COUT(3)sOBSNAM)» (COUT(4) s TRANAM) » (COUT(5) s NRCD) GRTS0015

o 2s  (COUTL&)sNPTBLK}» {COUTI(7)sKONT) s (COUT(8) sMTYPE) GRTS0016
L 3s  (COUT(9)sMOUNT) s (COUT(10)sMODE} » (COUT(11)»DELT) GRTS0017
4s  (COUT(12),KTAU)» {COUT{13)sONTIME) » {COUT(15)sTFIRST) GRTS0018

59  (COUT(17)+TLAST)> (COUT(19),TAU) » {COUT(21) s TRF) GRTS0019

6s (COUT(23),CR1), (COUT(25)sCR2) s (COUT(27)sDR) GRTS0020

5 7y {(COUT(29),BIASF)>» (COUT(31)»RATIO)» {COUT(33)sNB1) GRTS0021
i 8s (COUT{34)sNB2)s (COUTI(35) sNB3) » ’ (COUT(36) sNB&) GRTS0022
C GRTS0023

COMMON /TSTCOM/CTEST(400) GRTS0024

DOUBLE PRECISION FINISH(10)» TLO(10) s THI(10) GRTS0025

DIMENSION NYR(10) s NPTS(10)> NSTEP(10)s NDEG(10) GRTS0026

” 1s CSD(4510) KNTROL (49 s IFOMIT(4510)s KMAX(10} GRTS0027
’ ISTAOK (20,510) GRTS0028

EQUIVALENCE (CTEST(1)sNYR) » (CTEST(11)NPTS) GRTS0029

1s (CTESTU{21)sNSTEP), {CTEST(31)sNDEG)» (CTEST(41)sCSD) GRTS0030

2y (CTEST{(81)sIRAW)» (CTEST(82)sKNTROL)s (CTEST(87)sFINISH) GRTS0031

3s  (CTEST(107)sIFOMIT)» (CTEST(147)sKMAX)>s (CTEST(157)sISTAOK) GRTS0032

L 49 (CTEST(357)1sTLO) (CTEST{377)sTHI) GRTS0033
C GRTS0034

COMMON  /DATCOM/CDAT(2400) GRTS0035

DOUBLE PRECISION TIMTAG(300)} GRTS0036

DIMENSION TXTRA(300), IQ(30C)» XANG(3001) s YANG(300) GRTS0037

ls RANGE {3001 s DOP (300 RDAT(300s4) GRTS0038

EQUIVALENCE {CDAT(1) s TIMTAG) » (CDAT{601) s TXTRA) GRTS0039

1s (CDAT(901151Q), (CDAT{1201)3XANG)» (CDAT(1501) sYANG) GRTS0040

2s (CDAT(1801)sRANGE)s (CDAT{2101)sDOP), (XANG»RDAT) GRTS0041

C GRTS0042

COMMON  /SUMCOM/SUMARY (56) GRTS0043

DOUBLE PRECISION TSTART»TSTOP GRTS0044

DIMENSION HEADER(11)» STIMNX(20) GRTS0045

REAL NAMSTA(20) GRTS0046

EQUIVALENCE {SUMARY {1)sHEADER)s (SUMARY(12)sNUMSTA} GRTS0047

1s (SUMARY (13) sNAMSTA)» (SUMARY(33)sTSTART)» {SUMARY(35),TSTOP) GRTS0048

2s  (SUMARY (373 sSTIMNX) GRTS0049

C , GRTS0050

DOUBLE PRECISION TFINSH, TMAX» TIMTST, TSTLOs TSTHI GRTS0051

DIMENSION QR(4), QRD(4) R(4)» RD(4)) IDCL4) s DI{3)GRTS0052

DIMENSION IXXHOL{12)s XXHOL(12)» AR(4)y BRD(4) GRTS0053

1 IXX{4) s INTCOD(5) s LXTCOD(5 ), NNNT2) GRTS0054

Tl EQUIVALENCE (IXXHOL»sXXHOL) GRTS0055
DOUBLE PRECISION XCOUNT(532)» XFTR(4) s XBIAS{2) s WT GRTS0056

DIMENSION XDEL(3) XSAMP (5 GRTS0057

LOGICAL HYBRID GRTS0058

C GRTS0059

602 FORMAT(A2) GRTS0060

605 FORMATAF5429A19F8429A13F76191X9F3,093F2.09A19F8,2sA19F7.1/ GRTSC061

1 FOal29AlsFB8,29A)9FT7alolXs13912021193A1sFBe2sA1lsFT7,1) GRTS0062

901 FORMAT(18HO¥%* STATION CODE»s13,29H DOES NOT EXIST IN BLOCK DATA/ GRTS0063

16X 34HPROCESSING OF THIS TAPE ABANDONED./ GRTS0064

26X 38HPROGRAM PROCEEDS TO NEXT TAPEs IF ANY,) GRTS0065

902 FORMAT{(24HO®*%%* TOO MANY STATIONS./ GRTS0066

16Xs 49HPROGRAM CONTROL PASSES TO TERMINATION OPERATIONS.) GRTS0067

903 FORMAT(18HO#*##% STATION CODE»sI3s34H IS NOT IN LIST INTERNAL TO GRTGRTS0068

1EST/6X»34HPROCESSING OF THIS TAPE ABANDONED./ GRTS0069

26X»38HPROGRAM PROCEEDS TQ NEXT TAPEs IF ANY.) GRTS0070

; DATA XCOUNT/2292634D0»131007.D04655034D05327514D0531339564D0 GRTS0071
. 1 143284D058187eD0540934D0520464D05182182.D0/ GRTS0072
DATA XFTR/2271¢9328D635227049328D652270.1328D65148.26D6/ GRTS0073

DATA XBIAS/e5D65+03D6/ . GRTS0074
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DATA XDEL/e125540312545,00625/ - GRTS0075

DATA XSAMP/1.3¢554259¢1255104/ GRTS0076
DATA EOTIND/2H*¥/ GRTS0077
c TO AVOID TRUNCATING GODDARD SYSTEM DATA FRAMESs INPMAX MUST GRTS0078
c BE A MULTIPLE OF FOUR GRTS00T9
DATA INPMAX/300/ , GRTS0080
DATA TMAX/4432D5/ GRTS0081
DATA BLANK/1H / GRTS0082
DATA XXHOL/1HOs 1H1s1H2s1H3 s 1H4s LH5 s 1H6 » THT» 1H8s 1H9 s IH* s 1H / GRTS0083
DATA INTCOD/2652255227528/ GRTS0084
DATA LXTCOD/30531532533534/ GRTS0085
DATA TEST/=+12345678E20/ GRTS0086
1ERR=0 GRTS0087
INPCNT=0 GRTS0088
MTYPE=2 GRTS0089
MODE=2 GRTS0090
MOUNT=1 GRTS0091
KTAU=0 GRTS0092
1D0=999 GRTS0093 ‘
1D50=999 GRTS0094 L
DO 1 I=152 GRTS0095
KNTROL (1) =4 GRTS0096
KNTROL (1+2)=1 GRTS0097 Py
IF(IFOMIT (I»RAW)W4NE.O) KNTROL(I)=0 GRTS0098 :
IF(IFOMIT (142 IRAW) «NEoU) KNTROL(I+2)=C GRTS0099
1 CONTINUE GRTS0100
YR=NYR{ IRAW) GRTSO101L
TFINSH=FINISH{ IRAW) GRTS0102 )
TSTLO=TLO( IRAW) GRTS0103 =
TSTHI=THI ( IRAW) GRTS0104 s
KSMAX=KMAX ( [RAW) GRTS0105
c READ FIRST RECORD OF DOUBLE ASTERISKS GRTS0106
READ(9,602) ARCIND GRTS0107
KIX=0 ‘ GRTS0108 .
1START=0 GRT50109 :
c TEST RECORD FOR DOUBLE ASTERISKS GRTS0110
20 READ(9,602) ARCIND o GRTSO0111
IF (ARCINDoNE.EOTIND) GO TO 21 GRTS0112
c IF DOUBLE ASTERISKS IN TWO SUCCESSIVE RECORDSs END OF TAPE GRTS0113
c IF JUST ONCE, END OF DATA ARC GRTSO0114
IF(KIX+EQs0) GO TO 999 GRTS0115
KIX=0 GRTSO116
GO TO 60 GRTS0117
21 BACKSPACE 9 GRTS0118
c READ A DATA FRAMEs  TWO RECORDS GRTS0119
READ{95605) XsAR(11sR(1)sBRD(1)sRD(1)sDAYsHRsXMINsSECsAR(2)sR(2)s GRTS0120
1BRD(2)sRD(2)5YsAR(3)5R(3)sBRD(3)sRD(3)s ISATsIDSsIXXsAR(4)sR(4)s  GRTS0121
2BRD (4)sRD(4) GRTS0122
K1X=1 GRTS0123 i
c DECODE DATA KEYS AND CONVERT TIME TAG GRTS0124
c FIND IF STATION NUMBER IS UNCHANGED GRTS0125
IF(IDS.EQ.IDSO) GO TO 220 GRTS0126
c TEST IF STATION ID VALID GRTS0127
DO 22 1=1sKSMAX GRTS0128
IF(IDS.EQsISTAOK(IsIRAW)) GO TO 220 GRTS0129
22 CONTINUE GRTS0130
GO TO 20 GRTS0131 o
c REASSIGN STATION ID CODE FOR BLOCK DATA GRTS0132
220 DO 221 I=1s5 GRTS0133
INTLOC=1 GRTS0134
IF(I1DS.EQsINTCOD(I)) GO TO 222 GRTS50135
221 CONTINUE GRTS0136
WRITE(65903) IDS GRTS0137
GO TO 999 GRTS0138
222 ID=LXTCOD(INTLOC) GRTS0139
c SET UP HYBRID SWITCH. NOTICE THAT NEw ID CODES ARE USED FOR THIS GRTS0140
HYBRID=1D+GE33 : GRTS0141
23 CONTINUE GRTS0142
DI(1)=YR®100,+1. GRTS0143
DI(2)=(DAY*100¢+HR}*100 ¢ +XMIN GRTSO144
DI(3)=SEC GRTS0145
CALL DATINP(DI»TIMTST) GRTS0146
¢ TEST TIME TAG FOR VALID RANGE OF TIMES GRTS0147 =
IF(TIMTSToLToTSTLOsORsTIMTSTeGToTHI) GO TO 20 GRTS0148 e
1QAN=0 GRTS0149
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C TEST IF HYBRID SYSTEM GRTS0150

IF{HYBRID) GO TO 240 GRTS0151

C HERE IF NOT HYBRID GRTS0152

C SET UP DATA KEYS GRTS0153

DO 231 I=1ly4 GRTS0154

QRD(1)=BRDI(1) GRTS0155

231 QRUI)=AR(I) GRTS0156

IDC({1)=IXX(1) ] GRTS0157

IDC(2)=1XX(2) GRTS0158

DO 234 1=3,4 GRTS0159

DO 232 J=1s10 GRTS0160

K=Jd~-1 ) GRTS0161

IFCIXX(I1)eEQaIXXHOL(J}) GO TO 233 GRTS0162

232 CONTINUE GRTS0163

233 IDC(I)=K GRTS50164

234 CONTINUE GRTS0156

S . IDEL=(IDC(1)~1)/3+1 GRTS0166
. IF(IDC(2)«EQe7) TIMTST=TIMTST++125 GRTS0167
ISAMP=MOD( IDC(2) s4}+1 GRTS0168

IDPC=IDC(3)/3+1 GRTS0169

IFTR=1DC(3)+1 GRTS0170

o GO TO 299 GRTS0171
3 C HERE FOR HYBRID SYSTEM GRTS0172
C GRTS0173

240 IDEL=1 . GRTS0174

C THE ABOVE MAY DEPEND ON THE IXX VALUES GRTS0175

C SET UP DATA KEYS GRTS0176

. ISAMP=MOD (IXX(2) 94)+1 GRTS0177
IF(ISAMP+EQe4) ISAMP=5 GRTS0178

IDPC=IXX(1)/3+1 GRTS0179

IFTR=IXX{(1)+1 GRTS0180

o IF(ISAMP«NE«5) GO TO 244 GRTS0181
: @ ADD WHOLE SECONDS TO DOPPLER TIMES GRTS0182
g DO 243 I=1ls4 GRTS0183
DO 241 J=1s10 GRTS0184

K=J-1 GRTS50185

IF(BRD(I)«EQ, XXHOL(J)) GO TO 242 GRTS0186

241 CONTINUE GRTS0187

»»»»»» . K=0 GRTSO188
242 RD{I)=RD{(I}+FLOAT(KI*1.E6 GRTS0189

243 CONTINUE GRTS0190

C SET UP QUALITY INDICATORS GRTS0191

244 DO 249 I=1s4 GRTS0192

i QR (T)=BLANK GRTS0193
. QRD{I)=BLANK GRTS0194
IF(AR(I)EQe XXHOL(12}) GO TO 249 GRTS0195

DO 245 J=1,11 . GRTS0196

K=d=1 GRTS0197

IF(AR(I)«EQe XXHOL{J}) GO TO 246 GRTS0198

245 CONTINUE GRTS0199

246 IF(KeEQel) GO TO 247 GRTS0200

IF(KeEQe3) GO TO 248 GRTS0201

L IQAN=1 GRTS0202
- 247 QRD{I}=XXHOL(11) GRTS0203
248 QR(I) =XXHOL(11) GRTS0204

S 249 CONTINUE GRTS50205
C SET UP AMBIGUITY COUNT IF POSSIBLE GRTS0206

i DO 252 1=3s4 GRTS0207
i NNN{(I=2) =0 GRTS0208
DO 250 J=1510 GRTS0209

K=Jd-1 GRTS0210

IFLIXX{I)«EQ.IXXHOL(JY)) GO TO 251 GRTS0211

250 CONTINUE GRTS0212

GO TO 252 GRTS50213

251 NNN(I-23=K " GRTS0214

252 CONTINUE GRTS0215

DO 253 I=1s4 GRTS0216

253 ROI)=R{I)+FLOAT(1O%NNN(1)+NNN(2))*XDEL(IDEL) GRTS0217

299 INPCNT=INPCNT+1 GRTS0218

TIMTAGUINPCNT)=TIMTST GRTS0219

IQ(UINPCNT)=0 GRTS0220

IF(ISTARTSEQ.0) GO To 30 GRTS0221

L C IF KEYS CHANGEs A NEW DATA ARC IS FORCED GRTS0222
IF{IDELeEQeIDELOAND o ISAMP 4EQe ISAMPO.AND+ IDPCeEQe IDPCOWAND+IFTR-EQGRTS0223

1eIFTROCAND.ID<EQ.IDO) GO TO 40 GRTS0224
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INPCNT=INPCNT-1 ' GRTS0225

BACKSPACE 9 GRTS0226
BACKSPACE 9 GRTS0227
GO TO 60 ‘ GRTS0228
C NEW DATA ARC GRTS0229
30 ISTART=1 GRTS0230
C SET UP CONSTANTS FOR KEY RECORD GRTS$0231
DELT=XSAMP ( ] SAMP) GRTS0232
TAU=XCOUNT (ISAMP, IDPC) GRTS0233 il es s
TRF=XFTR{IFTR} GRTS0234
DR=XDEL { IDEL) GRTS0235
BIASF=XBIAS(IDPC) GRTS0236
C FIND STATION ID IN BLOCK DATA : GRTS0237
DO 31 I=1s50 i GRTS0238
KSTA=] . GRTS0239
IF{ID+EQsKODSTA(I))} GO TO 32 GRTS0240
31 CONTINUE GRTS0241
GO TO 991 GRTS0242
32 IF(NUMSTACEQ.0) GO TO 34 GRTS0243
C IS STATION NAME ALREADY IN SUMMARY DATA GRTS0244
DO 33 I=1»NUMSTA GRTS50245
KK=1 GRTS0246
IFINAMSTA(1),EQ.STANAMIKSTA)) GO TO 35 GRTS0247 7
33 CONTINUE GRTS0248
C NEW STATION NAME GRTS0249
34 NUMSTA=NUMSTA+1 GRTS0250
IF({NUMSTAGT,20) GO TO 992 GRTS0251 )
NAMSTA(NUMSTA)=STANAM(KSTA) GRTS0252 o
STIMNX(NUMSTA}=TIMTAG(INPCNT) GRTS0253 2
GO TO 36 GRTS0254
C OLD STATION NAME GRTS0255
C UPDATE STATION FIRST ON TIME GRTS0256
35 Z=TIMTAG({INPCNT) GRTS0257
STIMNX{(KK)=AMINL({STIMNX(KK)sZ) GRTS0258
36 IDELO=IDEL GRTS0259 =
I1SAMPO=1SAMP GRTS0260
1DPCO=1DPC GRTS0261
IFTRO=1FTR GRTS0262
1D0=1D : GRTS0263
1DSO=1DS GRTS0264 st
OBSNAM=STANAM(KSTAY) GRTS0265
TRANAM=0BSNAM GRTS0266
CR1=C1{(KSTA) GRTS0267
CR2=C2{(KSTA) . GRTS0268
C GRTS50269 -
C THIS MIGHT BE MADE TO DEPEND ON ISAT GRTS0270
C BLOCK DATA VALUE IS FOR S=BAND = 60/80 GRTS0271
RATIO=RETR(KSTA) GRTS0272
C THIS IS FOR VHF =12/13 GRTS0273
IF{IFTReEQeL4) RATIO=0923076923076%2308 GRTS0274
C GRTS$0275
40 CONTINUE GRTS0276
C LOAD FOUR ROWS OF DATA ARRAY GRTS0277
WT=TIMTAG(INPCNT) GRTS0278
TXTRACINPCNT)I=TIMTAG(INPCNT)~TIMTAG(1) GRTS0279
XANG{INPCNT)=X#,0174532926 GRT50280
IF(KNTROL(1),EQeU) XANG{INPCNT)=TEST GRTS0281 [
YANG({ INPCNT1=Y*%,0174532926 GRTS0282 i
IF{KNTROL(2),EQse0) YANG(INPCNT)=TEST GRTS0283
RANGE{ INPCNT)=R{1)*1.E~6 GRTS0284
IF(KNTROL(3)eEQeUsO0RRANGE(INPCNT)oEQeOe) RANGE(INPCNT)=TEST GRTS0285
DOP(INPCNT)=RD{1)%1+E~6 GRTS50286
IF(KNTROL(4) JEQeQ0oOReDOP{INPCNT ) 4EWeOe) DOP{INPCNT)=TEST GRTS0287
IF(KNTROL(1) ¢EQeUgORGKNTROL(2) eEQeVeOR IQANNESC) GRTS0288
1 IQUINPCNT)=IQ(INPCNT)+1 GRTS0289
IF{QR{1)«NE+BLANKsORGKNTROL(3)eEQe0) [Q(INPCNT)=1Q(INPCNT)+2 GRTS0290
IF(GRD(1)eNE«BLANKsURsKNTROL(4) 4EWea0) IQUINPCNT)=TQ{INPCNT) +4 GRTS0291
DO 41 [=2s4 GRTS0292
INPCNT=INPCNT+1 GRTS0293
IQ(INPCNT)=1 GRTS0294
TIMTAG(INPCNT)=WT+FLOAT(I-1)%DELT GRTS0295
TXTRACINPCNT)=TIMTAG(INPCNT)=-TIMTAG(1) . ) . GRTS0296
XANG ( INPCNT)=TEST : 2o GRTS0297
YANG(INPCNT)=TEST ' GRTS0298
RANGE( INPCNT)=R{[)*1,E~6 GRTS0299
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IF(KNTROL(3)oEQe04OReRANGE (INPCNT)sEQe 0o} RANGE(INPCNT)=TEST GRTS0300

DOP(INPCNT)=RD(1)#1+E~6 GRTS0301
IF(KNTROL(4)eEQeO,OReDOP(INPCNT)eEQeOe) DOP{INPCNTI=TEST GRTS0302

IF(QR{I) «NEeBLANK,ORJKNTROL(3)oEQe0) IQ(INPCNT)I=IQ(INPCNT)+2 GRTS0303

41 IF(QRD{I) eNE+BLANKsORKNTROL(4)oEQe0) IQUINPCNT)=IQUINPCNT)+4 GRTS0304

IF({INPCNT «EQ. INPMAX) GO TO 60 GRTS0305
IF(TIMTAGIINPCNT)-TIMTAG({1}«GE+TMAX) GO TO 60 GRTS0306

IF(TIMTAG{INPCNT) 4GE.TFINSH) GO TO 100 GRTS0307

GO TO 29 GRTS0308

60 ASSIGN 20 TO JUMP GRTS0309

ISTART=0 GRTS0310

GO TO 70 o GRTS0311

100 ASSIGN 999 TO JUMP GRTS0312

70 IF(INPCNT.LT.4) GO TO 990 GRTS0313

ONTIME=TIMTAG(1) GRTS0314

C MAKE ALL ANGLES POSITIVE, BUT RETAIN CONTINUITY GRTS50315

. DO 710 I=1,2 GRTS0316
i DO 710 K=1sINPCNTs4 GRTS0317
: IF(RDAT(K»I)eEQ.TEST) GO TO 710 GRTS0318
b IF(RDAT(Ks1)sGEeOe) GO TO 710 GRTS0319
DO 71 L=1sINPCNTs& GRTS0320

s IF(RDAT(LsI11,EQ.TEST) GO TO 71 GRTS0321
# RDAT(LsI)=RDAT(Ls1)+6428318531 GRT50322
71 CONTINUE GRTS0323

- 710 CONTINUE GRTS0324
C REMOVE RANGE RECYCLE DISCONTINUITIES GRTS0325

DEL=DR GRTS0326

. STEP=,5%DEL GRTS0327
DO 72 I=1sINPCNT GRTS0328

KK=1+1 GRTS0329

IF(RANGE(I)«NESTEST) GO TO 73 GRTS0330

E 72 CONTINUE GRTS0331
GO TO 79 GRTS0332

2 73 IF(KKeGT«INPCNT) GO TO 79 GRTS0333
KHOLD=KK~-1 GRTS0334

, DO 78 I=KKsINPCNT GRTS0335
] IF(RANGE({1)«EQeTEST) GO TO 78 GRTS50336
DIFF=RANGE(Iy-RANGE(KHOLD) GRTS0337

i IF(ABS(DIFF) LT.STEP) GO TO 77 GRTS0338
IFIDIFFeLTe04) GO TO 74 GRTS0339

1I=KK GRTS50340

LL=KHOLD GRTS0341

GO TO 75 GRTS0342

e 74 11=1 GRTS0343
LL=INPCNT GRTS0344

75 DO 76 M=11sLL GRTS0345

IF(RANGE(M)+EQesTEST) GO TO 76 GRTS0346

: RANGE(M)=RANGE (M) +DEL GRTS0347
e 76 CONTINUE GRTS0348
' 77 KHOLD=I GRTS0349
o 78 CONTINUE GRTS0350
| 79 CONTINUE GRTS0351

: C DO POLYNOMIAL FITSs TEST FOR OQUTLIERS GRTS0352
E C PUT DATA ON TAPE 12 GRTS0353
CALL POLYFT(INPCNT) GRTS0354

B TSTART=DMINL({TSTARTsTIMTAG(1)) GRTS0355
: TSTOP=DMAX1{(TSTOP s TIMTAG(INPCNT}) GRTS0356
- 990 INPCNT=0 GRTS50357
” GO TO JUMP,(205999) GRTS0358
991 WRITE{(6,901}) 1D GRTS0359

GO TO 999 GRTS0360

992 WRITE(65902) GRTS0361

NUMSTA=NUMSTA~1 GRTS0362

1ERR=2 GRTS0363

999 RETURN GRTS0364

END GRTS0365
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Subroutine: - GTR2BD

Purpose: ’ To compute the transformation from body-fixed to
inertial coordinates.

Calling Sequence: CALL GTR2BD (ICB,DN,KEY)

Input and Output

o
. Symbolic Data
1/¢ | Name or Diz::g:z:g 82:;21 Dimensions Definition
Location or Units
1 ICB Central body number.

“ 1 DN d(4) &Y, 8€, bov rad Nutations in longitude
(1) and obliquity (2)
are input. The nutation

e in right ascension (4)
is output,

I KEY The transformation Tc2D
is computed only 1if
ICB = 3,11 or KEY > O.

Common storages used: // 90 cells, /TRICOM/
Subroutines required: DEHA,DEQTR,DGTRN,DGTSN,DLUNE,DMVIRN

GTR2BD-1
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Usage

Ephemeris (ETIMV) and universal (UTIMV) times must be loaded in TRJCOM

before entry. The subroutine computes the corresponding transformation TBZC’

R

from body-fixed to Earth's equator, equinox of 1950.0 coordinates.

If KRY > 0 or ICB = 3 or 11, the transformations T , to Earth's mean

C2D0

equator of date, TC2D to Earth's true equator of date, and TBZD are also
computed.
If ICB = 3 or 11, the array CB@ of TRIC#M is computed by GTR2BD. Otherwise, “

some components must be loaded prior to entry. The components of CBé are
described for the various central bodies in the Table below. Quanﬁities o

*
marked ( ) must be loaded prior to entry.

The coordinate systems and transformations are described in the descriptions

of the subroutines DEHA,DEQTR,DLUNE and in Appendix A of Reference 1.

GTR2BD-2
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CB® (6)

Central Body Orientation

Component Central Body Definition
Earth Moon Other
*
1 ® w W Central body angular velocity.
k 2 &7 - Nutation in right ascension.
o To Right ascension of prime
,,,,,, meridian at 1950 Jan 0.0 ET
| 3 b R Right ascension of prime meri-
- dian,
4 € *G' Mean obliquity of date.
5 Sy * Mutation in lomgitude.
L Longitude of ascending node of
o Earth's ecliptic on central
body's equator.
6 € * True obliquity.
ESO Earth's mean obliquity of 1950.0

GTR2BD-3
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SIBFTC MC1321 XR3,M94sNODDsLIST

c

c

c
1

c
10
11

c
20
21
22

C
30

C
40
999
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SUBROUTINE GTR2BD (ICBsDNsKEY)
COMPUTES CENTRAL BODY ORIENTATION

DOUBLE PRECISION DN(4)

COMMON /TRJICOM/CTRJL 246)

DOUBLE PRECISION CBOL6) 2ETFMS »UTIMV

EQUIVALENCE (CTRU(BT)sCBO ) (CTRJY
s {CTRJ({ LISsETFMS)»(CTRU(23),TC2D
s (CTRJ( 31} sUTIMV)

COMMON SAVE(40)sT116)sD(9)

DOUBLE PRECISION DT

DIMENSION MD(5)

DATA MD/1s=39=19-351/

JCB = 1

IF CBeEQe 3) GO TO 11

{1
IF (ICB.EQ.11) GO TO 10
JCB = 3

IF (KEY) 40540511

EARTHS EQUATOR EQUINOX OF DATE

JeB = 2

CALL DEQTR (ETFMS,D)

CALL DGTSN (TC2D0,GsD(2)sD(1}sD(4))

T(48) = D(3)
T(5) = DN(1)
T(6) = DU3)1+DNL2)

CALL DGTRN (DsMDsT(4)s3)

CALL DMVTRN (DsTC2D0sTC2Ds153)
DN{4) = D(2)

GO TO (2C»30,40) 5JCB
EARTH-FIXED

CALL DEHA (UTIMVSsDN{&4)}sT(3)sT)
CALL DGTRN (TB2Ds=3sT(3)51)

DO 21 I=1s6

CBoOtI) = Ty

CALL DMVTRN (TC2DsTB2DsTB2Cs253)
GO TO 999

MOON-FIXED

D(1) = T(4)

CALL DLUNE (ETFMSsD(1)sDN(2)sDN(1)sTB2D»CBO)

GO TO 22

PLANET-FIXED

CBO(3) = CBO(2)+ETFMS*CBO(1)

CALL DGTRN (TB2CyMD(2)sCBO(3)s4)
CALL DMVTRN (TC2DsT82CsTB2Ds153)
RETURN )

END

TR280001
TR2B0002
TR2B0003
TR2B0O004
TR2B0005
TR280006

51sTC2D0) s {CTRJ(41)+TB2D ) TRZBOOOT7

Y9 (CTRJ(59),TB2C ) TR2B000S8
TR280009
TR2B0O10O
TR2B0O11
TR280012
TR280013
TR2BOO14
TR2B0015
TR2B0016
TR2B0017
TR2B0018
TR2BC019
TR2B0020
TR2B00O22
TR2B0022
TR2B0023
TR2B0O024
TR2B0025
TR2B0026
TR2BO027
TR2B0028
TR2B0029
TR2B0030
TR2B0031
TR2B0032
TR280033
TR2B0034
TR2B0035
TR2B0O036
TR2B0037
TR2B0038
TR2B00O39
TR2B0O040
TR2B0O0O41
TR2B0OO42
TR2B0043
TR2B00O44
TR2B0045
TR2BOO46

Space & Re-entry
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Subroutine: INITAP
Purpose: To perform initializations for MESERP

Calling Sequence: CALL INITAP

Common storages used: [INPC@M/,/wC@M/,/EXIC/

Subroutines required: DAT@$UT, EHA, ERR$UT, EXINST, FIFL, FIST, MTRN,
NUTAIT, ¢RB, R@TEQ, RYVLEY, STEFI, TFRAC,
TIMED, TIMES

INITAP~1

PHILCO | ‘ Space & Re-entry
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PHILCD-FORD CORPDAATION

INITAP

RQVLEY
Read case data
into common

1

FIST
Read vehicle trajectory

tape header

!

Correct header on
trajectory tape?

SO

FIFL
Find correct case on
trejectory tape. Resd in
critical informaticn array

Transfer extra body
information from critical
array (REM) into WCEM

STEFPI
Find orbit parameters
for extra bodies

\

EXINST
Initialize vehicle trajec~

tory data in storage

RYTEQ, NUTAIT, GHA
Find Greenwich hour angle

and transforms at epoch

S

Return

(ERR@UT)

INITAP-2

Space & Re-entry
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701
702
i 703

710
711

111

115

120

122
123

H
i
i
i
3
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$IBFTC MC13IT NOREFsM94,NODDsXR3
CMC13IT

INITAP PERFORMS INITIALIZATIONS FOR MESERP

SUBROUTINE INITAP

DIMENSION KRX(932)

DIMENSION AN({393) BCD(1l)

1» BODC(10+8) DUM(3,3)5 EN(3,3)

2y HEAD(24) ICAS(3)
3 IREM( 255)
4y REM(255}, TI(3)
5y XIN(6)>» XSTOR(9s10) MSTAR(9,10)
6 NOX(3)» RX{3s3) VX(353)» UM{10)

Ty SHFC(18), XSTAR(9,10) .
COMMON/INPCOM/C (7001 /WCOM/IW(550) sCWI(14503/EXIC/W{36)sCRX(952)

EQUIVALENCE (CL6)ySPMSD)Ys  (C(T)sRSPMSD})s (C{111,BODC)
2 (C(675)9HEAD)
3 (CLT700)510CAS)y (CL21)sUM)y (C(673)31KAS)
b4y (C({5)»DTR) :

EQUIVALENCE (IW{377)s1CAS)
1y (IW(382)sNOR)» (IW{4) sNOX)

29 (IW(489)sITRIG)s (IW(490)sKOUNT)

EQUIVALENCE (IW(T7)sIXT)s (IW(383),ITARG)

ls (CW(1134)9XIN)>» (CW(1140),TSEC)

29 (CW{1)sRX)>
3 (CW(1163)9AN)

(CW(10)»VX) s
(CW{1172)»TSECO)

(CW(1160)sT1)
(CW(1179)sFLTIM)

49 {CW{1173)»GHAR)
5 (CW{1372)sSHFC}>» (CW(1427)sTFO) s (CW(1426)sTWO)
EQUIVALENCE (KRX»CRX)
EQUIVALENCE (IREMsREM)> (REM(36) s XSTARsMSTAR}
1y {(REM(162),BCD)

DOUBLE PRECISION TWR

FORMAT(1H1s11Xs28HSTARTING CONDITIONS FOR CASEsI3+1Xs12A6)
FORMAT{1HOs»1A651Xs18HIS THE TARGET BODY/13H FLIGHT TIME sF12.4s
1 5HDHeMS/10H REFe TIMEs2X9sF1l244s5HDH MS)

FORMAT{1H s1A691Xs8HCENTERED»91X»12HEQUATOR 1950/
15H XsE154895H YsE15.855H ZsE1568s5H DXsE15e89
25H DYsE15e895H DZsE1548)

FORMAT(1HO»11X921HFROM TAPE STORED CASEsI3s1Xs12A6)

FORMAT (39HO*WARNING* START TIME LT TAPE ZERO TIME)

CALL ROVLEY{CsIWsHEAD)

1ER=0

CALL FIST(HEADSIERs10)}

IF(TEREQe2) CALL ERROUT(1s27H{22HOUNABLE TO FIND HEADER))
ICAS(2)=0

ICAS(3)=1

CALL FIFL{ICAS»J9REMs1ERs10}

INTPOOO1
INTPOOO2
INTPOOO3
INTPOOOG
INTPO0QOS
INTPOOQOS
INTPOOO7
INTPOOOS
INTPOOO9
INTPOOLlO
INTPOO11
INTPOO12
INTPOO13
INTPOO14
INTPOO1S
INTPOO16
INTPOO17
INTPOO18
INTPOO19
INTPO020
INTPOO21
INTPOO22
INTPOO23
INTPOOZ24
INTP00O25
INTPCO26
INTPOO27
INTPOOZ28
INTPOO29
INTPQO30
INTPOO31
INTPOQ32
INTP00O33
INTPOO34
INTP0OO35
INTPOO36
INTPOO37
INTPCO38
INTP0OO39
INTPOO40O
INTPOO41
INTPOO42
INTPOO43
INTPOO44

IF(IER.LTA0) CALL ERROUT(1»31H{23HOBIN TAPE READ ERR TYPE I[3)sIER)INTPOQ45

IKAS=IKAS+1

ITRIG=0

KOUNT=0

WRITE (69701) IKASs{HEAD(I1s1=13+24)
WRITE( 6 710} ICAS(1)sBCD
NNN=TREM{35)

TI(1)=REM(173)
TI(2)=REM(174)

DO 111 I=159

DO 111 J=1sl0
XSTOR(IyJ)=XSTAR(TsJ)

C TRANSFER EXTRA BODY INFO FROM REM ARRAY INTO WCOM

DO 115 I=1,7

IW(I)=IREM(I+3)

DO 120 1=1s24

CW(I)=REM(I+109

IF{IXTeEQe0) GO TO 123

DO 122 J=1,1IXT

KK=6%J)-5

L=NOX{J})

CALL STEPI(RX(1sJ)sVX{1sJ)sUM(L)»SHFCIKK))
CONTINUE

CONTINUE

IOCAS=IOCAS+]
FLTIM=(XSTAR(8sNNN)+XSTAR(9sNNN) ) #SPMSD
CALL TIMES(FLTIMsC(101)sDUM)

CALL TIMED(C{99)sTSECO)

ITARG=MSTAR(7sNNN)

WRITE( 6 »702) BODC(ITARG»1}sC{101)5C(99)

Space & Re-entry
Systems Division

INTPOO46
INTPOO4T
INTPOO48
INTPOO49
INTPOO50
INTP0OS1
INTPOO52
INTP0O053
INTPOO54
INTPOO55
INTPOOSé
INTPOO57
INTPOOS8
INTPOO59
INTPOO6O
INTPOO61
INTPOO62
INTPCO63
INTPOOG4
INTPOO65
INTPOOG6
INTPOO67
INTPOO68
INTPOO69
INTPOO70
INTPOOT71
INTPOO72
INTPOO73
INTPOO74



TZERO=(XSTAR(8s 1 }+XSTAR(9s 1 i)*SPMSD INTPOO75

C FIND RELATION OF NEW REFERENCE TIME TO STORED ORBIT INTPOOT6
1=2 INTPOOT7
IF(TSECO-TZERO) 12551405130 INTPDO78
125 WRITE(65711) INTPOO79
TSECO=TZERQO INTPOOBO
GO TO 140 INTP0OSB1
130 CONTINUE INTPOOB82
T={XSTAR(8NNN)+XSTAR{9»NNN) ) %SPMSD INTPOO83
IF(TSECO-T) 140s135+135 INTPOO84
135 CONTINUE INTP0OO8S
CALL ERROUT(1+36H(31HOSTART TIME EXCEEDS FLIGHT TIME)) INTPD0OB6
140 <CONTINUE INTPOO8Y
NNI=3 INTP0OOSS
NOR=MSTAR(7+2) INTPO089
C SAVE INITIAL WHOLE AND FRACTIONAL DAYS INTPOO90O
TWO=TI(]) INTP0OO91
TFO=TI(2) INTPO0D92
C UPDATE TWsTF TO CORRESPOND TO NEW ZERO TIME INTP00O93
CALL TFRACK(TI(1)sTI(2)+(TSECO-TZERO)*RSPMSDsTI(1)sTI(2)) INTPOO94
M=0 INTP0095
N=18 INTPOO%6 .
TSEC=TSECO INTPOO97 a
TWR=TSEC INTPOO98 o
CALL EXINST(TWRsMsNsXINsXIN(4)sWsCRXs10sITRIG>KOUNT) INTP0099
148 CONTINUE INTPO100
M=1 INTPO101
N=3 INTPO102
CALL EXINST(TWRsMsNsXINs>XIN(4) sW9sCRXs10s I TRIGsKOUNT) INTPO103 "
IF(NsGE«0) GO TO 1485 INTPO104 )
NOR=KRX(792) INTPO105
NNI=NNT+2 INTPO106
GO TO 148 INTPO107 ‘
1485 CONTINUE INTPO108 -
CALL DATOUT (TIsTI(2)sDUMsDUM(2+1)50) INTP0109
WRITE(65703) BODCINORs1) o (XIN(I)sI=1+6) INTPO110
CALL ORB { XINsXIN{(4&4)sUM{NOR)»6) INTPO111 . 7
TSEX=TI(2)*S5PMSD INTPO112 |
TIME=TI(1)+TI(2) INTPO113
CALL ROTEQUTIMEsDUM) INTPO114
CALL NUTAIT(TIMEsWMsCRsDASENSEPSIL) INTPO115
CALL MTRN{EN,DUMsAN} INTPD116
CALL GHA(TSEXsTI(1)sGHARVEN(2s1)sWET) INTPO117 :
GHAR=GHAR*DTR INTPO118 o
RETURN INTPO119
END INTPO120
il

PHILCO ] Space & Re-entry
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Subroutine: 1AYS

Purpose: To input the statiom, beacon, and on-board data cards
and convert the information to units used internally.

Calling Sequence: CALL 1AY#(S,N,ITEMP)

Input and Output

Data
Dimens ions Definition
or Units

Symbolic
I/¢ |Name or
Location

Program | Math
Dimensions {Symbol

) S (23) Card input is read into S(J)
where J is the index on the
input cards.

1 N N = 1, read station data

N = 2, read beacon data

N = 3, read on-board data

N = 4, read equation of motion
data (this option not
used by the TDS).

1 |ITEMP (23) If ¥ # 2, ITEMP(2) is not used.
If ¥ = 2, and
ITEMP(2) = 0, beacon measure~
ment data.
ITEMP(2) = 1, individual
beacon data.

Common storages used: None

Subroutines required: TIMED

1AYS-1

PHILCO I Space & Re-entry

PHILCD-FORD CORPORATION Systems Division




$IBFTC MC13LO NOREF»MI49NODDsXR3
CMC13L0 LAYO SAME AS LAYOVR EXCEPT ERRORS NOT SQUARED

100

10

20
21

22

30
51

52

56

57

53
59
&0

70

PHILCO l

PHILCO-FORD CORPORATION

SUBROUTINE LAYO (SsNsITEMP)
DIMENSION S(23),ITEMP(23)sIND(4)sBUF(4)
DATA DTRsOT9STR/ o017453292694001s +48481368E~5/
KSTOP=0
IT3=1TEMP(3)
CONTINUE
READ{(52100) (IND(I)sBUF({I)sI=1s4)
FORMAT(4(139E12.81})
IF(IND)I2,470,s3
DO 60 I=1s4
J=INDII)
IF(J)4+6045
==-J
KSTOP=J
CONTINUE
B = BUF(I)
GO TO (10520+30959) N

LAY00001
LAY00002
LAY00003
LAYO0004
LAYO00005
LAYO0006
LAY00007
LAY00008
LAYO0009
LAYOGO010
LAYO0011
LAYO0012
LAYO0013
LAYOO0014
LAY00015
LAYOQO16
LAYO0017
LAYOO0018

GO TO (60551552952953+52452953959553553553959953153953+53»53+59s57LAY00019

1959557559} J

IF(ITEMP(29)60521 22

IF(JeEQell) GO TO 59

IF{J=-2) 51551453

GO TO (60+52+52953952953453953)9J

LAY00020
LAY00021
LAY00022
LAY00023
LAY00024

GO TO (535535539535599599519569599563959956959951952952952952)J LAY00025

8vD = B

CALL TIMED(BYD,B)

GO TO 59

B = DTR*B

DEGREES TO RADIANS

GO TO 59

B=STR*B

ARCSECONDS TO RADIANS
G0 TO 59

B=B*1.E6

MEGACYCLES PER SECOND TO CYCLES PER SECOND
GO TO 59

B=0T*B

METERS TO KILOMETERS OR MILLIRADIANS TO RADIANS
S{J)=B

IF(KSTOP,EGed) GO TO 70
CONTINUE

GO TO 1

CONTINUE

RETURN

END

LAY00026
LAY00027
LAY00028
LAYO0029
LAYO0030
LAY00031
LAY00032
LAYO0033
LAYO0034
LAY00035
LAYQ0036
LAY00037
LAY00038
LAYO00039
LAYO00040
LAYOQ041
LAY00042
LAYO0043
LAYO0044
LAYC0045
LAY00046

Space & Re-entry
Systems Division



Subroutine: LYCAT

Purpose: To add N, E, D bias errors to station and beacon

locsgtions.

Calling Sequence: CALL L@CAT

Common storages used: /INPC@M/,/WC@M/

Subroutines required: FN@RM, STAT

LYCAT-1

PHILCO I » Space & Re-entry
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$IBFTC MC13LC NOREF»M9I4sNODDsXR3

CMC13LC LOCAT ADDS NsEsDsBIAS ERRORS TO STATIONsBEACON LOCATIONS LCAT0001
SUBROUTINE LOCAT LCAT0002
COMMON/ INPCOM/C(700)/WCOM/ IW(550) sCW(1450) LCAT0003
DIMENSION I1SC(12)s 1S5(11912)+5(23+12)s BRDE(2)s BIASL(3+22) LCATOQ04
1s IBC(10)s 1IB{3s12)» B(8»10)s BRDB(2) LCAT0005
2 BODC(10s8}) CON{3)s  TM(353)s RTI3) LCATO006
3 5C(5) LCAT0007
EQUIVALENCE  (C(11)sBODC)» (C{200)+S)y (C(476)sB) LCATO0008
1s (IWL8)s1SC)s (IW(20)+IBC)>s (IW(180)sISILCATODO9
2 (IW(31211B) (IW(347) sNBEAC) LCATO010
3 (CW(156)9sBIASL) , LCATO0011
DATA CON(3)/~14/ LCAT0012
BRDE(1)=BODC(1s3) ‘ LCATO0013
BRDE{2)=BODC(134) LCAT0014
DO 19 I=1»12 LCATO0015
. IF(ISCII}) 20920910 LCATO0016
. 10 NSTAT=1 LCATOO17
K=1SCl1) LCATOO18
DO 19 M=648 LCATO019
IF(IS(MsK)) 11519911 LCAT0020
- 11 GO TO (129153 sNSTAT LCAT0021
#) 12 CALL STAT(S(35K)»049TMsRTsSC+BRDE) LCAT0022
‘ NSTAT=2 LCAT0023
CON(11=FNORM(RT) LCATO0024
CON(2)=CON{13%5C(2) LCAT0025
15 LsM-3 LCATO0026
R J=M+10 LCAT0027
, N=M=5 LCATO0028
h BIASLANSK)I=S(JsK)/CONIN) LCATO029
S(LKI=SELsK)+BIASLINSK) LCAT0030
. 19 CONTINUE LCAT0031
~ 20 IF{IBC.EQR+0) GO TO 50 LCAT0032
= BRDB{11=BODC(NBEAC»3) LCAT0033
BRDB (2 )=BODC(NBEAC &) LCAT0034
DO 29 1=1510 LCATDO035
K=1BC(I) LCAT0036
IF(K) 50550521 LCATO0037
21 NSTAT=1 LCAT0038
DO 29 M=153 . LCAT0039
i IFCIB(MIK)) 22429,22 LCAT0040
22 GO TO (23325)sNSTAT LCAT0041
, 23 CALL STAT(B(23K)3s0e+TMsRT+sSCsBRDB) LCATOO042
i NSTAT=2 LCATO0043
CON{1)=FNORM(RT) LCATO044
CON(21=CON(1)*SCI(2 LCATO0045
25 L=M+1 : LCATO0046
J=M+5 LCATO0047
BIASL(MsK+12)1=B(JsK)/CON(M} LCATO048
B{LsK)=B{LsK)+BIASL(MsK+12) LCAT0049
29 CONTINUE LCATO0G50
50 CONTINUE LCAT0051
: CCCCC  ANY RELATED WORK FOR ONBOARD LCAT0052
. RETURN LCATO053
END LCATO0054

i

y
|
|
§

ik

St it
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Subroutinei MEASUR

Purpose Computes and stores an arc of appropriate type

measurements.

Calling Sequence: CALL MEASUR (TSTP,TST@P,KST@P,DEL,L,BRAD,

KMAXS ,KMAXB)
Input and Qutput
g Symbolic Data
1/¢ | Name or D ﬁ:ﬁﬁ. sy“;;l;l Dimensions Definition
Location or Units
I/¢ | TSTP Seconds |Current time from epoch.
1 | 1ST@P Seconds |Time to stop making this
| arc of measurements.
‘W I | KSTdP Key to indicate measurement
type (i.e, station, beacon, etc.).
I | DEL Seconds |Time step between sequential
measurements.
I L Station or beacon number.
I | BRAD 3) km,km  |Earth semi-major axis, semi-
rad/sec minor axis, rotation rate.
1 KAMXS Total number of on-off time
pairs in SSTART,SST@P arrays.
N I KMAXB Total number of on-off time
pairs in BSTART,BSTOP arrays.

Coumon storages used: /INPCOM/,/wcdM/,/EXIC/,/BUFCOM/
Subroutines required: BMEAS,EXINST,ERROUT,SHIF2,SMEAS ,TFRAC

MEASUR-1
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MEASUR

_No First entry since a schedule
change card other than the first?
, ] Yes
[ Write stored measurements on tape |

Set up constants for
controlling measurements

\

EXINST
Update vehicle ephemeris to
current measurement time

!

< SHIF2
Get vehicle state wrt all bodies

Make station/beacon measurements

1
C Output buffer full?
Y No
{ Increment time ]

|

N Data arc finished? H

Yes

)
SMEAS, BMEAS :>
Da

Yes

Yes indicators

-JEL—(étop time reachedf) Set up data output

[TST=TSTP _ KIM=2 | C ¥ L 27

Yes

* No

onto output tape

Write data buffer

1

PHILCO |
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Return

MEASUR-2
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$IBFT
CMC13

C sy
C
C
C

1

39

40

F’Fi".t:t)l!i#ii

PHILCO-FORD CORPORATION

C MC13UR NOREF sM94sNODD»XR3
UR MEASUR <COMPUTES AND STORES MEASUREMENTS EVERY DEL MSUR0001
SUBROUTINE MEASUR(TSTP»TSTOPsKSTOP s DELsL s BRADsKMAXS »KMAXB) MSUR0002
COMMON/ INPCOM/CLT700) /WCOM/ IW(550) sCWI1450) /EXIC/W{36)sCRX{9+2) MSUR0003
COMMON /BUFCOM/BUFF1(40) »KEY MSUR0Q04
DOUBLE PRECISION DBUFF(10) MSUR0005
DOUBLE PRECISION ONTMs TFST» TLSTs TAU» FIR MSUR0006
1s Cls C2» RAMB» BIAS» OMG4 MSUR0007
EQUIVALENCE (BUFF1(1)sIKY)>s (BUFF1(2)sKEE)» (BUFF1(3)sSTANAM)MSUROQOS
1s (BUFF1(4)»STNAML) s (BUFF1{5)>NRCD)s (BUFF1(6)sNKOUNT)MSUROGO9
2 (BUFF1(7)sKONTIN) s (BUFF1{8)>MTYPE)s (BUFF1(9)sNALIGNIMSUROO10
3 (BUFF1(10)sMODE)s (BUFF1(11)sFMS)s (BUFF1(12)sKTAU) MSUR0O11
4 (BUFF1(13) s DBUFF»ONTM) MSURODO12
EQUIVALENCE (DBUFF{2)sTFST)s (DBUFF(3)sTLST)s (DBUFF(4)sTAU) MSUR0013
1 (DBUFF(5)sFTR)» (DBUFF{6},C1l)s (DBUFF(7)sC2) MSUROO14
2 (DBUFF(8)sRAMB)» (DBUFF(9)sBIAS)s (DBUFF(10)»0MG4) MSUROQ15
DIMENSION ABC(2s4)s BRDB{(3)s BODC{10s8), TI(2) MSURQO16
1s XIN(6)» XOUT(6510) $(23+12) MSUR0O17
2 BRAD(3)» 15(11s12)sXMES(5s 85)» B(91) MSUROO18
3 I1B(36) MSUR00O19
DIMENSION  KRX(9s2) MSURQ020
DIMENSION  SSTART(75)s BSTART(75) MSURO0D21
EQUIVALENCE (C(11)sBODC)» (CU7)sRSPMSD}s (CL200)5S) MSUR0022
1 (C(4T76)4B)s (CL6)sSPMSD) s  (C(115) sXTROUT) MSUR0023
25 (CW(11601sTI)s (CW{1140)sTSEC) (CW(1134)sXIN) MSUR0024
3 (IW{382)sNOR)s (IW{380)sNMAX)s (IW(312)518) MSUR0025
4y (IB{36)sNB)» (IB(35)+IBTBIS)s (CW(1426)sTWO) MSUR0026
55 (IW{180)51I5)s (CW(522) sXMES) s (CW(1427)9TFO) MSUR0027
EQUIVALENCE (C(116)sCFRACI)s (C(117)sCFRAC2) MSUR0028
EQUIVALENCE (CRX sKRX) MSUR0029
EQUIVALENCE (IW(384)51K1)s (IW(386)51K2)s (IW({489)5ITRIG) MSURDO30
1s (IW(490) sKOUNTYs (CW(222)9SSTART)s (CW(372)sBSTART) MSUR0031
DIMENSION  TYPE(4) MSUR0032
DATA TYPE/6HC-BANDs6HGODDRD s 6HS~BANDs6H DSIF / MSUR0033
DATA QYESsQNO/3HYES»s2HNO/ MSUR0034
BROUTINES REQUIRED  SMEAS, BMEAS s TERACS SHIF2, EXINSTMSUR0035
ERROUT MSUR0036
AND EVENTURLLY MSUR0O037
OBOMESs OBRMES MSUR0038
DOUBLE PRECISION TWR MSUR0039
DATA (ABC(1lsJ)sJ=1s4)/ MSURQO40
112HSTATION NOes MSUROO041
212HBEACON  NOwos MSUR0042
212HONBRDOPT NO.os MSUR0043
41 2HONBRDRAD NOo / MSUROD44
DATA TQUAL/O/ MSUR0045
IF(IABS(KEY).EQe2) GO TO 1 MSUROO46
ASSIGN 1 TO JUMP MSURQ047
GO TO 72 MSUR0048
CONTINUE MSUR0049
NRCD=0 MSURO0050
MODE=2 MSURO0051
FMS=DEL MSUR0052
KTAU=1 MSUR0053
RAMB=1.D20 MSUR0054
NMS=0 MSURD05S
KTM=1 MSUR0056
KEY=1 MSUROQO57
IF(KSTOP-2) 3954043 MSUR0058
CONTINUE “SUROO5%
STANAMES (14§ M5UR00E6
STNAM1=STANAM MSUR0061
MTYPE=IS(1sL) MSUR0062
NALIGN=IS(10,L) MSUR0063
IF(MTYPE.EQs2) NALIGN=1 MSURO064
TAU=S(23,L) MSUR0065
FTR=S(22sL) MSUR0066
C1=CFRAC1 MSUROO067
C2=CFRAC2 MSUR0068
BIAS=S5{20sL) MSUR0069
OMG4=5(215L) MSUROO70
GO TO 43 MSUR0071
BRDB(1)=BODC(NBs3) MSUR0072
BRDB{2)=BODC(NBs4&) MSUROGT73
BRDB(3)=BODC{NB»7) MSUR0O074
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43 CONTINUE ' MSUROO7S

KSORCE=KSTOP MSUR0076
NSORCE=L MSUR0077
45 CALL TFRACITIC(1)»TI(2)+(TSTP-TSEC)*RSPMSD»TI(1)+TI(2}) MSUR0078
IF(IK1+GEaKMAXS) GO TO 450 MSUR0079
IF(TSTPGE.SSTART(IK1+1)) ITRIG=1 MSUR0080
450 CONTINUE MSUR0O081
IF(1K2+GE«KMAXB) GO TO 451 MSUR0082
IF(TSTP.GE«BSTART(1K2+11) ITRIG=1 MSUR0083
451 CONTINUE MSUR0084
TWR=TSTP MSUR0085
M=1 - MSURQ086
N=3 MSUR0087
105  CONTINUE MSURO0B8
CALL EXINST{TWRsMsNsXINsXIN{&4)sWsCRX5105 ITRIGsKOUNT] MSURQ089
IF(MeLEeO) CALL ERROUT(1510H(4HOM1=12) sM) MSUR0090
IF(N) 1155110s120 MSUR0091
110 CONTINUE MSUR0092
CALL ERROUT(1»28H{23HOERROR ON BIN TAPE READ)) MSUR0093
115  CONTINUE MSUR0094
N=-N MSUR0095
NOR=KRX {7 sN) MSUR0096 o
GO TO 105 MSUR0097 ,ai
120 CONTINUE MSUR0098 i
TSEC=TSTP MSUR0099
CALL SHIF2(2,NOR»>TIsXIN»1sXOUT?) MSUR0100 :
NMS=NMS+1 MSUR0101 o
GO TO (47s48,49550) sKSTOP MSUR0102 g}
47 CONTINUE MSUR0103 .
CALL SMEAS(S(1sL)sBRADsXOUTsXMES(1sNMS)sIS(1sL)) MSURC104
GO TO 60 MSUR0105
48 CALL BMEAS(L »BRDB s XOUT(1sNB) s XMES(1sNMS)) MSURO106 )
GO 70 60 MSUR0107 ~
49 CONTINUE MSURO108 i
C CALL OBOMES FOR ONBOARD OPTICAL MEASUREMENTS MSUR0109
GO TO 60 MSUR0110
50 CONTINUE MSURG111
C CALL OBRMES FOR ONBOARD RADAR  MEASUREMENTS MSURD112 |
60 CONTINUE MSUR0113 s
IF{NMS<EQeNMAX) GO TO 70 MSURO114
GO TO (61570)sKTM MSURG115
61 TSTP=TSTP+DEL MSUR0116
IF(TSTP~TSTOP) 45562463 MSURO117
62 KTM=2 : MSUR0118 g
GO TO 45 MSURO119
63 KTM=2 MSUR0120 «
70 CONTINUE ‘ MSUR0 121
IKY=I1KY+1 MSUR0122
KEE=0 . MSUR0123 b
IF(IKYeEQel) KEE=~1 MSURO124
NRCD=NRCD+1 MSURQ125
KONTIN=MINO{NRCD~151) MSUR0126
IF(NRCDeEQe1l) ARCST=XMES{1s1)-TSECO MSUR0127
ONTM=ARCST+( TWO+TFO} *SPMSD MSUR0128
TFST=XMES(1s1)+ONTM-ARCST MSURG129
TLST=XMES{1sNMS)+ONTM-ARCST MSUR0G130 e
DO T1 1=1,85 MSUR0131
71 XMES(1s1)=XMES(1s])~ARCST MSUR0132
NKOUNT=NMS MSURO133
IF(KTMeEQe2) GO TO 65 ; MSURO134
ASSIGN 640 TO JUMP M&UR0O135
72 WRITE(12) BUFF1 MSUR0136
WRITE(12) (IQUAL»I=1585)s ((XMESITsJ)»sJ=1585)31=155) MSUR0137
C*#%%x  CHECK BINARY OUTPUT MSUR0138
QOUT=QND MSUR0139 .
IF(KONTINJEQ.1) QOUT=QYES MSURQ 140
WRITE(65601) IKY»sSTANAMsSTNAMLsTYPE(MTYPE)»QOUT,TFST MSURO141

601 FORMAT(//24H *%¥% RECORD PAIR NUMBERsI5//75H RECEIVING STATION TMSURD 142
1RANSMITTING STATION MEASUREMENT TYPE CONTINUATION/7X»A6915Xs A6MSURO 143
2915XsA6+12XsA3//12H DATA BEGINSsD24416520H SECONDS FROM 1950,0) MSURO 144

TEMP=(TFST -.5364576D9)*RSPMSD MSURQO 145 |
CALL TFRAC(6209,s TEMPsX015X02) MSURO 146 §
CALL DATOUT(XO1sX025Y015Y02:0) . MSURO147 il
WRITE(65602) TLST MSURQ148

602 FORMAT(12HO DATA ENDS sD24.16+20H SECONDS FROM 1950,0) MSURO 149
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606

TEMP=(TLST -+5364576D9)*%RSPMSD
CALL TFRAC(6209+sTEMPsX015X02)
CALL DATOUT(XO01sX025Y015Y0250)
WRITE(6+606) NKOUNT
FORMAT(12HOTIME POINTS/IT)
IF(XTROUT+EQe.Qe) GO TO 64

WRITE(62607) KEEsNRCDsNALIGN»MODEsFMSsKTAUSONTM,
12 {1QUAL» (XMES(I9J})9I=155)J=1sNKOUNT)
607 FORMAT{S5HONEQOT»3X s 4HNRCD3X s 6HNALIGN s 3X s 4HMODE s 7X s BHMEAS INT s 6X

MSURO150
MSURO151
MSUR0152
MSURQ153
MSURQO 154
MSUR0155

(DBUFF{1)s1=45»10)MSURO156

MSUR0157
MSUR0158

1s4HKTAUS11Xs6HONT IME 922X s 3HTAU/1431792185E19e85169D27+169D26.16// MSUR0159
213X93HFTR923X»2HC1924Xs2HC29 24X s 2HDR/4D26616//12X s 4HBIASs 21X » 5HRATMSURO 160
310/2D26416//3H 1Qs 11Xs4HTIME»15Xs5HANG 1515Xs5HANG 215X +s5HRANGEs MSUR0161

414Xs THDOPPLER/(1355E20,.8))

64 GO TO JUMPs{1,640)

640

65

PHILCO I
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NMS=0
GO TO 61
RETURN
END

MSUR0162
MSURO 163
MSURO164
MSURO 165
MSURO166
MSURQ167
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Subroutine: MEAS2X

Purpose: Converts vehicle state from measurement space to

Cartesian space, earth-centered equator and equinox of
1950.0. Also computes the gradiemt of the Cartesian
state vector with respect to the measurement space
state vector.

Calling Sequence: CALL MEAS2X(XC,PX2M,XM,NROT,TL2C ,RC2L,0UMEGAC ,#MEGA) .

et

Input and Qutput

» Symbolic Data

% 1/8 | Name or Di:::§§::s sg:;gl Dimensions pefinition
i Location or Units

- '] Xc d(6) X, km, km/sec Spacecraft position and

5} velocity in Cartesian space.
N Bxc Gradient of Cartesian state
» @ PX2M d(6,6) — vector with respect to meas-
1 axu urement space state vector.

km, km/sec, | Spacecraft state in measure-
I ™ d(6) xu ment space. (See discussion
in subsequent pages.)

Defines the axes of rotation
I MNROT 3) of the measurement angles.
(See discussion following.)

Transformation from coordi-
I TL2C d{3,3) nates in which measurements
" are made to C-frame. (See

discussion).

Origin of measurement coordi-
I RC2L d(3) km nate system with respect to
C-frame origin in C-~frame
coordinates.

b Y

I @MEGAC d@3) Unit vector along earth spin
axis expressed in C-frame

coordinates.

I | OMEGA d W rad/sec Earth spin rate, inertial.

Set = 0, by calling program
(MLESTT) for DSIF(JPL) meas-
urements . B

Common storages used: //96 cells,
Subroutines required: DCR@SS,DGTRN,DMVIRN

MEAS2X-1
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l. Coordinate Systems

Three coordinate systems are used by the Data Start link of the Orbit
Determination Program System. All three are right-handed Cartesian (dextral
orthogonal) systems. Two are considered to be inertial systems by the Data
Start link; the third is earth-fixed and therefore rotates in inertial space.

The fundamental inertial system used by the ODP system is an earth-centered,

dextral orthogonal, equator and equinox of 1950.0 system. This system is
always referred to as the C-frame. N
The secondary 'inertial'’ system is an earth-centered, dextral orthogonal,
equator and equinox of date system. This system is always referred to as
the D-frame. Obviously the C-frame and D-frame cannot both be truly in-
ertial systems, and the D-frame is not gemerally so considered by the ODP
sys tem. However, within the Data Start link, the relative motion of the ex
two systems is ignmored. The third system is a tracker-centered, dextral

orthogonal, earth-fixed, local tangent plane system. The first basis

vector lies along the local North vector; the second, along the local East

vector; the third, along the local Down vector. This system is always

referred to as the L-frame.

Tracking station measurements are always made in the L-frame with one excep-
tion: DSIF(JPL) angles are always made in a special coordinate system that
is identical to the D-frame except that it is translated (without rotation)
so that its center is at the tracker. In this subroutine description only,

any reference to the l~frame will mean the true l-frame when any except
DSIF measurements are involved and will mean the above described translated
D-frame when DSIF measurements are involved; i.e., any reference to the
L-frame in this subroutine will mean the coordinate frame in which the meas-
urements are made.

MEAS2X-2
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2., State Spaces

The spacecraft state (position and velocity) is expressed and computed in
two distinct ways in the Data Start link. The first is a normal Euclidian
3-space whose basis vectors sre identical to those of the C-frame. Thus,

the state elements in this system are the familiar X, ¥, Z, i, i, and Z in
the C-frame. This system is used by the Data Start link primarily for out-
put and communication with the Differential Correction Program.

The second system, in which most of the actual Data Start link calculations
are performed, may be referred to as a measurement space. In this system
the spacecraft state is defined by slant range, two angles (e.g., azimuth
and elevation), and the time derivatives of these three elements. Since
the units are obviously incompatible (kilometers mixed with radians),
scaling is employed to avoid numerical difficulties with certain matrix

- operations. The scaling is of no concern to this subroutine since the
g input im measurement space is unscaled prior to entry into the subroutine.

3. Extended Description of Imput and Output

The previous two sections provide sufficient material so that an extended

discussion of input and output is now peesible.

MEAS2X-3
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3.1 Inoput

XM, or XM’ is the spacecraft state expressed in measurement space. The

actual components depend on the measurement system type as follows:

MEASUREMENT SYSTEM

rad/sec

rad/sec

rad/sec |

rate, rad/sec

Symbol]
C-Band Goddard USBS DSIF
1 iRange, km Range, km Range, km Range, km ]
2 |Azimuth, rad X~-angle, X~angle, Right Ascension, o
rad rad rad
3 |Elevation, rad Y-angle, rad |Y-angle, rad |Declimationm, o,
rad
4 |Range rate, Range rate, Range rate Range rate, 6
km/sec km/sec km/sec km/sec
5 |Azimuth rate, X-angle rate, {X-angle rate, |Right Ascemnsion . &1
rad/sec rad/sec rad/sec rate, rad/sec
6 |Elevation rate, |Y-angle rate, |Y-angle rate, Declinationk o,

It will be noted that the elements of xu are not exactly the cobservables

truly measured by the tracker.

Conversion from doppler counts to km/sec,

for example, is performed at an early stage in the Data Start link, as is

conversion from Hour Angle to Right Asecmnsion.
truly measured, are obtained by the polynomial fitting operation that

precedes the maximum likelihood estimation.

Angle rates, which are not

TL2C is the transformation from the L-frame (See Section 2 above) to the

C=frame.
the C-frame.

PF“LCHD!H@#H

PHILCO-FORD CORPORATION

Its columns are the basis vectors of the L-frame expressed in
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NRQT contains three integers that define the axes of rotation of the
measurement angles, The values depend on the measurement system type as
follows: ‘

MEASUREMENT SYSTEM
NR#T | C-Band | Goddard | USBS, 30 ft. | USBS, 85 ft. | DSIF

1 1 -3 -3 -3 1
-2 =2 1 -2
3 3 1 1 2 -3

NRYT is used to obtain the slant-range vector expressed in the C-frame
given the range and the two angles along with the L-frame to C-frame
transform TL2C., The process, in general, is: Take the NRPT(1)th column
vector of TL2C, where a minus sign on NRPT(1) means take the negative of
the vector; rotate it about the NRPT(2)th vector of TL2C by XM(3) radians
in a right-handed sense if NR@T(2) is positive, left-handed if NR@T(2) is
negative; rotate the resulting vector about the NRT{3)th vector of TL2C,
with the same sign convention, by XM(2) radians; and finally multiply the
result by the slant range XM(1). The result is the position of the
spacecraft with respect to the tracker in the C«frame, For C-Band, for
example, one takes the unit North vector (in C-frame components); rotates
it about the East vector by the elevation angie; rotates again about the
Down vector by the azimuth angle; and multiplies by range. (Note that it

is the vector and not the coordinate system trat is being rotated.)

RC2L is the position of the tracker with respect to the C~frame origin
expressed in the C-frame., Adding this to the above described slant-range

vector gives the spacecraft position in the C-frame.

¢MEGAC and @MEGA define the rotation rate of the L-frame with respect to

the C-frame, This vector will be used in deriving the output gradient

PX2M, Note that when DSIF measurements are involved, the calling program
(MLESTT) sets ¢MEGA = O,

MEAS2X~5
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3.2 Output

XC or Xc is the spacecraft position and velocity in the C-frame. The
position, xc(1-3), which we shall denote as Rc is computed as described
above in the description of NRUT. After the introduction of some motation,
R, will be derived in mathematical motation, as will the velocity, xc(4-6),

c
to be denoted as VC.
Notation:

RX = Spacecraft/position in X-frame (X = C or X =L or X = M)

VX = Spacecraft velocity in X-frame

/lkx
&'K

Vx/

0 = L-frame rotation rate vector expressed

in C-frame. (Null vector for DSIF.)
fX = the skew-symmetric matrix

.
/o -8, 8
[ By o -8

which has the effect of crossing the vector B into the vector on which

fX operates.

MEAS2X~6
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T(B8, o) is a rotation matrix that rotates the vector
on which it operates about the vector B in a
right-handed sense through angle a.

Note that

21 (8, @) =B XT(B, @) =T

Definitions:

l-th

o" | nrdT (1) column of TL2I times the sign of MROT(1)

81 = Imwr(z)l'th column of TL2I times the sign of NRUT(2)

rth

B, = |mreT(3) column of TL2I times the sign of NROT(3)

Then
Ry =p - (Tz"f1‘°o) (1)

where

T, = T(B,» a'z)

and
Vv = a = EEL -;S‘- a—t .é_v.g
L t an“ t “ t
aR
- —-L
®, M @
x
(The value BR“ will be derived below,)
MEAS2X~7
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!/i'nc

C

We may now derive X = \~ as follows
v

RC = RL + RC2L

VC = VL + QXRC

PX2M is the gradient of xc with respect to xu and is partitioned as

/'3
&
av,

3 L

The four 3X3 submatrices are derived as follows:

R, = R, + RC2L

C L
whence

ARy

RRC

Sﬁ; = 0 , since RL

avu BVM EVH BRM
_av_-c--&+m‘a}£.ﬂ
BRM BR“ BRM BRH

PFHL&HD'H@@H
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]
o

3

[«7)
= In

is independent of

BRL

%Ry
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aRL v

All that remains is to derive ET; L

and o=

Ry

From Equation (1)

I

3R
— -t
3 o T21% "3

2R aR, aT
‘ —L - —-—]-f -—-g- E 3
| e, " 3. 3, - P(BX T,Tiep) = 8, XR
1 2 "1
P T p('l'2(81 X 'rleo))
2 1 2
= 8, x(°T2T1°0) =B XR
where ~
By = TRy

whence

3R R .
el - Lk
(anu 5, B2 ¥Ry B X RL)

o From Bquation (2)

2

W vy, ARy .
3 7 Yy
Ry C

o
Gad

MEAS2X~9
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More explicitly

v = R
it A SL,a i/
3p alsz X dp + a'261 X ap ‘ SRR
s R
= .9. 2 A ......I.! - .é
(p I+ 2 (RI)X + @ (82) X 3p pz RL
= A ?—R.‘.l‘
ap ARy
where
A=—=1T14 (04281 + alﬁz)x
v R Y]
L L 1
— = A + o, —™= XR
aal aal 1 Aal ) P
BRL ‘ n
= A-a-;l'-i-a!l(BzXBl) XRL
ML R
v A
2 Baz
whepce
BV aR ’ ‘ ~
L A 0 . s
== m A ==} |e—=R , & (B, X B,) XR_ , C
BRM RRM ( p2 L 172 1 L )
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$IBFTC MCL3X5 XR3sM94,»{ ISTsNODD

SUBROUTINE MEAS2X (XCsPX2MaXMsNROTsTL2C sRC2L s OMEGAC s OMEGA) MS2X0001
C 0 xcC = CARTESIAN STATFs C-FRAME MS2X0002
C 0O PX2M = PARTIAL OF X W/R XM MS2X0003
C I XM = STATE IN MEASUREMENT COORDINATES MS2X0004
C XM{1) = RANGE XM{4) = RANGE RATE MS2X0005
C XM{2) = SECOND ROTATION XM(5) B SECOND ROTATION RATE M52X0006
C XM(3} = FIRST ROTATION XM(6) = FIRST ROTATION RATE MS2X0007
C I NROT = SLANT RANGE VECTOR 1S TL2C{1sNRGT(1)) ROTATED ABOUT MS$2X0008
C 1 TL2C TL2C(1sNROT(2)) BY XM(3) RADIANS AND THEN ABOUT MS2X0009
C TL2C(1sNRQT(3)) BY XM(2) RADIANS. MS2X0010
C NEGATIVE VALUES INDICATE NEGATIVE ROTATION . M52X0011
C I RC2L = L-FRAME ORIGIN IN C~FRAME COORDINATES © MS2X0012
C 1 OMEGAC= ROTATION VECTOR OF L~FRAME W/R C-FRAME IN C-FRAME COORD MS2X0013
DOUBLE PRECISION  XCU6) +PX2M(6361 +RC2L{3) sOMEGAC(3) MS2X0014
1 sXM(6) sTL2C(313) »OMEGA MS$2X0015
) DIMENSION NROT (3) M52X0016
o COMMON SAVE(66) sR(3s4) »%{354) sV(3s4) MS2X0017
| DOUBLE PRECISION  WiR»sv MS2X0018
A DOUBLE PRECISION TP MS2X0019
DIMENSION NANG(2) MS2X0020
o DATA NANG/3s2/ MS2X0021
. DO 8 K=113 MS2X0022
‘ N = NROT(K) M52X0023
i IF{ NeLT.U )} GO T0 & MS2X0024
DO 2 I=1+3 MS2X0025
2 WIIsK) = TL2CIIHN) M$2X0026
GO TO 8 MS2X0027
» 4 N =-N M52X0028
o DO 6 1=153 MS2X0029
6 W(IsK) = =TL2C(IsN) MS2X0030
i 8 CONTINUE M52%0031
: DO 10 K=192 MS2X0032
" NA1 = NANG(K) MS2X0033
CALL DGTRN( VausXMINALYswW{lsK+1) ) MS2X0034
DO 10 J=1sK MS2X0035
CALL DMVTRN( Vsw(1sJ)sRs2s1 ) MS52X0036
DO 12 I=1+3 MS2X0037
WilsJdy = R(Is1) MS2X0038
10 CONTINUE MS2X0039
DO 12 I=1s3 MS2X0040
o 12 RUTs4) = XM(1)*W(Is1) MS2X0041
DO 14 J=1s2 MS2X0042
o NALl. = NANG(J) MS2X0043
14 CALL DCROSS{ W(1aJ+1)sR{1s4)sRE1INALY ) MS2X0044
DO 16 I=133 MS2X0045
16 R{Is1) = W{Is1) "~ MS2X0046
CALL DCROSST W(193)ew(1s2)sWl(1s1) ) M52X0047
DO 18 I=1s3 M52X0048
18 W{1s2) = XMUBIHWAT 21 4+XMI5) %N {193} M52X0049
e TP = XM(4)/%M(1) MS2%0050
DD 20 K=13 MS2X0051
, 20 CALL DCROSS( wW{1s2)sR{1sK)sV(1sK) ) M52X0052
e DO 22 =499 M52X0053
22 V{Ts1) = V{Is1)+TP*¥R{1,1) MS2X0054
s CALL DCROSS{ WsR(T1sa)sw(192) ) MS2X0055
@ DO 26 1=1s3 ) MS$2X0056
VIT92) = VIT9s2)14XMI6)*W(]s2) MS2X0057
V{1s4) = OMEGA*OMEGAC(1) M52X0058
26 RUIs4) = R{ls4)+Rc2LLT) MS2X0D059
DO 30 J=1s4 MS2X0060
30 CALL DCROSS( V(1s4)sR{1aJ)sW(1sd) ) M52X0061
DO 32 J=1193 M52X0062
DO 32 I=1+3 MS2X0063
PX2M{Ts3) = R{I,J) . MS2X0064
PX2M(IsJ43) = veDC M52X0065
PXZMII+35J) = V(IsJ)+W(IsJ) M52X0066
PX2M{I+3,J+3) = R{Is) MS2X0067
32 CONTINUE MS2X0068
CALL DMVTRNG RU1911eXM(4)sVelsl 1} M52X0069
DO 34 I=1+3 MS$S2X0070
XC{I) = R{Is4) MS2X0071
34 XC(I+43) = VIIs1)+W(194) MS2X0072
RETURN M52X0073
END
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Subroutine:

Purpose:

Calling Sequence:

MESERP

To control writing of a simulated measurement data tape.
MESERP calls subroutines that read the control times and
other data, manipulate the trajectory tape, compute
station (beacon, ard onboard) measurements, and write

the measurement data tape.

CALL MESERP

Common storages used: /BUFC@M/,/INPC@M/,/wWC@M/,/EXIC/

Subroutines required: BECSTA, DELEV, ERRQUT, EXINST, INITAP, MEASUR,

| PHILCO I
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SKDUL, S@RDR, STARTB, STARTS, TFRAC
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MESERP

INITAP
Read input, set time informa-
tion into common, initialize
tapes, compute transforms

1

SKDUL
Read contrel times,
measurement controls

C End of run? Hes b
{ No .
: " Yes .
(Proper trajectory data in core
* No .
Bring trajectory data
up to start time —

|
BECSTA
Compute station (beacon)
on-off times

SPRDR |
Set up and order -

critical event table

DELEV
Re-order critical events
Compute measurement interva

““‘{ ~ FLTIM
Stop time What is next critical event? )-

y Measurement start )
MEASUR :> ,

Make a set of measurements

Return
Stagigg(* What type messurements?  )oo8c0n
STARTS STARTB
Find next Find next
station on time beacon on time
MESERP-2
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SIBFTC MC13ES NOREFsM94,NODDsXR3
CMC13ES MESERP READS SCHEDULEsCOMPUTES + WRITES MEASUREMENTS ACCORD.MSRP00O1

SUBROUTINE MESERP MSRP0002

COMMON/ INPCOM/C(700) /WCOM/ IW(550) sCW{1450) /EXIC/W(36)9sCRX(92) MSRP0003

COMMON /BUFCOM/BUFF1{40) sKEY MSRP0004

C DIMENSION AND EQUIVALENCE INCLUDE ALL COMMON VARIABLES USED IN ALL MSRP0O0OS

C PARTS OF THE MESERP PROGRAM MSRP0006

DIMENSION BODC{1058) UM(10)s 50235120 B{91) MSRP0O007

1s OB(18), EMP(24}s HEAD(24} MSRPDOOS

2 NSTX{(3)s NOX{3)s 18C(12)s I8C(10) MSRP0009

3 IEMP(24)s 10BR{4)s 1I0BA(18),s 15111512) MSRP0010

4o 18(3+12)» ISEE{12)s IBEE{(10}s I1CAS(3) MSRP0011

5 ISTIMI50) IBTIM{50) : MSRP0012

69 RX(353) VX(393)s TX(2s3)s BIASL(3522) MSRP0OO13

7 SSTART(75), SSTOP{75)»BSTARTI75) B8STOP(75) MSRPOO14

8 XMES(5s 85)y  XIN(6)» REFS(3)s T1(3) MSRP0OO15

DIMENSION AN13s3)>» EVNT(6)s TWTI(2)s STIME(50) MSRPOO16

1s BTIME(50) SECR{12)s SHFC(18}, BECR(10) MSRP0O17

: 2 KRX({9s2) MSRP0OO18
s DIMENSION BRAD(3)» KSTA(75)s KBEA(T75), KEV(6) MSRPOO19
EQUIVALENCE (C(4)sRTD)» {C(5)sDTR) {C{6)sSPMSD) MSRP0020

e 1s (CU7)sRSPMSD)s (C(9)sSPDLT)s (C111)sBODC) MSRP0021
i 2 (C(21)5UM) s {C(112)sXMINYs (C(113)sXMAX) MSRP0022
. 3 (CU114)sRDELAY)y (C(200155)s (C{476),B) MSRP0023
4y (C(556)sDELBEC)s (C(567)90B)s (C{(573)+DELRAD) MSRPO024

5 (C(580)sDELOPT) s (C{5851sEMP)s(C(608)EMP24) MSRP0025

69 (CL6T73)51IKAS) (C(6T5)sHEAD ) s ({C(699) s ITAPE) MSRP00O26

T (CLT00)sI0CAS)»{CL115)sXTROUT) MSRP0027

i ’ (C(116)sCFRACL)s (C{117)»CFRAC2) MSRP0028
EQUIVALENCE {IW{1)oNSTX)s {(IW(4)sNOX)» (IW(TIIXT) MSRP0029

1s LIW(8)215C)y (IW(20)51BC)s (IW(30)sIEMP) MSRP0030

’“? 2s (IW(53), IEMP24)s (I1W(54)»10BR)y (IW(58)s10BA) MSRP0Q031
. 3 (IW(180)s1S) (IW(312)s1B)s (IW(347)sNBEAC) MSRP0032
o 4 (IW(355)sISEE)s (IW(367)sIBEE) s {IW(377)sICAS) MSRP0033
5 (TW(380)sNMAX)s> (IW(382)NOR)s (IW(383),ITARG) MSRP0034

6 (IW(384)91K1)» (IW(385)sKSMAX)s (IW(386)91K2) MSRP0035

T (IW{387)sKBMAX)» (IW(389),ISTIM)s (IW(439)sIBTIM) MSRPOO36

8 (IW{489)sITRIG)s (IW{490)sKOUNT) MSRPO037

- EQUIVALENCE (CW(1)»RX)» {CW{10)sVX)>» (CW(19)»TX) MSRPOQ38
1s (CW{156)9BIASL) s (CW(222) 9SSTART) s (CW(297)»SSTOP) MSRP0039

2 {CW{3T72)sBSTART) s {CW (44T »BSTOP)s (CW(522)sXMES) MSRP0O40

3 (CW{1136)sXIN)s {(CW(1140)sTSEC)» (CW(1157)sREFS) MSRP0OO41

4s (CW(1160)sTL)>» (CW{1163)sAN) s (CW(1172)»TSECO) MSRPOO42

59 (CW(1173)9GHAR)s (CW(1175)s0BTIME) »(CW{1178)sTSTART) MSRP0043

X) (CW(1179)sFLTIM)s (CW(1180)sEVNT)s (CW(1188)sTWT) MSRPOO44

T (CW{1200)sSTIME) s (CW(1250)+BTIME)s (CW(1360)sSECR) MSRP0045

8s (CW(1372)sSHFC)s (CWIL1426)9TWO) (CW(142T7)sTFO) MSRP0046

: 9 {CW(1441)sBECR)» {CRXsKRX) } MSRPO047
. DOUBLE PRECISION DBUFF(10) MSRP00O48
DOUBLE PRECISION ONTM» TFSTs TLST» TAU» FTR MSRP0O49

-~ 1s Cly C2s RAMB» BIAS» 0OMG4 MSRP0050
: EQUIVALENCE (BUFF1{1)sIKY)>» (BUFF1{2)sKEE) (BUFF1(3) s STANAM)MSRP0051
: 1s {BUFF1(4)sSTNAM1) s (BUFF1{5)sNRCD)s (BUFF1(6)sNKOUNT)MSRPOOS2
h 2» (BUFF1(7)sKONTIN) s (BUFF1(8}sMTYPE)s (BUFF1(9)sNALIGN)MSRPDO53
3 {BUFF1(10) sMODE}» (BUFF1(11)sFMS)s (BUFF1(12)sKTAU) MSRP0OS54

s 4s (BUFF1(13)sDBUFF s ONTM) MSRPOOS55
") EQUIVALENCE (DBUFF{(2)sTFST)s (DBUFF{3)sTLST)s (DBUFF(&4)sTAU) MSRP0056
« 1s (DBUFF(5)sFTR)» (DBUFF{61sCl)s (DBUFF(7)sC2) MSRP0O57
- 2 (DRBUFF(8)sRAMB1s (DBUFF(9)sBIAS)» (DBUFF(10)s0MG4) MSRPOO58
DOUBLE PRECISION TWR . MSRP00O59

DIMENSION  TYPE{4) ’ ASRPOGCE0

DATA TYPE/6HC—BAND'6HGODDRD:6HS BANDs 6H DSIF / MSRP0O061

DATA QYES»QNO/3HYES»2HNO/ MSRP0062

DATA IQUAL/OQ/ : MSRP0063

C ASSUMES TRAJECTORY ON BINARY TAPE 10 MSRP0064

C SUBROUTINES CALLED HERIN MSRP0065

C MC13 NAME MSRP0066

C BA BECSTA MSRP0067

C DL DELEV MSRP0068

C ER ERROUT MSRP0069

C JY EXINST MSRP0OQ70

c 1T INITAP MSRPOO71

C UR MEASUR MSRP0O72

C UL SKDUL MSRP0O73

c soO SORDR , MSRP00O74
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20

105

110
115

120

30

AB STARTB

AS STARTS

™ TFRAC
OTHER SUBROUTINES REQUIRED BY THE MESERP PROGRAM
MC13 NAME

FM ANTR1

AT ARKTNS

J3 BACK

B4 BARN

16 8IBCD

iP /INPCOM/BsDo
MB BMEAS

AR CARDIN

CA CRITA

cC CRITIC

CR CRITO

MC CROSS

MF DOT»FNORM»s VNORM
98 FIEF

97 FIFL

96 FIST

GH GHA

GO GOTOR

Lo LAYO

LC LOCAT

MA MNA

MT MTRNs VTRNs VTRT
NU NUTAIT

OR ORB

oY OYAL

PB PARAB

QC QUARTC

50 ROTEQ

9Q ROVLEY

JwW SBEV2

82 SHIF2

KD SKDOUT

SM SMEAS

02 SORDR2

SA STAT

SI STEPI

5G STEPT

TC TCONIC

™ TIME PACKAGE DATOUT» TFRACs TIMED» TIMES

NMAX =85

BRAD(1}= BODC{1s3)

BRAD(2)= BODC(1s4)

BRAD(3)= BODC(1s7)

IKY=0

INITS=~1

CALL INITAP

CONTINUE

CALL SKDUL(INITSsNCH)

IF(NCHeEQe111) GO TO 250
IF(TSEC.EQ.TSTART) GO TO 30

TWR=TSTART :

CALL TFRAC(TI(I)sTI(2)+(TSTART=TSEC)*RSPMSD,TI(1),TI(2))
M=1

N=3

CONTINUE

CALL EXINSTUTWRsMyNsXINsXIN(4) s WsCRX 5105 1TRIGsKOUNT)
IF(MeLE«O) CALL ERROUT(I»10H{4HOM1=12) M)
IF(N) 11551105120

CONTINUE

CALL ERROUT(1s28H{23HOERROR ON BIN TAPE READ))
CONTINUE

N=-N

NOR=KRX (7 sN)

GO TO 105

CONTINUE

TSEC=TSTART

CONTINUE

KMAXS=0

KMAXB=0

CALL BECSTA{KSTAsKBEA»sKMAXS»KMAXB)

PHILCO I
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MSRPOOT5
MSRP0O076
MSRPOO77
MSRPOO78
MSRP0079
MSRP0080
MSRP0081
MSRP0082
MSRP00B3
MSRP008B4
MSRPQ085
MSRP0Q86
MSRP0087
MSRP0O08S
MSRP0089
MSRP0090
MSRP0091
MSRP0092
MSRP0093
MSRP0094
MSRP0095
MSRP0096

o
i

MSRP0097 .

MSRPO0Q98

MSRP0O099

MSRP0100 .

MSRP0101 s
MSRP0102

MSRP0103 §
MSRP0104 o
MSRP0105

MSRP0106

MSRP0107

MSRP0108

MSRP0109

MSRPO110

MSRPO111

MSRPO112

MSRPO113 i

MSRPO114
MSRPO115
MSRPO116
MSRPO117
MSRP0118
MSRPO119
MSRPO120
MSRP0121
MSRP0122

MSRP0123 i

MSRPO124
MSRPO125
MSRPO126
MSRP0127

MSRPO128 s

MSRP0129

MSRP0130 .
MSRPO131 *
MSRP0132
MSRP0133
MSRPO134
MSRPO 135
MSRP0136
MSRPO137
MSRP0138
MSRPQ139
MSRPO 140
MSRPO141
MSRP0142
MSRP0143
MSRPO 144
MSRP0O145
MSRPO146
MSRPO147
MSRPO148
MSRP0149
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sy

oy

C EVN
C EVN

1

43

50

&0

70

80
C SET

90
C SET
100

101

150

160

170

180

EVNT(1) = SSTART
EVNT(2) = BSTART
EVNT(3) = FLTIM + 9999,
EVNT(4) = EVNT(3)
EVANT(5) = TSTART

EVNT(6) = FLTIM
T(3) ONBOARD OPTICAL TEMPORARILY OUT
T(4) ONBOARD RADAR TEMPORARILY OUT
DO 1 I=1s6

KEV(I)=1]

CALL SORDR{EVNTsKEVs6)

CONTINUE

CALL DELEVI(EVNTsKEVsDELIKSTOP»KSTA(IK]1))
IF(KSTOP-5) 50205250

CONTINUE

TSTP=EVNT(1)

GO TO (60+s70580990)9KSTOP

CONTINUE

TSTOP=SSTOP (1K1}

N=KSTA(IK1)

L=ISCIN}

GO TO 100

CONTINUE

TSTOP=BSTOP(1K2)

N=KBEA(IK2)

L=IBCIN)

GO TO 100

CONTINUE

TSTOPsLs FOR MEASUR CALL FOR ONBOARD OPTICAL MEASUREMENTS
GO TO 100

CONTINUE

TSTOPsl. FOR MEASUR CALL FOR ONBOARD RADAR MEASUREMENTS
CONTINUE

CALL MEASUR(TSTPsTSTOPsKSTOPsDELsLsBRADsKMAXSsKMAXB)
IF(KOUNT+LE-0) GO TO 150

DO 101 I=1+KOUNT

BACKSPACE 10

M=0

N=18

TWR=TSEC

CALL EXINST(TWRsMsNsXINsXIN(4) sWsCRXs10s ITRIGSKOUNT)
1CAS(3)=KSTOP

ITRIG=0

KOUNT=0

GO TO (160917091805190)sKSTOP

CONTINUE

CALL STARTS{KMAXSsKSTA)

GO TO 43

CONTINUE

CALL STARTB{KMAXBsKBEA}

GO TO 43

CONTINUE

C SOMETHING FOR ONBOARD OPTICAL IF‘NECESSARY

190
C SOM

250

CH#x

601

602

PHILCO I
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GO TO 43
CONTINUE
ETHING FOR ONBOARD RADAR IS NECESSARY
GO TO 43
CONTINUE
WRITE(12) BUFF1
WRITE(12) (1QUAL»I=1985) s ((XMES{IsJ)sJ=1985)91=1,5)
CHECK BINARY OUTPUT
QOUT=QNO
IF(KONTIN.EQs1) QOUT=QYES
WRITE(65601) IKY»STANAMsSTNAML s TYPE(MTYPE) sQOUT»TFST

FORMAT(//24H *%% RECORD PAIR NUMBERs15//75H RECEIVING STATION

MSRPO150
MSRPO151
MSRPO152
MSRP0O153
MSRPO154
MSRPO155
MSRP0156
MSRPO157
MSRP0O158
MSRPQ 159
MSRPQ160
MSRPO161
MSRPO162
MSRPO 163
MSRPO164
MSRP0O165
MSRP0O166
MSRPO167
MSRP0168
MSRP0169
MSRPO170
MSRPO171
MSRPO172
MSRPO173
MSRPO174
MSRP0175
MSRP0O176
MSRPO177
MSRPO178
MSRPO179
MSRP0180
MSRPQ181
MSRPO182
MSRP0183
MSRP0184
MSRP0185
MSRP0186
MSRP0187
MSRPQ188
MSRP0189
MSRPO190
MSRP0191
MSRP0192
MSRP0193
MSRP0194
MSRP0195
MSRPO196
MSRPO197
MSRP(0 198
MSRP0 199
MSRP0200
MSRP0201
MSRP0202
MSRP0203
MSRP0204
MSRP0205
MSRP0206
MSRP0207
MSRP0208
MSRP0209
MSRP0210
MSRP0211
MSRP0212
MSRPQO213
TMSRP0O214

1IRANSMITTING STATION MEASUREMENT TYPE CONTINUATION/TX2A6215X2A6MSRP0O215
2915X9A6912X9A3//12H DATA BEGINSsD24416520H SECONDS FROM 1950.0) MSRP0O216

TEMP=(TFST -,5364576D9)*RSPMSD

CALL TFRAC(620%9es TEMP»X015X02)

CALL DATOUT(X01sX02sY015Y0250)

WRITE{6»602) TLST

FORMAT(12HO DATA ENDS »D24.16520H SECONDS FROM 195040)
TEMP=(TLST ~-,5364576D9)*¥RSPMSD

CALL TFRAC(6209sTEMPsX01+X02)

CALL DATOUTI(X015X02sY01sY0250)

MSRPO217
MSRPO218
MSRP0219
MSRP0220
MSRP0221
MSRPO222
MSRP0223
MSRP0224

Space & Re-entry
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WRITE(6:606) NKOUNT ' MSRP0225

606 FORMAT(12HOTIME POINTS/17) MSRP0226
IF(XTROUT«EQ.O0s) GO TO 61 MSRP0227
WRITE(69607) KEEsNRCDsNALIGNsMODE s FMSsKTAUsONTMs (DBUFF(1)s1=4510)M5RP0228
12 IQUAL IXMES(TI9J)sI=195)9J=19NKOUNT) MSRP0229

607 FORMAT(5HONEOT » 3X s 4HNRCD s 3X» 6HNALIGN » 3X s 4HMODE » 7X s BHMEAS INT»6X MSRP0230
1s4HKTAUS 11X s 6HONTIME » 22X s3HTAU/1491792185E19485165D274165D26,16// MSRP0231
213X »3HFTR» 23X 9 2HC1 924X 2HC25 24X s ZHDR/4D26416/ /12X 9 4HBIAS» 21X s SHRATMSRP0232 )
310/2D26¢16//3H 1Qs L1Xs4HTIME»15Xs5HANG 1515Xs5HANG 2515Xs5HRANGEs MSRP0233 BTN

414X THDOPPLER/ (1345E2048)) _ MSRP0234
C*¥*x END OF BINARY OUTPUT MSRP0235
61 KEE=1 MSRP0236
IKY=1KY+1 MSRP0237
NRCD=NRCD+1 MSRP0238
WRITE(12) BUFF1 MSRP0239
c#** CHECK BINARY OUTPUT MSRP0240
WRITE(69703) MSRP0241
703 FORMAT(//42X,35H **¥% END OF SIMULATED DATA TAPE *%¥) MSRP0242
C**% END BINARY OUTPUT MSRP0243
ENDFILE 12 MSRPO244
ICAS(3)=6 MSRP0245
RETURN _ MSRP0246 -
END MSRP0247 .

?

il
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Subroutine: MIXIT

Purpose: Reads edited data from tape 12 and previously edited
data from tape NIN, arranges data in order of data
arc start times, and writes merged data on tape N@UT.

Calling Sequence: CALL MIXIT

Common storages used: /MIXC#{/,/@uTcdM/,/MESCEM/
Subroutines requires: Nomne.

MIXIT-1

PHILCO I Space 8 Re-entry
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V—m__ﬂz

IFIRST = .TRUE.

INA = .FALSE,
INB = FAIJSE .
»(10

Data on tape NIN?
LYNNIN=, TRUE. ?

<:_ INA=.TRUE.?

' No

»i Yes
Data in buffer A?
|  READ (NIN) BUFFA |

End of tape?
NEgTA = 17
* No

| LYNNIN=,FALSE.

Yes

READ (NIN) DATAA
INA=.TRUE.

i

Yes

29
l NBJTA = 0O ]
\

First data output?
IFIRST=.TRUE,?

y Yes

NE@TA=-1
IFIRST=.FALSE.

)No_

)_No_,

Yes

|

Continuation record? No
K@NTA=. TRUE. ?

NREC=NREC+1  NRECA=NREC
INA=.FALSE., NNN=NRCDA
WRITE (N@UT) BUFFA
WRITE (N¢|UT) DATAA

PHILCO l
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C
C

40

Data on tape 127
LgN12=, TRUE. ?

)_N_o._

Ies

Data in buffer B?
INB=.TRUE. ?

YeJ
)__.

' No

I

READ (12) BUFFB

|

_1_@(

End of tape?
NEJTB = 17

D

{Nb

l

LgN12=.FALSE.,

—

READ (12) DATAB
INB=.TRUE,

1

<:;Continuation record

K@NTB=.TRUE, ?

Yes

]

L NE¢T13 =

First data output?
IFIRST=.TRUE.?

)N_O_

{ Yes

NE@TB=-1
IFIRST=.FALSE.

NREC=NREC+1
INB=,FALSE.
WRITE (N@UT) BUFFB
WRITE (N@UT) DATAB

NRECB=NREC
NNN=NRCDB

l

MIXIT-2
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Data in buffer A? \ No
TNA=.TRUE.? /

y Yes
Data in buffer B? No
INB=.TRUE. ?
y Yes
ata in A has earlier\ Yes @ @
tart than data in B
@NE Yos ( Data in buffer B?
A — \___ INB=,TRUE.?
fTo
5 NE@TA = 1

NRCDA = NNN+1
NRECA = NREC+1

\

WRITE (N@UT) BUFFA
Endfile N@UT

1

Rewind NIN
Rewind N@UT

Rewind 12

A

Return

o PHILCO l
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SIBFTC MC134T M94,NODDyXR3
CMC134T MERGES EDITED DATA AND PUTS IT ON OUTPUT TAPE NOUT

10

20

25

30
40

50

55

PHIL.CO l
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SUBROUTINE MIXIT
COMMON  /MIXCOM/IMIX{4)
LOGICAL LONNIN» LON12

EQUIVALENCE (IMIX(1)sLONNIN), (IMIX(2)sLON12)

s {IMIX{3)sNIN)> (IMIX{4)sNOUT)

COMMON  /OUTCOM/BUFFA(40)
DOUBLE PRECISION ASTA
LOGICAL KONTA

EQUIVALENCE (BUFFA(1)sNRECA)» (BUFFA{2)sNEOTA)
1» (BUFFA(5)sNRCDA)> (BUFFA{7)sKONTA)s {BUFFA({13)sASTA)

COMMON  /MESCOM/DATAAL510)

DIMENSION BUFFB (40 DATAB(510)
DOUBLE PRECISION ASTB
LOGICAL KONTB

EQUIVALENCE (BUFFB(1)sNRECB)» (BUFFB(2)sNEOTB)
1s (BUFFB(5)sNRCDB} s (BUFFB(7)sKONTB)» (BUFFB(13)»ASTB)
LOGICAL INA» INB» IFIRST

INTTIALIZE

NREC=0

IFIRST=eTRUE,

INA=oFALSE

INB=oFALSEW

IF(«NOT«LONNIN.ORGINA} GO TO 40

READ A KEY RECORD FROM TAPE NIN
READ(NIN) BUFFA

TEST FOR END OF TAPE RECORD
IF(NEOTAEQs1) GO TO 30

READ A DATA RECORD FROM TAPE NIN
READ(NIN) DATAA

INA=,TRUE

IF(«NOT«KONTA) GO TO 40

IF CONTINUATION RECORD PAIRy WRITE IT ON NOUT IMMEDIATELY
NEOTA=0

IF(«NOT«IFIRST) GO TO 25

IF FIRST OUTPUT RECORD»s SET NEOTA=-1
NECTA=-1

IFIRST=+FALSES

INCREMENT RECORD PAIR QUTPUT COUNT
NREC=NREC+1

NRECA=NREC

NNN=NRCDA

WRITE BOTH KEY AND DATA RECORDS ON NOUT
WRITE(NOUT) BUFFA

WRITE(NOUT) DATAA

INA=«FALSE

GO TO 10

LONNIN=+FALSE.

IF(«NOToLON12+0ReINB) GO TO 70

READ A KEY RECORD FROM TAPE 12
READ(12) BUFFB

TEST FOR END OF TAPE RECORD
IF(NEOTB«EQe1l) GO TO 60

READ A DATA RECORD FROM TAPE 12
READ(12) DATAB

INB=eTRUE

IF{«NOT.KONTB) GO TO 70

IF CONTINUATION RECORD PAIRs WRITE IT ON NOUT IMMEDIATELY
NEOTB=0

IF{«NOTIFIRST) GO TO 55

IF FIRST OUTPUT RECORD» SET NEOTB=~1
NEOTB=-1

IFIRST=eFALSES

INCREMENT RECORD PAIR OUTPUT COUNT
NREC=NREC+1

NRECB=NREC

NNN=NRCDB

WRITE BOTH KEY AND DATA RECORDS ON NOUT
WRITE(NOUT) BUFFB

MIXT0001
MIXT0002
MIXT0003
MIXTO004
MIXT0005
MIXT0006
MIXTO007
MIXT0008
MIXT0009
MIXT0010
MIXT0011
MIXT0012
MIXT0013
MIXTOO14
MIXT0015
MIXTO016
MIXT0017
MIXT0018
MIXT0019
MIXT0020
MIXT0021
MIXT0022
MIXT0023
MIXT0024
MIXT0025
MIXT0026
MIXT0027
MIXT0028
MIXT0029
MIXT0030
MIXT0031
MIXT0032
MIXT0033
MIXT0034
MIXT0035
MIXT0036
MIXT0037
MIXT0038
MIXT0039
MIXT0040
MIXT0041
MIXT0042
MIXT0043
MIXTO044
MIXT0045
MIXT0046
MIXT0047
MIXT0048
MIXT0049
MIXT0050
MIXT0051
MIXT0052
MIXT0053
MIXT0054
MIXT0055
MIXTOG56
MIXT0057
MIXT0058
MIXT0059
MIXT0060
MIXT0061
MIXT0062
MIXT0063
MIXT0064
MIXT0065
MIXT0066
MIXT0067
MIXT0068
MIXT0069
MIXTO070
MIXT0071
MIXTO072
MIXT0073
MIXTOOT4

Space & Re-entry
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WRITE(NOUT) DATAB ' MIXT0OQ75

INB=eFALSES MIXT0076

GO TO 40 : MIXTO077

60 LON12=.FALSE, MIXTO078

70 IF(+NOT#INA) GO TO 80 MIXT0079

. IF(«NOT«INB) GO TO 20 MIXT0080
C HERE WE TEST ARC START TIMES TO SEE WHICH RECORD PAIR GOES ON MIXT0081
C NOUT FIRST MIXT0082
IF(ASTA-ASTB), 2020550 - MIXTO0083

80 IF(INB) GO TO 50 MIXTO084

C SET NEOTA =+1 FOR END OF TAPE RECORD MIXT0085
NEOTA=1 MIXT0086

C INCREMENT RECORD PAIR COUNT AND ARC RECORD COUNT MIX70087
NRCDA=NNN+1" MIXT0088
NRECA=NREC+1 MIXT0089

C WRITE END OF TAPE KEY RECORD MIXTO090
WRITE(NOUT) BUFFA - MIXT0091
ENDFILE NOUT MIXT0092
REWIND NIN MIXT0093
REWIND NOUT MIXT0094
REWIND 42 MIXTO095
RETURN MIXT0096

END MIXT0097

PHILCO I Space & Re-entry ;
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Subroutine: MLESTT

Purpose: Control subroutine for the data start link of the ICP.
Computes an estimate of the vehicle state by maximum

likelihood estimation without a priori knowledge of the

state.

Calling Sequence: CALL MLESTT

Common storages used: //253 cells,/DCPC@M/,/MLECEM/

Subroutines required: MXLEST, STTBGN, STTDAT, STTEND, STTFIT

MLESTT-1
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Discussion

MLESTT controls the computation of a maximum likelihood estimate of the
vehicle state from a small number of data points, to be used as an a priori

estimate for differential correction. The various steps required are

controlled by the following subroutines:

STTBGN

STTDAT

STTFIT

MXLEST

STTEND

Reads overlay data into DCPC¢M, Loads constants into
DATC@M and MLEC@M, and initializes the data start,

Selects appropriate data from the edited data tape,
and loads the working array DATA with the selected
da ta .

Fits each type of data with a time polynomial in the
least squares sense, Outputs the zeroth and first
order coefficients as smoothed values of the measure-

ment and its derivative,

Computes the maximum likelihood estimate of vehicle
state. The subroutine uses the smocthed measurements

as the starting point of an iterative estimation.

Stores the estimate computed by MXLEST in ESTC@M.

Also writes the estimate on the estimate tape.

The subroutine requires measurement of two angles and either range or

doppler.

The controls for the selection of data, smoothing, and conver-

gence control are described in the individual subroutine descriptions.
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Y MLESTT

[ﬁ Write output heading

STTBGN
Load constants into
/paTcgy/ , /MLECEM/

1
Yes ( Is adequate set of \ No ..

data types specified? ~

———{(__Is restart permitted? )_N_g__

Yes
10

STTDAT
Load data into working
array and reposition
data tape

<: Were enough points N No

loaded? J/

‘Yes

STTFIT
Fit polynomial
to each data type

'
- N0 (™ Yas fit obtained? )

{Yés
MXLEST
Compute maximum

likelihood estimate
of vehicle state

|
h—NO—C Did estimate converge? )

{Yés

STTEND
Output and store
final estimate

Ja\

Return
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$IBFTC

C
C

LV

601
602
6U3
604
605
636
607
1
608
609

10

20

30

40

80
81
82

83
84

86

999

PHILCO I
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MC13A5 XR3sM94 sNODDsLIST
SUBROUTINE MLESTT

CONTROL ROUTINE FOR MAXIMUM LIKELIHOOD DATA START

COMMON /DCPCOM/CDCP(900)

EQUIVALENCE (CDCP{111)IERR )

COMMON /MLECOM/CMLEL(1070)

O IMENSION DATA(55100)

LOGICAL LAUTOsLMLF

EQUIVALFNCE (CMLE(570)sDATA ) »{CMLF(432)sNPTSTT)
s LCMLE(405) s LAUTO 1 o+ (CMLE(  1)sTSTART)
s (CMLE(406) st MLE )

FORMAT(//748X+23H%%% DATA START LINK *#¥/)
FORMAT(//746X+28H¥%% EXIT DATA START LINK #¥#3¥)

MLESO001
MLES0002
MLESO003
MLESOQO4
MLES0005
MLESQ006
MLESQO007
MLESOGO8
MLESO009
MLESOO010
MLESO0011
MLESOQ012
MLESO013
MLESQO14

FORMAT (//52H ##x% DID NNT SUCCEED IN CBTAINING STARTING FSTIMATE/)IMLES0015

FORMAT(//30H %% INSUFFICTENT DATA LOADED)
FORMAT(//48H *% POLYNOMIAL FIT FAILED FOR THIS SET OF DATA)
FORMAT(//25H ®## TRY NFW SET OF DATA)

MLESOO016
MLES0O017
MLES0018

FORMATL/ /74K #¥ MAXTMUM-LIKEL IHOOD ESTIMATOR FATLED TO CONVERGE MLES0019

FOR THIS SET OF DaTA)
FORMAT(//41H *x# TRIAL OF NEW SET OF DATA PROHIBITED)
FORMAT(//745H *#% INSUFFICIFNT DATA TYPES TO DEFINE STATE)

INITTALIZE

CONTINUF

WRITE (656011

CALL STTRGN

IF (IERR4NEO) GO T 80

LOAD DATA

CONTINUF

CALL STTDAT

IF (IERReNFJ) GO To 81

FI1T POLYNOMIALS TO DATA
CONT INUE

CALL STTFIT

IF (IERReNF«0) GO TO 82

COMPUTE MAXIMUM LIKELIHOOD ESTIMATE
CONTINUE

CALL MXLFST

IFf (TERR«NELQ) GO TO 999

IF («NOTLLMLE) GO TO 83

QUTPUT AND STORF FINAL FSTIMATE
CONTINUF

CALL STTEND

GO TO 999

WRITE ERROR MESSAGES

WRITE (6+609)

GO TO 88

WRITE (64604)

GO TO 88

WRITE (64605}

GO TO 84

WRITE (64607}

IF («NOT.LAUTO) GO TO 86
WRITE (65606)

TSTART = DATA(14NPTSTTI*#1.000001

Go TO 1o
WRITE (6,608}
1ERR = 15
WRITE (6+603)
RETURN

END

MLFS0020
MLES0021
MLES0022
MLES0023
MLES0024
MLES0025
MLES0026
MLES0027
MLES0028
MLESQ029
MLES0030
MLESQO031
MLES0032
MLESDO33
MLES0034
MLESO0O035
MLES0036
MLES0037
MLES0038
MLES0039
MLES0040
MLESO041
MLES0042
MLESO0Q43
MLESOO44
MLES0045
MLES0046
MLES0047
MLESO0048
MILESQ049
MLES0050
MLES0051
MLES0052
MLES0053
MLESO0054
MLES0055
MLES0056
MLES0057
MLES0058
MLES0059
MLES0060
MLES006]
MLEs00é2
MLES0063
MLES0064
MLES0065
MLES0066
MLES0067

Space & Re-entry
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Subroutine: MNA

Purpose: To provide the rotation matrix EMN which transforms
Earth's true equator, equinox coordinates to moon's
time equator, prime meridan coordinates.

Calling Sequence: CALL MNA (TIME ,@M,CR ,DT ,EPSIL,R6,G,GP, WW,EMN)

Input and Output
Symbolic Data
1/¢ | Name or D 1:::.8::;’ sl;:;:l Dimensions Definition
Location or Units
k 1 TIME d days Days since 1950 Jan 0.0
I oM i rad Argument of the descending
node.
1 CR T rad Mean longitude of the moon,
I DT AY+6Y rad Nutation in longitude.
1 EPSIL E+AG+HSE rad True obliquity.
¢ RO o rad Libration in inclinmation.
[} G 8 rad Mean anomaly of the moon.
@ GP g' rad Mean anomaly of the sum.
i ('] w w rad Argument of perigee of
- the moon.
L ¢ EMN {3,3) Rotation matrix.

Common storages used: None.

Subroutines required: ARKTNS

PHILCO l Space & Re-entry

PHILCO.FORD CORPORATION Systems Division




Trangsformation From Earth'gﬁgrue Equator to Moon's True Equator

The two rectangular systems are related through A, Q', and i by the

rotation:

where

22

23

o o o

31

32

33

11

12

13

21

]
by Py b3 X
= 1
by Py byg Y
1 ]
MooN P31 P32 DPi3 Z'  EARTH

- sin A sin Q' + cos A cos Q' cos i
cos A sin i

sin ' sin 1

-cos Q' sin i

cos 1

cos A cos Q' - gin A sin Q' cos i
cos A sin Q' + 8in A cos Q' cos i
cos A sin i

-8in A cos Q' - cos A sin Q' cos i

i is the inclination of the moon's true equator to the earth's

equator.

Q' 1is the right ascension of the ascending node of the moon's

true equator

I?FHLJZCJliﬁﬁi
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A is the anomaly from the node to the X axis.

-~

A=A+ T +71)~- € +0)

A is the anomaly from the node to the ascending node of the

moon's true equator on the ecliptic.

Q is the mean longitude of the descending node of the moon's

;j mean equator on the ecliptic.
w% r is the mean longitude of the moon.
M c is the libration in the node.

T is the libration in the mean longitude.

3
Redewisianzs

L] is the libration in the inclination.

|

6Y, €, Q, and T are input quantities obtained from NUTAIT. The remainder
are computed from the following equations.

[l
[}

inclination of moon's equator to ecliptic.

1.535°

4
L

£ = mean anomaly of moon.

215.54013 + 13.064992 d

= mean anomaly of sun.

358.009067 + .9856005 d
® = agrgument of perigee of moon.

196.745632 + .1643586 d

-]
B

MNA-3
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where d = days from 1950.

0 sin I = -.0303777 sin g + .0102777 sin (g + 2w) -.00305555 sin (2g + 2w)

T = -,003333 sin g + .0163888 sin g' + .005 gin 2w

p = ~-.0297222 cos g + .0102777 cos (g + 2w) -.00305555 cos (2g + 2w)
cos i =cos (Q+ 0 + &6Y) sin € sin (I + p)

+ cos € cos (I + p) 0 <1i<90°

sin Q' = -sin (Q + 0 + §¥) sin (I + p) csc i -90° <' ' < 90°

sin A = -gin (0 + 0 + &Y) sin £ csc i o
cos A = -gin (Q + 0 + §¥) sin N’ cos €
-cos (Q + 0 + §¥) cos ' 0° < A < 360°
Reference: JPL Technical Report No. 32-223 -
MNA-4
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PHILCO.FORD CORPORATION Systems Division




SIBFTC MC13MA NOREF sM94+NODDsXR3

SUBROUTINE MNA{TIMEsOMsyCRsDTsEPSILIRO»GsGP sWWsEM) MNA G000
CMC13MA  MNA (1IV) MNAOOO1
DIMENSION EM(3s3)sDF(3) MNADO0D2
DOUBLE PRECISION DD MNA0003
DATA DTR/.017453293/ MNAOOO&4
D = TIME ‘ MNAOQOS
T = D/36525. MNAOOO6
T2 = T*T . MNAQDOOT
T3 = T2%7 MNA0QOS
A=13,064992 MNAOOO9
DO 6 1=1,3 _ MNAOO10
DD=D MNACO11
DD=DD*(A/360,) MNAQO12
DF(I1)=IDINT(DD) MNAOO13
DF{ 1)=DD-DF (1) MNAOO14
GO TO (455s6)s1 MNACQ15
4 A=.9856005 MNA0OO16
GO TO 6 MNAOO17
5 A=.1643586 MNA0O18
6 CONTINUE MNAOO19
. G=215.54013+3604%DF (1) MNAC020
P GP=358,009067+360*DF (2) MNA0O21
WW=1964745632+3604%DF(3) MNAOO022
G=G*DTR MNA0023
GP=GP*DTR MNAOQ24
- WW=WW*DTR MNAOOQ25
i YN=1.535%DTR MNAOO26
>~ RO = =,0297222%C0S (G) + o01020777%#COS (G+2e*WW) MNA0O27
1 —+00305555%C0S (2. *G+2e*¥WW) MNA0028
TA = -,0033323*%SIN (G) + ,0163888*SIN (GP) MNACO29
1 +e005%SIN (24%WW) MNAOO030
SG = =¢0302777*SIN (G) + +0102777%SIN (G+Ze*WW) MNAGO31
i 1 —e00305555%#SIN (24%G+2e*WW) MNA0O32
SG={SG*XDTR)I/SINIYN) MNAOQ33
RO=RO*DTR MNAOO34
TA=TA*DTR MNAQO35
YN = YN + RO MNAOO36
e RO = OM + SG + DT MNAOO37
CI = COS (RO)*SIN (EPSILI*SIN {YN) MNAOQ38
1 +C0S {EPSIL)*COS (YN) ‘ MNAQO39
$i=1.~CI*CI MNA0O040
§1 = SQRT (SI) MNAOO41
o SO = =SIN (RO}*SIN (YN)/SI MNA0O42
CO=14~50%S0 MNA0043
CO=SQRT(CO) MNAOO44
SD = ~SIN (RO)*SIN (EPSIL)/SI MNADOO45
CD = -SIN (RO)#SO%#COs (EPSIL) — COS (RO}*CO MNAOO4S
e DL=ARKTNS(360sCDySD) MNA0O4T
' CA = DL + (CR + TA) - (OM + SG) MNAO0O48
- SA=SIN(CA) MNACO49
CA=COS(CA) MNA0OS50
; RO = COS (RO)*SIN (EPSIL)/(SI*CD) MNAOO51
= EM(1s1) = CA¥CO - SA%SO*(CI MNADO052
EM(1,2) = CAXSO + SA%CO*CI MNAOO53
. EM(1,3) = SA%SI MNA0OS54
# EM{251) = =SA%¥CO - CA¥SOx%CI MNA0OS5
EM{2s2) = =SA¥SO + CA*CO%CI MNAOOS56
EM(253) = CAxSI MNAOOS7
EM(3,1) = SO*SI MNACOS8
EMI343) 2 -Co¥31 . MNATO59
EM(353) = CI ] MNAOC60
RETURN MNAOOG1
END
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Subroutine: MTRN
Purpose: Computes the matrix product of two 3X3 matrices.
Calling Sequence: CALL MTRN(A,B,C)
Ioput and Oupput
Symbolic| Data
1/¢ |Rame or Dizzﬁ::s s‘y‘:::;l Dimensions Definition
Location or Units
4 A sB 3.,3) Input matrices.
¢ c 3,3) AB
Common storages used: None.
Subroutines required: None.

PHILCO l
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wind

& o

8

SIBFTC MTRN XR34sM94,NODD

PHILCO l

PHILCO-FORD CORPORATION

SUBROUTINE MTRN(A»BsC)

DIMENSION A(353) sB(3s3) »C(3+3)
DO 1 I=1,3

DO 1 J=1,3

ClIsd)y = O

DO 1 K=1s3

ClIsdy = CLIyJI+A(TIIKI*¥B(KsJ)
RETURN

END

MTRNOOO1
MTRNOQO2
MTRNOOQO3
MTRNOOO4
MTRNOOOS
MTRNOOOS
MTRNOOO7
MTRNOOOS
MTRNOOOS

Space & Re-entry
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Subroutine: MXLEST

Purpose: Computes a maximum likelihood estimate of vehicle state
using the data from a single tracking station., The

computations are deseribed in detail in Appendix B of
Reference 1,

Calling Sequence: CALL MXLEST

Common storages used:

Subroutines required:

PHILCO l

PHILCO-FORD CORPORATION

//162 cells,/DATC@M/,/DCPC@M/, / DFMCPM/ , /EDTCEN/,
/BSTCOM/ , [MLEC@M/

DEHA, DEQTR, DGTRN, DGTSN, DMPLY, DMVTRN, DN@RM,
DPFMRS, MEAS2X, PSEUD®, STEPDI, STTIME

MXLEST-1
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$IBFTC MCL13M5 XR34M94,NOCD,LIST

PHILCO l
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SUBRCUTINE MXLEST MXLEOOOL

C COMPUTES MAXIMUM LIKELTHOOD ESTVIMATE OF VEHICLE STATE MXLEOQOO2
C MXLE0003
DOUBLE PRECISION DATANZ ,DCOS ,DNORM ,DSIN MXLEOOO4

C MXLEOOOS
COMMON /DCPCOM/CDCP{900) MXLEOQO6
DOURLE PRECISION ALOWR ,BDOWN ,CNST(7) ,EPSBAR ,CONTRL(20)} MXLEQOO7

1 s AUPPR ,BUP s RCNST +EPSDEL 4RTD MXLEOO0O8

2 »BO + VONST s SCALE  (6) MXLEOQOO9
DIMENSIGN CBODY (8+11) JNSCTRL(14) MXLEOOQLO
EQUIVALENCE (COCP(L12),ETAPE ) ,(CDCP{683),NSTTM ) MXLEOOL1

1 s (CLCP{T758), INDSTA} L, {CDCP(T7T7T),ICB )} +(CDCP(684)4NSTIR ) MXLEOQO12

2 +{CDCPL 17)+CBOCY ) 4 (CDCP{1Y1)41ERR ) L{CDCP{ T),RTD ) MXLEOO13

3 +»(CDCP(825) yCONTRL) »(CODCP(T78B7)4NSCTRL) L{CDCP(813),SCALE ) MXLEOOLl4
EQUIVALENCE (COMTRL{(18),BDOWN ), (CONTRL( 2),EPSBAR) MXLEODOLS

1 ¢+ (CONTRL(20) s ALOWR ), {CONTRL(17),BUP )+» (CONTRL( 3),EPSDEL) MXLEOOL6

2 + {CONTRL{L9),AUPPR )4 (CONTRLY{ 8)sCNST ), {CONTRL! 4),EPSEUD) MXLEOQOL7

3 + (CONTRL(16)4+B0 1o (CONTRLU15),CNTL )+ (CONTRL( 6} ,RCNST ) MXLEOOLB

4 s ({CONTRL! 7),VCNST )} MXLEOO19
EQUIVALENCE (NSCTRL{11)+MAXAMB), (NSCTRL{ B),KSCALE) MXLE0020

1 2 INSCTRL( T7)4MTRY ) MXLEOQO21

C MXLEQ022
COMMON /EDTCOM/INDDAT (401 s BUFDAT {854 6) MXLEQO23
DCUBLE PRECISION DRNGE »0OMG3 4 ONTIME MXLEDOZ24
EQUIVALENCE ( INCOAT{271yORNGE ) o {INDDAT{(29),0MG3 } MXLEDD25

1 + { INDDAT{12)4KTAU ) » (INDDAT{13),ONTIME) MXLEOQO26

2 » {INDDAT( B8),MTYPE ) MXLEOO27

C MXLECOZ28
COMMCN /ESTCOM/CEST(804) MXLEOQO029
DCUBLE PRECISION DELDAN(2} +SE(14,20) MXLEOO030
EQUIVALENCE (CEST( 971, DELDAN] »{CEST( 611,EFEDAN) MXLEQO31

1 » (CEST(245),SE ) MXLEOO32
COMNMON /CATCOM/CDAT (299) MXLEQO33
DOUBLE PRECISION BIAS(2) »FTR ,SPOLLT »STA(Ll0}) ,TAU MXLEQO34
EQUIVALENCE (CDAT(133),FTR ) + (CDAT{139),5TA ) MXLEODO35

1 ¢+ {COAT{135)40MEGA ) ,(CDAT(159),TAU ) MXLEQO36

2 »(COAT( L),BIAS ) L (CDAT{L37),SPDLT } (CDAT(233),1728B0 } MXLEOO37

c MXLEOO38
COMMON /DFMCOM/ TFM{14),RFM{6,12) MXLEQO39

1 yDFM (&) oBFM (S5T7T7),SNT(2,102) MXLEDO40
DOUBLE PRECISION BFM,DFM,RFM MXLEOO41

C MXLEOO42
COMMON /MLECOM/CMLE(10T70) MXLEQO43
DOUBLE PRECISION ary +EDEL  +ETIMR1 + STBIAS (4),UTIMR MXLEDO44

1 yCOEF(244)EDHAT LETIMV] + STIMR +UTIMRL MXLEOQO45

2 1CTAU » EDHATX o HY (6)sSTIMR] ¢+ X1 (6) MXLEOQO46

3 s CATAT (6),EHAT LOBIAS (4)},TB12C(3,3),XAL{6) MXLEOO4T

4 +DRA s EHATL ,PI (69619 TD2C (343)4XM (6) MXLEOO4B

5 s E s EHATX 4PX12M(646), TEST (20) MXLEOO49

6 s EBAR +ELAST LQI (4) ¢ TMEAN MXLEODOS0
LOGICAL LDATA(4) LMEAS(4) LLMLE ,LRESOL MXLEOOS1
DIMEANSIGN DATA(S5,100} sLBM(12) JNROT(4) MXLEQO052

1 2L BS(12) +NYR (4) MXLEOOS53
EQUIVALENCE (CMLE( 55).,4Q1 } +{CMLE(135),PX12M ) MXLEQO54

1 e {CMLE(531),L8M } » (CMLE( 27),STBIAS) MXLEQO55

2 » [CMLE{363),AMU ) +{CMLE(543},L8S )} o (CMLE( 13),STIMR ) MXLEQDS6

3 o {CMLE(347),COEF )} +(CMLE(401),LDATA )} »(CMLE( 5),STIMRL) MXLECOS7

4 s (CMLE(365)CTAU ) +(CMLE{(397),LMEAS )} +{CMLE( 8l})},¥B12C ) MXLEOQO58

5 s {CMLE(570),0DATA ) L (CMLE(406),LMLE ) {(CMLE( 63),TD2C ) MXLEQOS59

6 2 (CMLE( 39)+DATAT )} ,» (CMLE(407),LRESDL) +{CMLE(307),TEST ) MXLEQO60

7 +{CMLE(367),0RA ) 2 (CMLE(432)NPTSTT) 4(CMLE( 3),TMEAN ) MXLEOO61

8 s (CMLE(  9),ETIMRL) {CMLE(423),NROT ) (CMLE( 15),UTIMR ) MXLEDQ62

9 »{CMLE( 11)+ETIMVL) H(CMLE(431),NSTATE} +{CMLE( T7),UTIMR]) MXLEQO63

1 2+ (CMLE(295) s HY )} » (CMLE(42T)4NYR )} 2 (CMLE( 99) X1 ) MXLEQO64

2 y(CMLE(433),IQUAL ) +(CMLE( 31),08IAS ) »(CMLE(111)sXAl ) MXLEQOQ65

3 y (CMLE(434),ITIME ) »(CMLE(223),P1 ) 2 {CMLE(123) XM ) MXLEOO66
EQUIVALENCE (TESTU( 6).EBAR ) L(TEST( B),EHAT ) MXLEOQOBLT

i »{TEST( T)SEDEL ) H{(TCST(14),EHATL ) MXLEQO068

2 2 {TEST( 9),EDHAT } H(TEST(1T7T).,EHATX } MXLEQ0b69

3 2 {TEST{ 51}k )} +(TEST(18)yEDHATX) 4(TEST{11),ELAST ) MXLEGOTO

Cc MXLEOOT71
COMMON SAVE(120),0(21) MXLEOQO72
DOUBLE PRECISION (M MXLEOOT73

C MXLEOOT4
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DCUBLE PRECISION ALPHA(2) ,DXM(&) ,GHAL s XMHAT (6) 2YR(4) MXLEQOQOTS

1 +BETA 2EPSAYT  SOMEGAX +XMLAST(6) MXLEOQOOT6

2 + DRGE 3G (6) 4PL6y6) o+ XXHAT (6) MXLEQOT7

DIMENSICN LBEST(6) +LBG (T) oLBSCU7} 4LBSXM(2) MXLEQOT78

1 +LBETA(S) ,LBORB(9) ,LBSS5(3) ,MD (3) MXLEOOT9

c MXLEOOBO

DATA LBEST/6HALL CO,6HORDINA,6HTES ¢ GHRANGE 5 6HONLY 4 6H /MXLECOS8L

DATA LBETA/6HFIXED ,6HAT y6HVARTAB, 6HLE » 6HDOWN  / MXLEQO82

DATA LBG /6HEXTERN,6HALLY 46HEACH T.6HRIAL ,6HFIRST ,6HTRIAL MXLEQO83 ~ 7"

1 o6HONLY / MXLEOOB4

DATA LBCRB/6HSMA +6HECC » 6HINC s 6HL AN s 6HAPF y 6HTHE MXLEQO85

1 s 6HSLR s 6HHEV s 6HRCA / . MXLEQO86

DATA 18SC /6HEXTERN,6HALLY J6HEQUAL 46HTO 1.0,6HTU NORy6HMALIZE MXLEOO87

1 16H XM / MXLEOOSBS

DATA LBSS /6HKM +6HRAD  ,6HRAD / MXLEQO89

DATA LBSXM/6HOF SCA.6HLED XM/ MXLEOO90

DATA MD / 1e34-1 /7 . MXLEOO91

C MXLEOQQ92

600 FORMAT(45HL T CUTPUT FROM MAXIMUM LIKELIHODD ESTIMATOR/3H R/3H MXLEOO93

11734 A/3H L) MXLEQO94

601 FORMAT(///1%4124+16H ESTIMATION OF 43A6//5Xy12HANCHOR TIMES,10X,14MXLEOO95

IHSTATION TIME =,024.16+48X,14HVEHICLE TIME =,D24.16) MXLEOO96
602 FORMAT({18HO VEHICLE STATE//8Xy L9HM-FRAME COORDINATES48Xs5HRATEMXLEOO97 o
1S93(/18X42A6,02801691X1A697X9023.0641X9A3,4H/SEC)) MXLEOO98 i

603 FORMAT(/8X+31HCARTESIAN COORODINATES (C—FRAME)/20Xs LBHEARTH CENTEREMXLEOO99

1D (X)) TXyAb6414H CENTERED (XA),5X9A6916H TO EARTH VECTOR) MXLEOL100

604 FORMAT(15X43025.16) MXLEQLOL
605 FORMAT(/8BX,52HORBITAL ELEMENTS IN KILOMETERS AND DEGREES (C-FRAMEIMXLEOLO2 w

Le3(/12X43{6XyA3,025.16))) MXLEQLO3 @
606 FORMAT(1HO+4X, 20HCONVERGENCE CONTROLS/8X,33HMAXTMUM NUMBER OF TRIAMXLEOLO4 5
ILS (MTRY) =,14/8X,55HCONVERGENCE LEVEL FOR MEAN WGT SQ OF RESIDUALMXLEOL10S5
2S (EPSBAR),17Xy1H=4£E16.8/8X, 7T3HFRACTIONAL LEVEL FOR FRACTIONAL CHAMXLEOL06

3NGE IN WGT SO CF RESIDUALS {(EPSDEL) =,F16.8) MXLED107
607 FORMAT (24HO CONSTRAINT CONTROLS/8X,25HSCALING FACTOR (BETA) IS MXLEOLOB
11A6 A2 4 A6 y&HONLY ) MXLE0109 &
608 FORMAT{L1X,25HINITIAL VALUE ({(8O) =4E16.8) ) MXLEOL10
609 FORMAT (L1X,25HDECREASE VALUE (BDOWN) =4F16.8,6X,44HMINIMUM FRACTIMXLEOLLL
10NAL CORRECTION (ALOWR) =,E16.8) MXLEO112
610 FORMAT(11X,25HINCREASE VALUE (BUP) =4E1648,6Xs 44HMAXIMUM ALPHA MXLEOLL3
LFOR INCREASING BETA (AUPPR) =,E16,8) MXLEO114
611 FORMAT{1HO,7Xs38HUNSCALED CONSYRAINT VECTOR (G) IS SET ,3A6) MXLEO115
612 FORMAT(20X,3D26.16) MXLEO116
613 FORMAT(11X,22HPCSITION CONSTRAINY [S,E16.8,19H OF DISTANCE FROM +MXLEO117
1A6/11X,22HPOSITION CONSTRATNT [S,E£16.8,13H OF VELOCITY) MXLEO118
615 FCRMAT(43HO M~FRAME SCALING VECTOR {SCALE) [S SET ,346) MXLEO119 )
616 FORMAT{/5X,20H CONVERGED ON TRIAL,13) MXLEO0120
6517 FORMAT(/5X,18HCCVARIANCE MATRIX ,2A6) MXLEOL21
618 FORMAT(10X,3(14X42A6)) MXLEO122
619 FORMAT(BX22A6,3{D24.16452X)) MXLEO123 3
620 FORMAT(/5X,23HSUMMARY OF RESTDUAL FIT/24X,1LHHMEAN SGQUARE, 15X, 13HNUMXLEOL24
LMBER CF PTS) MXLEO0125
621 FORMAT(8X,2A6,D24.16,19) MXLEO126

622 FORMAT(62X5HVALUE, 18X, 17THCONVERGENCE LEVEL/8X,27THTOTAL MEAN WGT SMXLEOL127
LQUARE(EBAR) 423Xy 1H=,D24.16,£18.8/8Xs51HFRACTIONAL IMPROVEMENT IN TMXLtO128 -

20TAL MEAN SQUARE(EDEL) =,D24.164E18.8) MXLEOL29
623 FORMAT(1HL 9%, 15HRESIDUAL OUTPUT//13X,4HTIME,13Xs4(2A6,5X)) MXLEOL130
631 FORMAT(1HO,§2,26H DIFFERENTIAL CORRECTIONS) MXLEO131 B
632 FORMAT(/20X91BHSCALEDN EST (XXHAT),6Xs 7H~SCALE=, 18X, 1BHUNSCALED CONMXLEOL132
15T (G)) MXLEO133
633 FORMAT(5X42A6,023.16,2D025.16) MXLEOL134
634 FORMAT(/20X+sLO6HESTIMATE (XMHAT),8X,21HCONST VECTOR (BETA*G) 4X,21HMXLEOL3S
LDIFF CORRECTION (DXM)) MXLECL36
635 FORMAT(/5X,31HINFORMATION MATRIX OF SCALED XM) MXLEOL37

636 FORMAT({1HO,I2417H TEST PARAMETERS, 18X, LOHLAST TRIAL6Xs7HCURRENT,MXLEOL38
19Xy IHPREDICTEDy TX9 IHPREDICTEDy TXy 13HUNCONSTRAINED/ TOX s L 1HON LAST TMXLEOL39
2RY 95X 12HFOR NEXT TRY4X,9HPREDICTED/SX,29HSUM OF WGT SQ OF RESDIEMXLEOL40

3) =45E16.8/5X,29HMEAN WGT SQ OF RESD(ERAR)  =,2E16.8/5X 29HFRAMXLEOL41
4CTICNAL IMPRV IN E(EDEL) =,5E16.8) MXLEO142
637 FORMAT (1HO, 12 21Xy4H-HY=, 22X, L9HUNCONSTRATNED HYHAT,7X, LTHCONSTRAIMXLEO143
LNED HYHAT) MXLEO144
638 FORMAT(1HO,12+19H CONVERGENCE TESTS,24X,10HTEST LEVEL/S5X,11HEBAR MXLEOL45 -
1 =,D24.16,E18.8/5X, L LHEDEL =,024.16,E18.8/5Xy 1 1HALPHA  MXLEO146 !
2 =,024.16) MXLEO147 2
639 FORMAT(5X4HBRETA,6Xy1H=,D24416) MXLEO148

642 FORMAT (/5X4HRANK 6 X 1H=,4124) MXLEQO149
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690 FORMAT(/38H % MAXIMUM NUMBER OF TRIALS REACHED) MXLEQL50

691 FORMAT(/24H  * FAILED TO CONVERGE) MXLEOL51
692 FORMAT(1HO,12,37H *PROCESS DIVERGINGs EDEL IS POSITIVE) MXLEO152

693 FORMAT(1HO,12,184 INCREASE BETA TO,E16.8,20H, PROCESS CONVERGING)MXLEO153

694 FORMAT(1HO,12,37H *MAXIMUM FRACTIONAL DIFF CORRECTION(,EL5.8411H).MXLEOL5%

ILT.ALCWR (1EL15.8,1H) ) MXLEO155

695 FORMAT(5X,14HREDUCE BETA T0O,E16.8,4TH AND MAKE NEW TRIAL FROM LASTMXLEO156

1 ACCEPTED ESTIMATE) MXLEOLST

c MXLEO158

C*%x  CONVERT POLYNOMIAL COEFFICIENTS TO MEASUREMENT COORDINATES MXLEOL59

c MXLEO160

c SET UP ANCHOR POINT TIME ; , MXLEO161

1 CONTINUE MXLEO162

LMLE = FALSE. MXLEOL63

IFM(ICB) = 2 MXLEOL64

STIMRL = TMEAN+ONTIME MXLEO165

UTIMRL = STIMRI+STBIAS(1)+STBIAS(2)%STIMRL MXLEOL66

ETIMRI = UTIMRL+DELDAN(L)+DELDAN(2)%UTIMR] MXLEO167

c MXLEOL68

c EARTH ORIENTATION (SEE GTR2BD) MXLEOL69

CALL DPFMRS (ETIMRL,EFEDAN,ICB, ERR,ETAPE) MXLEO170

Fy IF (IERR.NE.O) 60 TO 998 MXLEOLT1L
o CALL DEQTR (ETIMRL,D) ‘ MXLEOL72
| CALL DGTSN  (D(13)404D0(2),0(1),D(4)) MXLEO173
- D(1) = D{3)+DFM(2) MXLEO174
D(2) = DEM(1) MXLEOL75

- CALL DGTRN (D(4),MD,D,3) MXLEOL76
} CALL DMVTRN (D(13)4D(4)sT52Cs20¢3) MXLEOLT7
ol DRA = D(7) MXLEOL78
CALL DEHA  (UTIMRL,DRA,GHALyOMEGA) MXLEOLT9

OMFGAX = OMEGA MXLEOL80

DI1) = DCOS(GHAL) MXLEO181

0(2) = DSIN(GHAL) MXLEO182

. DO 2 I=i,3 MXLEO183
TBL2C(LsLl) = DCLI¥TD2C(I,1)+D(21%¥TD2C(142) MXLEO184

TBL2C(1,2) = D{L)*TD2C{1,21-D(2)%TD2C(I,1) MXLEO185

TBL2C(1,3) = TD2C(1,3) MXLEO186

2 CONTINUE MXLEOL87

C MXLEOL88

C TRANSFER CUEFFICIENTS TO MEASUREMENT COORDINATES MXLEO189

10 CONTINUE MXLE0190

XM(1) = COEF(L,3) MXLEOL91

i XM(2) = COEF(Ly1) MXLEOL192
e XM(3) = COEF(1,2) MXLEO193
XM(4) = COEF(243) MXLEO194

. XM(5) = COEF(2,1) MXLEO195
' XM({6) = COEF{2,2) MXLE0196
NSTATE = 6 MXLEO197

IF (MTYPE.EQ.1) GO TO 22 MXLEO198

: c MXLEO199
s c C-~-BAND IS SFT uP MXLEO0200
‘ c CONTINUE FOR OTHERS MXLE0201
IF (IQUAL.EQ.2) GO TO 15 MXLE0202

- c MXLE0203
c RANGE DATA IS AVAILABLE MXLE0204

- D(1) = 0.500 MXLE0205
+ IF (MTYPE.EQ.2)  D{1) = D(L)#SPDLT MXLE0206
o DRGE = D(1)*DRNGE MXLE0207
XM(L) = D(L)*XM(1) MXLE0208

XM{4) = D{L)*XM(4) MXLEO209

LRESDL = .TRUE. MXLE0210

NSTATE = 0 MXLEO211L

c MXLEO212

c MINIMIZE RESIDUALS VS RANGE AMBIGUITY MXLE0213

ITP = NSTTR MXLEO214

NSTTR = 0 MXLEO215

ELAST = 1.D+20 MXLEO216

1AM = 1 ' MXLE0217

60 TO 35 MXLE0218

11 IF (E.GT.ELAST) GO TO 12 MXLEG219

ELAST = E MXLE0220

1AM = [AM+] MXLE0221

XM(1) = XM{1)+DRGE MXLE0222

IF (IAM.LE.MAXAMB) GO TO 35 MXLED223

12 CONTINUE MXLE0224
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XM(1) = XM(1)-DRGE ' MXLEO0225

PHILCO.FORD CORPORATION

NSTATE = 6 MXLEQ226
NSTTR = [TP MXLEQ227
GO 10 22 MXLED228
[ MXLEQ229
C RANGE DATA NOT AVAILABLE MXLEO230
C ESTIMATE RANGE FIRST MXLEQ231
© 15 CCNTINUE MXLEOZ232
XM(1) = 25.D+3 MXLEQ233
IF (ICB.NEL3) XM{1) = DNORM(RFM(1l,3)) MXLED234
GO TC (999,18,17,16) MTYPE MXLEOQ235
C DSIF MXLEOZ236
16 XM(2) = DATAN2 (STA(2},STA(1))+GHAL-XM(2) MXLEO237
XM(5) =-xM(5) MXLEO238
CMEGAX = 0.D0 MXLEO239
- C usBsS MXLEO240
17 D(2) = BLAS(2) MXLEOZ241
GC TC 19 MXLEOZ242
[ STADAN/ VHF MXLED243
18 D(2) =-1.00 MXLEO244
19 CONTINUE MXLEO245
D(1) = CCEF(1l+4)/TAU . MXLEQ246
IF (KTAUEQ.0) C(1) = TAU/COEF(1ly4) MXLEO247
D(1) =—(BRIAS(1)-D(1})/(2.0C0%FTR¥D(2)) MXLEOZ248
XM{4) = SPDLT%D(1)/{1.DO+D(1)) MXLEDZ249
NSTATE = 1 MXLEO250
GL TC 22 MXLEO251 :
c MXLEO252 e
CH*% QUTPUT HEADINGS AND CONTROL DATA MXLEOD253 Y
c MXLED254 .
C RESIDUAL OUTPUT ONLY MXLEOZ55
20 CONTINUE i MXLEO256 B
LRESDL = «TRUE. MXLEO257
WRITE {6+623) (LBMII) yLBM{I+4)91I=194) MXLED258 ]
GG 1C 35 MXLEDZ259 e
C MXLEO260
c MAXIMUM LIKELIHOND ESTIMATION MXLEOZ261
21 NSTATE = 6 MXLEO262
22 CONTINUE MXLEOD263
LRESDL = .FALSE. MXLEO264 s
IF (NSTTM.EQ.O) GO 10 30 MXLEOD265
WRITE (64600) MXLEO266
IF (NSTTVM.LT.4) GO TO 30 MXLEO267
WRITE (6+606) MTRY,EPSBAR, EPSDEL MXLEO268 :
I =1 MXLEQO269 .
IF (CNTL.NE.O.) =3 MXLEO2T0
4= I+l - MXLEO2T1
IF (CNTL.LT.0.) J=5 MXLEQ272
WRITE (64+607) (LBETA(K) yK=1,4J) MXLEO273
WRITE (6,608) BU MXLEQ274 -
IF (CNTL.EQ.0O.) ‘GO 1O 23 MXLEO275
WRITE (6+609) BUOWN ALOWR MXLEO276
IF (CNTL.LE.O.) GO TO 23 MXLEQ2T77
WRITE (64610} BUP 4 AUPPR ) MXLEQ2T8
23 CONTINUE MXLEQ279
I =1 MXLEO0280
If (CNST.NE.O.) 1=3 MXLEOZ81 =
J = I+1 MXLED282 .
IF (CNST.GE.D.) GO TO 24 MXLEQ283
I =5 MXLEQZ284
Jd =1 MXLEO285
24 WRITE (6,611) (LBG(K) K=14J) MXLEDZ286
IF (CNST.NE.O.) GO 70 25 MXLEOQ287
WRITE (64612) (CNST(1)s1=247) . MXLEO288
GO T0 26 MXLEOZ289
25 WRITE (6,4613) RCNST,CBODY(1,ICB),VONST MXLEDZ290
26 CONTINUE MXLED291
1 =3 MXLEQ292
IF (KSCALE.EG.O) GO TO 27 MXLEO293
I=1 MXLEO294
IF (KSCALE.LT.0) GO TO 27 MXLEO295 iy
=5 MXLE0Z96 g
J =1 MXLEQ297
GC TC 28 MXLEO298
2T 4 = 1+1 MXLEOQ299
Y
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28

30

31

32

33

35

101

106

162

103

104

105

110

111
112

113

114
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WRITE (6,615) (LBSC(K)9K=T9d)
IF {KSCALE.GE.O) GO TO 30
WRITE (6,612) SCALE

INITIALILIE

HERE FOR M.L.E.

CONTINUE

D0 31 I=1,+6

DXM({) = 0.00

TEST(I+410) = 9,999999999999999L+21

KSS = 2
IF (NSTATE.EQ.1) K5S=0
NTRY = 0

DO 32 1=1,36
PI(I,1) = 0.D0

EPSBT = 0.

DC 33 I=1l,4

IF (LMEAS(I)) EPSBT=EPSBT+EPSBAR
BETA = 80

HERE FOR RESIDUAL COMPUTATION
CONTINUE

M.L.E. ITERATION LOOP STARTS HERE

ANCHOR PCINT

NTRY = NTRY+1

ETIMV]L = ETIMRL-XM(1}/SPDLT

IF (MTYPELEQ.4) GO TO 101

CALL DMVTIRN (TB12C,TT2B80,TD2Cs14+3)

CALL DMVIRN (TB12CsSTA,D(13)s1,s1)

CALL MEAS2X (X19PX12MyXMy,NROT,TD2CyD(13),TB12C(1,3),0MEGAX)
CALL DPFMRS (ETIMV],EFEDAN, ICBy IERR,ETAPE)

IF (TERR.NE.O) GO TO 998

CLEAR SUMMATION STORAGE

DU 106 I=1446

NYR{I) = O

DO 102 I=1,6

HY{I) = 0.DO

TEST(I} = 0.00

XAL(I) = XUL{I}+RFM({TI,3)

CALL STEPDI (ETIMVI,XALl,AMU)

CUTPUT ANCHCR PCINT

IF (LRESDL) GO TO 110

IF (NSTTM.LT.2) GO TO 110

IF (NSTTM.EQe2+.ANDNTRY.NE.1) GO TO 110

1 =1

IF (NSTATE.NE.O6) I = ¢4

Jd = 1+2

WRITE (6+601) NTRY o {LBEST(K)9sK=13J)s STIMRLLETIMV]

WRITE (6+602) (LBS(T1},LBS{I+46)9XM{T)4LBSS(I),
XM(I+3)4LBSS(I)yI=1,3)

IF (NSTTM.LT.3) GO TO 105

CALL X20RBD (XAl.DyAMU)
DO 104 1=3,6
D(I) = D(I)%RTD

HWRITE (6,+605) (LBORB{IL)+D(1)y[=1,9)

WRITE (64603) CRODY {1, 1CB)+CRODY (1, ICB)
WRITE (64+604) (XL{I}oXAL{I)sRFM{1+31,1=1,46)
IF (LMLE) GG TO 242

SET uP SCALING

IF (LRESDL) GO 10 120

IF (KSCALE) 115,111,113

DO 112 I=1.46

SCALE(I) = 1.DO

GO TC 115

DO 114 J=1,6

SCALE{(J) = DABS(XM(J))

DO 114 I=1,46

PX12M(14+J) = SCALE(J}*PX12M(I,J)

MXLEO300
MXLEO301
MXLEO302
MXLEO303
MXLEO304
MXLEO305
MXLEQ306
MXLEOQ307
MXLEO308
MXLEO309
MXLEO310
MXLEO311
MXLEO312
MXLEO313
MXLEO31l4
MXLEOD315
MXLEO316
MXLEOD317
MXLEO318
MXLEO319
MXLEQ320
MXLEO321
MXLEO322
MXLEO0323
MXLEO324
MXLEQ325
MXLEOQ326
MXLEO327
MXLEOD328
MXLEO329
MXLEO330
MXLEO331
MXLEO0332
MXLEO0333
MXLEO334
MXLEO335
MXLEO336
MXLEO337
MXLEOD338
MXLEO339
MXLEQ340
MXLEO341L
MXLED342
MXLEO343
MXLEO344
MXLEOD345
MXLEOQ346
MXLEO347
MXLEO348
MXLEO349
MXLEG350
MXLEOQ351
MXLEO352
MXLEO0353
MXLEO354
MXLEO355
MXLEO356
MXLEO357
MXLEOQ358
MXLEOD359
MXLEO360
MXLEO361
MXLED362
MXLEO363
MXLEO364
MXLEO365
MXLEO366
MXLEO367
MXLEO368
MXLE0369
MXLEO370
MXLEO3T1
MXLED3T72
MXLEO373
MXLEO374
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115 CONTINUE i . MXLEO37S

IF (CNST.LT.0.) GO TO 117 MXLEO376
IF (NTRY.NE.1) GL TO 120 MXLEO377
IF (CNST.NE.O.) 60 TO 117 MXLEO378
DO 116 I=146 MXLED379
116 G{I) = CNST{I+1) MXLE0380
GO TG 120 ‘ MXLEO381
117 CONTINUE MXLEOD382
YR{1) = RCNST : : ‘ MXLEQ383
YR(2) = VCNST MXLE0384
IF (ABS(CNST).EQ.2.) GO TO 118 MXLE0385
YR{L) = YR(1)*DNORM(XAL1) MXLEO386
YR(2) = YR(Z)*DNORM{XAL1(4)) MXLEO387
114 CONTINUE ' MXLEO0388
G{1) = 1.D0 ) : MXLEO389
G{3) = L.DO/XM(1) MXLEO390
D(1) = DABS(OCOS(XM(3})) MXLED391
IF (D(1).LT.1.D~20) D(1) = 1.D-20 MXLED392
G6{2) = G(3)/D(1) MXLEO0393
DO 119 I=1,3 MXLEO39%
G(I+3) = GUII*YR(2)} MXLE0395
119 G(I) = GLII*YR(1) MXLEO396
c MXLEQ397 B
C**  COMPUTE RESIDUALS AND INFORMATION MATRIX MXLEO0398 L
c MXLE0399
120 CONTINUE MXLE0400
D0 123 ITIME=1,NPTSTT MXLE0401
DC 121 I=1.4 MXLEO402
LDATA(I) = LMEAS(I) MXLEO403 )
DATAT(I) = DATA(I+1,ITIME) : MXLE D404
121 IF (DATAT(I).LT.0.) LDATA(I) = .FALSE. MXLE0405
STIMR = CNTIME+DATA(L, ITIME)} MXLED406
UTIMR = STIMR+STRIAS(1)+STBIAS(2)%STIMR MXLE0407
IF (KTAU.NEL.O) GO TO 122 MXLE0408
TAU = DATATI(4) MXLEQ409 s
DATAT{(4) = CTAU MXLED410
BIAS(1l) = CMG3+SE(LD,INDSTA)/TAU MXLEO411
122 CONTINUE MXLEO412
CALL STTIME MXLEO413
123 IF {IERR.NE.O) GU TO 993 MXLEO4r4
c MXLEO415
C**  COMPUTE DIFFERENTIAL CORRECTION DXM AND ESTIMATE XMHATY MXLEO&416
c , MXLEQ41T
140 IF (LRESCL) GO TO 160 . MXLEO418
DO 141 I=1,36 MXLEO419 i
141 P(I,1) = PI(I,1} MXLE 0420
NRANK = NSTATE MXLEO421
CALL PSEUDO (P.NRANK,6,EPSEUL) MXLE0422
CALL DMPLY (P ,HYXXHAT yNSYATE,NSTATEs196+646,0) MXLEO423
ALPHA = .999D+20 MXLEO&2¢4 -
DC 142 I=1,NSTATE MXLEO0425
D{I+1) = GU(I)*BETA : MXLE0&26 s
XMHAT (1)} = XXHAT (I)*SCALE(T) MXLE0427 ~
D(1) = DABS(XMHAT(I)) MXLEO428 }
IF (D.EQ.0.D0) GO TO 142 MXLEO429
D(1) = D(I+1}/D(1) MXLEO430
IF (DoLT.ALPHA} ALPHA = D MXLE0431 5
142 CONTINUE MXLE0432 |
ALPHA(2) = ALPHA MXLE0433 .j
1F (ALPHA{2).GT.1.D0) ALPHA(2) = 1.00 MXLEO434
DO 143 I=1,NSTATC MXLE0435
143 DXM(I) = XMHAT(I)*ALPHA(2) MXLEO436
c ‘ MXLEO0437
Cx#%  CCMPUTE TEST PARAMETERS MXLEO0438
c . MXLEO0439
160 CONTINUE MXLE0440
DO 161 [=1,4 MXLEO441
IF (.NOT.LMEAS(I)) GO TG 161 MXLE0442
DI1) = TEST(II%QILI} MXLEQ443
E = E+DI(1) MXLEDG44
D{2) = NYR(I) MXLEO445 .
TEST(I) = TEST(1)/D12) MXLED446 !
EBAR = EBAR+D(1)/D(2) MXLEO44T n
161 CONTINUE MXLED448 .
IF («NOT.LRESDL) GO TO 162 MXLE0449

\
|
!
it
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IF (NSTTR.NE.OQ) G0 TO 244 MXLEO450

IF (NSTATE.EQ.O) 60 TO 11 MXLEOQ4S51
60 TO 999 MXLEQ452
162 CONTINUE MXLEO453
EDEL = (E-ELASTI/E MXLEO454
CALL DMPLY (PI+XXHAT,DeNSTATEJNSTATE)146464640) MXLEO455
CALL DMPLY (XXHATyDsD(7)s1oNSTATEy196+62691) MXLEO456
CALL DMPLY (XXHAT HY D(B)elyNSTATEy 146464641) MXLEOD457
D( 9) = D(7)-2.00%D(8) MXLEO458 4
D(10)} = (D(T7)1*ALPHA(2)~2.D0%D(8))*ALPHA{2) ) MXLEO459
EHATX = E£+0( 9) MXLEO460
EHAT = E+D(10) . MXLEO461
EDHATX = D( 9}/EHATX MXLEQ462
EDHAT = D(10)/EHATY MXLEOD463
C MXLEO464
C¥*% QUTPLUTY TRIAL SUMMARY MXLED465
C MXLEOQ466
L8O IF (NSTTM.LT.6) GO TO 184 MXLEO467
WRITE (65631} NTRY MXLEQ468
IF (NSTTM.LT.8) GG TO 181 MXLEQ469
WRITE (64632) MXLEO4TO
o WRITE (64633) (LBS(I)oLBS{I+6) s XXHATII),SCALELI)G(I) MXLEO4TL
® 1 » I=1oNSTATE) MXLEQ4T2
181 WRITE (6+634) MXLEO4T3
) DO 182 I=1,NSTATE MXLEO4T4
D(7) = BETAXG({I) MXLEOD4T75
182 WRITE (6,633) LBS{T}4LBS{I+6)s XMHAT(I)+D(7),0XM(T) MXLEO4T6
WRITE (64642) NRANK MXLEO4T7
: WRITE (6,639) BETA MXLED4T8
184 CONTINUE MXLEO4T9
WRITE (64638} NTRYEBAR,EPSBT,EDEL, EPSDEL,ALPHA(L) MXLE0480
“” IF (NSTTM.LT.5) GO TO 200 MXLEO481
’ WRITE (6,636} NTRY » ELAST,E9 EHATL » EHAT EHATX MXLEO0482
pEs 1 +TEST(12),EBAR MXLEO483
2 +TEST(L3),EDEL,TEST(15),EDHAT,EDHATX MXLEOQ4B4
IF (NSTIM.LT.7) GO TO 200 MXLEO485
'“E WRITE (64637) NTRY MXLEQO486
j DC 185 I=1+NSTATE MXLEQ487
- DT} = DUI)Y*ALPHA(2) MXLEO488
185 WRITE (6+619) LRS{I)LBS{I+6)4HY(I),D(1)},D(T) MXLEO0489
IF (NSTTM.LT.9) GO TO 200 MXLEQ490
WRITE (64635) MXLEO491
ASSIGN 252 TU N1 MXLEO0492
----- & ASSIGN 186 TO N2 MXLEO493
GO T0 250 ) MXLEQ494
186 IF (NSTTM.LT.10) GO TO 200 MXLEQ495
WRITE (6+617) " LBSXM MXLEO496
ASSIGN 251 TO N1 MXLEQ497
ASSIGN 200 TO N2 MXLEO498
GO TC 250 MXLEO499
e [ MXLED500
C*% TEST FOR CONVERGENCE MXLEOS501
Cc MXLED502
© 200 CONTINUE MXLEOS03
1F (EDEL.GT.0.DO} GO TO 280 MXLEO504
oy IF (EBAR.LY.EPSBT) GO TO 220 MXLEO505
¥ IF (EPSDEL+EDEL.GT.0.D0.AND.ALPHA.GT.0.99D0) GO TO 220 MXLEO506
c MXLEOS507
c DID NCT CONVERGE ON THIS TRY MXLEO508
IF {(NTRY.GE.MTRY) GO TO S00 MXLEG509
IF (CNTL.LE.Q.) GG 70 210 MXLEOS510
IF (ALPHA.GT.AUPPRIGO TO 210 ‘ MXLEOS11
201 BETA = BETA*BUP MXLEQ512
IF (NSTTM.LT.2]) GO 1O 210 MXLEOS513
WRITE (64+693) NTRY,BETA . MXLEOS514
C MXLEOS515
[ SET UP ANOTHER ITERATION MXLEO516
210 CONTINUE MXLEOS517
DO 211 I=1.36 MXLEOS518
211 PI(l,1) = 0.0D0 MXLEO519
D0 212 [=1,6 MXLEO520
XMLAST(I) = XM(I1) '~ MXLEO521
212 XMAI) = XM{T}+DXM({I) MXLEDS522
DO 213 I=1,.5 MXLEO0523
213 TEST(I+10) = TEST(I+4) MXLEDS524
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GO TC 100 MXLEQS25

o MXLEOS526
C CONVERGED MXLEDS27
220 LMLE = .TRUE. MXLE0528
DO 221 J=1,NSTATE MXLE0529
DO 221 I=1,NSTATE MXLEO0530
221 P(I,J) = P{I,J)%SCALE(I)*SCALE(J) MXLEOS31
C MXLE0532
C*%  QUTPUT SUMMARY OF M.L.E. MXLED533
c MXLEDS34
240 CONTINUE MXLEO535
1€ (NSTTM.EQ.O) G0 TO 260 MXLEDS536
WRITE (64616) NTRY MXLEOS3T
IF (NSTTM.EQ.1) GO TO 103 MXLEO538
242 CONTINUE MXLE0539
IF (NSTTM.GE.3) WRITE (6,622) EBAR,EPSBT,EDEL,EPSDEL MXLEO0540
IF (NSTTM.LT.S) GC TO 246 MXLEO541
244 WRITE (6,620) MXLEO542
DB 245 [=144 MXLEDS543
IF (JNOT.LMEAS(I)) GO TO 245 MXLEO544
WRITE (6,621) LBM{T)LBM(I44), FTEST(I)sNYR(I) MXLE0545
245 CONTINUE MXLEO546 e
IF (LRESDL) GO TG 999 MXLEOS547 *
246 CONTINUE MXLE0S548 !
IF (NSTTM.LT.6) GO TD 260 MXLE 0549
WRITE {6,617) MXLEOS50
ASSIGN 260 TC N2 MXLEOS551 o
ASSIGN 251 TO N1 MXLE0552 o
c MXLEO553
c CUTPUT INFORMATICN MATRIX MXLEO554
250 CONTINUE MXLEOS555
DO 253 [=1,NSTATE,3 MXLEO556 7
11 = I+KSS MXLEOS557 |
WRITE (6,618} (LBS(J)4LBS(I+6)4d=1,11) MXLEO558 2
DO 253 J=I,NSTATE MXLE0OS59
GO TG N1y (251,252) MXLED560
251 WRITE (6,619) LBS(J)sLBS(J+6) 4 (PLIsK)4K=To11) MXLEOS61
GC TC 253 MXLE0562 ,
252 WRITE (64619) LBS(J)sLBS(I+6) 3 (PI(JeK)sK=I,11) MXLEOS563 =
253 CONTINUE MXLEOS564
GO TC N2y (186,200,26C) MXLEODS65
c MXLEOD566
c REPEAT FGR RESILUALS MXLEO567
260 IF (NSTATE.EQ.1) GO TO 21 MXLEOS68
IF (NSTTR.GE.1) 60 TO 20 MXLE0569
GO TC 999 MXLEOS570 .
o MXLEOSTL
c PROCESS DIVERGED ON LAST TRY MXLEO572
280 CONTINUE MXLEOST3 -
IF (NSTTM.GE.2) WRITE {6,692) NTRY MXLEOS574
IF (CNTL.EQ.0.) GO TO 910 MXLEOS75
S = 0. MXLEOST6
DO 281 I=1,NSTATE MXLEODS77 ;
281 S = S+ABS(DXM{I}/XM{I)) MXLEO578
1f (S.GE.ALCWR) GO TO 282 MXLEODST79
1F {NSTTM.GE.2) WRITE (6,694) NTRY,S,ALOWR MXLEO0580 -1
G0 TC 910 MXLEOS81 o
282 BETA = BETA*BDOWN MXLEO582 4
IF (NSTTM.GE.2) WRITE (6,695} BETA MXLEOD583
DO 283 I=1,36 MXLEO584
283 PI{I,1) = 0.00 MXLEOS85
DG 284 I=1,6 MXLEO586
284 XM(I) = XMLAST(I) MXLEDS87
GO TO 100 MXLEO588
c MXLED589
C#x  PROCESS FAILED TO CONVERGE MXLED590
c MXLEO591
900 IF (NSTTM.GE.1) WRITE (64690) MXLEDS592
910 IF (NSTTM.GE.1) WRITE 16,691) MXLED593
IF (NSTTR.GE.2) G0 TO 20 MXLEO594 .
G0 TC 999 MXLED595 !
c MXLEO596 |
998 IERR = IERR+1S MXLEO597 b
999 RETURN MXLE0598
END

1
H
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]
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Subroutine: NUDATA

Purpose: To allow a convenient means whereby data may be entered
into the various station arrays used by the Trackinmng
Data Editor.

Calling Sequence: CALL NUDATA

Common storages used: /TRKCOM/

Subroutines required: None

NUDATA-1
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Overlay data for the Tracking Data Editing Program consists of one or more
sets of overlay cards. Each set consists of an ARRAY MAME card followed

by one or more data cards. The ARRAY MAME card contains the code name of
the array into which the data on the following data cards are to be put.
The code name is six or fewer characters and begins in column 1. The allow-

able code names with a description of the related arrays are shown in Table 1.

The data cards for an array each contain up to three pairs of numbers. Each
pair consists of an integer k and a value v. The integer k is a subscript
indicating the relative location in the array C into which the value v is to
be placed; thus C(k) = v. Three types of value data are permitted: BCD
(Hollerith), integer, and double precision. The type used must be appro-
priate to the array code name as indicated in Table 1. The formats for the

three types are:

BCD
3(13,A6,15X)
Integer
3(13,12,19X)
Double Precision
3(13,p21.16)

Thus the integers k always occupy the same locations on a data card regard-
less of the type of data; i.e., the integers k are im columns 1-3, 25-27,
and 49-51.

1f k = 0 and v # 0 (or blank), v will be stored in the next successive loca-
tion of the array, C, following the previous entry into that array; if

there were no previous entry, storage will start in C(l). 1If k and v are
both zero (v is blank for BCD), reading of the data for this array is
terminated if they are the first pair in a card; otherwise the next card

is processed. If k is negative, k is set positive, v is properly stored,
and reading of data for this array is terminated. Thus reading of data

for an array may be terminated by a card on which kl and v, are both zero

NUDATA-2
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TABLE 1

STATIOR DATA ARRAYS

CODE DATA
RAME TYPE DESCRIPTION
ﬁ?
e STANAM BCD 6-letter station name.
. PAIR BCD 6~letter name of associated
: transmitting station, if
three way doppler.
KODSTA Integer Two digit decimal station ID.
NALIGN Integer S-Band dish size
01 = 30 £t dish
- 02 = 85 ft dish
3 FIR Double Transmitter frequency,
Precision HZ (cps), used for doppler.
CFRAC1 Double h
Precision
> Atmospheric
Refraction constants
CFRAC2 - Double
. Precision
J
BIAS Double Doppler fixed offset
oy Precision bias, HZ (cps).
RATIO Double Spacecraft transponder
Precision retransmission ratio, for
doppler (transmit/receive),

NUDATA-3
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(v1 = blank for BCp), or by a negative value of k in any of the three
integer fields.

When reading of data for an array is terminated, another ARRAY NAME card

is expected. The overlay process may be stopped by an ARRAY NAME card on
which the array code name field has either been left blank or contains the
word STOP.

All data read by NUDATA are written on the system output tape with zero

values of k replaced by the relative locations actually used.

1f an ARRAY NMAME card with an invalid code name is encountered, an error

message is printed and the program is stopped.

|
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SIBFTC MC134N M94,NODDyLIST9XR3
CMC134N BLOCK DATA OVERLAY FOR TRACKING DATA EDITOR

501
502
503
504
600
601
602
603
604
605

11
12
20

201

21

22
23
24
25
26
30

301

PHILCO |

PHILCO-FORD CORPORATION

SUBROUTINE NUDATA
COMMON /TRKCOM/CTRK(700)
DOUBLE PRECISION FTR(50)s C1(50)s C2(50)

NUDAOQGO1
NUDAOO0O2
NUDAQOOO3

BIAS{50)s RETR(50)NUDAOOO4

DIMENSION STANAM(50) s KODSTA(50)» NALIGN(S50) PAIR(50) NUDAOO0OS
EQUIVALENCE (CTRK(1)sSTANAM)» (CTRK{51)sKODSTA) NUDAOOO6
1s (CTRK(101)sNALIGN)s (CTRK(151)sFTR)» (CTRK{251)sC1) NUDAQOOO7
2s {CTRK(351)sC2)» (CTRK(45119BIAS)» (CTRK{551) sRETR} NUDA0OQOS
3y (CTRK(651)sPAIR) NUDAQQO9
NUDAOO10

DOUBLE PRECISION DTEMP(3) ) NUDAOO11
DIMENSION IND(3) HTEMP (&) ITEMP(3)» ARRAY (99 NUDAQO12
EQUIVALENCE (DTEMPsHTEMP ) » (HTEMP (4) s ITEMP) NUDAQO13
REAL NAME NUDAOO14
NUDAQO15

FORMAT (A6) NUDAQO16
FORMAT(I35A652(15Xs139A6)) NUDAOQO17
FORMAT(1391252(19Xs13512)) NUDAOOC18
FORMAT(3{13sD21416)1 NUDAQO19
FORMAT(1H1#52X»13HOVERLAY INPUT) NUDAQO20
FORMAT(16HOTHE ARRAY NAME »A6515H DOES NOT EXIST) NUDAQOZ21
FORMAT{ 7THOARRAY sAS6) : NUDAOG22
FORMAT(6X»3(1333X9Ab922X1}) NUDACD23
FORMAT(6X»3(1323X»12526X)) NUDADO24
FORMAT(6X23{1339D2541696X)) NUDAQQ25
: ‘ NUDAOO26
DATA ARRAY/6HSTANAMs6HPAIR s6HKODSTAs6HNALIGNs6HFTR s6HCFRAC1s NUDAOOQ27
16HCFRACZs6HBIAS $6HRATIO / NUDA0O28
DATA BLANKS/6H / NUDAOOQ29
DATA STOP/6HSTOP 7/ NUDA0O30
NUDAOGO31

WRITE(6+600) NUDA0Q32
K=1 NUDAQO033
LOC=0 NUDAQOQ34
READ(5+501) NAME NUDACO35
IF(NAME«EQ+BLANKS s OR4 NAME«EQ«STOP) GO TO 999 NUDAOOQO36
DO 11 I=1+9 NUDAQO37
KK=1 NUDA0O038
IF(NAME.EQ.ARRAY (1)} GO TO 12 NUDAOOQ39
CONTINUE NUDAQOQ40
WRITE(65601) NAME NUDAQO41
STOP NUDAOQ42
CONTINUE NUDAQO043
WRITE(6s602) NAME NUDAQO44
GO TO (2052053053094054U540940940) KK NUDAQO45
CONTINUE ‘ NUDAQO46
NUDAOO47

INPUT BCD DATA NUDAQQ48
KOUNT=0 NUDAQO49
READ(59502) (IND(I)sHTEMP(I)sI=193} NUDAO0OS50
IF(IND(1)eEQeOeANDHTEMP (1) eEQeBLANKS) GO TO 10 NUDAOOS51
DO 24 1=1+3 NUDAQO52
IF(IND(I)«NE4O) GO TO 21 NUDAOOQS3
IF(HTEMP({I)«EQeBLANKS) GO TO 26 NUDAQOS 4
IND{I)=LOC+1 NUDAOO55
LOC=TABS{IND(I)) " NUDAOOS6
KOUNT=KOUNT+1 NUDAGQQ57
IF(KKeEQs2) GO TO 23 NUDAOOS58
STANAM{LOC)=HTEMP (1) NUDAOQOQOS59
IFLIND{I)eLTo0) GO TO 25 NUDAQO60
GO TO 24 NUDAQO61
PAIR(LOC)=HTEMP (I} NUDAOO62
GO TO 22 NUDAQO063
CONTINUE NUDAOOG64
GO TO 26 NUDAOOQ65
K=0 . NUDAOG66
WRITE(65603) (IND(I)sHTEMP(I)sI=1sKOUNT) NUDAQOS&7
IF(K«EGQeO) GO TO 10 NUDAQQ68
GO TO 201 NUDA0CO069
CONTINUE NUDAOOTO
NUDAOO71

INPUT INTEGER DATA NUDAOQ72
KOUNT=0 NUDAOO73
READ(59503) (IND(I)sITEMP(I)s1=1,3) NUDAOOT74

Space & Re-entry
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IF(IND(1)eEQ.0«ANDCITEMP(1)4EQe0) GO TO 10 NUDAOO75

DO 34 Is1s3 NUDAQO76
IFCIND(I)eNEL,O) GO TO 31 NUDAGO77
IF(ITEMP(I)eEQe0) GO TO 36 NUDADO78
IND{T)=LOC+1 NUDA0O79
31 LOC=IABS(INDI(I)) NUDADOSO
KOUNT=KOUNT+1 NUDAG0S81
IF(KKeEQe4) GO TU 33 NUDAQOS2
KODSTA(LOC)=ITEMP(I) NUDA0O83
32 IF(IND(L)eLTL0) GO TO 35 NUDA0O84
GO TO 34 NUDAQ085
33 NALIGN{LOC)=ITEMP(I) NUDAOOB6
GO TO 32 NUDAQO87
34 CONTINUE NUDA008S
GO TO 36 NUDAC089
35 K=0 NUDA0090
36 WRITE(6+604) (IND(I1)sITEMP(I)sI=1,KOUNT) NUDA0OS1
IF{KeEQeO) GO TO 10 NUDAGO92
GO TC 301 NUDAO0S3
40 CONTINUE NUDAOO94
KK=KK=& NUDADO95
C NUDAQOGY6 .
C INPUT DOUBLE PRECISION DATA . NUDAQOD97 4
401 KOUNT=0 NUDAOOS S8
READ(5+504) (IND(I)sDTEMP(I)sI=143) NUDA0O99
IFCIND(1) eEQ O« ANDoDTEMP (1) +EQeUs) GO TO 10 NUDAO100
DO 48 I=1s3 NUDAO101 .
IFCIND(I)eNELO) GO TO %1 NUDAO102
IF(DTEMP{1)eEQs0s) GO TO 59 NUDA0103
IND(I1)=LOC+1 ] NUDAD104
41 LOC=1ABS(IND(I)) NUDA0105%
KOUNT=KOUNT+1 NUDAO106
GO TO (429444545946947) KK NUDAO107 :
42 FTR(LOC)=DTEMP (1) NUDA0108 .
43 IF{IND{I)«LTo0) GO TO 49 NUDAD109 o
GO TO 48 NUDA0110
44 CL{LOC)I=DTEMP(I) NUDAO111
GO TO 43 NUDAO112
45 C2(LOC)=DTEMP(1) NUDAD113 »
GO TO 43 NUDAO114
46 BIAS(LOC)=DTEMP(I) NUDAO115
GO TO 43 NUDAD116
47 RETR(LOC)=DTEMP (1) NUDAQ117
GO TO 43 NuDAOll8
48 CONTINUE NUDAO119
GO TO 590 NUDAO120
49 K=0 NUDAO121
50 WRITE(6s6U5) (IND{I)sDTEMP(I)sI=1sKOUNT) NUDAO122
IF(KeEQeO) GO TO 10 NUDA0123 wad
GO TO 401 NUDAO 124
999 RETURN ‘ NUDA0125 o
END NUDAO126 |
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Subroutine: NUTAIT

Purpose: To compute EN, the transférmation from mean equator,
equinox to true equator, equinox; and to compute
M ,CR,DT and EPSTL required by MMA.

Calling Sequence: CALL NUTAIT(TIME,#M,CR,DT,EN,EPSIL)

Input and Output

Symbolic Data
1/6 | Rame or Dg:f;::‘ s:::zl Dimensions Definition
Location or Units
I TIME days Total number of days from
. 1950 Jan 0.0
¢ | rad Argument of moon's descending
node.
é |Cr rad Mean longitude of moon.
$ |pr rad Nutation in longitude of
. equinox.
|
- EN Nutation matrix.
| ¢ |EPSIL rad True obliquity.
i

Common: storages used: None

Subroutines required: Nome

NUTATT-1
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$IBFTC MC13NU XR3,LIST

SUBROUTINE NUTAIT (TIMEsOMsCRsDTSsENsEPSIL) NVTA0000

CMC13NU SUBROUTINE NUTAIT NVTA001

DIMENSION EN(3s3) : NVTA0020

DATA DTR/.0174532925/ NVTA003
D = TIME NVTAQ040

T = D/36525. NVTA0050

T2 = T*T NVTA0060

T3 = T2#7 NVTA0070

OM = 12¢112790-¢052953922%D+40020795%#T+,002081%T2+,000002%T3 NVTA0080

CR = 644375452+13,176397%D~,001131575%T=,00113015%T2+.0000019%T3 NVTAQ0090
GP = 208484399+¢11140408#D~0010334%T-0010343%T2-,000012%T3 NVTA0100

VL = 280,081214498564734#D+,000303%(T+T2} : NVTAO110
G = 282.08053+.0000470684*D+.00045525%T+,0004575%T2++000003%T3 NVTAO120

OM = OM*DTR ' NVTAO013

CR = CR*DTR NVTAQ14

GP = GP*DTR NVTAO15

VL = VL¥DTR NVTAO16

G = G*DTR NVTAO17
DE = 25¢5844%C0OS (OM)=e2511%COS {2+%0M)}+145336%C0S (24 %VL) NVTA0180
1 +e0666%COS (3e%¥VL=G)=e0258%COS (VL+G)=e01B3*COS (24%VL-OM) NVTA0190

ey 2 —«006T*#COS (2+%GP-0OM) NVTA0200
. DD = ¢2456%COS (2e%CR)I++0508%C0S (2. *CR-OM)+.0369%COS (3+4*%CR-GP) NVTA0210
1 —+0139%C0S (CR+GP)~,0086%C0S (CR-GP+OM)+,0083%C0S (CR-GP~OM) NVTA0220

2 +40061%COS (34 %¥CR+GP=2¢*VL)+e0064*C0OS (3 4*CR~GP-0OM) NVTA0230
DT = ~(47¢8927+,0482%T)*SIN (OM)++58%SIN (2,%O0M) NVTA0240

-y 1 —345361%SIN (2.%VL)-¢137B%*SIN (3,%VL~G)+,0594%SIN (VL+G) NVTAD0250
; 2 +e0344%5IN (24%#VL=OM)+e0125%SIN (2.%GP~0M)++35%SIN (VL~G) NVTA0260
5 3 +e0125%SIN (2e%VL—2,%GP} NVTAC270
DS = =45658%SIN (2.%CR)~4095%SIN (2,%CR-OM)-,0725*%SIN (3.%CR-GP) NVTA0280
1 +e0317*SIN (CR+GP)+,0161%SIN (CR~GP+OM)+,0158%SIN (CR-GP-0OM) NVTA0290
- 2 —e0144%SIN (3o *CR+GP=2e#VL)~40122%SIN (34%CR~GP~0OM} NVTAQ300
3 +41875%SIN {CR=GP)+,0078%SIN (2,*CR-2,*GP) NVTAO0310
o 4 +e0414%SIN (CR4GP=2o%VL)1+40167#SIN (2, %CR-24%VL} NVTAQ320
5 —a0089%SIN (4e¥CR-2,%*VL} NVTAQ330

DE = DTR*,0001%(DE+DD) NVTAO34

DT=DTR*,0001%(DT+DS) NVTAQ03S

EB = 2344457587=401309404%T—400000088%T2+,0000005%73 NVTA0360

EB = EB*DTR NVTAO37

EPSIL = EB+DE NVTA0380

" EN{1s1) = 1. NVTA0390
} EN{1s2) = -DT*COS (EB) NVTA0400
] EN(1s3) = ~DT*SIN (EB) NVTAQ410
= EN(2s1) = —EN(1s2) NVTAO0420
EN(232) = 1e NVTA0430
EN{2s3) = ~DE NVTA0440

EN{331) = ~EN(1,s3) NVTA0450
EN(352) = DE NVTA0460
EN{3+3) = 1. NVTA04TO

‘ RETURN NVTAD480

oy ~ END
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Subroutine: OPTH.

Purpose:  To change the option words $PTWDl and $PTWD2 to allow
| the optional return from FXEM when an illegal character
is read on a raw data tape or when & bad record causes
a permanemt read redundancy.

Calling Sequence: None.

Common storages used: /.¢PTW./

Subroutines required: None

-‘m.‘ 1l
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Discussion

This is a MAP subroutine by absolute necessity for use of the IBM 7094
with the IBSYS Operating System, Version 13. For other systems, an
equivalent subroutine must be supplied by the User.

When an attempt is made to read illegal characters from a raw data tape,
the usual response is a program stop. In the IBSYS Operating System, the
object program error procedure is controlled by subroutine FXEM, which
nérmally terminates execution and passes control to subroutine..LXCON
when the above stated error conditiom (or any of a number of other error
conditions) exists. However, some error conditions allow execution to be
resumed by using optional exits from FXEM. The use of these optiomal
exits is controlled by bits in words ¢PTWDl, @PTWD2, and $PTWD3. The
optional exit for illegal characters is to replace the illegal characters
with zeros and proceed. This subroutine alters bits 32 and 33 of @PIWD1
from the delivered version to allow this optional response.

On some raw data tapes an occasional bad record causing a permanent read

redundancy has been found. This also normally causes a program stop. The

optional return from FXEM for this condition is to accept the bad record

as read the hundredth time and proceed. This subroutine alters bit 35 of

@PTWD1 and bit 7 of #PTWD2 to allow this optional response. @ = :

For futher details see IBM Form C28-6389-2, IBM 7090/7094 IBSYS Operating
System, Version 13, IBJOB Processor, page 107, "Fortran IV Utility Library",
and page 158, ''Subroutine Library Error Messages, FORTRAN IV Subroutine
Messages".

on.—z Y
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$I1BMAP MCl38F

ENTRY «QPTWa OPTW0001
REM WHEN AN ATTEMPT IS MADE TO RFAD ILLEGAL CHARACTERS OPTW0002
REM FROM RAW DATA TAPESs THE USUAL RESPONSE 1S A PROGRAM OPTW0003
REM STOPs THIS SURROUTINE PERMITS THE OPTIONAL RESPONSFE OPTWO004
REM WHICH 1S TO REPLACE THE ITLLEGAL CHARACTER WITH A ZERO. OPTW000S
REM THIS IS DONE BY ADDING ONES TO BITS 32 AND 33 OF THE OPTW0006
REM OPTION WORD OPTWD1 USED BY FXEM,. OPTWO007
REM A BAD RECORD MAY ALSO CAUSE A PERMANENT READ REDUNDANCYe OPTWO0O008 ¢
REM THE OPTIONAL RFTURN 1S TO ACCEPT THF RECORD AS READ THE OPTW0009
REM HUNDREDTH TIME. THIS IS5 DONE BY ADDING ONES TO BIT 35 OPTWOOLO
REM OF OPTWD1 AND RIT 7 OF OPTWD2s . OPTWOO11
REM REFe IBM FORM C28-6389-2s IBM 7090/7094 IBSYS OPERATING OPTWOO12
REM SYSTEMs VERSION 13s IBJOB PROCESSOR» PAGES 107s OPTWO0013
REM FORTRAN IV UTILITY LIBRARYs AND 158, FORTRAN IV OPTWOO014
REM " SUBROUTINE MESSAGES. OPTWOO015

«OPTW. OCT 377777777755 ADD ONFS TO BITS 32s 33s AND 35 OF OPTWD1 OPTWOOl6
ocT 002000000000 ADD ONF TO BIT 7 OF OPTWD2 OPTWOO017
ocCT 376000000000 (EAVE AS DELIVERED OPTWD3 OPTWOO018
END
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Subroutine: ¢RB -

Purpose: To compute and print out orbital elements,

Calling Sequence: CALL ¢RB (X,DX,U)

Input and Output

1/¢ ’;ay;nn:di: Dapogranm sg:ggl Dimgiz;ons Definition
- Location or Units
I X (3) km Position
7 I DX (3) km/sec |Velocity
I U km3/sec2 Gravitational constant

Common storages used: 22 cells

Subroutines required: CR@SS, FN@RM, DPT, ARKTNS, TC@NIC

¢RB-1
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$IBFTC MC130R XR3sM94sNODDSLIST

SUBROUTINE ORB (XsDXsU) ORB 0001

C COMPUTES AND WRITES ORBITAL ELEMENTS ORB 0002
COMMON C{12)+D(10) ORB 0003
DIMENSION X{3) sDX{3) ,B{(3) ORB 0004
FQUIVALFNCFID( 1)sA ) o{C{ 719C3 ) s(Cl 915PRV}) »{C(12)sTPR) ORB 0005

1 sIDl 4)9B ) o(C( 2)sFECC) +(D( 9)sR ) »(D(10)sUM ) ORBR 0006

2 9ADL 33981 ) (L 3)90IN} »(Cl 6)sRrAY slCl TIsV2 ) ORB 0007

3 sIDL 2)19R2 ) o (CL 4)s0MG) H(CL 1)sSMA) (C(11)sVIM) ORB 0008

4 s (C( 5)9BEP) o(C{10)sP ) s(C( 8)sTHF) ORB 0009

DATA R2D/57.2957795/ ORB 0010

601 FORMAT(5H SMAE15.8s5H ECCE154855H INCF154855H LANE15.895H APFORB 0011
1E15+855H RCAE1548/5H C3E15.8s5H THETE158+5H PERVE15.895H SLREORB 0012

2154835H IMPVE15,8,5H TPERE15.8) ORB 0013
1 UM =uU ORB 0014
CALL CROSS (XsDXsR) ORB 0015
R = FNORM (X} ORB 0016
V2 = DOT(DXsDX) ORB 0017
A = DOT(XsDX)/UM ORB 0018
Bl = B(1)*B(1)+B(2)%B(2) ORB 0019
B2 = Bl+R(3)*B(3) ORB 0020
. P = B2/UM ORB 0021
. C3 = V2-2.%#UM/R ORB 0022
~ SMA=~UM/C3 ORB 0023
ECC= SQRT(1++C3%P/UM) ORB 0024
B1 = SQRT(BI1) ORB 0025
- B2 = SQRT(B2) ORB 0026
A = A%R? ORB 0027
. RCA= P/{1e+ECC) ORB 0028
i PRV=SQRT(C3+2+ #UM/RCA) ORB 0029
VIM= PRV~SQRT{UM/RCA) ORB 0030
- CL20) = X{2)1¥B(1)1=X(1)%R(2) ORB 0031
: C119) = -B(2) ORB 0032
CL17) = X{3)%B2 ORB 0033
= DO 2 12143 ORB 0034
2 C(1+2) = R2D*ARKTNS(360,C(T1+171+C{I+14)) ORB 0035
THE = ARKTNS{180,P-RsA) ORB 0036
CALL TCONIC(UMSECC sSMA»P s THE s TPR»A} ORB 0037
THE = THF#R2D ORB 0038
TPR = TPR/86400C, ORB 0039
BEP = BEP~THE ORB 0040
IF (BEPaLT+04)BEP=REP+360. ORB 0041
~ IF({BEPGE«3604 ) REP=REP-360, . ORB 0042
L WRITE (6,601) C ORB 0043
RE TURN ORB 0044
END

o
» 'l
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Subroutine: GUTTRS

Purpose: To control output on the system output tape and the
accumulation of interpolation coefficients during
trajectory integration for the DCP estimation/

propagation link.,

Calling Sequence: CALL @UTTRJ

Common storages used: //40 cells,/DCPC@M/,/DFMC@M/,/DQDCEM/,/ESTCOM/,
/SBFC@M/ , /TRICOM/

Subroutines required: DAT@UP, DEHA, DMVIRN, DN#RM, DPFMRS, GTR2BD,
@UTXPD, STEPDP, STEPDT

GUTTRI-1
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Discussion

@UTTRJ is called by DEQD to output the results of trajectory integration.
It controls output of the vehicle state on the system output tape, and
accumulates state and transition matrix interpolation tables for use by
the estimation link (ESTMAT).

The output on the system tape is accomplished by GUTXPD (q.v.) and is
controlled by the keys NPROUT and NDPGUT. The values of the keys and

their effect are:

NPROUT

]
[t
ee

output vehicle state during

propagation processes only.

= 2 : output during propagation and during
integration of the nominal trajectory
up to the start of the interpolation

table accumulation.

2 3 3 output during any integrationm,
including accumulation of interpolation
tables.

NDPOUT = 1

output state in single precision (8 significant
figures).

2 : output state in double precision
(16 figures).

The accumulation of interpolation tables starts when the next integration
interval will cause time (XDEQ(1l)) to exceed the value stored in TBF.
The interval for table storage (HBF)is set not to exceed the upper limit

for integration interval size.

At the initial point, to, of the interpolation interval, TBF and TFF are
replaced by to and to + 7HBF, respectively, and the vector RBF is loaded
as described below. At each point, to 4+ nHBF, n=0, 1, ... ,7, the n +lst

column of VBF is loaded. When all 8 columns have been loaded, the columns

GUTTRI~2
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of VBF are converted to interpolation coefficients (see Reference 1, Appendix
D), and NDEQ(8) is set to stop the integration.

Let

R, R = Vehicle position and velocity

with respect to Earth

® @2 ' = (each 3%3) state transition matrix
| %
Dy = (each 3XNEMPS) sensitivities of vehicle
gstate to equation of motion
&h parameters
o 6Y,b6¢e = nutations in longitude and
e obliquity
At = transmission delay, from

vehicle to receiving station

RE’RE | = Position and velocity of Earth
with respect to central body.

d The components of RBF and the (n+l)st column of VBF are

o RBF = R (3 components)

% Y\ (18 components)

® 3XNEMPS components

Not used 3 components

RE 3 components

@UTTRI-3
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at time to and

VBF( ,n+l) =R

At

at time to + nHBF.

GUTTRI~4
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$IBETC MC1327 XR3,M94,NOCD,LIST

SUBROUTINE CUTTRJ OUTJ0001

c CONTROLS CUTPUT FOR THE PROPAGATION/ESTIMAYION LINK QUTJ40002

c ACCUMULATES INTERPOLATION TABLES OUTJ0003

c outJ0004

DOUBLE PRECISION £COS 4DSIN 0UTJO005

c 0UTJ0006

COMMGN /DCPCOM/COCP (900) oUTJ0007

DOUBLE PRECISION  SN(13,20) ,SPDLT outTJo008

EQUIVALENCE (COCP{L11),IERR ) S{CODCP{6T6)4NPROUT) OUTJ0009

1 ¢ (CDCP{T58), INDSTA) ,(CDCP(780) ,NTBL ) OUTJ0010

2 + (CDCP(112),ETAPE ) ({COCP{686),NDPOUT) ,(COCP(143),5N ) OUTJ0011

3 + (CDCPLTTT)ICB } 2(CDCP(TOO)4NPEND ) o(COCP( 15),SPDLT ) ouTJo012

c 0UTJ40013

COMMON /ESTCOM/CEST(804) QUTJO0014

DOUBLE PRECISION DELDAN(2) +SE(14,20) 0uTJO015

EQUIVALENCE (CEST( 97),DELDAN) ,(CEST(245),SE } ouT 0016

1 +{CEST{ 61)+EFEDAN) 0UTJOO17

c - 0UTJo018

COMMGN /SBFCOM/CSBF{12)9sRBF(45),VBF({45,8) puUTJO0019

DOUBLE PRECISION RBFyVBF ) CUTJ0020

G 1 s HBF TBFy TFF ouTJ40021
® EQUIVALENCE (CSBF( 1) .KBF ) 2(CSBF({ 9),TBF ) ouTJI0022
i 1 + (CSBRF{ 7)4HRF ) 2 {CSBF( 2)4NTP ) » LCSBF{11),TFF ) 0UTJ0023
C ouUTJ0024

COMMCN /TRICOM/CTRIL246) DUTJ0025

1 DOUBLE PRECISICN ETFMS 4RC{3) +RCONIC{3) 4PCONIC{6,+6) 0UTJ0026
5 ] 1 +UTIMV L,VC(3) 4VCONIC(3) ouT30027
i EQUIVALENCE (CTRJI(151)4RC ) »{CTRJ(163),RCONIC) ouTJy0028
1 ¢ {CTRJIL 1).ETFMS ) L(CTRJI(157),VC ) 9 (CTRJ1169) 4 VCONIC) 0UTJ0029

2 JICTRIL 31,UTIMV )} H(CTRJI( 23),TC2D ) H({CTRJIL175),PCONIC) 0UTJ0030

c 0UTJ0031

‘ COMMCN /CFMCOM/ IFM(14) 4RFM(6412) ouUTJ0032
vk 1 oDFM (4)48BFM (5TT)4SNT(2,102) 0uUTJ0033
DOUBLE PRECISION BFMy DFMyRFM 0UTJ0034

C ouUTJ0035

COMMCN /CQUCOM/NDEQU10),CDEQ(10) ¢ XDEQ (4) 0ut 340036

1 +sADEQU44) yRDEQ(44),VDEQ(44)4FDEQ(44,10) 0UTJO037

e DOUBLE PRECISION ADEQ, FDEQ+RDEQ.VDEQ, XDEQ CUTJ0038
DOUBLE PRECISION ETIMY oUTJ0039

EQUIVALENCE {XDEQsyETIMY) 0UTJ0040

c 0UTJ40041

i COMMCN 2(20) : 0UTJ0042
o DOUBLE PRECISION ) 0UTJ0043
c 0UTJ0044

oy DOUBLE PRECISION A(8,8) 0UTJI0045
i DATA A/ 2520.D0, —-6534.D0, 13132.00, -20307.D0 0UTJ0046

: j 1 ’ 23520.00, ~-19320.00, 10080.D0, =2520.D0 oUTJI0047
o 2 ’ 0.D0, 17640.D0, ~-56196.D0, 107184.D0 oUTJ0048
2 s+ —-139860.D0y 123900.00, -68040.D0, 17640.D0 oUTJ0049

‘M} 3 ’ 0.D0y -26460.00y 110754.D0, -247527.D0 oUTJ0050
i 3 » 357840.D0, -340200.00y 196560.D0y —52920.D0 ouT 0051
" 4 N 0.D0, 29400.00y -132860.D0y 326760.D0 OUTJ0052
4 ¢+ -511980.D0, 518700.D0, -315000.D0, 88200.D00 0UTJ0053

S ’ 0.00y, =-22050.00, 103320.D00y —267225.D0 0UTJ0054

L 5 + 443520.D0, —4T74600.00, 302400.D0, ~88200.D0 OUTJ0055
; 6 ’ 0.D0y 10584.00y =50652.D0y 135072.00 BUTJ0056
i 6 »y -233100.D0, 260820.D0, —-173880.D0, 52920.D0 oUTJ00S5T
7 ' 0.00, -2940.00, 14266.00, =-38829.D0 ouTJ0058

7 ' 68880.00, -—T79800.D0, 55440.D0, ~17640.D0 OUTJ0059

8 ' 0.D0» 360.D0, ~1764.D0, 4872.D0 0UTJ0060

8 v -8820.00, 10500.D0, -7560.D0, 2520.D00 / 0QUTJ0061

c 0uTJ0062

601 FORMAT(GHOETIMY = ,024.16415H SECy UTIMV = ,D24.1654H SEC) OUTJ0063

c QUTJ0064

(% POSITION AND VELCCITY ouTJ0065

c OuUTJ0066

1 IF (ETFMS.EQ.ETIMY) GO TQO 2 ouUTJI0067

c PLANETARY POSITIGNS AND VELDCITIES QuUTJ0068

CALL DPFMRS (ETIMV,EFEDAN,ICB,IERR,ETAPE) 0UTJ0069

IF (IERR.NE.O) G0 TO 998 . ouUTJ0070

ETFMS = ETIMV QUTJO00TL

UTIMV = ETIMV-DELDAN(1)-DELDAN(2)*ETIMV oUTJ0072

c REFERENCE CCNIC guTJ0073

CALL STEPDT (ETIMV4RCONIC) oUTJ0074
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OO0

20

21

22

23

OO0

30

31

32

33

35

PHILCO l

CALL STEPDP (PCONIC)
CENTRAL 80DY QRIENTATICN
CALL GTR2BD (ICB,DfFM,1)
POSITICON AND VELOCITY RELATIVE TO CENTRAL BODY
DO 3 I=1,3

RCUI) = RDEG(I)+RCONICI(I)
VC(I) = VDEQ(IN#+VCONIC{I)
CONTINUE

GQ TO ( 5, 4,420) HNTP

S = TBF-ETIMY

S = S/CDEQ(1)

IF (CDEQ(1).LTe0e) S = S+l

IF (S<GE.2.) GO T0 70
CDEG(4) = CDEQ(1)

IF (Se.GE.ls) GO TO 70
GC TO 998

IF (NDEQ(8).EQ.0) GO 70O 70
INITIALIZE BUFFER

IF {(KBF.NE.O) GO TO 30
HBF COEQ{L)*FLCAT(NTBL)
TBF ETIMY

TFF ETIMV+7.DO%HBF

KYBL = 0

i on

DO 21 1=1,3

RBF{I) = RC(I)-RFM(I,+3)

L o= L+1

CONTINUE

L= 4

bCc 22 J=1,6

DO 22 I=1,3

RBF (L) = RDEG(L)+PCONIC(I,3)
L = L+1

IF (NPEND.EQ.22) GO TO 30
DO 23 1=23,NPEND

RBF(I-1) = RDEQ(I~1}

STORE DERIVATIVES

KTBL = KTB8L~1

IF (KTBL.GT.O)} GO YO 70
KTBL = NTBL

KBF = KBF+1

L = NPEND
DG 31 I=1,3

D(I) = RC(I)=-RFM(I,3)
VBF{I,KBF) = VC{I)—RFM({[+3,3)
L = L+l

CONTINUE

L =4

DO 32 J=1+6

DG 32 I=1,3

VBF (LoKBF) = VDEQ(L)+PCONIC(I+43,J)
L o= L+l

1f (NPEND.EQ.22) GO TO 34

DO 33 I=23,NPEND

VBF (I-1,KBF) = VDEQ(I-1)

CONTINUE

VBF (NPENC ,KBF) = DFM{1)

VBF (NPEND+1,KBF) = DFM(2)

D(7) = UTIMV+VBFINPEND+2,KBF)
CALL DEHA (D{7)+DFM(4),D(8),D(9))

D(7) = DSIN(D(8))

Di{8) = DCOS{(OD(8))

D(4) = SN({2,INDSTA)*D(8B)+SN(3, INDSTA)*D(7)

D(5) = SN(3,INDSTA}*D(B)-SN(2, INDSTA)*D(7)

D{6) = SN{4,INDSTA)}

CALL DMVIRN (TC20,D(41,4D(7)s2,1)

00 35 T=1,3

D(I) = D(I)-DLI+6)

VBF (NPEND+2+KBF) = DNORM{D)/ (SPDLT+SE(6, INDSTA))
IF (KBF.EQ.8) GO TO 50

VBF (NPEND+2+,KBF+1) = VBF(NPEND+2,KBF)

PHILCO-FORD CORPORATION

ouTJ00TS
QUTJ0076
ouUTJ40077
0uTJ0078
ouTJoor79
ouUTJ0080
ouTJo081

ouTJogs2 R

ouTJ0083
ouTJ0084
ouTJ40085

our 40086

our 40087
ouTJ0088
ouTJ40089
ouTJ0090
OUTJ0091
ouTJ0092
0UYT 40093
ouTJo094
BUT 0095
0uTJ0096
outTJ0097
ouTJ0098
OuUT 40099
outTJolo0
ouTJo1L01
outyoio2
0uTJ40103
0uUTJI0104
QuTJo105
OUTJ0106
ouTJyoi1o07
ouTJ40108
0uTJ0109
ouTJollio
0utJolll
outTJol112
ouTJolL13
OuUTJOL 14
ouTyol1s
OuTJolle6
ouTJo117
ourJol1ls
OuTJ40119
oUTJO120
outyol2i
ouTJoL22
outJo123
0uTJol124
0uTJ0125
ouTJ0126
gurJyol27
ouTJol128
ouTJo129
0UTJ0130
0UTJo131
0uUTJ0132
QuTJ0133
oUTJ40134
ouTJy0o135
0UTJ0136
0UTJ40137
ouTJoL38
0ouTJo139
0uUTJ0140
outJol4al
ouTJ0142
OUTJO0143
OUTJO0144
QUTJO145
0uTJo146
ouTJolaer
0uUTJ0l48
OUTJ0149
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50

51

52

(N ol el

60

61

62
63

64

65
66

(s RNyl

70
71
T2

398
999

PHILCO l
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G0 TG 70
CONVERT TO INTERPCLATION COEFFICIENTS

NDELT = NPEND+2

DO 52 [=1¢NDELT

DO 51 J=1,8

D(J4) = 0.D0

DO 51 K=1,8

D(Jd) = D(JI+ALI+KI¥VBF(I4K)
DO 52 J=1,8

VBF(IL,4) = D(J)/A(1,1)

CONVERT TIME SCALE FOR TRANSMISSION DELAY

D{ 9) =—(1.DO+VBF(NDELT+2)/HBF)
D(10) =—-VBF(NDELT,1)

o(11) = 0.00

D(13) = 1.D0

DO 64 [=1,8

D0 63 J=1,2

ol IV = DL10}-DI1Y)

D(l4}) = D(10)/HBF

D(12) = 2.D0

DO 61 K=146

Di{K+14) = DI(K+13)*%¥0(14)/D(12)
D{12) = D(12)+1.D0

DO 62 K=1,8

DU 1) = D(I)+VBF(NDELT KI*D(K+12)
D(10}) = DI101+DLINI/0(9)

0D( I) = o{111-D(10)

D(10) = D(LO)+HBF

D{l1l} = D(11)+HBF

DO 66 I=1,8

VBF (NDELTV,I) 0.00

00 65 J=1.8

VBF(NDELT+1) = VBF(NDELT, [)+A(1,J)1%D(J)
VBF{NDELT 1) = VRF(NODELT,11/7A{(141)
NDEQ(8) = 3

RUNNING OUTPUT

IF (NPROUT-NTP+1) 999,71,72

IF (KBF.NE.1.OR.KTBL.NELNTBL) GO TO 999
WRITE (64,6011 ETIMV,UTIMY

CALL DATOUP (ETIMV,D(L1),0)

CALL CUTXPD {(NDPUUT)

GO T0 999

NDEC(8) = 3
RETURN
END

ouTJo150
ouTJolS51
ouTJoL52
0uTJo153
OUTJ0154
QuTJOo155
ouUTJOo156
0uTJo157
outTJo1ss
OUTJOL59
OuTJH0160
QutJolel
ouUTJ0L62
0UTJO163
OUTJ0L64
0uUTJ0165
OuUTJ40166
ouTJ4ole6e7
ouTJOL68
OuTJ0169
ouTJol170
ouTJoLT71
ourJolr2
ouTJolL73
OuUTJI0174
ouTJO175
QuTJol76
ouTJ0177
ouTJol178
ouTyo179
ouTJ0180
gurJoisl
ouTJyo182
ouTJ0183
ouUTJO184
ouvgolss
ouTJolse
ourtJols87
oauTJols8s
outTJois9
OUTJ0190
ouTJ$0191
ouTJ0192
QuTJo193
OuUTJ0194
OuTJ0195
QuUTJO196
ouTJo197
ouTJol98
ouTy0199
0uTJ0200
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Subroutine: @UTTR3

Purpose: To control output on the system output tape
and the accumulation of interpolation coefficients
during trajectory integration for the DCP
residual link.

Calling Sequence: CALL OUTTR3

Common Storages Used: //40 cells,/DCPC@M/,/DFMC@M/,/DQ3C@M/,/ESRCEM/,
/sB3céM/ , /TRICEM/

Subroutines Required: DAT@UP, DEHA, DMVTRN, DN#RM, DPFMRS, GTR2BD,
¢uUTXPD, STEPDT ‘

@UTTR3-1
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Method

@UTTR3 is logically identical to GUTTRJ, except that only the spacecraft
position and velocity and the nutations are stored in SB3C@M.

@UTTR3-2
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$IBFTC MC1328 XR3,M94,NOCD,LISY

SUBROUTINE CUTTR3 guT30001

[ CONTROLS OQUTPUT FOR THE RESIDUAL LINK QuT30002

C ACCUMULATES INTERPOLATION TABLES ) 0uUT30003

C 0ouT30004

DCOUBLE PRECISION DCOS +DSIN ouT30005

C OuUT30006

COMMON /0CPCOM/CDCP(900) Gur30007

DOUBLE PRECISION SN(13+20) +SPDLT 0uT30008

EQUIVALENCE (COCP({111),IERR ) ,(COCP(677)+NRSOUT) 0UT30009

1 + (CDCP(T758) 5 INDSTA) L (CDCPUT80)4NTBL ) gurT30010

2 +({CDCP{112)ETAPE ) ,(CDCP(686)+NDPOUT) ,(CDCP(143),5N ) ouT30011

3 +{COCPLT77),1CB ) » (CDCP{ 15)+SPDLT )} ouT30012

C ouT30013

COMMON /ESRCOM/CESR(304) guT30014

DOUBLE PRECISION DELDAR(2) +SER{14,2) ouUT30015

EQUIVALENCE (CESR( 97),DELDAR) 4 (CESR{245)+SER ) ouT30016

i » (CESR{ 61),EFEDAR) QuUT30017

C ouT30018

COMMON /SB3COM/CSBF{12):RBF(6)4VBF(6,48) ouT30019

DOUBLE PRECISION RBF,VBF ouT30020

e L +HBF  TBF, TFF 0ur30021
EQUIVALENCE (CSBF{ 1)s4KBF ) +{(CSBF( 9),TBF } ouT30022

L 1 ¢+ ({CSBF( T7),HRF ) +{CSBF{ 2),NTP )} J(CSBF{11),TFF ) ouT30023
o c ouT30024
COMMON /TRJCOM/CTRI(246) ouUT30025

DCOUBLE PRECISION ETFMS sRC(3) +RCONICI(3) 0OuT30026

1 »UTIMV 4vC(3) SVCONIC(3) ouT30027

EQUIVALENCE (CTRJ(151)4RC } +{CTRJ(163),RCONIC) ouT30028

L 2+ {CTRIL  1),ETFMS } L (CTRJI(LS5TI,VC } #{CTRJ(1691,4VCONIC) ouT30029

2 »{CTRIL  3),UTIMV ) o+ (CTRJIC 23),TC2D ) 0uUT30030

£ C 0ouT30031
COMMCN /CFMCOM/ TEM(14),REM{6,412) 0OUT30032

1 s DFM (4),BFM (5377),5NT(2,102) 0uUT30033

DOUBLE PRECISION BFMy DFM, RFM QuT30034

C our30035

COMMON /DQ3COM/NDEQ(10),CDEQ(10),XDEQ (4) auT30036

1 »ADEQ (8),RDEQ (8),VDEQ (8),FDEQ (8410} O0UT30037

i DOUBLE PRECISION ADEQ, FDEQyRDEW,VDEQ XDEQ ouT30038
DOUBLE PRECISION ETIMYV 0uUT30039

EQUIVALENCE (XDEQ,ETIMV) 0UT30040

C OUT30041

. COMMON {20} DUT30042
e DOUBLE PRECISION ¥ OUT30043
C OUT30044

DOUBLE PRECISION A{8,8) ouUT30045

DATA A/ 2520.00, -6534.00, 13132.00y =-20307.D0 0UT30046

1 , 23520.0b0, -19320.00, 10080.D0, =2520.D0 ouT30047

e 2 ' 0.00, 17640.D00, ~-56196.00, 107184.00 0ouT30048
2 y —139860.D0, 123900.D0y -68040.D0, 17640.D0 0uUT30049

3 ' 0.D0, -26460.00, 110754.00, -247527.D0 guT30050

3 v+ 357840.D0, -340200.D0, 196%60.D0s ~52920.D0 0UT30051

4 ' 0.D0, 29400.00, -132860.D0y 326760.D0 0uUT30052

. 4 y -511980.D00, 518700.D0, -315000.D0, 88200.D0 ouT30053
5 y 0.D0, -22050.00, 103320.D0, —-267225.D0 OuUT30054

5 + 443520.00y -474600.00s 302400.D0, -88200.D0 0UT30055

: 6 ' 0.D0, 10584.00, =-50652.D0, 135072.00 ouT30056
¢ 6 » —233100.00, 260820.D0, -173880.D0, 52920.D00 ouT30057
: 7 N 0.00, -2940.D0, 14266.00, -38829.00 0uUT30058
7 1’ 68880.00, ~79800.00, 55440.D00, —-17640.D0 0uT30059

8 ’ 0.D0, 360.00, ~1764.D0, 4872.D0 OuUT30060

8 v -8820.D0, 10500.D0, ~7560.D0,4 2520.D0 / 0UT30061

[» ouUT30062

601 FORMAT(QHOETIMV = ,024.16,15H SEC, UTIMV = ,D24.16,4H SEC) QuT30063

C ) OUT30064

C POSITION AND VELCCITY 0uUT30065

C o0uUT30066

1 IF (ETFMS.EC.ETIMV] GG TG 2 OuUT30067

[ PLANETARY POSITICNS AND VELOCITIES QUT30068

CALL OPFMRS (ETIMV,EFEDAR, ICB, IERR,ETAPE) OuT30069

IF (IERR.NE.O} GO TO 998 ouT30070

ETFMS = ETIMV 0uT30071

UTIMV = ETIMV-DELDAR(1)-DELDAR(2}*ETIMV 0uUT30072

C REFERENCE CONIC ouT30073

CALL STEPDY (ETIMV,RCONIC) - ouT30074
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C CENTRAL S0DY ORIENTATION . OUT30075

2 CALL GTR28D (ICRsDFMs1) ‘ 0UT30076
C POSITION AND VELOCITY RFLATIVF TO CENTRAL BODY OUT30077
DD 3 1=1,3 ouUT30078
RC(I) = RDEW(II+RCONIC(I) QUT30079
VO(l) = yDEQUII+VCONIC(]) OUT30080
3 CONTINUE 0UT30081
GN TO (70 4s+25) HNTP oUT30082
4 § = TBF-FTIMV OuUT30083
S = S/CDEQ(1) ' oUT30084
IF {CDEQ(1)sLTs0s) 5 = S+l OUT30085
IF {S¢GEe20) GO TO 7V ) cuUT30086
CDEQ(4) = CDEQ(1) . oUT30087
IF (SeGE4le) GO TOo v 0UT30088
GO TO 998 oUT30089
C 0UT 30090
C INITIALIZE S3UFFER 0UT30091
C ouUT30092
20 1F (KBFJNFEeD2) GO TO 30 oUT30093
HBF = CDEGQ(1I¥FLOATONTAL) OUT30094
TRF = ETIMV 0UT30095
TFF = ETIMV+7.DO*HBF OUT30096 e
CKTBL = 0 OUT30097 b
DO 21 1=1+3 ouT30098
RABF(I) = RCUI)-RFM(1+3) 0UT30099
21 CONTINUE 0UT30100
C 0UT30101
C STORE DERIVATIVES 0UT30102
C 0UT30103 *
30 KTBL = KTBL-1 OUT30104 -
IF (KTBL.GTWU) GO TO 7¢ QUT30105
KTBL = NTBL 0uUT30106 o~
KaF = KBF+1 0OUT30107
DO 21 I1=1»3 cUT30108 .
D{I) = RC{II-RFM(1+3) oUT30109
VRF{IsKRF) = VC(I)-RFM(I+353) OUT30110
31 CONTINUF 0UT30111
VBF{4sKRE) = DFM(1) OUT30112
VRF{5sKBF) = DFM(2) oUT30113
D7) = UTIMV4V3F{gsKBF) 0UT30114
CALL DEHA (D(71+DFM{4)sn{8)sD(9)) 0UT30115%
D(7) = NDSINID(B)) OUT30116
D(8) = DPCOSID(B)Y) oUT30117
DU4) = SNI29INDSTAIEDIB)+SN{3y INDSTA)*DI(T) 0UT30118
D(5) = SN{3sINDSTAY*DIB}=SN{2,INDSTA)I*D(T) 0UT30119
D6} = SNI4sINDSTA) 0UT30120
CALL DMVTRN (TC2DsD(&4)sD(T7)5251) 0uUT30121
DO 3% 1=1s3 ouUT30122
35 D(I1) = N{1)1-DLI1+6) 0UT30123 s
VRF(63KRE) = DNORMID)/{SPDLT+SER(691)) oUT30124
IF (KBF.EQ.8) GO TO 59 0UT30125
VaF(6sKPpF+1) = VBF (63KBF) ouUT30126
GO TO 7C 0uUT30127
C QuUT30128
d CONVERT TO INTERPOLATION COEFFICIENTS 0uT30129
C 0uUT30130
50 DO 52 I=1s6 0UT30131 5
DO 51 J=148 0UT30132
D(J) = 0.DO oUT30133
DO 51 K=118 OUT30134
51 D(J) = D(JII+A(I,KIRVBF (19K} 0UT30135
DO 52 J=118 0UT30136
52 VBF{IsJ) = D(J)/A(1s1) ouUT30137
C 0UT30138
C CONVERT TIME SCALF FOR TRANSMISSION DELAY ouUT30139
C 0UT30140
60 D{ 9) =~(1.DU+VBF(692)/HBF) 0UT30141
D(10) =-vBF(6s1) 0UT30142
D(11) = 0D 0UT30143
D(13) = 190 OUT30144
DO 64 1=1+8 0UT30145 3
DO 63 J=132 OUT30146 §
Dt Iy = nl15)-D(11) 0uUT30147 sk
D(14) = DL1V)/HBF 0UT30148
Dt12) = 24D2 ‘ 0UT30149

PHILCO I Space &‘Re-entry |

PHILCO-FORD CORPORATION ’ Systems Division
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izRaEel

61
62
63

64

65
66

70
71
72

998
999

PHILCO l

PHILCO-FORAD CORPORATION

DO 61 K=l,6

D(K+14) = D(K+13)%D(14)/D(12)
D(12) 0(12)+1.00

DO 62 K=1,8

D¢ 1) DI1Y+VBF{6,K)*DIK+12)
D(1O) D(10)+D{1)/D(9)

D( I) u{l11)-D(10)

D(10) D(10)+HEF

D(11) D{11)+HBF

DO 66 I=1,8

VBF(64+1) = 0.D0

DQ 65 J=1,8

VBF(6,1) = VBFL6,1)+A(1,J)*D(J)
VBF(641) = VBF(641)/A(141)
NDEQ(8) = 3 :

R X

RUNNING QUTPUT

IF (NRSGUT-NTP+1) 999,71,72

IF (KBF.NE.1.OR.KTBL.NE.NTBL) GO TO 999
WRITE (6,601) ETIMV,UTIMY

CALL CATCUP (ETIMV,D{111,0)

CALL CUTXPD {NDPOUT)

GO TC 999

NDEQ(8) .= 3
RETURN
END

ouT30150
ouT30151
ouT30152
0uT30153
ouT30154
0UT30155
OuUT30156
ouT30157
our3olss
ouT30159
ouT30160
OUT30161
gur30162
0uT30163
QuY30164
ouUT30165
0uT30166
ouUT30167
auT3oles
QuUT30169
0uvr3o0L70
ouT30171
OUT30172
ouT30173
0uUT30174
OuUT30175
ouT30176

Space & Re-entry
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Subroutine: GUTXPD

Purpose: Writes vehicle state relative to the central body and/or
Earth in a variety of coordinmate systems.

Calling séguence: CALL OUTXPD (NPROUT)

Input and Output

: /¢ ;’::o::c Dﬁ:ﬁ::a sl;::l;l DiueD:::ons Definition
Location or Units
I NPROUT Output option key
= 1 : output in single
precision
- = 2 : output in double
o precision

Common storages used: 94 cells,/DCPCOM/,/ESTCEM/,/TRICOM/ ,/DPMCEM/

Subroutines required: DEHA ,DMVTRR,X20RBD

#uTXPD-1

_i
! PHILCO Space & Re-entry

PHILCO.FORD CORPORATION Systems Division



Usage

@UTXPD accepts as input the data referenced in the labelled commons and
writes the state on SYS§Ul. The state relative to the central body (R,V) C
is assumed stored in RC(TRJC#) in Earth's equator, equinox of 1950.0.

The output is controlled by NPROUT and the array KEYSUT. The components
of KEYSUT are examined in turm, and the state im output is single pre-
cision (NPROUT=1) or in double precision (NPR@UT=2) in the coordinate
system gpecified. The components of KEYSUT are the three-digit integers,
CBA. The interpretations of the digits are: t}

A = 0 (Cartesian coordinates : ™
1 Spherical coordinates |
2 Geographic coordinates
3 oOrbital elements

B = 0 Earth's equator, equinox of 1950.0
1 Central body's equator of date
2 (Central body-fixed

C = 0 Coordinates relative to the central body ICB.
1 Coordinates relative to Earth

OUTXPD-2

PHILCO I Space & Re-entry

PHILCO.FORD CORPORATION Systems Division




1
|

$IBFTC MC13AK

601
611
602
612

20

22 B(1)

| PHILCO |

PHILCO-FORD CORPORATION

XR3,M94,NODDsLIST
SUBROUTINE OUTXPD

(NPROUT)

QUTPUTS POSITION AND VELOCITY

DOUBLE PRECISION

DATANZ sDCOS #DSIN »DSQRT

COMMON /DCPCOM/CDCP (900}

DIMENSION CBODY (8511} sKEYOUT(10)

DOUBLE PRECISION RTD

EQUIVALENCE (COCP( 17)5CBODY ) »{CDCP(761)sKEYOUT)
1 s (CDCP(TT77)s1ICB ) s {CDCPL  7)3sRTD )
COMMON /ESTCOM/CEST(804)

DOUBLE PRECISION EFEDAN(14)

EQUIVALENCE (CEST(61)EFEDAN)

COMMON /TRJICOM/CTRI(246)

DOUBLE PRECISION RC(6)sUTIMV

EQUIVALENCE (CTRJL151)sRC ) s (LCTRJL 23)sTC2D )
1 s (CTRJL 591sTB2C ) s{CTRJL 3)sUTIMV )
COMMON /DFMCOM/ IFM{14)sRFM{6512)

1
DOUBLE PRECISION

sDFM (4)sBFM (577)s5NT(25102)
BFMs DFMsRFM

COMMON CoXsXOsXXsY9AsB9CB

DOUBLE PRECISION C{393)sXsXO(9)sXX(6)5Y{10)5CBL10)

DIMENSION A(3)9B(3)

DOUBLE PRECISION COBL50»S08BL50

DIMENSION AREF(695) 9BREF(3s4) sCREF(2)9sKP(6)95(4)

EQUIVALENCE (KP(1)eKCP) s (KP{2)sKBP) » {KP{3)+sKOUNT}
1 y (CP(4)9KC )9 (KP(5)sKB ) s (KP{6)9KA )

EQUIVALENCE (S(1)sCOBL50)»(S{(3)5508BL50)

DATA AREF(1,1)/36H X Y Z DX DY Dz /
1 sAREF{1s2)/36H R LAT LON v PTH AZM /
2 sAREF{14+3)/36HALT LAT LON \ PTH AZM /
3 s AREF (144) /36HSMA ECC INC LAN APF THE /
4 sAREF (1,451 /36HSILR HEV RCA /

DATA BREF(1,1)/18H
sBREF(1,2)/18H

EQUATOR OF 1650/
1 EQUATOR OF DATE/
2 sBREF{1,3)/18H ECLIPTIC/
3 sBREF(154)/18H BODY—-FIXED/
DATA CREF(1y /12H CENTERED /

DATA S/0200677026177+0145771525474

1 2017776313612650144514406311/
FORMAT (1X»3A6583Xs3A6)
FORMAT(6(2XsA39E1548))

FORMAT(1H ) -
FORMAT(9X»23{4XsA35D24416)52X33A6)

CONTINUE

DO 2 [=1,5

KP{I) = 0

cB(I CBODY (I, 1CB)
CB(I+5) CBODY (1s3)
CBl2) = EFEDAN(ICB)
CB(7) = EFEDAN{3)
CONTINUE

KOUNT = KOUNT+1

KA = KEYOUT(KOUNT)
IF (KAsLTW0) RETURN

KA = KA+11l1

KC = KA/100

KA = KA-KC¥100
KB = KA/10

KA = KA-KB¥1p
SET UP LABELS
CONTINUE

IF (KCeNEeKCP) GO TO 24
IF (KBeNE+KBP) GO TO 26
DO 22 1=1s3
A(I) = AREF({455)

= AREF(4+5)

OUTX0001
0UTX0002
OUTX0003
QUTX0004
QUTX0005
0UTX0006
ouUTX0007
QUTX0008 o
QUTX0009
ouTXxo0l10
OUTX0011
QUTX0012
QUTX0013
OUTX0014
OUTX0015
QUTX0016
OUTX0017
oUTX0018
OUTX0019
ouUTX0020
OouTX0021
QUTX0022
ouUTX0023
OUTX0024
QUTX0025
oUTX0026
ouTX0027
ouUTX0028
ouUTX0029
OuUTX0030
ouUTX0031
OUTX0032
QUTX0033
OUTX0034
OUTX0035
oUTX0036
CUTX0037
QUTX0038
OUTX0039
OUTX0040
OUTX0041
oUTX0042
OUTX0043
OUTX0044
OUTX0045
OUTX0046
oUTX0047
OUTX0048
QUTX0049
OUTX0050
QUTX0051
QUTX0052
OUTX0053
OUTX0054
OUTX0055
OUTX0056
QUTX0057
ouUTX0058
QuUTX0059
OUTX0060
OUTX0061
OUTX0062
OUTX0063
OUTX0064
OUTX0065
OUTX0066
OCUTX0067
QUTX0068
OUTX0069
QUTX0070
QUTX0071
ouUTX0072
ouUTX0073
QUTX0074

Space & Re-entry
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N = NPROUT+2 ' OUTX0075

GO TO 30 OUTX0076
24 CONTINUE OUTX0077
N = NPROUT QUTX0078
111 = 5¥KC~4 0UTX0079
KCP = KC 0UTX0080
26 KBP = KB OUTX0081
DO 27 1=1,3 0UTX0082
A(I) = CREF(I-1) OUTX0083 L
27 BUI) = BREF(IsKB) oUTX0084 %g
A1) = CB(IIT) OUTX0085
o COMPUTE STATE RELATIVE TO DESIRED BODY OUTX0086
30 CONTINUE ‘ OUTX0087
M= 6 oUTX0088
IF (KCeNEs1) GO TO 34 oUTX0089
DO 32 I=116 OUTX0090
32 X0(I) = RCUI) OUTX0091
GO TO 38 0UTX0092
34 CONTINUE QUTX0093
DO 36 1=1s6 OUTX0094
36 XO{I1) = RCII}y-RFM(I+3) OUTX0095
38 GO TO (40350,60,70) sKB OUTX0096
< EQUATOR OF 1950 oUTX0097
40 CONTINUE oUTX0098
DO 42 1=1s6 0UTX0099
42 XX{1) = XO(I) ) oUTX0100
GO TO 99 : OUTX0101 o
< EQUATOR OF DATE QUTX0102 A
50 CONTINUE QUTX0103 “
CALL DMVTRN (TC2DsX0»XX3152) OUTX0104 -
IF (KBeEQe4) GO TO 71 0UTX0105
GO TO 99 OUTX0106
c ECLIPTIC ouUTX0107
60 CONTINUE 0UTX0108 o
DO 62 [=15s453 OUTX0109 *
XX(I) = XO(1) O0UTX011Q
X = XO(I+1) OUTX0111
XX(I+1) = X*¥COBL50+XO0(I+2)*S0BL50 0UTX0112
62 XX11+2) ==X*¥SOBL50+X0(1+2)*COBL5D OUTX0113
GO TO 99 0UTX0114
C BODY-FIXED OUTX0115
70 CONTINUE OUTX0116
IF (KCeNEol+ANDJICBeNES3) GO TO 50 QUTX0117
CALL DMVTRN {TB2CsXO,XX9252) OUTX0118 i
IF {KA.EQe4) GO TO 99 QUTX0119
GO TO 73 OUTX0120
71 CALL DEHA (UTIMV,sDFM(4)sXsCB(10)) oUTX0121
Y1) = DSIN(X) 0UTX0122
Y(2) = DCOSIX) oUTX0123 il
DO 72 I=1»4»3 oUTX0124
Y(3) = XX(1) 0UTX0125
XXCT) = Y(2)¥XX (1) +Y (1)¥XX(1+1) QUTX0126
72 XX(I41) = YA2)*XX(1+1)-Y(1)*¥Y(3) ouTX0127
73 XX{4) = XX(4)+XX(2)*CB{II1+4) 0UTX0128 ol
XX(5) = XX(5)=~XX{1)*CB(I11+4) OUTX0129
99 CONTINUE OUTX0130 -
GO TO (1005200530054C0) »KA 0UTX0131 "
C CARTESIAN oUTX0132 ‘
100 CONTINUE OUTX0133
DO 102 I=1,46 OUTXD134
102 X0(1) = XX{I) OUTX0135
GO TO 500 OUTX0136
d SPHERICAL OUTX0137
200 CONTINUE 0UTX0138
C GEOGRAPHIC OUTX0139
300 CONTINUE OUTX0140
Y{3) = XX(LI#XX(1)+XX(2)%¥XX(2) 0uUTX0141
Y(4) = XX(3)%XX(3) OUTX0142
Y(6) = DSQRT(Y(3)) OUTX0143
X = 04D0 OUTX0144
IF {Y(3).EQe0.D0) GO TO 310 OUTX0145
Cl1s3) ==XX(2)1/Y(6) OUTX0146
Cl233) = XX{1)/Y(6) OQUTX0147
IF (KAeEQs2) GO TO 308 OUTX0148
X = XX{3)/Y(6) QUTX0149

PHILCO l Space & Re-entry
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C COEFFICIENTS OF G(X} OUTX0150

Y(8) = CB{II[+3)*%CB(ITI+3)/Y(7) QUTX0151
Y{9) = 1.D0-Y(8) QUTX0152
Y{1) = Y{9)*Y(9) QUTX0153
Y{2) ==Y(9)#Y(6}/24D0 OUTX0154
Y(5) ==Y(T7)#*Y(3) OUTX0155
Y(3) = Y(3)+Y{(8)*¥Y(4)=-Y(7)%Y(1) QUTX0156
Y(4) ==Y(T7)%Y(2) QUTX0157
Y(7) = CBUIIT+2)1#CB(111+2) OUTX0158
X = CB{III+2)/DSQRT(1eDO+X*X/Y(8}) OUTX0159
YU10) = ((4eDO¥Y{1)#X+3e4DO*Y (2))1%X+2eD0*Y (3))%#X+Y(4) OUTX0160
C ITERATE FOR G(X) = O . QUTX0161
DO 304 I=1s4 OUTX0162
Y71 = (00Y 01 1%X4Y (21 1 ¥X4Y (31 1% X4Y (4) ) ¥ X+Y (5) QUTX0163
304 X = X=Y{(7)/Y(10) QUTX0164
C COMPUTE COORDINATES i OUTX0165
IF (XeLE.CB{1I1+2)%1.,D~14) GO TO 310 OUTX0166
308 Y(1) = XX{3)/(Y(6)=Y(9)*X) OUTX0167
u . C(392) = 14DO/DSQRT{1DU+Y(LI®Y (1)) ‘ OUTX0168
Lo C(3s1) = Y(1)%C(3,2) OUTX0169
Y{2) = Y{1)*Y(8)%X OUTX0170
. GO TO 312 oUTX0171
= 310 C{352) = X/XX(3) oUTX0172
: C{3s1) = 1sD0 OUTX0173
i Y(2) = CBLIII+3) QUTX0174
312 XO(1) = DSQRTIY(6)=X)#*¥2+ (XX{3)=Y(2))**2) QUTX0175
e X0(2) = RTD*¥DATAN2(C{3»1)sC(3s2)) QuUTX0176
“a X0(3) = RTD¥DATANZAXX{2)sXX(1)) QUTX0177
Cll91) = Cl2,3)%C(392) oUTX0178
Cl192) ==Cl2,3)%C(3+1) QUTX0179
Cl291) ==C(1s3)%C(3s2) QUTX0180
CL252) = Cl1,3)%C (391} QUTX0181
C(353) = 0.D0 OUTX0182
’ CALL DMVTRN {CrsXX(4)sYs2s1) oUTX0183
; X0(6) = 0.D0 QUTX0184
X0(5) = 90.D0 QUTX0185
Y(4) = Y(2)%*Y(2)+Y(3)*Y(3) OUTX0186
: XO(4) = DSARTIY{4)+Y(1)*Y(1)) OUTX0187
o Y{5) = DSQRT(Y(4)) 0UTX0188
IF (Y(5)eLEsleD-14%X014)) GO TO 314 OUTX0189
X0({6) = RTD*DATAN2(Y(3)sY(2)) OUTX0190
X0:L5) = RTD*DATAN2(Y(1),Y{5)) OUTX0191
314 IF (XeGEeY(6)) XO(1) = =X0(1) oUTX0192
] GO TO 500 OUTX0193
C ORBITAL OUTX0194
400 CONTINUE ) QUTX0195
M=9 : OUTX0196
: CALL X20RBD ({XXsX0sCB{III+1)) OUTX0197
Lo DO 402 1=346 OUTX0198
: 402 XO(1I) = RTD*X0(1) QUTX0199
C 0UTX0200
500 GO TO (501+502»5115502) N OUTX0201
501 WRITE (656011 AsB oUTX0202
511 WRITE (65611) (AREF{IsKA}sXO(I)sI=1sM) 0UTX0203
GO T0 &4 QUTX0204
502 WRITE (6,602) QUTX0205
WRITE (6»612) (AREF(TsKA)sXOlI)s1=193)sA OUTX0206
1 s (AREF(19KA)sX0(T1)91=4+6)sB 0UTX0207
IF (MeLEW6) GO TO 4 QUTX0208
WRITE (69612) (AREF{IsKA)sX0(1191=79) QUTX0209
GO TO &4 oUTX0210
END

PHILCO ] Space & Re-entry
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Subroutine: @VRLYD

Purpose: To allow a convenient means whereby data may be

entered into double-precision arrays. A blank

card or a negative index terminates the read-in

process.

Calling Sequence: CALL @VRLYD(C)

Input and Qutput:

Symbolic Program Math Data
iy 1/8 | Name or |Dimensions | Symbol | Dimensions Definition
Location or Units
’ é C d( ) Array into which double-
" precision data are to
be read.
-
J Common storages used: None
9 Subroutines required: None
|
@VRLYD-1

PHILCO l Space & Re-entry
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Use of @VRLYD

Double-precision input consists of two numbers, an integer k and a
double-precision number x. The integer k is a subscript indicating
the relative location in array C in which the value x is to be
stored; thus C(k) = x. The integer field width is 3, (I3; integers

must be right adjusted) and the value field width is 21, (D21.16). There
may be up to three.such pairs per card, running from Column 1 through
Column 72, (3(13,D21.16)).

If k=0 and x # 0, x will be stored in the next successive loca-
tion of C following the previous entry; if there were no previous
entry, storage will start in C(l). If k and x are both zero,
reading is terminated if they are the first pair on a card; otherwise
the next card is processed. If k is negative, k 1s set positive,
x 1s properly stored, and reading is terminated. Thus reading may be
terminated by a card on which kl and x; are both zero, or by a

negative value of k in any of the three integer fields.
All data read by @VRLYD are written on the system output tape with

zero or negative values of k replaced by the relative locations

actually used.

@VRLYD-2

PHILCO | Space & Re-entry
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C

501
601
602

PHILCO l
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SUBROUTINE OVRLYD(C)
OVERLAYS DOUBLE PRECISION ARRAYS

DOUBLE PRECISION C(1)s BUFF(3)

DIMENSION IND(3)

FORMAT(3(I3sD21416))

FORMAT(53X»13HOVERLAY INPUT)
FORMAT(16X3513:sD25,1695X913+9D2541695X913s025016)
WRITE(63601)

K=1

LOC=0

ROUNT=0

READ(59501) (INDUI)sBUFF({I)s1=1+3)
IF(BUFF(1)eEQeO4cANDSIND(1)<EQ.0) GO TO 7
DO 4 [=1,.3

IFCINDII}«NEL,O) GO TO 2
IF{BUFF(I)+EQe0s) GO TO 6

IND(T)=LOC+]1

LOC=TABSC(IND(I}}

KOUNT=KOUNT+1

C(LOC)=BUFF(])

IFCINDIIVWLTL0) GO TO 5

CONTINUE

GO 10 6

K=0

WRITE(65602) (IND(I}sBUFF(I)sI=19KOUNT)
IF(K:EQes0) GO TO 7

GO TO 1

RETURN

END

OVRDO0O1
OVRDO002
OVRDQOO3
OVRD0O004
OVRDO005
OVRDDOO0®
OVRDO0O7?7
OVRDO0O08B
OVRDOO0O9
OVRD0OO10
OVRDOO11
OVRDOO12
OVRDO013
OVRDOO14
OVRDOO15
OVRDOO16
OVRDO0O017
OVRDOO18
OVRDOO19
OVRDOOZ0
OVRD0021
OVRD0022
OVRD0023
OVRD0024
OVRD0025
OVRD0026
OVRD0027
OVRD0028
OVRD0029

Space & Re-entry
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i

Subroutiney

Purpose:

Calling Sequence:

GYAL

To output the station, beacon data read in by 1AYd.
Output is in input units rather tham internal units.

Input and Qutput

CALL @YAL, (NCH,IRA,J,VARVEC)

Symbolic Data .
1/4 | Name or | "roETER s;‘:;‘;l Dimensions Definition
Location or Units
I |RCH NCH = 1, station data
=2, beacon data
1 IRA (11) Measurement treatment keys.
1 J Index in IRA indicationg which
measurement error to output
(J = 1 for stations not
allowed).
I | VARVEC {24) Random, bias errors in the
measurement .
Common storages used: ' None
Subroutines required: None

| PHILCO l

PHILCO-FORD CORPORATION

¢YAL~-1
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Organization of OYAL

The keys input to OYAL have different meanings for station and beacon entries.

1. STATION MEASUREMENTS (NCH=1)

C-Band measurements

L]

PWON e

TRA(1)

Goddard Range - Range Rate measurements

S-Band measurements

DSIF measurements

IRA(2) = range treatment key
(3) = doppler treatment key
(4) = angle 1 treatment key
(5) = angle 2 treatment key 7

(6) = northing error treatment key

(7) = easting error treatment key

(8) = down error treatment key

(9) = clock bias treatment key

(10-11)= ignored by OYAL (J=10 or 11 not allowed)

J is the index on the entry in IRA(2-9) to be interrogated.

IRA(I)= 0 quantity not measured
1 bias and random for measurements
bias only for location errors

2 random only (measurements only)

VARVEC(J+6) = standard deviation for random error

{(J+10)= bias error value

OYAL-2

PHILCO ' Space & Re-entry

Systems Division
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2. BEACON MEASUREMENTS (NCH=2)

IRA(1l) = range treatment key
(2) = range rate key
(3) = angle 1 key
(4) = angle 2 key
(5) = time bias key

J is the index of the indicator to be considered.

IRA(I) = 0 no measurement
- 1 random and bias errors
{ 2 random errors only
VARVEC(1) = period of range or range rate observations
- (2) = period of angular measurements
& (J+2) = random error standard deviation
ol (J+6) = bias error value

OYAL-3

PHILCO | Space & Re-entry
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SIBFT

C MC130Y NOREF»M949NODD#XR3

CMC130Y SUBROUTINE OYAL (=LAYO BACKWARDS FOR OUTPUT)

21

92

101

102
105
110

41

42

43

44
45

46
299

600

PHILCO I

PHILCO-FORD CORPORATION

SUBROUTINE OYAL {NCHsIRA»JsVARVEC)

DIMENSION  IRA(11)) VARVEC(24)s  ABC(4520)
DATA (ABC(191)s1=1512)/

124HERROR J=1 IN OYAL ’

224HRANGE (MET) ’
324HDOPPLER (CYCLES/SEC) ’
424HAZ IMUTH (MR) ’

524HX=~ANGLE (MR) ’
624HX-ANGLE (MR) ’
724HHOUR ANGLE (MR) ,
824HELEVATION (MR) »
924HY~-ANGLE (MR} ’

124HY-ANGLE (MR) ’

224HDECLINATION (MR) ’
324HSTATION LATITUDE (MET-N1/

DATA (ABC(1s1)s1=13+20)/

124HSTATION LONGe (MET-EAST),
224HSTATION ALTITUDE (MET-D),
324HCLOCK BIAS (SEC) »
424HRANGE (MET)
524HRANGE RATE (MET/SEC)
624HANGLE 1 (MR)
724HANGLE 2 (MR)
824HTIME ERROR (SEC)
IF(IRA(JI) 1,1000,1
CONTIRUE

RANDOM=0,

BIAS=0.

OPSEC=04

GO TO (21»41)sNCH
CONTINUE

Nw w v e

OYAL0001
OYAL0002
OYAL0003
OYAL0O004
OYALO0005
OYAL0006
OYAL0007
OYALOOO8 . | -
OYAL0009
OYALO010
OYALOO11
OYALO0012
OYALOO13
OYALOO14
OYALOO1S
OYALOO16
OYALOO17
OYALOO18
OYALOO19
OYAL0020
OYAL0021
OYAL0022
OYAL0023
OYAL0024
OYAL0025
OYAL0026
OYAL0027
OYAL0028
OYAL0029
OYAL0030
OYAL0031
OYAL0032

IF((IRA(1) eEQelt e ANDeJeEQo2)sORe {IRA{1)sEQe1sANDeJoEQe3)) GO TO 9970YALOQ33

IF(IRA(J) «NE42) GO TO 101
Q=VARVEC(J+6)

RANDOM=Q

IF(JeEQs3) GO TO 110
RANDOM=G#*1000.

GO TO 110

CONTINUE

Q=VARVEC(J+10)

BIAS=Q

IF(J.EQs9) GO TO 110
IF(JeGT#5) GO TO 105
IF(JeEQe3) GO TO 9
BIAS=G*1000, :

GO TO 92

CONTINUE

BIAS=Q*1000.

CONTINUE

NAB=J

IF(JeGTe3) NAB=4XNAB+IRA(1)-13
IF(JeGTe5) NAB=J+6

GO TO 999

CONTINUE

NAB=J+15

IF(IRA(J) «EQ.2) GO TO 43
Q=VARVEC(J+6)

BIAS=Q :
IFLJIEQe5) GO TO 999
BIAS=Q%1000.

CONTINUE

Q=VARVEC(J+2)
RANDOM=Q¥1000+

CONTINUE

GO TO (45545,46546) 5
OPSEC=VARVEC(1)

GO TO 999
OPSEC=VARVEC(2)

CONTINUE

IF(OPSEC.EQe0e) GO TO 51
WRITE{6+600) (ABC(IsNAB)s1=154)sRANDOMsBIAS»sOPSEC
FORMAT(1H 530X»4A6510XsF8e557XsFBetsB8XsF90e2)
GO TO 1000

OYALOO34
OYALQ035
OYALOO036
OYALOO37
OYAL00Q38
OYALO0039
OYAL0OO40
OYALGO41
OYALOOQ42
OYALOQ43
OYALOO44
OYALO0O45
OYALOO46
OYALOQO47
OYALOO48
OYALOO04S
OYALO0050
OYALOQO051
OYALOO052
OYALG053
OYALOO0S54
OYALOOS55
OYAL0056
OYALOQO57
OYALOQ58
OYALOO059
OYALO0060
OYALOO061
OYALO062
OYALO0063
OYALOOQ64
OYAL 0065
OYALO0066
OYALOO67
OYALOQ0O68
OYAL0069
OYALOO70
OYALOQO071
OYALOO72
OYALO073
OYALOO74
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51 WRITE(6»600)
GO TO 1000
997 IRA(J)=0
1000 RETURN
END

PHILCO I

PHILCO-FOREI CORPORATION

(ABC(IsNAB)sI1=154)sRANDOMsBIAS

OYALO075
OYALOO76
QYALOO77
OYALOQ78
OYALOQO79

Space & Re-entry
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Subroutine: PARAB
Purpose: To fit a parabola through three points.

Calling Sequence: CALL PARAB(X,Y,A)

Input and Output
Symbolic Data
1/6 |Name or | “TOSTER s"y::‘;l Dimensions Definition
Location or Units
I X 3) X coordinates of the three
P pointl.
I Y 3) Y coordinates a the three
points.
¢ A (2) Coefficients of the equation
of the parabola
- 2
Y Az(x - xz) + Al(x - xz)*Yq
Common storages used: None
Subroutines required: None
PARAB-1

PHILCO l Space & Re-entry

PHILGO.FORD CORPORATION Systems Division



$IBFTC MC13PB NOREFs»M94,NODD»XR3
CMC13PB PARAB

PHILCO l

PHILCO-FORD CORPDRATION

SUBROUTINE PARAB{ Xs Y» A)
DIMENSION X{3)s Y(3},A(2)
DX1= X{1)=X(2)

DX2= X{3)1-X(2}

Dl= Y(1) =Y(2)

D2= Y(3)- Y(2)

DX12=DX1%* DX}

DX22= DX2%* DX 2

DET =DX1 *DX22 -~ DX2% DX12
A{1)={(DX22%#D] ~ DX12% D2)/ DET
A{2)={-DX2#%D1 + DX1¥*D2)/ DET
RETURN

END

PARBOO10
PARBO020
PARBOO30
PARBOO40
PARB0050
PARBOO60
PARBOOTO
PARBO0O80O
PARBOOS0O
PARBO10O
PARBO110
PARBO120
PARBO130
PARBO 140

Space & Re-entry
Systems Division
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Subroutine: PERTD

Purpose: To compute the perturbing acceleration due to the
celestial bodies other than the central body
(see also PERTDP).

Calling Sequence: CALL PERTD (ICB, IBC, R, U, P, A)

Symbolic Data
- 1/¢ | Name of Diizggizﬂs Sygg;g Dimensions Definition
- Location or Units
1 ICB Central body number
) 1 IBC (1) : Include effect of body 1
only 1if IBC(i) # O
I R d(3) R km Position relative to
the central body
3 1 U d(12) By km.3/sec2 Gravitational constant
array
I P d4(6,12) Pi km Positions of the celestial
bodies relative to the
central body
| 1¢ A d(3) A km/sec2 Perturbation acceleration

Common storages used: 18 cells.
Subroutines required: DD@T

xxxxx

........

s

PERTD-1

PHILCO l Space & Re-entry

PHILGO-FORD CORPORATION Systems Division



$IBFTC MC132P XR3sM94 sNODDLIST

SUBROUTINE PERTD (ICRsIRCIRsUsPsA) PERTO001

C N-BODY PFRTURBATION ACCFLERATION PERT0002

DOUBLE PRECISION A(3)sP(6312)YsR(315U(12) PERT0003

1 sCsDsQsDDOT sDSQRT PERTO004

DIMENSION IRC(11) PERTO005

COMMON CL3)sn(3)sQ(3) PERTO006

C PERTO007

1 DO &4 1=1,11 PERTO0008

IF (IBC(1)eEQe0.ORWI.EQ.ICB) GO TO 4 PERT0009

DO 2 J=113 PERTO010

Q(J) = P(Js D . PERTO0011

2 D(J) = R{JI-Q(IN PERTO012

C(3) = DNOTID YD) PERTO0013

C{2) = DDOT(Q.Q) PERT0014

Cl2) = €(3)1/C(2) PERTO0015

C(2) = CL2)¥DSQRT(C(2)) PERTO016

Cl1) = C{31*DSQART(C(3)) PERTO017

C(1) ==u(l)/C{1y PERTOO018

DO 3 J=1,3 PERTO019

3 ALY = ALSIFCLIEIDINI+C(21%Q (I} PERTO0020

oy 4 CONTINUF PERTO0021

L 999 RETURN PERTO0022
END

PHILCO I Space & Re-entry

PHILCO.FORD CORPORATION Systems Division
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Subroutine:

Purpose:

PERTDP

To compute the n-body perturbation acceleration,

excluding the central body, the gradient of the accel-

eration, and partial derivatives of the acceleration

with respect to the physical constants.

Calling Sequence:

Input and Qutput

Call PERTDP (ICB,IBC,R, U, P, A, AP, G, N)

Symbolic Data
1/¢| Name or Digzggii:s S Mﬁﬁ? Dimensions Definition
Location |7~ ym or Units

1 ICB Central body number.

I IBC (11) Include effect of body i
only if IBC(i) # O.
Compute dA/3y if
IBC(i) < 0.

I R da(3) R km Position relative to
the central body.

1 U d(12) g km3/sec Gravitational constant
array.

I P d(6,12) Pi km Positions of the celes-
tial bodies relative to
the central body.

10 A d(3) A km/sec2 Perturbation accelera-
tion.

® AP d(3,11) RA/Bui l/km? Partial derivatives

¢ G d(3,3) va 1/sec2 Gradient of the
acceleration.

I N = 0 compute accelera~-

tion only.
# 0 compute accelera-
tion and gradient.
Common storages used: 54 cells.

DD@T

Subroutines required:

F“*ILI:CI"H@#@H

PHILCO-FORD CORPCRATION

PERTDP-1

Space & Re-entry
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Method:

The acceleration vector, Ai’ of a space vehicle relative to the central

body (body ICB) due to the inverse~square attraction of central body i is

A P

i e
S T R S}
& »/
Ai =R = Pi
where
by = gravitational constant for body i
Pi = position of body i relative to the central body

R = position of the vehicle relative to the central

body
p = | P | :
s =14 |

The subroutine sums the Ai for all bodies for which IBC(i) # O except

i = IBC, and returns the sum in A. If N # 0, the gradient of A with

respect to R, vRA, is returned in G. It is computed from

vgh = z:‘7RA1

W, 38.4,7 }
vA, = - —% I~ 121
R'1i 5 5

where the summation includes all bodies (including the central body)
for which IBC(i) # O.

For all i # 3, 10 for which IBC(i) < O, the partial derivatives

-g—-é— = —1—— Ai

PERTDP-2 !

PHILCO l Space & Re-entry
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are returned in consecutive columns of AP. If IBC(10) < 0, the a.u. is
assumed to vary with Y10 in such a way that the period of the Earth

remains constant. That is,

a4 .1, ,_® _au
T 10 7 3a.u2) 3uyg

Y10

Similarly, if IBC(3) < O, the lunar ephemeris scale factor, RE, is assumed

to vary with Hq in such a way thatthe lunar period is constant. That is,

Bu3 Mg 3 B(RE) 3u3

The partial derivatives with respect to the scaling factors are

_Laou-) aA - Z u,.{(a’ - b )P -+ b P + ¢ A,}
3 a(a.u.)  i#3,11 i i’"i i“12 i“i

®R.) 1 1 . 1
—E’_8A 2 u,7 —=(P,*P,,)P, +Db.P - ==(A, "P..)A,
3 ARY) i#3,11 1{ po 171277 T T2 5T 127

. 1 .
+ u111p3 b11)911*'1§(A11 P11)A11}

where

~-!'—_ - .

a; ==5(p - By * Ppy)
p

=1(1 _1

b; =313 3)
P> 8
e =z(A, "B, - A " P)
1 65 i i i 12

PERTDP-3

PHILCO l Space & Re-entry

Systems Division
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$IBFTC MC132Q XR3,4M94,NODDsLIST

SUBROUTINE PERTOP (ICBsIBCaRsUIPsAsAPsGN) PRTP0O0O1
C N-BODY PERTURBATION ACCELERATION PRTP0O002
DOUBLE PRECISION  A{3)sAP(351115G(353)sP(6512)sR(3)5U(12) PRTP0003
DIMENSION 18C(11) PRTPOO04
COMMON C(12)sD13)sQ1(3)9T(3+3) PRTP0O05
DOUBLE PRECISION  CsDsQsTsDDOT+DSQRT PRTP000S
C PRTPOOOT
1 IF (NesEQe0) GO TO 3 ‘ PRTP000S ,
C(12) = 0.D0 PRTPOOOY
DO 2 1=1,3 , . PRTP0OO10
DO 2 J=153 i PRTP0OO11
2 T(IyJ) = QeDn PRTP0OO13
3L=1 PRTPOO14
L3 = 0 PRTPOQ1S
L10 = O PRTPOO16
oo, C PRTP0O17
| 10 DO 49 M=1»s11 PRTPOO18
IF (IBC(M)+EQeO) GO TO 49 PRTPOO19
' DO 11 1=1,3 PRTP0020
Q(1) = P(IsMy PRTP0021
e 11 DUI) = R{I)-Q(I) PRTP0022
4 C(7) = DDOT(DsD) PRTP0023
C(8) = DDOT(QsQ) PRTP0024
C(5) = CLT)/C(8) PRTPOO25
Cl6) = C(TI*DSART(CIT)) PRTP0OOZ26
o C(9) = C(5)*DSART(C(5)) PRTP0O027
. Cl1) = C(9)-1.D0 PRTP0028
C(2) =-1.D0/CL6) PRTP0029
CL3) = ULM)/CL6) PRTP0O30
. Cla) = C(3)/CtT) PRTPOO31
] 'd PRTP0032
20 DO 21 I1=1s3 PRTP0033
o 21 T(Is1) = CU2)#(RIII+C(LI*Q(I}) PRTP0034
IF (IBC{M)eGEeD) GO TO 23 PRTP 0035
DO 22 I=1,3 . PRTP0036
22 AP(IsL) = T(Isl) PRTPCO37
L = L+l PRTPOO38
23 IF (MeEQ.ICB) GO TO 25 PRTP0039
DO 24 1=1+3 PRTPO040
24 AL1Y = ACIY+UIMI*T(Is1) PRTPOO41
25 IF (N+sEQsU) GO TO 49 PRTP0OO42
C PRTP0043
= 30 C(11) = C(3)%C(1)/3D0 PRTP0044
Ct 1) = CL3)1*C{N PRTPOD45
C{ 2) = CL4)%DDOT(D»Q) PRTPO046
Cl 6) ==C{3)%DDOT(D»P(1s123)/CLT) PRTP0OO4T
. C{ 5) = C(1)*DDOT(QsP(1212))/C(8) PRTP0OO48
] clt 1y = C(1y=Ct11) PRTP0049
IF (MeEQe3) GO TO 32 PRTP0O050
IF (MeEQ,11) GO TO 31 PRTP0O051
C(12) = C(12)+C(11) PRTP0052
” Cl 1) = CL1)1-CL5) PRTP0053
Ct 2) = CL2)+CL6) PRTPOO54
IF {MeNEo1D) GO TO 33 ~ PRTPOO55
P IF (IBC{1u)eGEeO) GO TO 33. PRTP00S6
‘ L10 = L-1 PRTP00Q57
GO TO 33 PRTP0058
31 C{ 5) = C{1) PRTP0059
ct 6) = C(2) PRTPO060
Cl 1) = 04D0 PRTP0O61
Ct 2) = 04D0 PRTP0062
GO TO 33 PRTP0O063
32 IF (IBC(3)+GE+O) GO TO 40 PRTP0O64
L3 = L-1 PRTPO06S
GO TO 40 PRTP0066
33 DO 34 1=1s3 PRTP0067
T(Is2) = T(I2)4C(11*Q(I}+C(2)%*D(1) PRTP0068
34 T(Is3) = T(I,3)+C(51%Q{1)+C{6)%*D(]) PRTP0069
e C PRTPOOTO
| 40 DO 41 I=153 PRTPOOT1
! C(5) = 3,D0%C(4)%*D(]) . PRTP0O0O72
s GlIsl) = GlIsI)=C(3) PRTP0073
: DO 41 J=1s3 PRTP0OOT74
41 G(IsJ) = GLILNNI+CI5)%D(D) PRTPODOTS

3
1
3
A
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49 CONTINUE PRTPOOT6

C PRTPOOT77

50 L=L10 PRTPOQT8

Cl{ll)y = U(10y PRTPOO79

DO 53 I=1s2 PRTPOOBO

If {LeEGe0) GO TO 52 PRTPOOB1

DO 51 J=1,3 PRTPOOSB2

51 AP(JsL) = AP(JsL)+(T(JsI+1)1+C(12)%¥P(J»12}1)/C(11) PRTPOO8B3

52 L= L3 PRTPOOB4

53 C(11) = U(3) PRTPQO85

C PRTPOOBG

999 RETURN PRTPOOBYT
END

i
Z
o
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Subroutine: POLYFT

Purpose: Tests an arc (station pass) of edited data with
walking polynomials;tags outliers. Outputs data
in edited-data format on tape 12.

Calling Sequemce: CALL P@LYFT(NPCNT)

Input and Qutput

Symbolic Data
1/¢ | Name or mﬁ::ﬁ::s S‘y{::gl. Dimensions Definition
Location or Units
1 NPCNT Number of time points
for which data exists.

Common storages used: /TSTC@M/,/GUTCOM/,/DATCHM/,/MESCAM/,/CRECHRM/
Subroutines required: CR@SIM

POLYFT-1

PHILCO l Space & Rea-entry

PHILCO-FORD CORPORATION Systems Division




e 7

| LYCDAT=L4CDAT+JJ |

IDEQ = NDEQ(IRAW)
JUMP = NSTEP(IRAW)

, Is the L#CDATth value N\ y
r T=1 l of the Ith observable
T a dummy value?

iNo

Add the IfCDATth value
of the Ith observable and

C WTRIL(D = 01 )28 its time tag to the sums

fNo Y
No [ Are all INPCNT values KPUNT=K@UNT+1
| of the Ith observable INDEX (K@UNT )=L@CDAT
dummy values? {
{ Yes ( KPUNT=NFIT? Ies (B
| KNTRPL(I) = 0 | e— No
D
JJI=KNTRPL(I
CD=CSD(T, TRAW) [ NFIT"'*K‘”UNT |
TEXIT=0
LYCDAT=1-JJ ( NFIT < TDEQ?
INDL@C=1 o
M=INPCNT/JJ 60
No * ',
—C NFTT > M7 ) _ Find polynomial by
Yes least squares
[ NFIT = M ] i
Compute standard
| Yos, deviation, SD
( NFIT < IDEG? 100 i
y No | K=1 ]
Set values of all
sums to be used
in fit to zero.
I XGONT = 0 1 [ L = INDEX(K) 1
e Is the Lth value of the Yes
Tth observable already 68
tagged negative?

Yo
| IEXIT = 1 ]

é@ PPLYFT-2
B

PRILCO l Space & Re-entry 3
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i

No Is the Lth value of
the Ith observable
an outlier?

* Yes

Tag the Lth value of the
Tth observable negative,

{68
Yes Have all NFIT
values been tested?
* No
r = K41 l—"@

Finished with the
Tth observable?

) Yes.

INDEX (L#CDAT)=L#CDAT
mnl¢c=u¢l& INDL¢CIL¢I?FST)+1

Polynomial walked Yos
by enough points?

®
Has the polynomial Yes @
been walked at 2117

No

%9

Compute the sample
standard deviation over

y No the entire data arec

[ KGUNT = O I for the Tth observable

—2°8 (" I#CDAT+IJ < INFCNT? ) [ I=1I+ |
No
* No
I>47

[ TEXIT = 1 C [ Yes Dana O
* Restore magnitude of

[ IPCDAT-LCDAT+dJ | angles (’80 12111_1‘&)? range

} ]
Is the IYCDATth value
(i framents Ju [Tl En T
ad *;\riaolue? of 85 points
KPUNT=K@UNT+1
TK=INDEX (INDL$C)

Add the LYCDATth
value to the sums

Delete the IKth
value from the sums

| PHILCO |

PHILCO-FORD CORPORATION

Return
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$IBFTC MCLl34R M94,NODDsXR3

CMC134R

10

20

PHILCO "iiﬁii

PHILCO-FORD CORPORATION

SUBROUTINE POLYFT(NPCNT)

COMMON  /TSTCOM/CTEST(400)

DOUBLE PRECISION FINISH(10)

DIMENSION NYR(10), NPTS5(10) s

1s CSD(4,510) INTROL (4)
EQUIVALENCE (CTEST(1)sNYR)»
1» (CTEST(21)sNSTEP), (CTEST(31)sNDEG)»
2s (CTEST(81)sIRAW) (CTEST(82)» INTROL) »

COMMON  /0UTCOM/COUT (40)

DOUBLE PRECISION ONTIMEsTFIRSTsTLAST
DIMENSION NB(4})s 55D(4)
EQUIVALENCE (COUT(5) sNRCD) »

1s (COUTI(T7)sKONT)
2y (COUTI(17)sTLAST)

(COUT(13)»ONTIME)»
(COUT{33)sNB) >

COMMON  /DATCOM/CDAT(2400)
DOUBLE PRECISION TIMTAG(300)

NSTEP(10}»

TESTS DATA WITH WALKING POLYNOMIAL AND TAGS OUTLIERS

NDEG(10)

({CTEST(11)sNPTS)
{CTEST(41)»CSD)
(CTEST(87) sFINISH)

{COUT(6) 9 NPTBLK)
(COUT(15)sTFIRST)
(COUT(37195SD)

DIMENSION TXTRA(3001} 1Q(300), XANG(300) > YANG(300)
1s RANGE (300)» DOP({300)s RDAT(300+4)
EQUIVALENCE (CDAT(1)+TIMTAG) (CDAT(601) »TXTRA)

1s (CDAT(901)s1Q)y ({CDAT(1201)9XANG)»

(CDAT(1501)sYANG)

2s (CDAT(1801)sRANGEY» (CDAT(2101)sDOP), {XANGsRDAT)
COMMON  /MESCOM/CMES(510)

DIMENSION 11Q(85), TOUT(85)s ANG1(85)s ANG2(85)
1s ROUT(85)s DOUT(85)

EQUIVALENCE (CMES(1})1IQ)s (CMES{86)sTOUT)

1s (CMES{171)2ANG1)>»
2y  (CMES{426)+DOUT)

(CMES(256)9ANG2) »

COMMON /CROCOM/CCRO(86)

DOUBLE PRECISION B(6s7)

EQUIVALENCE (CCRO{1)4+B)>
1» (CCRO(86),ISING)

DOUBLE PRECISION SUMX(10)» SUMY (21,
1s COEFF(6)

DOUBLE PRECISION AM, AP CD»
1s TXMs TXP s GSDy PTS
DIMENSION INDEX(20) s KNTROL{4)

DOUBLE PRECISION DSQRT

DATA TEST/—»12345678E£20/
INPCNT=NPCNT

IDEG=NDEG(IRAW)

JUMP=NSTEP( IRAW)

FIT DATA COLUMNSs ONE AT A TIME
DO 100 I=1ls4
KNTROL({I)=INTROL(I}

SSD{I1)Y=TEST

IF{KNTROL(I).,EQe0) GO TO 100
JJ=KNTROL (1)

TEST FOR VALID DATA.
DO 10 K=1sINPCNT»JJ
IF(RDAT(KsI)eNESTEST) GO TO 20
CONTINUE

KNTROL(I)=0

GO TO 100

CONTINUE

CD=CSD( 1y IRAW)

1EXIT=0

LOCDAT=1-JJ

INDLOC=1

NFIT=NPTS(IRAW)

TEST WHETHER NFIT POINTS ARE AVAILABLE
M=INPCNT/JJ

IF{NFITeGTeM) NFIT=M

IFINFITeLESIDEG) GO TO 100

ENOUGH POINTS ARE AVAILABLE IF VALID
SUMY (1)=0D0

SUMY (2)=0.D0

DO 21 J=1,IDEG

(CMES (341 sROUT)

(CCRO(85)9KK)

SUMXY(3)

DIFFs sD

RESET KNTROL IF NECESSARY

POLY0001
POLY0002
POLY0003
POLYO0004
POLY0005
POLY0006
POLY0007
POLYO008 .y ..
POLY0009
POLY0010
POLY0011
POLY0012
POLY0013
POLYO0O014
POLY0015
POLY0016
POLY0017
POLYQO18
POLY0019
POLY0020
POLY0021
POLY0022
POLY0023
POLY0024
POLY0025
POLY0026
POLY0027
POLY0028
POLY0029
POLY0030
POLY0031
POLY0032
POLY0033
POLY0034
POLY0035
POLY0036
POLY0037
POLY0038
POLY0039
POLY0040
POLY0041
POLY0042
POLY0043
POLY0044
POLY0045
POLY0046
POLYO047
POLY0048
POLY0049
POLY0050
POLY0051
POLY0052
POLYQ053
POLYO0054
POLY0055
POLY0056
POLY0057
POLY0058
POLY0059
POLY0060
POLY0061
POLY0062
POLY0063
POLY0064
POLY0065
POLY0066
POLY0067
POLY0068
POLY0069
POLY0070
POLY00T71
POLY00T2
POLY0073
POLYO0O0T74

Space & Re-entry
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SUMXY (J)=0,6D0 POLY0QT75

SUMX(2%J)=0.D0 POLYDOT76
21 SUMX{2#%J~1)=0.D0 POLY0077
C FORM INITIAL SUMS ON FIRST NFIT POINTS POLYOO78
KOUNT=0 POLYO0O079
DO 40 K=1»INPCNTyJJ POLY0080
IF(LOCDAT+JJ LE«INPCNT) GO TO 30 POLYD081
1EXIT=1 POLY0082
GO TO 50 POLY0083
30 LOCDAT=LOCDAT+JJ POLY0084
IF(RDAT{LOCDAT»I1+EQsTEST) GO TO 40 POLY0085
KOUNT=KOUNT+1 POLY0086
INDEX{KCUNT)=LOCDAT POLY0087
AP=ABS(RDAT(LOCDATsI)) POLY0088
SUMY (1) =SUMY (1) +AP POL Y0089
SUMY (2} =SUMY (2)+AP*AP POLY0090
TXP=TXTRA(LOCDAT) POLY0091
SUMXY (1) =SUMXY (1)+TXP*AP POLY0092
SUMX (1)=SUMX(1)+TXP POL Y0093
SUMX{2) SSUMX (2 ) +TXP#*T XP POLY0094
IF(IDEG.EQ.1) GO TO 39 POLY0095
DO 31 J=2s1DEG POLY0096 e
TXP=TXP#TXTRA(LOCDAT) POLY0097
SUMXY (J)=SUMXY (J)+TXP*AP POLY0098
SUMX (2%J)=SUMX (2% J)+TXP#TXP POLYO0099
31 SUMX{(2%J-1)=SUMX(2%J~1)+TXP*TXTRA{LOCDAT) POLY0100
39 IF(KOUNT.EQeNFIT) GO TO 50 POLY0101
40 CONTINUE POLY0102 o
C TEST IF ENOUGH VALID POINTS WERE FOUND POLY0103
50 NFIT=KOUNT POLY0104
IF(NFIT.LE«IDEG) GO TO 100 POLY010%
C WE HAVE AT LEAST IDEG+1 VALID POINTSe (EXACTLY NFIT POINTSe) POLY0106
PTS=0s POLY0107
GSD=0. POLYO108 =S
60 CONTINUE POLYD109
KK=IDEG+1 POLYO110
DO 61 K=1sKK POLYO111
DO 61 L=KsKK POLYO112
M=K+L~2 POLYD113
IF({M«EQeD) GO TO 61 POLYQO11l4
BU{KyL)=SUMX (M) POLYO115
BILsK)=SUMX (M) POLYO0116
61 CONTINUE POLYD117
DO 62 K=2sKK POLYO118
62 BIKsKK+1)=SUMXY (K-1) POLY0119
B{1s1)=NFIT POLY0120
B(1sKK+1)=SUMY (1) ) POLY0121
C SOLVE FOR POLYNOMIAL COEFFICIENTS POLYO0122 E
C THIS SUBROUTINE USES CROUT~S METHOD POLYO0123 -
CALL CROSIM POLY0124
IF{ISING.NE«0) GO TO 69 POLY0125
DO 63 K=1sKK POLY0126
63 COEFF(K)=B(KyKK+1) poLyo127
C COMPUTE STANDARD DEVIATIONS POLY0128
AP=NFIT POLY0129
SD=SUMY (2 )+COEFF.(1) % (AP*¥COEFF (1)-2¢*SUMY (1) }+COEFF (2)% (COEFF(2)%SUPOLY0130 %
IMX (21 +2 o ¥{ COEFF (1) *SUMX (11-SUMXY (1)) POLYO131
IF(IDEG«EQel) GO TO 65 POLY0132
SD=SD+COEFF{3)* (COEFF (3 ) *¥SUMX(4)+2+* (COEFF (2)%¥SUMX (3 )+COEFF(1)*SUMPOLY0133
1X{2)-SUMXY(2))) POLY0134
IF(IDEGeEQes2) GO TO 65 POLYO0135
SD=SD+COEFF{4) ¥ (COEFF (4} %SUMX(6)+2¢ ¥ (COEFF (3)%SUMX(5)+COEFF{2)*SUMPOLY0136
1X(4)+COEFF (1) *SUMX(3)-5UMXY(3))) POLY0137
IF({IDEGeEQe3) GO TO 65 POLY0138
SD=SD+COEFF(5)*(COEFF(5)#SUMX (8)+2« % (COEFF (4 ) ¥SUMX (7 )+COEFF(3)*SUMPOLY0139
1X(6)+COEFF(2)%*SUMX (5) +COEFF (1) *¥SUMX (4 )~SUMXY {4))) POLY0140
IF(IDEGeEQe&) GO TO 65 POLYO141

SD=SD+COEFF{6 ) * (COEFF(6)#SUMX{10)42«* (COEFF(51%#SUMX{9)+COEFF (4) *SUPOLY0142
1IMX {8 ) +COEFF (3)*SUMX(7)}+COEFF(2)%#SUMX(6)+COEFF (1) *SUMX(5)=SUMXY (5))P0OLY0143

2) POLYO144

65 GSD=GSD+SD POLY0145
PTS=PTS+AP POLY0146 :
SD=DSQRT(DABS(SD/AP)) POLY0147 e

C TEST FOR OUTLIERS POLY0148

DO 68 K=1sNFIT POLY0149
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L=INDEX(K} ) POLY0150

IF(RDAT(LsI)eLTa04) GO TO 68 POLYC151

DIFF=RDAT(L»1)~COEFF(1) POLY0152

TXM=1.D0 POLY0153

DO 66 M=1sIDEG . POLY015%

TXM=TXM*TXTRA(L) POLY0155

66 DIFF=DIFF=~TXM*COEFF {M+1) POLY0D156

IF(DABS(DIFF)«GT+SD*CD) RDAT{(LsI}=—RDAT(LsI) POLY0157

68 CONTINUE POLY0158

69 IF(IEXIT+EQs1) GO TO 99 POLYD159

d HERE WE WALK THE POLYNOMIAL POLYD160

KOUNT=0 . POLY0161

DO 80 K=1»sINPCNT POLY0162

IF(LOCDAT+JJ.LE.INPCNT) GO TO 70 POLY0163

IEXIT=1 POLYO164

GO TO 90 POLY0165

oo 70 LOCDAT=LOCDAT+JJ POLY0166
o IF({RDAT(LOCDAT»1).EQ.TEST) GO TO 80 POLY0167
{ KOUNT=KOUNT+1 POLY0168
s 1K=INDEX( INDLOC} . POLY0169
AP=ABS{RDAT(LOCDAT 1)) POLY0170

- AM=ABS(RDAT(IK»1)) POLYO171
» SUMY (1)=SUMY (1) +AP~AM POLY01T72
SUMY (2) =SUMY (2 ) +AP*AP ~AM¥* AM POLY0173

TXP=TXTRA (LOCDAT) POLYO174

TXM=TXTRA (1K) POLYO175

e SUMXY (1)=SUMXY (1) +AP¥TXP=AM#TXM POLYO176
. SUMX (1) =SUMX (1) +TXP~TXM POLYO177
. SUMX (2) =SUMX (2 ) +TXP*¥TXP—TXM* TXM POLY0178
IF{IDEGeEQs1} GO TO 79 POLY0179

DO 71 J=2,IDEG POLY0180

r TXP=TXP*TXTRA(LOCDAT) , POLYO181
TXM=TXM*TXTRALIK) POLY0182

s SUMXY {J )= SUMXY { J) + TXP¥AP=TXM¥*AM POLY0183
SUMX(2%J) =SUMX { 2%J ) +TXP# TXP=TXM* T XM POLY0184

71 SUMX(2%J=-1)=SUMX (2%J~1)+TXP*TXTRA(LOCDAT)~TXM*TXTRA(IK) POLY0185

’ 79 INDEX(INDLOC)=LOCDAT POLY0186
INDLOC=MOD(INDLOCsNFIT)+1 - POLY0187

~~~~~~~ ~ IF(KOUNT<EQsJUMP) GO TO 60 POLY0188
80 CONTINUE POLY0189

90 IF(KOUNT<NE«0) GO TO 60 POLY0190

99 SSD(1}=DSQRT(DABS(GSD/PTS)) POLY0191

100 CONTINUE POLY0192

d RESTORE ANGLES TO RANGE ZERO TO TWO PI POLY0193

DO 106 I=1,2 POLYO194

JJ=KNTROL (1) POLYD195

IF(JJ.EQ.0) GO TO 106 POLY0196

DO 105 K=1sINPCNTsJJ POLY0197

IF(RDAT(KsI),EQ.TEST) GO TO 105 _ POLY0198
RDAT(Ks1)=RDAT(KsI)-FLOAT(IFIX(RDAT(Ks1)/6428318531))%6,28318531 POLYD199

105 CONTINUE POL Y0200

d FINISHED FITTINGs NOW OUTPUT DATA IN SUITABLE BLOCKS POLY0201

, 106 CONTINUE POLY0202
- DO 110 I=1s4 ) POLY0203
110 NB(1)=0 POLY0204

s KOUNT=0 POLY0205
! NRCD=0 POLY0206
o KONT=0 POLY0207
I=0 POLY0208

TFIRST=TIMTAG(1) POLY0209

111 I=I+1 pPOLYO0210

KOUNT=KOUNT+1 POLY0211

IIQUKOUNT)=IQ(T) POLY0212

TOUT(KOUNT)=TIMTAG(I)-ONTIME A POLY0213

ANG1(KOUNT)=XANG(I) POLY0214

ANG2 (KOUNT)=YANG () POLY0215

ROUT (KOUNT ) =RANGE (1) POLY0216

DOUT {KOUNT)=pOP (1) POLY0217

IF{KOUNT.LT.85) GO TO 140 POLY0218

) ASSIGN 129 TO KOP POLY0219

~ GO TO 141 POLY0220
: 129 TFIRST=TIMTAG{I+1) POLY0221
KONT=1 POLY0222
KOUNT=0 POLY0223

DO 130 L=1ls4 POLY0224
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130 NB(L)=0 ' POLY0225

140 IF(leLT«INPCNT) GO TO 111 POLYQ0226
IF(KOUNT«EQeQ} GO TO 999 POLYQ227
ASSIGN 999 To KOP POLYO0228

141 NRCD=NRCD+1 POLYO229
NPTBLK=KOUNT POLY0230
TLAST=TIMTAG(1) POLYQ0231
DO 150 L=1sKOUNT POLYO0232
IF(ANGI(L)eLTe0e) NB(1)=NB(1)+1 POLY0233
IF(ANG2(L)eLTeDe) NB(2)=NB(2)+1 POLY0234
IF(ROUT(L) oL Te0s) NB{3)=NBI(3)+1 ) POLY0235

150 IF(DOUT(L) el Ta0Os) NB(4)=NB(4)+1 POLY0236
wRITE(12) COUT POLY0237
WRITE(12) CMES POLYQ238
GO TO KOP»s(1299999) POLY0239

999 RETURN POLY0240
END POLY0241

b
|
i
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Subroutine: PSEUDY

Purpose: Given a real symmetric matrix, finds the unique
pseudo-inverse matrix described in the discussion.
" (As programmed, PSEUD® will handle matrices with
dimension no greater than 6 X 6. This matrix may be

imbedded as the upper left corner of a larger matrix.)

Calling Sequence: CALL PSEUD@(ATA,N,M,EPS).

Input_and Qutput

Symbolic Data
1/0 | Name or DiﬁZZE:::Q s§:§:1 Dimensions Definition
E Location or Units
1/6 ATA d(N,N) A#or Input: Matrix to be inverted A ’
A Output: Pseudo-inverse matrix A
1/¢ N Input: Dimension of A
Output: Rank of A
1 M Number of rows of matrix of
which A constitutes the upper
left corner.
I EPS d : € Significance test value for
determining rank of A.

Common storages used: //254 cells

Subroutines required: DINVRT,DMPLY

PSEUD#-1
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References:

1. Ben-Israel, Charness: 'Contributions to Theory of Generalized
Inverses,'" JOUR. SOC. INDUST. APPL. MATH., September, 1963.

2. Philco-Ford: SECOND QUARTERLY REPORT FOR COMPUTER PROGRAMS,
WDL~-TR3052, 31 August 1966, Appendix B.

Discussion:

In dealing with systems of linear equations one repeatedly encounters

the following problem: Given the equation
y = Ax

where the vector y and the matrix A are known, solve for the vector x.
This problem admits of three distinct possibilities:
1. The system is overdetermined in the sense that no x exists that will

exactly satisfy the equation. In this case, a common practice is to

accept the least-squares estimate of x given by

~

-1
x = (ATA) Aly.

In subroutine PSEUD@ we are not concerned with this case.

2. The system is exactly determined in the sense that a unique solution

exists and is given by
x = A-ly.

3. The system is underdetermined in the sense that A is singular and an

infinite set of solutions exists.

PSEUD@- 2
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Subroutine PSEUD@ is concerned with the latter two cases with the restric-
tion that A is symmetric (and real). When A'l exists, x is unique and

no decision need be made as to which solution to choose. (A is inverted

by subroutine DINVRT, which uses a Gauss-Jordan reduction). When A is
singular, PSEUDd computes the PSEUD# inverse A#, which, using the equation

X = A#Y:

o yields the estimate vector x described by the second of the following

theorems, which we state without proof.
Theorem 1:

For any real symmetric matrix A there exists a unique matrix A# that
satisfies the following:

a. AA#A = A

b. A#AA# = A#

c. aaHT « aa?

d. @™ = afa

Corollary: A# =A-1 if A-l exists.

Theorem 2:

i

= If ¥ = A#y, then for any x

ly - a%| < |y - ax|

and 1if

ly - ax| = |y - Ax]

§ then

|

b ‘i‘ s lx|

. PSEUD@-3
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Method :

Since considerable interchanging of the column vectors of a matrix occurs
during the computations, some amount of confusion arising from this fact

may be avoided by stating the following:

Let U be any square matrix. The product UUT is necessarily symmetric.

Moreover, let V be a matrix obtained fom U by any number of column inter-

T
changes. Then, of course, VVT is symmetric, and also UUT = VYV . Some
definitions may also be useful at this point. If a symmetric matrix A
be considered as a linear transformation from one vector space to another, 5

the entire space on which A operates is called the domain space of A.

The space into which A transforms the domain space is called the range
space of A. The dimension of the range space is less than or equal to
the dimension of the domain space. For example, if the domain is a
Euclidean three space, and A transforms every vector in the domain into 2
a plane, then the range space has dimension 2, in which case the inverse
transform A.1 does not exist, since many vectors in the domain may
transform into the same vector in the range. (PSEUD@ was developed to
deal with just this situation.) The rank of A, denoted p(A), is defined
as the dimension of the range space of A, denoted R(A). If we denote

the domain of A as D(A), then the set of all vectors d such that d € D(A)
and such that Ad = 0 is called the null space of A, denoted N(A). The
set of all vectors perpendicular to N(A), denoted NL(A), is called the
perpendicular null space of A. Note that the trivial vector 0 belongs
to both N(A) and N*(A). With such trivial exceptions, the dimension of
R(A) is equal to the dimension of Nl(A). Moreover, the dimension of the
domain of A is equal to the dimension of R(A) plus the dimension of N(A).

The point of all the previous discussion is that PSEUD# begins by attempt-

ing to construct an orthonormal set of basis vectors for N&(A). If n

such vectors can be found, where n is the dimension of A, then A-1 exists
and is found directly by subroutine DINVRT. The number of such basis

vectors that can be formed is, of course, equal to the number of linearly
independent (colummn) vectors of A; i.e., the rank of A.

PSEUD@-4
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Construction of the set of orthonormal basis vectors proceeds as follows
(ignoring for the moment certain refinements added for maximum numerical

accuracy) :

First we construct a second matrix B having the same dimension as A and
whose columns are the corresponding columns of A after having been normalized.

That 13, b

1 = ai/ [ai', where the subscript denotes the i-th columm.

We are now ready to start construction of a third matrix U whose columns

will be the desired orthonormal basis vectors. The first vector u, we

1
set equal to bl' (Assume that a; has norm greater than the significance

criterion €,) We next compute u, by subtracting from b, the projection of

2 2

- - T
b2 onto u, . That is, u, (1 ulul)bz. We now test the norm of u,.

If the norm is significant (|u2] > €) we accept u, as being independent

of uy and accept it as a second basis vector.after normalizing it. Other-

wise, we assume that bz is a linear multiple of bl and set all the elements

of u, to zero. We continue this general scheme, camputing the k-th basis

vector as

- T, T _o.T
U = O U VI = v g ) e (D= upupby

normalizing and accepting u, 1if the norm is significant, or setting

k

u = 0 if it is not, until all n vectors of B have been used. We next
note the number r of non-zero basis vectors in U. If r = n, A is
invertable and we set A# = A-l.

If r < n, we note which columns of U cantain zero vectors and delete from

A the corresponding rows and columns, leaving an r-dimensional matrix C
which is invertable. We compute c’l with subroutine DINVRT and distribute
the result into an n X n matrix c* as follows: We £fill the rows of C*

corresponding to the deleted rows and columns of A with zerocs. We then

1

- *
place the elements of C = into the remaining spaces of C in such a way

that the natural row and column order of C"1 is preserved. Then

*
A# = UUT C T.

PSEUD@-5
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Note that if r = n and if we were to proceed in this way, UUT =1 and

* -1 - -
C = A ~ so that A# = IA 1 I =A 1 as expected,

We now present a tutorial example. Let

11 0
A=|1 01 , €=n-10%=3.10"
01 -1
Then
/1 1 .
= =
B = -.1_— 0 ...1:
J2- 2
° &
Therefore 1
—— X X
U = —.l'—- x X
JZ
0 x X
where x denotes an as yet undetermined element. We next compute u, as
T
B S = ) _1_)
2/2 2B )7

and note that the norm is significant so we normalize u, and accept it

so that
7 T X
[ /2 e
R I S E
/2 J6
0 2

N
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We now compute u, as

0
m - - T =
uy (1 uzuzT)(I ulul)b3 0

which is not significant, so that

1 1
S22 /6
B U-l—-—lo
4‘;‘ fZ--JG
o =2 o
/6

We know that n = 3, r = 2, so we note that it was columm 3 of B that
was not linearly independent of columns 1 and 2. Accordingly we form C
by deleting the third row and column from A to leave

0 1
¢l=
u 1 -1
g We now construct
. ]
k]
0 1 4 0
* H
= - 0
SR TS -2
o o0 ! o

PSEUD@-7
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By direct computation

2 1 1
vt = 1 2 -1
1 -1 2
whence
1 1 0
*
A - wl e UUT=-31- 1 0 1
0 1 -1
As a check, we compute
2 1 1
# 1
= 3 1 2 1
1 -1 2
# _ T

We note in passing that AA° = UU". This will always be true.

By computation

1 1 0
AA#A = 1 0 =A , and
0 1 -1
1 1 0

A#AA# -‘% 1 0 1) = A#, as promised.

We now introduce some numerical devices used to obtain the greatest

numerical accuracy. We explain by example.

PSEUD@-8
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Again, let

1 1 o

A=;1 0 1

0 1 -1

so that

@ T S

J2 ST
BB—-]-: 0 -—!'-
/2 /2
o L _1
S22

Instead of merely taking u, = bl’ let us take as uy the column of B

corresponding to the column of A having the largest norm.

example, the three norms are identical, let us pretend that a

largest norm so that u, = b1

P4

Sz
1
U= — X p d
2
0 X X
Let us now alter B by subtracting from the unused vectors b2
projections omto uy s0
1 1 __1
/Z 22 22
B = 1 - 1
7z 22 22
o L .1
/2 /2

l’bﬂli:t)”!iiii

hHlLCD-FUHD CORPORATION

Since, in this

1 has the

and b3 their
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As u, we now select from b2 and b3 the one whose projection into u, was
smallest; i.e., the one that was originally most perpendicular to those

vectors of U already computed. Again we must pretend, because of equality,

so let us pretend that b3 is the choice so that, after normalizing b2 and
b
> L
JZ /6
g = ._1_ ...l.. - and
f2- /6
o -2 x/
6
1 1 1\
[ /2 /& i
B"{l 1 1 1
\ﬁ /6- \/6-
\\\o 2 -2
e /e

For the u, we are forced to use b2 and, having already subtracted its pro-

jection into u, we need merely compute

1
0
ug = (1 - uzug)b2 ={0 which is not significant so
. 0
0 SR
/2 o0
v=|—= = o
/2 J6
o --2 o
/6

PSEUD@- 10
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and we note that it was column 2 of B that was not significant. We always
put the r vectors we can compute into the first r columns of U so that

in forming UUT we need only multiply an n X r matrix by an r X n matrix.
(Remember that the column arrangement has no effect on the product.)

Once again
2 1 1
T 1
v 3 1 2 =1
1 -1 2
However,
1 0
c= g0 that
0 =1
-1 1 o
C - , and
0 -1
1 0 O (Remember, the second row and
C* =lo o o column of A were deleted to
form C).
0 0 -1
and once again
1 1 O
A# = UUT C* UU'r 3% 1 0 1 as before.
0 1 -1
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10

12
14

22

24

26
28

30

40
41

42

44

46

48

60
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SUBROUTINE PSEUDO(ATAsNsMsEPS)
DOUBLE PRECISION NSQRT
DOUBLE PRECISION ATA(1)+EPSHEP

DIMENSTION B{636)13RBI6)sC{616)sD(6961 N6} IMI(B)»TPIE)

DOUBLE PRECISION R»BBsCoeDsTPsTPPsEPN
EQUIVALENCE (B(126)sBB)s{TP{2),TPP)
COMMON SAVE{14)4,TPsDsBsCoNIsMI

DATA EPN/0«DO/

SET UP INDICES

NN = N

ND = NN

EP = FLOAT(NN)*EPS*EPS
DO 10 I=1sNN
NI(I} = 1

SET UP ARRAYS
N = 1

DO 14 J=1»NN

K = N

DO 12 I=15NN
D(IsJ} = ATA(K)
ClIsd) = DUIsJ)
K = K+1

JN = UN+m

DO 28 J=1sNN

TP = 0.D0

DO 22 I=1*NN

TP = TP4+C(TaJ)%x2

IFL TP«GT+EPN } GO TO 24
NI(J) = NI(ND)

NI(NDY = J

ND = ND-1

Gn TO 28

BR(J) = DSQRT(TP)

DO 26 I=1sNN

ClIsd) = ClIsJ)/BRID)
CONTINUE

SELECT FIRST BASE VECTOR
TP = 0eD0

DO 30 J=1sND

JN = NI(J)

IF( BBIJUNIWLT.TP ) GO TO 30
TP = BB(JIN)

NKN = JN

K = J

BB(JN) = 0.,D0

NK = 1

CONT INUF

NT(K) = NI(NK)

NI(NK) = NKN

CONTINUE

COMPUTE RASE VECTOR

DO 42 I=1sNN

B{IsNK) = C{IsNKN)

IF{ NKeLFs1l )} GO TO &2
DO 44 J=23NK

IN = NItJ-1}

DO 44 I=1sNN

BUIsNK) = BUTaNK}=B(IsJ~1)¥C{NKNsJIN)
TP = 04D0

DO 46 I=1sNN

TP = TP+RUTsNK)**D

TEST FOR SIGNIFICANCE
IF( TPeGE.EP ) GO TO 48

K = NI{ND)

NI(ND) = NKN

NI(NK) = K

NKN = K

ND = ND-1

IF( NDeLTeNK ) GO TO 200
GO TO 41

TP = DSQRT(TP)

NORMAL IZE

DO 60 I=319sNN
B(IsNK) = BIIsNK)/TP

PSDO0001
PSD00002
PSD00003
PSDOO00A
PSDO0OOOS
PSD0000S
PSDO0007
PSDO000S
PSD0O0009
PSDO0010
PSDO0011
PSD0OC012
PSD0O0013
PSDO0014
PSDO0015
PSDO0016
PSDO0017
PSDO0OOL1S
PSDO0OC1Y
PSD00020
PSD00021
PSD0O0022
PSDO0023
PSD0O0024
PSDO0025
PSD00026
PSD0O0027
PSD00028
PSDO0029
PSDO0030
PSD0OGO31
PSD00032
PSD00033
PSDO0034
PSD0O0035
PSD00O036
PSD00037
PSDO0038
PSD00039
PSDO0040
PSDO0041
PSD00042
PSD00043
PSDO00O44
PSDO0045
PSDO0046
PSDO004T
PSDO0048
PSD0O0049
PSD0O0050
PSDOGOS1
PSDOCO52
PSD00053
PSDO00S4
PSDO0055
PSDO0056
PSD0O0057
PSDO0058
PSDO0059
PSDO0060
PS0000GL
P8B00062
PSDO0063
PSD0O0064
PSDO006S
PSD00066
PSDO0067
PSDO0068S
PSDO0069
PSDO0OTO
PSDO0071
PSD0O00T72
PSDO00T3
PSDO0074
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62 NK = NK+1 ) PSDOOOTS

IF{ NKeGT«ND ) GO TO 200 P5SDO0076
C COMPUTE PROJECTIOM OF RFEMAINING COLUMNS ONTO NFW BASE VECTOR PSDOONT7
TPP = 2.n0 PSDO0078
DO 66 J=NMK,ND PSDPOO0T9
JN = NI(J) PsSDO008D
TP = 0NN PSDO0081
DO 64 I=1sNN P5D0O0082
64 TP = TP+R{TsNK~1)1%C(IsJN) PSDO0Q083
C{JNsNKN) = TP P5pD0O0084
TP = BBlJUN)+TP*%2 PSDO008S5
C SFLECT NFXT BASF VFECTOR PSDO0086
IF{ TPP.LT.TP ) GO TO 66 ) PSDO0087
K = J PSD0O0088
TPP = TP PsDO008Y9
66 BBIJN) = TP PSDO0090
NKN = NI({K) PSDO0091
GO TO 40 PSD0O0092
C ORTHONORMAL BASIS FOR PFRPENDICULAR NULL SPACE COMPLETED PSDO0G093
200 CONTINUF PSNO0094
IF{ NDeLTeNN ) GO TO 20 PSD0O0095
CALL DINVRT(ATAGNN,M) PsSDO009%s
GO TO 999 PSDOO0YST
202 CONTINUE PSD0O0098
DO 204 T=1sNN PSDO0O099
204 MI(1) = 1 Pspoo10n
K = NN-1 PSDO0101 ekt
DO 206 1=NDsK PSN0O0102 ;
IN = NI(T+1) PSDPO0103 ]
206 MI(INY = O PSDO0104
JN = 1 . PsD0O0105
DD 222 J=1sNN PsSDCO0106 -
IFL MI{J)eEQeD Yy GO TO 222 . P5SDO0107 :
IN = 1 PsDO0O108 8
DO 220 1=14NN PSDO0109
IFL MI(I)eEQeO )y GO TO 220 PSDO0110
ClINsJN) = DIlIs) PSDO0111
IN = IN+1 PSDO0112
220 CONTINUF PSDO0O113 e
JN = UN+1 PSDO0114
222 CONTINUF PSD0O0115
CALL DINVRT(CsND»6) PSDO011s
CALL DMPLY(BsBaNsNNsNDosMNsGBs6s692) PSDO0O117
DO 229 I=1sNN P5D00O118 i
JN=1 PSDOON11S
DO 228 J=1sNN P5D0O0120
TP=0.D0 P5p00121
IFIMI(J)EQs0)Y GO TO 228 PsSDO0122 .
NK=1 PSPO0123 .
DO 226 K=1sNN PSDO0124
IF{MI(K),EQeC) GO TO 226 Pspo0O12%
TP=TP+C{UNSNKI#¥D{KsT1) PsD00126
NK=NK+1 PSD0O0127
226 CONTINUE Pspoolz2se
JN=JUN+1 PsSDO0129
228 B(Js1)=TP PSDO0130 Y
229 CONTINUE PSD0O0131
CALL DMPLY(DsBsATASNNINNINNsG96sMs0) PsD0O0132
999 N = ND PSDO0133
RETURN PSDO0134
END
PHIL.CO l Space & Re-entry
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Subroutine:

Purpose:

Calling Sequence:

QUARTC

To find the solutions of the quadratic equatiom

azxz+alx+c-d

CALL QUARTC(C,D,A,ANS ,K)

Input and Output
Symbolic Data
1/0 | Name or Di.:::ﬁ:s Syu:::l Dimensions Definition
Location or Units
I c c
I D d
¢ | ANS (2) Solutions
ANS(1l) = (--nl-!‘)IZa2
ANS(2) = (--al-l-l?)/h2
where F is the square root
of the discriminant
2
G= a - 2a2(c-d)
¢ | K K== 11if 6 < 0 (no solution)
K= O01ifG 20
Common gtorages used: HNome
Subroutines required: None

PHILCO I

PHILCO-FORD CORPORATION

QUARTC-1
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$IBFTC MC13QC NOREF»M94,NODD»XR3
CMC13QC QUARTC

PHILCO l

PHILCO-FORD CORPORATION

SUBROUTINE QUARTC(O»0D»AsDTsK)
DIMENSION DT(2) » A(2)

K= 0

B = A(LI®A(1) = &4,*A(2)%(0-0D)
IF(B) 19192

K= =1

GO 70 3

CONTINUE

B= SQRT(B)

C= 26 * A (2)

DT(1ly= (~A{l)y - B) /7 C

DT(2) = {(~A(1) + B)Y/ (C
CONTINUE

RETURN

END

QUACO010
QUACO0020
QUACQ030
QUACC040
QUACO050
QUACO0060
QUACO0070

QUACO080 - . vu.

QUAC0090
QUAC0100
QUACO110
QUACO120
QUACO0130
QUAC0140
QUACQ150
QUACO160

Space & Re-entry
Systems Division



Subroutine: RESQUT

Purpose: Controls output of the residuals of the data from a
single station from a specified estimate of state.

Calling Sequence: CALL RESQUT (LTRAJ)

Input and Output

Symboliec| : | Data
I/9 |Name or Di;gi:ﬁn s SMa;C)J; 1 Dimensions Definition
Location s or Units
I LTRAJ 2 _ .TRUE. except on initial
entry and final return,

Common storages used: [/146 cells,/DATC@M/,/DCPCQM/,/EDTCQM/,/ESRCEM/,
/PPTCQM/ , /[RSCOM/ , /RSLCPM/ , / SBICEM/

Subroutines required: CBDAT, DEHA, DEQTR, DGTRN, DGTSN, DMPLY, DMVTRN,
DATQUP, DSDAT, GRDAT, RSPL@T, SBDAT

RESPUT-1

PHILCO l ‘Space & Re-entry
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Method

The subroutine initialization, state interpolation, and residual
computation parallels that of ESTMAT (q.v.).

The plotting of residuals is accomplished as each time point set of
residuals is computed, The residuals and interpolated state are stored
in the buffer BUFRSL. When the buffer is filled, the record pair INDRSL,
BUFRSL is written on the residual tape: if a tape is desired, or if the
residuals are being plotted, The residuals and state are listed at this
point if the residuals are not being plotted, and if the 1list has been .

requested on the process control card.

On completion of the residusl plotting, if any, the residual tape is

read and the residuals and state are listed. If no residual tape is
desired and the residuals have been written for temporary storage, the
tape is again repositioned at the start of the process, and an end-of-tape
record is written over the first INDRSL record.

RESQUT-2 |

PHILCO I Space & Re-entry i

PHILCO-FORD CORPORATION Systems Division }
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SUBROUTINE RESOUT (NRSPOS,LTRAJ)
CONTROL ROUTINE FOR RESIDUAL OUTPUT

LOGICAL LTRAY

DOUBLE PRECISION BCOS +DSIN 4 DSQRT

COMMON /0CPCOM/CDCP{90C0)

DIMENSICN IFSKIP(4) o IPROC(5) #MSKIP{4,4) 4NPROC(22)
DCUBLE PRECISION CON(8) 4SN(13,20) +STIMR(2)

EQUIVALENCE (CDCP(88L)MSKIP ) ,»(CDCP(143),4SN )

s (CDCPC 1) ,CON } +{CDCP{116),NRSEND) ,(CDCP{T781),STIMR )

2 (COCP{T756),IPROC ) 4 {CDCP{T731),NPROC } »,(CDCP(110),YTEST )

EQUIVALENCE (IPROCL S)yIFTSTP) o (IPROCI 2})4ITRSTA)

» {IPROC( 3),INDSTA)
EQUIVALENCE (NPROC(19), IFOUTL) o+ (NPROC{13),NPSKIP)
s (NPROC(14) 4 IFSKIP) o (NPROC(22)NRLIST)
» (INPROC(10) yNPREST) 4+ (NPROC(21),NRPLOT)
+» (NPROC{18),IFBADD) 5 (NPROC( 3),NPRSTA) , (NPROC{20),NRTAPE)

COMMCN /ECTCOM/ INDDAT (40) 4 BUFDAT(8546)

DOUBLE PRECISION CATIND(20)ONVIME

EQUIVALENCE {INDBAT( 7),KONT ) , (INDDAT{ 6} ,NPTS )

s (INDDAT(12),KTAU ) , (INDDAT( 3),NRSTA )
2+ ({INDCAT( 1)+sDATINDG) » (INDDAT{ B)MTYPE ) o, (INDDAT( 4),NTSTA )
+ (INCDAT(11)4DELT ) » (INDDAT{ 2),NEQT )} ,{INDDAT{13),0NTIME)
COMMON /ESRCOM/CESR{304}
DOQUBLE PRECISION CRF (2) SETIMVA ,SER(14,2)
+ DELDAR(2) +SPCDAR(6)

EQUIVALENCE (CESR{ 29),ETIMVA) +(CESR(245),SER )
+{CESR(301),CRF ) +(CESR( 2)4NBY } +{CESR{ 49),SPCDAR)
+{CESR{ 97)sDELDAR) »(CESR{ 1)+4NESPOS)

COMMCN /SB3COM/CSBF{12)+RBF{6)4VBF(6,48)

DOUBLE PRECISION RBF 4VBF HBF ,TBF ,TFF

EQUIVALENCE (CSBF( 71},HBF ) 2 {CSBF( 2)4NTP )

2+ (CSBF( 5),LCB } o+ (CSBF{ 9),TBF )

» (CSBF( 3),NPTL ) ,(CSBF(11),TFF )
COMMCN /RSLCOM/ INDRSL (16),BUFRSL{18414)
DIMENSION IRSL {14}

DOUBLE PRECISION DBUFRL{9,14) sTRFRST ,TRON
s DINDRL (8) +TRLAST , TROFF

EQUIVALENCE (INDRSL{ 2)oNREDT ) » (INDRSL( 6)+NRSSTA}
y (INDRSL( 1),CINDRL) o (INDRSL{ 7)oNREST ) o (INDRSL{13},TRFRST)
» LINDRSL( 3),IRSL )} o (INDRSL{ 3),NRKUNT) ,{INDRSL({15),TRLAST)
s LINDRSL{ 8)¢MRTYPE) »{(INDRSL{ 1)4NRPOS ) , (INDRSL{11),TROFF )}
» (INDRSL{ 4)+NRBLK ) 5 (INDRSL( S5)4NRPTS ) s {INDRSL{ 9)+TRON )
EQUIVALENCE (BUFRSL(1,1),DBUFRL)
COMMON /RSCOM/KPTIM(8),RLSAVE(56)
LOGICAL KOUTL JLSKIP(4) HKPMAX KPTIME
DIMENSION NASGN(18) ,PMAX(5) sSUM (4]
yNSUM  (4) e SUMSQ(4)
DOUBLE PRECISION CBIAS(4) ,TFIRST ,YMODD(4)
EQUIVALENCE (KPTIM( 1)4KPTIME) o (KPTIM{ 2),PTIME )
s (KPTIM{ 3).KPMAX ) +(KPTIM( 4),PMAX )
EQUIVALENCE {RLSAVE(23),LSKIP } ,(RLSAVE(31},S5UM )
» {RLSAVE(39)4NASGN )} , (RLSAVE(35),SUMSQ )
2 (RLSAVE{27)4NSUM )} o (RLSAVE(17),TFIRST)
s (RLSAVE( 1)40BIAS ) ,(RLSAVE(20),TREF )
s {RLSAVE(22) 4KOUTL ) o+ (RLSAVE(19),STPTIM) ,(RLSAVE( 91,YMOD )
EQUIVALENCE (NASGN( 5),N203 ) , (NASGN(12),N406 )
s (NASGN( 6)14N204 ) »{NASGN(13)+N410 )
s INASGN( 7)94N290 ) » (NASGN{14),N425 }
+» (INASGN{ 1)sN122 ) 5 (NASGN( 8)4N300 ) ,(NASGN{15)+N435 )
2 (NASGN( 2)4N129 ) ,(NASGN( 9),N302 )} ,(NASGN(16),N440 )
+ {NASGN{ 3)4N130 ) 4 {NASGN(10)4sN319 )} »{NASGN(L1T7),N&42 )
s {NASGN( 4)sN200 '} o (NASGN(11)}4N404 ) ,(NASGN(18),NB25 }
COMMON /POTCOM/PLOTC(42)
LOGICAL KDATA(4)
DIMENSICN DATA (4) ,SYMBOL{4)

+DATMAX(4) LLABEL(12)

Space & Re-entry
Systems Division

ROUTO0O1
ROUT0002
ROUTO0003
ROUTO004
ROUT0005
ROUTO006
ROUTO007
ROUTO008
ROUTO009
ROUTOO10
ROUTOOL1
ROUTOO012
ROUTOO13
ROUTOO014
ROUTOOL5
ROUTOOLS
ROUTOO17
ROUTOO018
ROUTOO019
ROUT0020
ROUTO0021
ROUT0022
ROUT0023
ROUTO024
ROUTO025
ROUTO026
ROUTO0027
ROUTO0028
ROUTO0029
ROUTOO030
ROUT0031
ROUTOO032
ROUTO0O033
ROUTO0034
ROUTOO035
ROUTO036
ROUTO0037
ROUTO038
ROUTO039
ROUT0040
ROUTO041
ROUTO042
ROUTO0043
ROUTO044
ROUTO045
ROUTO046
ROUTO047
ROUTO0048
ROUTO0049
ROUTO0050
ROUTOO051
ROUTO0052
ROUTO0053
ROUT0054
ROUTO0SS
ROUT0056
ROUTOO0ST
ROUTO058
ROUTO059
ROUT0060
ROUTOO061
ROUTO062
ROUT0063
ROUTO0064
ROUTO065
ROUTO0066
ROUTO067
ROUTO0068
ROUTO069
ROUTO0T70
ROUTOOT1
ROUTO072
ROUTO073
ROUTO0T74



EQUIVALENCE (PLOTC(11)DATMAX) H{PLOTCUL1S5),LABEL ) ROUTOO075

1 »{PLOTC(10),0T7 ) +(PLOTC(27),5YMBOL) ROUTOO76
2 s (PLOCTCL 2)4DATA ) L {(PLOTC( 6),KRDATA } L, (PLOTCt 1),TIME ) ROUTOOTY
c ROUTOOT78
COMMEN /CATCQOM/COAT (299) ROUTOO0T79
DIMENSIGN TLATAL(T) ROUTO0080
DOUBLE PRECISION BIAS  (2) ,OMEGA » TAU « TT2BT (9 ROUTO0081
+FIR + SPOLT 21 TB2C(944) XV (12) ROUTO082
y08S(1644) »STALL10) L,TT2BC (9) ROUTO083
EQUIVALENCE (COAT(293)4IDATA ) L{(CDAT(159),TAU ) ROUTO0084
1 v (COAT( 51,0BS ) S (CDAT(161),TB2C ) ROUTO08S
2 + (CDAT(135),0MEGA ) ,(CDAT(233),TT280 ) ROUTO0O086
3 s ([CCAT(  1),BTAS ) L(CDAT(137),SPDLT ) ,(CDAT(251),TT2BT } ROUTO087
4 2» (COAT(133),FTR )} +(COAT(139),STA )} +(CDAT(269) XV ! ROUTO0088
FQUIVALENCE {IDATA{ 2),MODE ) ,({IDATA( 5),NALIGN) ROUTO089
1 + [IDATA( T)yNFRAC ) ROUTO090
c ROUTO091
COMMON SAVE(60} +D(33) 4STT(5,2}) ROUT0092
DCUBLE PRECISICN C oSTT ROUTO093
C ROUTO094
LCGICAL L ,LUUTL ROUTO0095 e
DIMENSICN IDUAL (4) S JOATA (7) ,LBTYP(4) (NQUAL(4) ROUTO096 L
1 s IGL (4) JLuMi1244) SNM (4) 4PRCD (5) ROUTO0097
2 s SYM(4,4) ROUTO0098
EQUIVALENCE (QUAL, TuUAL) ROUTO099
BCUBLE PRECISION ETIMR LETIMV  ,GHA ROUTO100 o
1 s EVIMT LFLT(R) LUTIMR ROUTO10!L P
C ROUTO102 o
DATA FLT /1400432.00¢3e0044.00¢5.0046.0097.D00,8.00/ ROUTOL103
DATA M /=341.3,-1/ - ROUTO104
DATA JOATA/ 24 0Oy 24 24 Oy 1y O/ ROUTO105
DATA NGUAL/ 1C€00, 100, 10, 1/ ROUTOL06
DATA LM /6HAZIMUT6HELEVAT » 6HRANGE "y 6H 2 6HH +6HION ROUTOL107 w2
1 +6H v6H » 6HRAD 1 6HRAD » 6HKM » 6H RQUTOL108
2 y6HX » 6HY y 6HRANGE o 6HDOPPLE,6H 2 6H ROUTO109
3 v6H 26HR + 6HRAD + 6HRAD 1 6HSEC » 6HCYCLESROUTOL10 .
3 2 6HX » 6HY + 6HRANGE 4+ 6HDOPPLE,6H 2 6H ROUTOLLL i
2 v6H P 6HR + 6HRAD »6HRAD » 6HKM »6HCYCLESROUTOLL2 o
4 1 6HHOUR A, 6HDECL IN, 6H s 6HDOPPLE, 6HNGLE 5 6HATION ROUTOL113
4 1»6H » 6HR + 6HRAD » 6HRAD 2y 6H » 6HCYCLESROUTOL14
5 / ROUTOL15
DATA LBTYP/6HC~BANDy6HG~RR 4 6HS-RAND, 6HDSIF / ROUTOL16
DATA IDUAL/6HIPDUALS,6H AND V,6HEHICLE,6H STATE/ ROUTOLL7
DATA PRCD /6H, PRCC,6HEED T0O,6H THE N,6HEXT PR,6HUOCESS / ROUTOCL18
CATA START STCP /6HOSTART,6H STOP / ROUTOL19
DATA SYM  /1HA41HEs lHRy 1HZ 4, 1HX, 1HY, LHR, LHD ROUTOL120
1 s LHX s 1HY y LHR 4 1HD 4 LHH,y LHCy 1HR, 1HD / © ROUTO121
C ROUTOL122
601 FCRMAT(//23HORECEIVING STATIUN s A6/23H TRANSMITTING STATION LROUTOL23
LA6/10H DATA TYPELI3XgA642H (+3(2A642Hy 192RA6/32X94{A648X)s1H)) ROUTO124
603 FORMAT(/41HOTIME TAGS ARE REFERRED TQO FIRST ONTIME =+D24.16+23H SEROUTO125
1CONDS (ST) FROM 1950) ROUTO126
604 FCRMAT(A64.14H PRCCESSING AT,F12.2,13H SECONDS (ST})) ROUTOL27
605 FGRMAT(35H STOP PROCESSING AT END OF DATA ARC) ROUTOL128
606 FORMAT(G6HOSKIP 13,31H DATA PTS RETWEEN PROCESSED PYS) ROUTO129 .
607 FORMAT(2THOESTIMATE TAPE RECOGRD PAIR 413,14H DEFINES STATE) ROUTOL130
608 FORMAT(33HO*%* NC RESICUAL PROCESS SPECIFIED,5A6) ROUTO131
609 FORMAT (73HO*% WRITE RESIDUALS AND VEHICLE STATE ON TAPE, STARTING ROUTOL32
LWITH RECCRD PAIR ,13) ’ ROUTOL133
61C FORMAT(33HO** RESIDUALS NOT WRITIEN ON TAPE) ROUTO134
611 FCRMAT(18HL%** PLCT RESIDUALS) ROUTO135
612 FORMAT(31HOX% ALL MEASUREMENTS SUPPRESSED,S5A6) ROUTO136
641 FORMAT(22H1%% LIST RESIDUAL TAPE) ROUTO137
642 FORMAT(23H INCRSL RECORDS ONLY) ROUTOL138
643 FCRMAT(28H VEHICLE STATE SUPPRESSED) ROUTO139
644 FORMAT(//119HORECORD PAIR END OF TAPE CONTINUATION BLOROUTOL40
1CK CCUNT POINTS STATION EST TAPE RECORD PAIR MTYPEROUTO141

279K 913416X 0 125 16X911413Xs13+9Xs1246XsA6415X92110//716X415HPROCESS OROUTO142
3N TIME,9X,16HPRUCESS OFF TIME.8X,16HBLOCK FIRST TIME,8X,15HBLOCK LROUTO143

4AST TIME/11X,4D24.16) ROUTO144 -

645 FCRMAT(12HL %% LIST RES,4A06) ROUTO145

646 FORMAT(/14HOQUALITY TIMEBX,4(4X92A6)/10Xs5HISEC) ¢3X,4(8Xe1HI,A6,ROUTOLAS b
11H))/1H ) ROUTOL47

647 FORMAT(26X,61HVEHICLE STATE [N EARTH CENTERED EQUATOR 0OF 1950.0 COROUTO148
LORDINATES/14X,6 (12X 2HX (4 1141H))/1H ) ROUTO149

PHILCO l Space & Re-entry
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648 FORMAT(2Xs14,5E16.8) ROUTOL150
649 FORMAT(22X.6E16.8/1H 1} ROUTOL151
68]1 FORMAT(20HO%* RESIDUAL SUMMARY s 4X 4 (4Xs286)/20X,4(8Xy LH{4A641H))) ROUTOL52
682 FORMAT(/6Xy15SHFIRST MOMENT =43X,4E16.8/6X, 1SHSECOND MOMENT =,3X,4R0UTO153

1E16.8/6XLSHSAMPLE ST DEV =,3X,4E16.8/6X,15HPTS INCLUDED =,+3X,411R0UTO154

26) ROUTOLSS

c ROUTO156

Cexxx INITIALIZATION ROUTOL57

c ROUTO158

1 IF {LTRAJ) GO TO 90 ROUTO0159

c : ROUTO160

c HERE FOR INITIAL ENTRY FOR EACH PROCESS . ROUTOL61

c POSITICN TAPES ROUTO162

10 CONTINUE ROUTOL63

NRPGS = NRSPOS ROUTOL164

NREST = NESPOS ROUTO165

IF (NPREST.EQ.D) . GO TO 11 ROUTO166

READ (12) SKIP ROUTOL67

NPREST = 0O ROUTOL68

11 N = NRSEND-NRPOS ROUTO169

IF (N.EQ.O) GO TO 13 : ROUTO170

o DO 12 I=1,N ROUTOLTL
B READ {11) NRPOS,.NREOT ROUTOLT2
| IF (NREQGT.LE.O) GO TO 12 . ROUTOLT3
BACKSPACE 11 ROUTOLT4

NRSEND = NRPOS ROUTOLT75

o Go TC 13 ROUTO176
12 READ (11) SKIP ROUTOLTT

") 13 CONTINUE ROUTOL178
i DO 14 I=1,4 ’ . ROUY0179
14 INDRSL(I#1) = 0 ROUTO180

IF (NRSEND.EQ.0) NREOT =-1 ROUTO181

NRSSTA = NRSTA ROUTOL82

i c ROUTO183
- C SET UP CCUNTERS AND REFERENCES ROUTO184
20 CONTINUE ROUTOL8S

111 = NPSKIP ROUTO186

NPSKIP = NPSKIP+1 ROUTO187

N TFIRST = ONTIME ROUYO188
STPTIM = STIMR(2)-ONTIME ROUTO189

DO 21 I=1,7 ROUTO190

21 IDATA(I) = JDATA(I) ROUTO191

: ASSIGN 801 TO N122 ROUTO192
o ASSIGN 22 7O N129 7 ROUTOL193
G0 TO 110 ROUTO194

: 22 ASSIGN 800 TO N122 ROUTO195

i ASSIGN 130 TO Ni29 ROUTOL196
ASSIGN 23 TO N130 ROUTO197

G 23 CONTINUE ROUTO198
: STP = STIMR{1)-ONTIME ROUTO0199
- DO 24 NPT=1,NPTS ROUT0200
" 24 IF (STP.LE.BUFDAT{NPT,2)) GO TO 25 ROUTO0201
NPT = NPTS+1 ROUT0202

i G0 TC 100 ROUT0203
25 ASSIGN 200 TO N130 ROUT0204

o TRON = CNTIME+BUFDAT(NPT,2) ROUT0205
#* TROFF = STIMR(2) ROUT0206
NPTl = NPT-NPSKIP ROUTO0207

YMOD(1) = CCN(3) ROUTO208

YMDD({2) = CCON(3) ROUT0209

YMOD{4) = YTEST ROUT0210

0BIAS(4) = 0.DO ROUTO211

DO 26 I=1+4 ROUTO212

NSUM (I} =0 ROUTO213

SUM (I) = 0. ROUTO0214

26 SUMSC(I) = 0. ROUTO0215

C ROUTOD216

c WRITE HEADING DATA ROUTO0217

30 CONTINUE ROUTO0218

WRITE (6,601) NRSTA ,NTSTA ,LBTYP(MTYPE) ROUTO0219

iy 1 s (LABEL(I) JLABEL(I+4)e1=144) s {LABEL(1)}+I=9,12) ROUT0220
§ WRIYE (6,603) TFIRST ROUTO221
G CALL DATGUP {TFIRST,D,0) ROUTO222
WRITE (6,604) START ,BUFDATI(NPT,2) ROUT0223

GO TC (31,32) SIFTSTP ROUT0224

i
!
i
ol
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31 WRITE (6,604) STOP ,STPTIM ) ROUT0225

ASSIGN 201 TO N200 ROUTO226
GC TC 33 ROUT0227
32 WRITE {(64605) ROUT0228
ASSIGN 202 TO N2CO ROUT0229
33 CONTINUE ROUTO0230
IF (II1.NE.O) WRITE (64,606) TI1 ROUTO231
IF (NREST.NE.O} WRITE (64607) NREST ROUT0232
c : ROUTD233
c SET SWITCHES ROUTO234
40 CONTINUE ROUT0235
IF (IFOUTL.NE.O) GG TO 41 ROUT0236
ASSIGN 203 T0 N203 ROUT0237
ASSIGN 319 TO N302 ROUTO238
KOUTL = .TRUE. ROUTO0239
6C TO 42 ROUT0240
41 ASSIGN 204 TO N203 ROUTO241
ASSIGN 303 10 N3G2 ROUTO242
. KOUTL = .FALSE. ROUT0243
42 1F {IFBACD.NE.O) GO TO 43 ROUTO244
ASSIGN 100 TO N204 ROUT0245

ASSIGN 301 TO N30C ROUTO246 -

GC TG 44 ROUTO247 .

43 ASSIGN 205 TO N204 ROUTD248 ‘
ASSIGN 302 TO N300 ROUT0249
44 CONTINUE ROUTO250
ASSIGN 400 YT N319 ROUTO0251

ASSIGN 500 TU N40O4 ROUT0252 ,

ASSIGN 410 TU N406 ROUT0253 b
ASSIGN 450 TO N&410 ‘ ROUTO254
ASSIGN 825 TO N425 ROUTD255
ASSIGN 440 TG N435 ROUTO256
ASSIGN 442 TC N440 ROUT0257

ASSIGN 825 YO N442 ROUTO258 "
ASSIGN 420 TD N825 ROUT0259
IF (NRPLCT.NE.O) GG TU 46 ROUTO260
ASSIGN 100 TO N404 ROUTO261
ASSIGN 420 TO N410 ROUT0262
ASSIGN 440 TG N425 ROUT0263
ASSIGN 455 TC N442 ROUTO264
IF (NRLIST.GT.3) ASSIGN 450 TO N425 ROUT0265
IF (NRTAPE.NE.O) GO TO 47 ROUTO266
ASSIGN 430 TQ N406 . ROUTO0267

IF (NRLIST.NE.O) GG TO 45 ROUTO268 i
WRITE (6,608) PRCD ROUTO269

GC TC 801 ROUT0270 -
45 If (NRLIST.GF.3) GG TO 48 ROUTD271
ASSIGN 100 TG N319 ROUT0272

GO TO 49 , ROUTO273 s
46 IF (NRTAPE.ME.O) GO TO 47 ROUTO274
If (NRLIST.GE.3) GO TO 48 ROUT0275
ASSIGN 500 TO N319 ROUT0276
GO TC 49 ROUTO277
47 N = NRPCS+1 ROUT0278
WRITE (6,609) N ROUT0279

IF (NRLIST.LT.3) GG TO 49 ROUT0280 .

ASSIGN 450 TO N442 ROUT0281 ‘

48 IF (NRLIST.LT.4) GO TO 49 ROUT0282
ASSIGN 436 TO N435 . ROUT0283
ASSIGN 441 TC Na4O ROUTO0284
49 CONTINUE ROUTO285
IF (NRTAPE.NE.O) G0 TG 50 ROUT0286
ASSIGN 430 TO N825 ROUT0287
WRITE (6,610) ROUTO288
c ROUTC289
C LOAD FIXED DATA ROUTD290
5C CONTINUE ROUT0291
DO 51 1=1,9 ROUT0292
TT2BC{1) = SN{I+4,ENDSTA) ROUT0293
51 TT2BT(I) = SN(I+4,ITRSTA) ROUT0294
CALL DMVTRN (TT2BCsSER(641)+sSTA  ,1,1) ROUT0295
CALL DMVTRN (TT2BT,SER(652)+STAL6)s1s1) ROUT0296

DO 52 1=1,3 ROUT0297 -
OBTAS(I) = SER{I+641) ROUT0298
STAL{LI) = SN(I+1,INDSTA)+STA(I) . ROUTO299
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52 STA(I+5) = SN{I+1,ITRSTAY+5TA(I+5) ROUTO300

: SPDLY = CON(B)+SER(641) ROUTO301

c ‘ - ROUTO302

c INITIALIZE PLOT ROUT0303

80 CONTINUE ROUTO304

IF (NRPLOT.EQ.O) G0 TO 90 ROUT0305

DO 82 I=144 ROUTO306

IF (LSKIP(I)) GO TO 82 : ROUT0307
DATMAX(I) = PMAX(I+1) : ROUTO308

1F (.NOT.KPMAX) DATMAX(I) = PMAX*SER(I+10,1) ROUTO309

82 CONTINUE ROUTO310

DT = PTIME , ROUTO311

IF (KPTIME) GG TO 84 ROUTO312

DT = AINT(DELT) ROUTO313

IF (DT.6T.0.) GG TO 84 ROUTO314

DT = 0.1 ROUTO315

84 WRITE {6,611) ROUTO316

CALL RSPLOT(L) ROUTO317

c © ROUTO0318

c HERE FOR REPEATED ENTRIES ROUTO319

90 CONTINUE ROUT0320

. LTRAJS = .FALSE. ROUTO321
v NPT = NPT1 ROUT0322
C ROUTO323

C¥#k DATA INPUT CONTRCL © ROUTO324

c ROUT0325

100 NPT = NPT+NPSKIP ROUTO326

. IF (NPT.LE.NPTS) GG TO 200 ROUTO327
i NPT = NPT-NPTS ROUTD328
c ROUT0329

c LOCATE NEXT DATA RECQRD ROUTO330

- ASSIGN 102 TG N101 ROUTO331
101 READ {(10) INDDAT ROUTO332

s IF (NEOT.EQ.0) GO TO N10l, (102,103) ROUT0333
GO TC 800 ROUTO334

162 IF (KCNT.NE.O) GG T0 130 ROUTO335

" ASSIGN 103 TO N101 ‘ ROUT0336
NPT = 1 ROUT0337

e 60 TO (103,800} 4IFTSTP ROUTO338
103 IF (STIMR(2).LT.CNTIME) GO TO 800 ROUT0339

IF (NPRSTA.EQ.NRSTA) 60 TO 110 ROUT0340

READ {10} SKIP ROUTO341

t 6C TO 101 ROUT0342
ed c ROUTO343
c SET DATA TAPE DEPENDENT VARIABLES ROUTO344

,,,,,, 110 CONTINUE ROUT0345
MRTYPE = MTYPE - ROUTO346

e TREF = ONTIME-TFIRSY ROUTO347
s NALIGN = INDDAT{ 9) ROUT0348
MODE = INDDAT(10) ROUT0349

. TAU = DATIND(10) ROUTO350
FTR = DATIND(11) ROUTD351

o STA(4) = DATIND(12) ROUTD352
. STA{S) = DATIND(13) : ROUTO353
YMOD(3) = DATIND(14) ROUT0354

e BIAS(1) = DATIND(15)+SER(10,1)/TAU ROUTO355
- BIAS{2) = DATIND(16) ROUTO356
GO TC (1114112,113,114) ,MTYPE ROUTO357

111 ASSIGN 291 TC N290 , ROUTD358

MODE = 0 ROUTD359

60 TQ 120 ROUT0360

112 ASSIGN 292 TD N290 ROUTO361

60 TC 120 ROUTO362

113 ASSIGN 293 TO N290 ROUTO363

GO TO 120 ROUTO364

114 ASSIGN 294 TO N290 ROUT0365

c ROUT0366

c SET DATA TAPE DEPENDENT SWITCHES ROUTO0367

120 CONTINUE ROUTO368

L = .FALSE. ROUT0369

DO 122 I=1,4 ROUTO370

: LSKIP(I) = .TRUE. ROUTO371
b KDATA(T) = .FALSE. ROUTO372
DO 121 J=1,12.+4 ROUTO373

121 LABEL{J) = LBM{J,MTYPE) ROUTO374
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SYMBCL (1) = SYM{T,MTYPE) : ROUTO37S
IF (MSKIP(I MTYPE)+IFSKIP(I).GT.0) GO TO 122 ROUTO376
LSKIP(I) = .FALSE. ROUTO377
KDATA({I) = .TRUE. ROUTO378
L = .TRUF. ROUTO0379
122 CONTINUE ROUT0380
IF {L) GC TO 123 ROUTO381 )
WRITE (64612) PRCD ROUTO0382 -
GO TC N122, {800,801) ' ROUTO0383
123 NFRAC = 1 ROUTO384
IF (CRF{1)) 1244126,125 ROUTO0385
124 NFRAC = 2 ROUTO0386
G0 T0 126 ROUTO387
125 STA(4) = CRF(1) ROUTO0388
STA(5) = CRF{2) ROUTO0389
126 CONTINUE ROUTO0390
STA{ 9) = STA(4) ROUTO0391
STA{10) = STA(S5) ROUTO0392
129 GO TG N129, { 22,130) ROUT0393
c : ROUTO0394
C READ NEXT DATA RECORD ROUT0395
130 READ (10} BUFDAT ROUTO0396
GO TG N130, ( 23,200) ROUT0397
C ' ROUTO398
C#¥%% COMPUTE ORSERVABLES ROUT0399
(o ROUT0400
C SET UP WORKING ARRAYS ROUTO0401 o
200 CONTINUE : ROUT0402 .
TIME = BUFDAT(NPT,2)+TREF ROUT0403 o
GO TC N200, (201,202) ROUTO0404
201 IF (STPTIM.LT.TIME) GG TO 801 : ROUT0405
202 QUAL = BUFDATINPT,1) ROUTO406
LOUTL = KOUTL ROUTO40T7
DO 204 I=1,4 ROUT0408 ¥
DATA(I) = BUFDATINPT,[+2) ROUT0409
GO TC N203, (203,204} ROUTO0410
203 IF {(DATA(I).GE.C.) LOUTL = .FALSE. ROUTO4 1L 1
204 1QLLLY = O ROUTO0412
IF (LouTL) . GO Tu 100 ROUTO413
IF (TQUAL.EG.O) GG TO 206 ROUTO414
IF (IQUAL.EG.T) GO TOD N204, (100,205) ROUTO04LS
205 IQL{4) = IQUAL/4 ROUTO416
IQL(1) = IQUAL-4*IQL{4) ROUTO417
IQL(3) = IQL(1)/2 ROUTO0418 s
1QL(2) = 1QL{1)-2%IGL(3) ROUTO0419
IQLIL) = 1QL(2) ROUT0420
206 CONTINUE ROUTO421
IF (KTAULNE.O) GE TO 207 ROUT0422
TAU = DATA(4) ROUTO0423
DATA(4) = DATINC(L0) ROUTO0424
BIAS(1) = DATIND(15)+SER(10,1)/TAU ROUT0425
207 CONTINUE ROUTO0426
c ROUTO0427
c COMPUTE VEHICLE TIME AND STATE ROUTO0428
C ROUT 0429
c RECEPTICN TIME ROUTO0430 e
210 CONTINUE ROUT0431
STIMR = TFIRST+TIME ROUT0432
UTIMR = STIMR+SER{4,1)+4SER{5,1)%STIMR _ ROUT0433
ETIMR = UTIMRDELDAR(1)+DELDAR(2}%UTIMR ROUTO0434
It =1 ROUTO0435
D(2) = (ETIMR-TRBF)/HBF ROUTO0436
C ROUTO0437
c T*%N/N-FACTORT AL ROUT0438
220 l1) = FLT(1) ROUT0439
00 221 1(=2.8 ROUT0440
221 D(I+1) = DU2¥%D(I)/FLT(I1) ROUTO441
GO TC (230,2519262,251) L1111 ROUTO0442
c ROUT 0443
C COMPUTE DCWN-LEG DELAY TIME ROUT 0444
230 0{9) = 0.00 ROUTO0445
DO 231 [=1.8 ROUTO0446
231 DI9) = DI(9)+D(II*VBF(641) ROUTO44T s
ETIMV = ETIMR~D(9) ROUTO0448
ETIMT = ETIMV-D(Q) ROUT0449
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IF (ETIMVLLE.TFF) " GO TO 250 ROUT0450
c ROUTO0451
c SET ICS FOR NEW INTERPOLATION TABLES ROUTO0452
240 LTRAJ = .TRUE. ROUT0453
111 = 4 ROUTO0454
D(2) = FLTI(T) ROUTO0455
GO TG 220 ROUTO0456
241 CONTINUE ‘ ROUTO04ST
DO 242 1=1,3 ROUTO0458
SPCOARII) = STT(I,2) ROUT0459
242 SPCDAR(I+3) = STT(I,1) ROUTO0460
ETIMVA = TFF o ROUT04561
TBF = ETIMVA ROUT0462
VBF(641) = D(9) . ROUT0463
NBY = 100+LCB ROUTOD464
GO TC 999 ROUTO0465
- c ROUTO466
E o INTERPOLATE FOR VEHICLE STATE ROUTO0467
; 250 111 = 2 ROUT0468
S D(2) = (ETIMV-TBF)/HBF ROUT0469
GO TO 220 ROUT0470
o 251 CONTINUE ROUTO4TL
u CALL DMPLY (VBF,DsSTT4548924651,5,0) ' ROUTO0472
DO 252 I=1,3 ROUTO473
252 STT{142) = RBF{I)4+HBF%STT(I,2) ROUTO0474
GO0 TOQ {999,253,999,241) ,111 ROUTO4T5
253 CONTINUE ROUTO476
CALL DEQTR (ETIMV,D(10)) ROUY04T7
" DL2) = STT{5,1)+0(12) ROUTO0478
- B(3) = STT(4,1) ROUTO0479
Dl4) = D(12) ROUT0480
D{5) = D(3)%DCOS(D(2)) ROUTO0481
D(6) = ETIMV-DELDAR{L)—DELDAR(2)*ETIMV ROUTO0482
. CALL DEHA (D(6),0(5),D(1),0MEGA) : ROUT0483
GHA = D(1) ROUTO0484
CALL OGTRN (D{16)+NMyD,4) ROUT0485
oy CALL DGTSN (D{25)y0,D{11),0{10),D(13)) ROUT0486
b CALL DMVTRN {D(25)+D{16),0s2¢3) ROUT0487
- D0 254 1=1,9 ROUTO0488
254 D(1+9) = 0.00 ROUT0489

DO 255 1=1+9,4 ROUT0490 :
255 D(I+49) = 1.00 ROUT0491
~ D(19) = ETIMV-ETIMR ROUT0492
i D{21) = ETIMV—ETINMT ROUT0493
0(20) = D(19)+TAU ROUTO494
D(22) = DI21)+TAU ‘ ROUT 0495
DO 256 I=1,4 : ROUT0496
| DU10) = CCOS(OMEGA*D(I+18)) ROUT0497
i D(13) = DSIN(CMEGA%C([+18)) ROUT0498
- D(11) =-D(13) ROUT0499
» Dl14) = D(10) ROUTO0500
256 CALL DMVTRN (DyD(10),TB2C{1s1)41,3) ROUT0501
C ROUTO0502
C LOAD SPACECRAFT STATE ROUT0503
260 CONTINUE ROUTO0504
s 00 261 1=1,3 ROUTO505
S XVi1) = STT{14+2) ROUTO0506
) 261 XV(I+3) = STT{I,1) ROUTO0S07
e D{2) = (ETIMV-TBF-TAU)/HBF ROUTO0508
111 = 3 ROUT0509
GO0 TO 220 ROUTOS10
262 CONTINUE . ROUTOS511
CALL DMPLY (VBFoD(2)4XVI{T)4348,2969~1,43,0) ’ ROUTO512
DO 263 I=1,3 ROUTO513
263 XVII+6) = XV(I+6)*HBF+RBF (1) ROUTO514
c ROUTO515
c COMPUTE CBSERVABLES ROUTOS16
290 CONTINUE ROUTO517
GO TG N290, (291,292,293,294) ROUTO518
c C—-BAND ROUTO0519
291 CALL CBDAT ROUTO0520
GO TG 300 ROUTOS521
= c GODDARD ROUT0522
292 CALL GRDAT ROUTO0523
G0 TC 300 ROUT0524
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C S-BAND
293 CALL SBDAT
GC TC 300
C DSIF
294 CALL CSDAT (GHA)
G0 10 300

Crsxx CCMPUTE RESINUALS

C RESIDUALS
300 CONTINUE
1QuaL = 10000
DC 319 [=1,4
KDATA(T) = .FALSE.
1QUAL = TQUAL+TQL(
IF (LSKIP(I))
IF (DATA(I).EQ.YTE
GO TC N300, (301.3
301 IF (IGQL{1).GT.0)
302 IF {DATA(I).GELC.)
GO TC N302, (303,3
30% DATA(I) =-DATA(I)
304 DATA(D) DATAL(L)
KDATA(I) «TRUE.
STP CATA(I)
IF (STP.LT.0.}
sTP AINT (ST
DATA(I)} DATA(T)

LU TR B U (N )

[» MOMENTS
310 CONTINUE
NSUM (1)

sSuM (1)
SUMSGIT)

319 CCONTINUE
GO TG N319, (100.4

NSUM (1
SumM (1
SUMSQ(I

Cxsx% TAPE WRITE AND LIS

c LOAD TIME POINT IN

400 CONTINUE
NRPTS = NRPTS+1
BUFRSLA{1,NRPTS} =
BUFRSL{24NRPTS) =
DE 402 1=1+4

402 BUFRSL{I+2,NRPTS)
DO 404 1=146

404 DBRUFRL([43,NRPTS)
IF {NRPTS.LT.14)

406 GC TG N406y (410,4

C SET UP INDRSL
410 CONTINUE
NRPCOS = NRPOS+1
NRBLK = NRABLK#+1
TRFRST = TFIRST+8U
TRLAST = TFIRST+T]
GO TO N410, (420.4

c TITLE TAPE LISTING
420 CONTINUE
ASSIGN 425 TC N410
ASSIGN 425 TO N825
WRITE (6,641)
IF (NRLIST-3}
421 WRITE (6.642)
GO TC 425
422 WRITE (646431

C LIST ,INDRSL,
425 WRITE (64644) (IND

ANG MOMENTS

TVANQUALL(T)

GO 10 319
sT) GO TO 319
02)

GO TN 319

GO TO 304
19)

-CRS(1,1)-0ORTIAS(T)

/YMCB(1)+0.5

STP = STP-1.
P)
~STPXYMOD(I)

r+1

Y+DATAL(L)
J+OATACT)*DATA(T)
0045001}

T

T0 BUFFER

QUAL

TIME

= DATAL(T)

= Xv(I)

GO TO N4O4, 1100v5001810)
304+440)

FRSL(2y1)
ME
254+450,455)

42154224425

RSLII)sI=1.8)(DINDRL{T)},1=5,48}

GO -TC N425, (440,450,830}

[ TITLE +BUFRSL,
430 ASSIGN 440 TG N40O6

F’Pi“.t:CJlH@iii
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ROUTO0525
ROUTO526
ROUTO527
ROUTO528
ROUTO0529
ROUTOS530
ROUTOS531
ROUTO0532
ROUTO533
ROUTO534
ROUTO535
ROUYO0536
ROUTO537
ROUT

ROUT0538
ROUTO0539
ROUTO0540
ROUTOS41
ROUTO0542
ROUTO543
ROUTO0544
ROUTO545
ROUTO546
ROUTO547
ROUTO548
ROUTO549
ROUTO0550
ROUTOS551
ROUTO552
ROUTO0553
ROUTO554
ROUTO555
ROUTO556
ROULTOS557
ROUTOD558
ROUTOS559
ROUTO560
ROUTO561
ROUTO0562
ROUTO0563
ROUTO564
ROUTO565
ROUTO566
ROUTO567
ROUTO0568
ROUTO0569
ROUTOS570
ROUTO5T1
ROUTO572
ROUTO573
ROUTO57¢4
ROUTO575
ROUTOS76
ROUTOS577
ROUTO578
ROUTO579
ROUTOS580
ROUTO581
ROUTO0582
ROUTO0583
ROUTO0584

" ROUTO585

ROUTO0586
ROUTO587
ROUTO588
ROUTO589
ROUTO0590
ROUTO591
ROUTO0592
ROUTO593
ROUTO594
ROUTO0595
ROUTO0596
ROUTO597
ROUTO598

Space & Re-entry
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435
436

440

441
442

450

455
CHdk

500

Caknx
800
801

802

810
811
820
822
825
826

830

832

840

PHILCO "ii#il
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ASSIGN 440 TO N825

N =1

IF (NRLIST.GE.4) N = 4
WRITE (6+645) (ILUAL(I)sI=1,N)
CONTINUE

WRITE (69646) {(LABEL(I)sLABEL(I44)yI=154), (LABEL(I),1=9,12)

GO TG N435, (436+440)
WRITE (64647) (I41=1,46)

LIST BUFRSLy

CONTINUE

DO 442 J=14NRPTS

WRITE (64648) (BUFRSL(I4J)y1=1,6)

GO TC N440, (441,442)

WRITE (64649) {(BUFRSL(I¢J)s[=7418,2)
CONTINUE

GO TO N442, (450,455,825}

WRITE TAPE RECORD PAIR

WRITE (11) INDRSL

WRITE (11) BUFRSL

NRKONT = 1

NRECT = 0

WRITE (11L) NRPOS,NQUAL({4),IRSL
BACKSPACE 11

NRPTS = 0

GO TC N404y (100,500,810}

PLOT RESIDUALS

CONTINUE
CALL RSPLOT(O)
GO0 TC 100

POSTLCGUE

BACKSPACE 10
NTP = 4

DUMP INCCMPLETE BUFFER

IF (NRPTS.EQ.O) 60 TO 810
ASSIGN 810 TO N40O4

GO TO 406

TERMINATE PLOT

IF (NRPLCT.EQ.O) GG TQ 830
CALL RSPLOT(-1)

IF (NRLIST-2) 830,811,820
IF (NRTAPE.EQ.O) GO 70 830

PREPARE TAPE FOR READING
CONTINUE

DO 822 I=1,NRBLK

BACKSPACE 11

BACKSPACE 11

CONTINUE

READ (11) INDRSL

IF (NRECT.GT.O0) GO TO 826
READ (11) BUFRSL

GO TO N825, (420,425,430,440)
BACKSPACE 11

REPCSITICON TAPE

IF (NRTAPE.NE.O) GO TO 840
IF (NRPUS.EQ.NRSEND) GO T0 840
DG 832 I=1,NRBLK

BACKSPACE 11

BACKSPACE 11

NRPOS = NRSEND

WRITE (11} NRPOS,NQUAL{4),IRSL
BACKSPACE 11

CGUTPUT MOMENTS
IF (NRLIST.EQ.O) G0 TO 999
WRITE (6,681) (LABEL(I) LABEL(I+4),1=154),{LABELI{I},1=9,12]}

ROUTO0599
ROUT0600
ROUTO601
ROUT0602
ROUTD603
ROUTO0604
ROUTO0605
ROUTO0606
ROUTO0607 .. -
ROUTO0608
ROUT0609
ROUTO610
ROUTO611
ROUTO612
ROUTO613
ROUTO614
ROUTO615
ROUTO616
ROUTO617
ROUTO618
ROUTO619
ROUTO0620
ROUT0621
ROUTO0622
ROUT0623
ROUTO0624
ROUTO0625
ROUTO0626
ROUTO627
ROUTO628
RDOUTO0629
ROUT0630
ROUTO631
ROUT0632
ROUTD633
ROUT0634
ROUT0635
ROUTO0636
ROUTO0637
ROUTO0638
ROUTO0639
ROUTO0640
ROUT0641
ROUTO0642
ROUTO0643
ROUTO644
ROUT0645
ROUTO646
ROUTO0647
ROUTO0648
ROUTO0649
ROUTO0650
ROUTO0651
ROUTO652
ROUT0653
ROUTO0654
ROUTO0655
ROUTO0656
ROUTO657
ROUT0658
ROUTO0659
ROUT0660
ROUTO661
ROUTO0662
ROUT0663
ROUTO664
ROUT0665
ROUT0666
ROUTO667
ROUTO0668
ROUTO669
ROUTO6TO
ROUTO671
ROUTO6T2
ROUT0673
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DO 842 [=1,4 ’ ROUTO6T4

STP = NSUM(T) ROUTO6TS
SuM (I} = SUM(I)/STP ROUTO676
DATA (4) = (SUMSCUI)-SUMCII*SUMI})/(STP=1.) ROVT0677
DATA (I) = USQRT(DATA(4)})) ROUTO678
842 SUMSGQ(I) = SUMSQ(I)/STP ROUTO679
WRITE (6+682) SUM 4SUMSQ ,DATA ,NSUM ROUTO680 )
C ROUTO681 !
C EXIT ROUTO682
999 NKRSPCS = NRPOS ROUTOD683
NRSEND = NRPOS ROUTO684
RETURN i ROUTO68S5
END

PHILCO "iiﬁil
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Subroutine: ROP -

Purpose: Residual output program. Accepts the residual and
estimate tapes written by the DCP and lists and/or
plots residuals.

Common storages required: [ESTCOM/,/PPTCPM/,/RSLCOM/

Subroutines required: DAT@UP, @VRLYD, RSPLOT

RPP-1

PHILCD ] Space & Re-entry
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RQP

Read tape headers and
check mounted tapes.

!
( Error? ).ZQS__.

No

B :@

e

[ Read output control card |
a Blank? Ees ol

No
\

OVRLYD { E
Overlay plot

control data

Initialize plot and list
control switches,

|

Locate and read first
residual record pair.

Locate and read associ-
ated estimate record.

i + Tﬁ
—( List? )

Yes

[ List residuals and state. |

v Y
2 Plot? D)
1 Yes
< RSPL@T >
Plot residuals

R@P-2
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$IBFTC MC1381 XR3,M94,NODD,LIST
c ROP - RESIDUAL OUTPUT PROGRAM ROP 0001
c ROP 0002
c DEVELOPED BY PHILCO-FORD CORPORATION ROP 0003
c FOR GODDARD SPACE FLIGHT CENTER ROP 0004
c CONTRACT NAS5-9939 ' ROP 0005
c ROP 0006
c REFERENCE TR-DA1508, PROGRAM DESCRIPTION AND THEORETICAL BASIS, ROP 0007
c ORBIT DETERMINATION PROGRAM ROP 0008
c TR-DA1509, SUBROUTINE DESCRIPTIONS AND LISTINGS, ROP 0009
c ORBIT DETERMINATION PROGRAM ROP 0010
c TR-DA1510, INPUT-OUTPUT SUMMARY, A ROP 0011
c ORBIT DETERMINATION PROGRAM ROP 0012
c ROP 0013
c DECEMBER 1967 ROP 0014
c ROP 0015
COMMON JESTCOM/CEST (804) ROP 0016
DIMENSICN NAMSTA(20) ROP 0017
DOUBLE PRECISION  SPCDAN (6) ,EFEDAN(14) ,PREDAN (4) ,DELDAN (2) ROP 0018
1 +EHADAN(24) ,MHADAN[24) ,XHADAN(24) +SE (14,20) ROP 0019
2 JETIMVA v TX2Z (343) ’ ROP 0020
EQUIVALENCE (CEST{ 1),NESPOS) »(CEST( 2),NBY ) ROP 0021
e 1 »({CEST( 3),NBD ) ,{CEST( 4),NBX ) ROP 0022
. 2 v{CEST{ S)4NBH ) ,(CEST{ 6),NUMSTA) ROP 0023
- 3 »(CEST( 7),NAMSTA) 4 (CEST( 27),KOUNTN) 4 (CEST( 29),ETIMVA) ROP 0024
4 s (CEST( 31),TX2Z ) 4 (CEST{ 49),SPCDAN} o (CEST{ 611,EFEDAN) ROP 0025
-~ 5 » (CEST{ 89),PREDAN) 4(CEST{ 97),DELDAN) ,{CEST(101),EHADAN) ROP 0026
6 v(CEST(149) sMHACAN) 4 (CESTU197)4XHADAN) o {(CEST(245),SE ) ROP 0027
.| c ROP 0028
i COMMON /POTCOM/PLOTC(42) ROP 0029
LCGICAL KOATAL4) ROP 0030
o DIMENSTON DATA  (4) ,SYMBOL(4) ROP 0031
‘ 1 »DATMAX (4) 4LABEL(12) ROP 0032
EQUIVALENCE (PLOTC(L1),DATMAX) ,(PLOTCIL5),LABEL |  ROP 0033
.- 1 + (PLOTC(10),4DT )} +{PLOTC(27),SYMBOL]  ROP 0034
2 1 {PLCTC( 2)4DATA ) 4(PLOTC( 6),KDATA ) ,(PLOTC( 1),TIME |  ROP 0035
- c ROP 0036
COMMCN /RSLCOM/ INDRSL(16)4BUFRSL{18414) ROP 0037
DOUBLE PRECISION  DBUFRL{9,14) ROP 0038
- EQUIVALENCE (INDRSL( 2),NREDT )} , (INDRSL( 1),NRPOS ) ROP 0039
1 » LINDRSL( 71,NREST } o (INDRSL( 5),NRPTS ) ROP 0040
2 JLINDRSL( 8)yMRTYPE) , (INDRSL{ 3)yNRKONT) ,(INDRSL{ 6)4NRSSTA) ROP 0041
: EQUIVALENCE (BUFRSL{1,1)yDRUFRL) ROP 0042
o c ROP 0043
LOGICAL KPLOT yLINIT ,LPLOT ROP 0044
1 JLDATA(4) LLIST ,LTAPE ROP 0045
DOUBLE PRECISION. PCNTRL(6)yPMAX(4) ROP 0046
DIMENSIGON BCDNAM(11) 4HEAD  (4) 41DSTAT (7) ,PRENAM (4) ROP 0047
5 1 +D (10) ,HEADER(LL) +LBM (12,4) ,SPCNAM (6) ROP 0048
: 2 +DELNAM (2) oHEADES(L1) 4NN (6) 4STBNAM{10) ROP 0049
3 yEFENAM(14) ,HEADRL(11) sNPLOT (4) oSYM (444) ROP 0050
i 4 +HARNAM(24) 4 ICNTRL {8) 4NQUAL (4) ,¥YN (2} ROP 0051
EQUIVALENCE (QUAL,IQL) ROP 0052
i EQUIVALENCE (ICNTRL{5)4NPLGT ) 4{ICNTRL{8),NPLOT4)  ROP 0053
1 o (LICNTRL(5)oNPLOTL) 4 {ICNTRL(1) NRECRD)  ROP 0054
‘ 2 » (ICNTRL{63,NPLOT2) o (ICNTRL(2)},NRLIST)  ROP 0055
. 3 +» LICNTRL{4) s NPLBAD) o (ICNTRL{7}4NPLOT3) ,(ICNTRL{3),NROVER) ROP 0056
EQUIVALENCE (PCNTRL{3),PMAX ) o (PCNTRL{1),PTIME ) ROP 0057
444444 1 + {PCNTRL(2) 4 PSCALE) ROP 0058
c ROP 0059
DATA  BODNAM/6HMERCRY ¢ 6HVENUS +6HEARTH 3 6HMARS 4 6HJUP TER ROP 0060
1 +6HSATURN y 6HURANUS y 6HNEPTUNy 6HPLUTD 5 6HSUN ROP 0061
2 s6HMOCN /7 ROP 0062
DATA BLANK /6H / ROP 0063
DATA  HEAD /6HSTATE ,6HAND 4 6HRESIDU,6HALS  / ROP 0064
DATA YN  /6HYES  46HNO 7/ ROP 0065
DATA LBM  /6HAZIMUT,6HELEVAT,6HRANGE 46H ROP 0066
1 s6HH +6HION 4 6H s 6H ROP 0067
1 +6HRAD  y6HRAD 9 6HKM s 6H ROP 0068
2 » 6HX s 6HY 9 6HRANGE y 6HDOPPLE ROP 0069
2 +6H +6H s 6H » GHR ROP 0070
2 s6HRAD o 6HRAD 5 6HKM + 6HCYCLES ROP 0071
3 16 HX v 6HY » 6HRANGE 4 6HDOPPLE ROP 0072
3 +6H +6H »6H » GHR ROP 0073
3 v6HRAD  ,6HRAD  46HSEC  ¢6HCYCLES ROP 0074
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4 16HHOUR A+ 6HDECLIN»6H »6HDOPPLE ROP 0075
4 s6HNGLE  s6HATION s6H s6HR ROP 0076
4 s6HRAD » 6HRAD s6H »6HCYCLES/ ROP 0077
DATA SYM  /1HAsIHEs1HRs1HZ s1HXs1HYs1HR»1HD ROP 0078
1 »IHX s 1HY s THR s THD s 1HH s 1HC s 1R 9 LHD/ ROP 0079
DATA ICSTAT/BHSPCRFT s 6HEFEMRS s 6HPRESUR s 6HDELT IV s 6HHARMU 3 ROP 0080
1 s6HHARM11 s 6HHARMXX / ROP 0081
DATA - SPCNAM/3HX  »3HY  s3HZ  s3HXD »3HYD »3HZD / ROP 0082 '
DATA FFENAM/ AHUME » 3HUVE s 3HUE A » 3HUMA s 3HJJU s 3HUS A » 3HUUR 2 3HUNE ROP 0083
1 s AHYPL s 3HUSU » 3HUMO s 2HUBA s 3HAU ¢ 3HMER/ WP 0084
DATA PRENAM/2HSPR s 3HDR1 9 3HDK2 9 3HVYNT/ . ROP (085
DATA NELNAM/3HPT »3HNTD/ ROP 0086
DATA HARNAM/2HJ 20 s 3HI 3L 9 3H L0 9 3HI5L 9 3HI6U 8 THI TS 3HI21 »3HL 21 ROP 0087
1 3 AHJ2293HL2293HJ3193HL2193HI3253HL32 93HI33 5 3HL 33 0P 0088
2 22HJ4T 93HL 41 93HIG2 s 3HLAZ 9 2HJL 39 3HLAB s 3HI G4 s 2HL L4/  ROP 0089
DATA STANAM/3HNOR 93HFST s 3HNWN e 3HTM1 9 3HTM2 9 3HL I T s 3HANTL s 3HAN2 ROP 0090
1 s 3HRNG s 3HPOP/ ROP 0061
DATA NN 7 3y 1s ls b9 1y &4/ RGP 0092
DATA NQUAL / 18ULs 10DUs 13 1/ ROP 0093
DATA PUNTRL/ 2%UeDiU 92%0.1DC +2%1402 / ROP 0054
DATA YTEST /-0412345678E20/ ROP 0095
C ROP 0096 oy
£2Ul FORMAT(I6911A6) ROP 0097 .
810¢ FORMAT(T4s2412) ROP 6098 '
C ROP 0099
60Ul FORMAT(23HIRESIDUAL TAPE HEADER 1 s11A6s1H') ROP 0100
6002 FORMAT(23H ESTIMATE TAPF HEADER '511A6s1d7) ROP 0101
6Uv3 FORMAT(20H DGES NGT AGRFF wITH/23H INPJT HEADTR CARD 19114651H'ROP 0102 .
1/15H CANNOT PRUCEED) ROP 0103 o
1o FORMAT(B9HINRECRD  NRLIST  CVERLAY  PLCT BAD PTS  PLOT ANGL1  ROP 0104
1PLOT ANG2  PLUT RNGE  PLOT DUPL/1X»I5+15+TXsA3,2(10XsA3)»2(9XsA3R0P 0105 ‘
2N ROP Q106 B
6220 FORMAT(/69HUPARAMFTERS USED FOR THIS RESISUAL RECCRD ARE TAKEN FROROP 0107 ,
1M RECOR™ PAIR s13321H OF THE ESTIMATE TAPE/4Xs5HGRIUP s 3X s 4HNAME » 12R0P C108 )
2Xs5HVALUF » 2 (25X 3 4HNAME 912X 0 SHVALUE 1) ROP 0109
6221 FORMAT{1HJ»A6s23H IS THF CENTRAL ECDY ON) ROP 0110
6222 FORMAT(28HOCOORDINATES RELATIVE TS sA6s33Hs MEAN EQUATGRs EWUINCX ROP 0111
10F 195U.0) ROP 0112
5223 FORMATI1Hv»2XsA694XsA33N2641692(7TXsA33026416)7(13XsA335D260169TXsA3ROP 0113 =
13D2601637%9A35026416)) ROP 0114
6224 FORMAT{26HODRAG PARAMETFRS APPLY TU »A6) ROP 0115
6225 FORMAT(3QHOGRAVITY TERMS BELGw APPLY TO s:486) ROP 0116
6226 FORMAT{21HORECEIVING STATION I5) ROP 0117
63U0 FORMAT(//6HOLIST +2(A6sA4)) RGP 0118 e
6301 FORMAT(19HONPT QUAL TIMS 26X 944X 2063 /15Xs5HISEC) s4110XsA61) ROP 0119
6302 FORMAT(268Xs61HVEHICLE STATE IN CARTH CENTSRED EGUATOR OF 19502 COROP 0120
10RDINATES/18Xs6(12Xs2HX s I1s1H) )/ 1H ) ROP 0121
6311 FORMATI(1X913515,F11e294Xs4E1646) ROP 0122
6312 FORMAT(24Xs6E1648) RGP 0123
6490 FORMAT(15HIPLOT RFSIDUALS) ROP 0124
C ROP 0125
Cx*x% INITIALIZE ROP 0126
C ROP 0127
C CHECK MOUNTED TAPE IDENTIFICATION ROP 0128
1 CONTINUE ROP 0129
NESPOS = O ROP 0130 e
NRPOS = U ROP 0131
READ (5,5Cu1) IFTESTsHEADER ROP 0132
READ (11 HEADRL ROP 0133
WRITE (6+6C31) HEADRL ROP 0134
IF (IFTESTaNEsv) G0 1O 3 ROP 0135
DD 2 1=1,11 0P 0136
2 IF (HEADFER(I)«NELHEADRLII)) CU TO 9 ROP 0137
3 READ (5,50u1) IFTESTarcADER ROP 0138
LTAPE = ,TRUE. ROP 0139
IF (IFTESTeNEsv) GO TO 5 ROP 0140
DO &4 I=1,11 ROP 014l
4 IF (HEADFR(IJeNEeSLANK] cO TO 5 ROP 0142
LTAPE = FALSE. ROP 0143
. GO TO 109 ROP 0144
5 READ (12) HEADES ROP 0145
WRITE (6£,6052) HEADES ROP 0146
IF LIFTESTWNEWY) GO TG 10u ROP 0147
DO 6 I=1s11 ROP 0148
6 IF (HEADER(I)eNECHEADESII)) GO TO 9 ROP 0149
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110

111

112
113

114

120

121

122

Coe%kk

200

201

202

210

211

212
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GO 70 100

ERRCR
WRITE (656003) HEADER
GO TC 999

INPUT CCONTROL

READ CONTROL CARD AND OVERLAY DATA

CONTINUE

READ (5,5100) ICNTRL

IF (NRECRD.EQ.O} GO TO 999

WRITE (6+6100) NRECRD oNRLIST
s YN(NROVER+1) YN(NPLBAD+1) ,YN(NPLOT1+1)
JYN(NPLOT2+1}) ,YN(NPLOT3+1} ,YN(NPLOT4+])

IF (NROVERJNELO) CALL OVRLYD (PCNTRL)

LLIST = .TRUE.

LPLOT +FALSE.
DO 102 I=1,4
LDATA(I) = .FALSE.

IF (NPLOT(I).EQ.D)
LDATA(T) = <TRUE.
LPLCT = «TRUE.
CONTINUE

GO TO 102

LOCATE FIRST RECORD PAIR
LINIT = .TRUE.

N = NRECRD-NRPOS—1
IF (N) 111,120,113
N =-N

DO 112 I=1,N
BACKSPACE 11
BACKSPACE 11

GO TO 120

DO 114 [=1,N

READ (11) SKIP
READ {11) SKIP

READ AND IDENTIFY RECCRD PAIR
CONTINUE

READ (l11) INDRSL

IF (NRECT.LE.O} 60 To 121
BACKSPACE 11

GO TG 122

READ (11) BUFRSL

IF (LINIT) GO YO 200
IF (NRKONT.NE.O) 60 TO 310
IF (LNOT.LLIST) GO TO 420
LLIST = .FALSE.

GC TG 110

INITIALIZE GUTPUT

SET UP HEADINGS, LABELS

CONTINUE

LINIT = .FALSE.

IF {.NOT.LLIST) GO TO 400
D0 201 [=1,12 .
LABEL(I) = LBM{I.MRTYPE)

00 202 I=1,4

DATMAX(I) = PMAX(ID)

SYMBCL(I) = SYM{I.MRTYPE)

IF (NRLIST.EQ.O) GO TO 400

LOCATE AND READ ESTIMATE RECORD

IF (NRLIST.LT.4) GG TO 300
NRLIST = NRLIST-4

IF (.NOT.LTAPE) GO TO 300
IF (NREST.EQ.O)} GO 10 300

N = NREST-NESPOS-1
IF (N) 211,215,213
N =-N .

DO 212 I=1.N
BACKSPACE 12
BACKSPACE 12

RGP 0150
ROP 0151
ROP 0152
ROP 0153
ROP 0154
ROP 0155
ROP 0156
ROP 0157
ROP 0158
ROP 0159
ROP 0160
ROP Ol61
ROP 0162
ROP 0163
ROP 0Ol64
ROP 0165
ROP 0166
ROP 0167
ROP D168
ROP 0169
ROP 0170
ROP 0171
ROP 0172
ROP 0173
ROP 0174
ROP 0175
ROP 0176
ROP 0177
ROP 0178
ROP 0179
ROP 0180
ROP 0181
ROP 0182
ROP 0183
ROP 0184
ROP 0185
ROP 0186
ROP 0187
ROP 0188
ROP 0189
ROP 0190
ROP 0191
ROP 0192
ROP 0193
ROP 0194
ROP 0195
ROP 0196
ROP 0197
ROP 0198
ROP 0199
ROP 0200
ROP 0201
ROP 0202
ROP 0203
ROP 0204
ROP 0205
ROP 0206
ROP 0207
ROP 0208
ROP 0209
ROP 0210
ROP 0211
ROP 0212
ROP 0213
ROP 0214
ROP 0215
ROP 0216
ROP 0217
ROP 0218
ROP 0219
ROP 0220
ROP 0221
ROP 0222
ROP 0223
ROP 0224

Space & Re-entry
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6o TO 215 A ROP 0225

213 DO 214 1=1sN ROP 0226
READ (12) SKIP ROP 0227
214 READ (12} SKIP ROP 0228
215 CONTINUE ROP 0229
READ {12) CEST ROP 0230
RZAD  {(12) WKIP ROP 0231
C ROP 0232
C OUTPUT STATE ESTIMATE ROP 0233
220 CONTINUF ROP 0234
WRITE (456221 NESPOS ROP 0235
1 = NBY/140 ROP 0236
J = NBY-1U0*] ROP 0237
WRITE (6+6221) RODNAM(U) ) ROP 0238
CALL DATOUP (ETIMVASDs L) R0P 0239
IF (TeNESU) Jd =3 ROP 0240
WRITE (6062221 RPODNAMII) ROP 0241
WRITE (£+6223) IDSTATI1) s {SPONAMLT ) 9SPCCANIT) 9 I=146) s ROP 0242
WRITE (646223) IDSTATI2) s (EFENAMITISEFEDAN{TYI»I=1s14) ROP 0243
WRITE (646224) 30DNAM(J) ROP Q244
WRITE (6462231 IDSTAT(3) s (PRENAMIT) 2PREDANCTI)IsI=1s4) ROP 0245
WRITE (£46223) IDSTATI4) 2 {DELNAVIINSEELDANLTY 91=142) RUP Q246 s
WRITE (64622%) B0NNAML2) ROP 0247 ¥
WRITE (4+96222) IDSTAT(5) s iHARNAM{I)SEHADARLIT I 9I=1924) RUP 0248 )
WRITE (6+622%) ROPNAM(11) ROP 0249
WRITE (£46222) IDSTAT(H) s {HARNAMLI L) oMHADANIT Y s I=124) ROP 0250
IF {NBXeFUWew) GC TO 222 ROP 0251 e
wRITE (656225) BCONAMINAX) ROP 0252 o
WRITE (5462230 IDSTATUT7) o {HARNAMITY o XHADANITY sI=1924) ROP 0253
222 CONTINUE ROP 0254
D0 223 T=1.NUMSTA ROP 025%
223 1F (NRSSTAZJ«NAMSTA({I)) INOSTA = 1 ROP 0256
WRITE (596226) NRESTAS{STENAMIT)IsSELTSINDETA) s I=1010) ROP 0257 ;
IF (PSCALEWLEsva) GO TO 225 ROP 0258 il
DO 224 I=1ls4 ROP 0259
226 DATMAXI{T) = PSCALFHSE(I4+10sINDSTA) ROP 0260
225 IF INRLISTLEGev) GO TC 4wl ROP 0261
C ROP 0262
Cas¥x L 1ST RESTDUALS/STATE ROP 0263 s
C ROP 0264
C HEADING ROP 0265
30U CONTINUE ROP 0266
ASSIGN 312 TC N310 ROP 0267
ASSIGN 219 TO Nz212 ROP G268 s
N = NN{NRLIST) ROP 0269
M = NNUNRLIST+3) ROP 0270
WRITE (64620.) (HFAD(I)»I1=NsM) ROP 0271
IF (NRLIST.EQs2) GO 7O 3.1 ROP 0272
ASSIGN 211 TO N31C . ROP 0273
WRITE (6s63v1) (LARFLUTI}OLARFL{I+&4)sl=1s64) s{LAREL(])9]=9s12) ROP 0274
IF (NRLIST.EG.1) GC TG 3.2 RGP 0275
3ul ASSIGN 1313 TO N21»2 ROP 0276
WRITE (£46322) (1s]1=1+6) ROP 0277 )
302 CONTINUE ROP 0278 N
C ROP 0279
C LIST ROP 0280 o
310 IF («NOT.LLISTY GG TO 419 ROP (0281
D0 319 T=1sNRPTS ROP 0282 4
GO TO N31Y, (311s212) ROP 0283
311 WRITE (6463111 19(BUFRSL{Ls1)sd=196) . ROP 0284
312 G2 TO N312s (313+219) ROP 0285
313 WRITE (6+6312) (DRUFRL(Js1)9J=499) ROP 0286
319 CONTINUE ROP 0287
GO TO 120 ROP 0288
C ROP 0289
Cxx%% PLOT RESIDUALS i ROP 0290
C ROP 0291
C INITIALTIZE ROP 0292
4030 CONTINUE ROP 0293
IF («NOT.LPLOT) GO TO 1vv ROP G294
IF (NRPTSeLE.1) G0 TO 1uv ROP 0295
LLTIST = +FALSE. ROP 0296
DT = PTIME ROP 0297
IF (DT eiTe00) GO TO 421 ROP 0298
TP = BUFRSL{1s2)—-2UFR5L(1s1) ROP 0299
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419
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999
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CT = 1.

IF (TPelLTsele) CT = 10,
DT = AINTICT*TP)/CT
WRITE (64+64CC)

CALL RSPLOT(1)

ASSIGN 412 TO N4lO

IF (NPLBAD.EQeV)
ASSIGN 411 TO Nald

CONTINUE PLOTTING
DO 419 I=1sNRPTS
TIME = BUFRSL(1,1)
QUAL = BUFRSLI2,1)
DO 412 J=1s4
KDATA(I) = +FALSE.

DATA(I) = BUFRSL{J+2,1)

IF (IQLJLTNQUAL(J))
IQL = IQU-NGQUAL(J}

GO TO N41Us (4115412)
IF («NOT.LDATA(UM)

IF (DATA(I)EQeYTEST)
KDATA(T) « TRUE .
KPLOT «TRUE .
CONTINUE

IF («NOTJKPLOT?

CALL RSPLOT(O)
CONTINUE

GO TO 120

TERMINATE PLOT
IF (LINIT)
CALL RSPLOT(-1}
GO TO 100

STOP
END

GO TO 410

GO

GO
GO

GO

10

10

T0

T0

70

411

412
412

419

ROP 0300
ROP 0301
ROP 0302
ROP 0303
ROP 0304
ROP 0305
ROP 0306
ROP 0307
ROP 0308
ROP 0309
ROP 0310
ROP 0311
ROP 0312
ROP 0313
ROP 0314
ROP 0315
ROP 0316
ROP 0317
ROP 0318
ROP 0319
ROP 0320
ROP 0321
ROP 0322
ROP 0323
ROP 0324
ROP 0325
ROP 0326
ROP 0327
ROP 0328
ROP 0329
ROP 03130
ROP 0331
ROP 0332
ROP 0333
ROP 0334

Space & Re-entry
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Subroutine: ROTEQ

Purpose: ROTEQ evaluates elements of the rotation matrix which
relates the general precession of the Earth's equator
and the consequent retrograde motion of the equinox
on the ecliptic. It is used to provide the trans-
formation from mean equator, cqui.nox of 1950.0 to
mean equator, equinox of date.

Calling Sequence: CALL RUTEQ(TIME,A)

Input and Output

Symbolic Data
B 1/¢ | Name or D:I.:::ﬁ:s sl;:;:l Dimensions Definition
| Location or Units ‘
‘ I |TIME T days Total number of days from
L 1950.0
L A 3,3) A Rotation matrix.

i

Common - storages used: None

Subroutineg required: Nomne

ROTEQ-1
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CMC1350 SUBROUTINE ROTEQ
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SUBROUTINE ROTEQ(TIMEsA)

DIMENSION A(353)

T = TIME/36525.

T2 = T*T

T3 = T2

Al1s1) = le - 400029697*T2 = ,00000013%T3

Alls2) = —402234988*%T - ,00000676%T2 + .00000221%T3
Al2s1) = =A(192)

A(1s3) = =,00971711%T + ,00000207%T2 + .00000096%*73
Al391) = =A(193)

A(292) = le = «00024976%T2 ~ ,00000015%T3

A(2s3) = —,00010859%T2 —~ .00000003%73

A{392) = A(2,3)

A{353) = le = +00004721%72 + ,00000002%7T3

RETURN

END

ROTQ

ROTQ0000
ROTQO010
ROTQQO020
ROTQ@0030
ROTQ0040
ROTQO050
ROTQ0060
ROTQO070
ROTGQ0080
ROTQ0090
ROTQO100
ROTQO0110
ROTG0120
ROTGO130
ROTQR0140
ROTQ

Space & Re-entry
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Subroutine: RPVLEY

Purpose: To read fixed, floating and alphsnumeric data into core.
Certain conversions of the floating point data may be
made automatically. A blank card terminates a set of
data,

Calling Sequence: CALL R¢VLEY (C,I,H)

Input and Output

Symbolic Data
. I/¢ |Name or Di;:gz?mns SMaghl Dimensions Definition
r Location nsio yISOL! op Units
) c Array into which floating
- (decimal) data is to be read.
¢ I Array into which fixed
. (integer) data is to be read.
- ¢ H Arrsy into which alphanumeric
data is to be read.

Common storages used: None

Subroutines required: None

RPVLEY-1

PHILCD l Space & Re-entry
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The function of subroutine RPVLEY is to centralize and facilitate the
input of data to the various portions of the program requiring data. The

data may be fixed point integers, floating point, or alphanumeric, with a

given set of data including any combination of the three types. -

A floating point input consists of two numbers, an integer k and a number

%o The integer k is a subscript indicating the relative location in C in
which the value x is to be stored, thus C(k) = x, The integer field width
is 3 (I3) (integers must alwsys be to the right of their field) and the
value field width is 12 (E12.8). There may be up to four such pairs/card.

If k=0 and x£0, x will be stored in the next successive location of C
following the previous entry. If both are zero, reading is terminated if

they are the first set on the card; otherwise the next card is processed.

Certain alphanumeric flags may be entered, starting in column 61 of a card.

The legal flags and their meaning is given below,

Flag
FT

FT/SEC
NM

NM/SEC
SQUARE

Action

Convert data from ft. to km.

Convert data from ft/sec to km/sec,

Convert data from n.m., to km.

Convert data from n.m,/sec to km/sec,

Square the value prior to storing in the C array.

It is important to note that these conversions apply to every value on the

card; but do not carry over to the next card.

An I in column 61 of a card indicates that fixed point data will be on the

following card(s).

The first two k values on the I card (col 1-3 and col

16-18) specify the starting and finishing locations in I for data storage.
The integer data on the following card(s) is entered with format 1216, and

are stored sequentially,

The word HEAD in columns 61-64 indicates that the next card contains 12
words of alphanumeric data. If the first k value is zero, the 12 words are
stored in H(1) through H(12); if k#0, they are stored in H(13) through H(24).

A1l data read by REVLEY is written on the output tape.

PHILCO l
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$IBFTC MC139Q XR3 g

SUBROUTINE ROVLEY(CsICoHED) ROVLOO10
CMC13RL SUBROUTINE FOR INPUT USAGE TO C ARRAY WITH INTEGERSs HEADERs ROVLOO020
C ROVL0030

DIMENSION Cll)y BUF(4)> IND(4) s ROVLO040

1s FACT(51» 1C(1)» HED(24) ROVLO0050

DATA (UNIT(1)»I=196)/2HFTs6HFT/SECs2HNMs6HNM/SECs3HDEG»6HSQUARE/ ROVLO060

DATA (FACT(I)91=155)/ 34048E-4193,048E~4+1485199635148519963 ROVLOO070

140174532925/ ROVLO080 o

DATA HEAD/4HHEAD/sHINT/1HI/ ROVLO090
K=~1 ROVLO120
10 L=1 ROVLO130
READ (55501) (IND(I)eBUF(I)sI=1s4)sUNT ROVLO140
501 FORMAT(4(I3+sE1248)5A6) ROVLO150
IFLUNT +EQ. HEAD) GO TO 100 ROVLO160
IF(UNT +EQes HINT) GO TO 200 ROVLO170
DO 11 I=1,5 ROVLO180
CVYF=FACTA( T} ROVLO190
IF(UNT-UNIT(1))11s13511 ROVL0200
11 CONTINUE ROVLO210
L =20 ROVLO220
IF(UNT ~ UNIT(6))13912913 ROVL0O230
12 L= -1 ROVLO240
13 CONTINUE ROVL0250
IF (BUF) 15914515 ROVLO260
14 IFCIND) 15290015 ROVLO270
15 IF(K) 16517917 ROVL(0280
16 K =0 ROVLO290
WRITE (6,603 ROVLO300
603 FORMAT (1H1 540X 13HOVERLAY INPUT) ROVLO310
17 WRITE (6+5602) (IND(I)sBUF(I)sI=1s4)sUNT ROVLO320
IF(L) 18,22520 ROVLO330
18 DO 19 I=1s4 ROVLO340
19 BUF(I) = BUF(I)*BUF(I) ROVLO350
602 FORMAT(4(5X9139E1748)94X9A6) ROVLO360
GO TO 22 ROVLO370
20 CONTINUE ROVLO380
DO 21 I=1l»4 ROVLO390
21 BUF(I) = BUF(1)*CVF ROVLO400
22 DO 25 I=1s4 ROVLO410
IFCINDCIN 244923924 ROVLO420
23 IND(I) = LOC+1 ROVLO0430
IF(BUF(1)124,10+24 ROV0L.0440
24 LOC = IND(I) ROVLO450
‘ ClLOC) = BUF (I} ROVLO460
25 CONTINUE ROVLO4T0
GO 70 10 ROVLO480
90 CONTINUE ROVLO490
RETURN ROVLO500
100 KI1=IND(1)%12+1 ROVLO510
K2=K1l+11 ROVLO520
READ (59700) (HED(I)sI=K1sK2) ROVLO530
IF(K) 10191025102 ROVLO540
101 K=0 ROVLO550
WRITE (6+603) ROVLO560
102 WRITE (6s700) (HED(I)sI=K1sK2) ROVLO570
700 FORMAT(12A6) ROVLO580
GO TO 10 ROVLO590
200 L=IND ROVLO0600
LK = IND(2) ROVLO610
READ (59701) {IC(J)sJ=LsLK) ROVLO620
701 FORMAT(1216) ROVLO0630
IF(K)2019202,202 ROVLO640
201 K=0 ROVLO650
WRITE (6+603) ROVLO0660
202 WRITE (65702) LsLKs(IC(J)sd=LsLK} & ROVLO670
702 FORMAT{14H INTEGERS FROM +15,3H TOs15/ (1216)) ROVL0680
GO TO 10 ROVLO0690

END ROVLO700

Frinco]
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Subroutine:

Purpose:

Calling Sequence:

RSIDUL

To control the order of trajectory integration and

residual output for the residual link.

CALL RSIDUL (NRSPg@S)

Input and Qutput
Symbolic ‘ Data

I/¢ | Name or Diing?zns SMazgl Dimensions Definition
Location nsi yr or Units

I NRSP@S Residual tape position,

The residusl tape is
positioned between record
pairs NRSP@S and NRSP@S+1

Common storages used:

Subroutines required:

PHILCO |

PHILCO-FORD CORPORATION

@VRLYD,RES@UT, TRAJD

/DCPC¢M/ , /ESRCPM/ , /ESTCEM/ , /SBICEM/

RSIDUL~1
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___lkq:

Y ==

Estimate from tape?

D

iYes

Position tape at end
of estimate record pair

Load estimate into ESRC@M
Initialize SB3CEM
Set NTP = 2

1

NO(:

Overlay desired?

§ Yes

@VRLYD
Read Over ay data
into ESRCEM
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$IBFTC MC1331 XR3,M94,NODD,LIST

SUBROUTINE RSIDUL (NRSPOS) RSDLOOOL

c CONTROL ROUTINE FCR DCP RESIDUAL LINK RSDLO002

C RSDLOOO3

COMMON /DCPCOM/CDCP (900) RSDLOOOG

EQUIVALENCE (CDCP{L11),IERR ) {CDCP{740)4NPREST) RSDLO0OOS

1 +» (CDCP (75814 INDSTA) » (CUCP{732) +NPROVR) RSDLOOO6

2 + (COCP(T5T), ITRSTA) RSDLOOOT

c . . RSDLOOOS

COMMCN /ESTCOM/CEST (804) RSDLO00OY

DOUBLE PRECISION  SE(14,20) RSDLOO10O

EQUIVALENCE (CEST(245),S€ ) . RSDLOO11

c RSDLOO12

COMMCN /ESRCOM/CESR{304) RSDLOOL3

DOUBLE PRECISION  CRF(2)}+SER{14,20) RSDLOOL4

EQUIVALENCE (CESR(301},CRF ) +{CESR(245),SER ) RSDLOOLS

c RSDLOO16

COMMCN /SB3COM/CSBF(12),RBF(6),VBF(6,48) RSDLOOL7

DOUBLE PRECISION  RBF,VBF RSDLOO18

c RSDLOOLY

LOGICAL LTRAJ RSOL0020

s C RS0LOO2]

# . 601 FORMAT(1HO//748%,21H%%%x RESTDUAL LINK %*¥#%) RSDLO022

‘ 602 FORMAT(LHO//46X26H%%% EXIT RESIDUAL LINK #*%%) RSDLO023

c RSDLO024

c READ ESTIMATE AND OVERLAY DATA - RSDLOO2S

o 1 WRITE {6,601) RSDLOO26

‘ IF (NPREST.EQ.0) GO IO 2 RSDLOO27

B READ (12} SKIP RSDLOO28

NPREST = 0 RSDL0OO29

3 2 CONTINUE RSDLO030

i DO 3 1=1,244 RSDLOO31

3 CESR{I) = CEST(I) RSDLO032

vl DO 4 1=1,14 RSDLOO33

SER{Is+1) = SE(I,INDSTA) RSDLOO34

4 SER{Is2) = SE(I,ITRSTA) RSDLO03S

CRF{1) = 0. RSDLOO36

CRF(2} = 0. RSDLOO3T

IF (NPROVR.NE.O) CALL OVRLYD(CESR) RSDLOO38

C RSDLOO39

c INITIALIZE STATE BUFFER RSDLOO40

10 DO 11 [=1,12 RSDLOO4L

. 11 CSBF{I) = 0. RSDLO042

et LTRAJ = JFALSE. RSDL0OO43

c RSDLO044

c INTEGRATE TRAJECTORY AND OQUTPUT RESIDUALS RSDLOO4S

30 NTP = 2 : RSDLOO46

o CALL TRAJD RSDLO04T

- 1F (IERR.NE.O) GC TO 900 ~ _ RSDLO048

: CALL RESCUT (NRSPCS,LTRAJ) RSDLO0D4Y

s IF (IERR.NE.O) GO TO 900 ° RSDLO0O50

IF (NTP.NE.4) GO TO 30 RSDLOOS1

L c RSDLO052

c RETURN RSDLOOS3

900 WRITE (6,602) RSDLOOS4

i 999 RETURN RSDLOOSS
K END

3
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Subroutine: RSPLAT

Purpose: - To produce a plot of data on the system output tape.
The vertical axis for the plot must be time (in seconds);
any four quantities (or less) are plotted along the
horizontal axis.

Calling Sequence: CALL RSPLOT (KEY)

1
 § Input and Output

Symbolic Data
E I1/¢ |Name or Dli’.:x:g?:ns Sy:b??; Dimensions Definition
Location or Units
1 KEY KEY > O to initialize

a plot.
= 0 to plot a time
point

< 0 to terminate a

plot.

Common storages used: //117 cells, /péTCéM/
Subroutines required: None.

RSPLOT-1
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Usage:

1. 1Initialization (KEY > 0)
(On a plot entry, the data to be plotted at a given time point will be in
DATA(1l) - DATA(4)).
DATMAX (I) Maximum value of DATA(I) to be plotted on scale.
(Off scale values will be plotted in either the far
right or far left column of the graph).
KDATA (I) To plot DATA type (I), set KDATA (I) # O.
LABEL (I) First word of BCI label for DATA (I) )
IABEL (I+4) Second word of BCI label for DATA (I) See example
IABEL (I+8) BCI label of units for DATA (I) >
SYMBOL (I) BCI character used to plot DATA (I)

DT Time scale increment in seconds J

2. Plot Entry (KEY = Q)
TIME Time, in seconds from initialization time, of
point to be plotted.
DATA (I) Data to be plotted at this time. -
KDATA (I) Data types to be plotted at this call. All
DATA (I) will be plotted for which KDATA (I) # O. =
DT Same as above.

3. Terminate plot (KEY < 0)

DT Same as above.

RSPLOT-2
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Termination
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Y RSPLYT

0, initialize /~ KEY ™ 0, terminate
A\ vy

=0, plot
(k=3

|

.Compute factors
to output scale

.Output headers _YES_( TIME < TM(2)1 )
=17
N

.Set up time and
line counters No

KK

)

{ - |

=2

L e tvE 2 M(3)T ) |
l

Return No | ;
| 1

KK = 1 Yeﬁ/fs a set of 1inej #
1

or the vertical
! &eader unfinished

No/ Time for s horizontal No
\_ line print out? N
{ Yes
— (
[ Set J to print blanks | [ Set J to print a line | | =

[ gmD = sgrD(T,0) |
1

rﬁi_( DI L

KK

1=t
Position symbols in : !
$RD for plotting . |

- |
Yes Vertical header o
: finished? ;

f to ; -

Pick up vertical |
hegder character ;

. Ts this & line with |
os a numerical ordinste :
\ output label?

i No :~
Output line with Output line without l
time scale value time scale value :

1

[ Increase ™ by DT |
| 4
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XR39M%4 s ISTHNODD

SUBROUTINE RSPLOT (KEY) PLOTO0001

C PLOTS DATA ON THE OFF-LINE PRINTER PLOTO0002
C (KEY +GTa 0O) INITIALIZE PLOTO003
C DATMAX(I) MAXIMUM VALUE OF DATA(I) TO BE PLOTTED ON SCALE PLOTO0004
C KDATA(T) INITIALIZE FOR PLOTTING DATA(I)s YES=1s NO=0 PLOTOO00S
C LABEL(I) FIRST WORD OF BCI LABEL FOR DATA(ID) PLOTO006
C LABEL(1+4) SECOND WORD OF BCI LABEL FOR DATA(I) PLOT0QO007
C LABEL(1+8) RCI LABEL OF UNITS OF DATA(I} PLOTO008
C T SYMBOL (1Y BC1 CHARACTER USED TO PLOT DATA(I) PLOTO009
C DT TIME SCALE TNCREMENT IN SECONDS PLOTO010
C (KEY +EQ. 0) PLOT 'DATAY AT TIME'TIME! PLOTO011
C TIME TIME IN SECONDS FROM INITIALIZATION TIME PL.0OT0012
C DATAL(]) DATA TO RE PLOTTED AT TIME 'TIME! PLOTO013
C KDATA(T) DATA(I) TO BE PLOTTED THIS CALLs YES=1s NO=0 PLOTO014
C DT SAME AS ABOVE PLOTO015
C SYMBOL SAME AS ABOVE PLOTO016
C (KEY oLTe 0) TERMINATE PLOT PLOTOO17
C DT SAME AS ABOVE PLOTO018
C PLOTD019
C REMAINING /POTCOM/ CELLS ARE USED FOR STORAGE BETWEEN CALLS PLOT0020
COMMON /POTCOM/ TIMESDATA(4)sKDATA(4)sDTsDATMAX(4) PLOTOO021

1 s LABEL {12 sSYMBOL (4} PLOT0022

2 sDORDI{4) s TM{3) s LINESLINE2sLINE3»LTMsN1 PLOTO023
LOGICAL KDATA PLOTO024
COMMON ORD{103) s TPINORD (4 ) sKKDATA{4) s 1 s JsKsKK M PLOTO0D25
LOGICAL KKDATA PLOTO026
DIMENSION SORD(10392) s SYMBLX(3)910RD(11) PLOT0027

1 s JORD(11) PLOTO028
EQUIVALENCE ({ORD(90) »JORD} PLOT0029

DATA SYMBLX/1H2s1H3s1H&/ s ALOGS/ o 69897/ s ASTR/1H*/ PLOTO030

DATA TORDN/~5s=44=39=23-19091929394+5/ PLOTOO31

DATA SORN/1IH s1HI s 9% 1H=y 1H+ s G# 1H= g 1H+ 9G¥ 1H— s 1H+ ¢ #TH~ s IH+ 9 I¥1H~ PLOTO032

1 SIHT 9% IH= g 1H+ 9 OX¥ 1= s IH+ s I*TH— 9 1H+ s ¥ 1 H= s 1H+ 9% 1H-s1HI s 1H PLOTO033

3 91H s1HT s9%1H s1HY y9*¥1H 91H' 9G¥1H s1HT 99%1H o 1HTs9%¥1H +1HI PLOTO034

4 sO¥1H 91H'99%1H »1H" 99%1H s1H' s9%*1H s 1H"99%1H s1HIs1K / PLOT0035

C PLOTOO036
C PLOTO037
C "LTIME' IS VERTICAL AXIS LABEL ARRAYs LAST CELL MUST BE BCI BLANK PLOT0038
DIMENSION LTIME(28} PLOT0039

DATA LTIME /1H s1HTslHI91HMe1HEs1H s1HIs1IHNs1H »1HSs1HEs1HC#1HO PLOTOO040

1 s IHN 9 IMD 9 1HS s 1H s 1HF s 1THRsLHO s 1HM s 1H s 1HS s IHT s 1HA S 1HR s 1IHT PLOTO041

2 »1H / PLOTO042

C PLOTO043
600 FORMAT(/AIXOIH'OA}!QH' = 92A691Hs 91 X98HSCALE = sA6911H TIMES 10%#% PLOTOO44

1 s13/6Xs11(7Xe13)) . PLOTO0045

602 FORMAT(6XsA191XsF54091X5103A11) PLOTO046
604 FORMAT(6XsA1s7Xs1N3A1) PLOTO047
606 FORMAT(46Xs37THOFF SCALE DATA PLOTTED IN ¥ COLUMNS/1HO) PLOTOO48

C - PLOT0049
IF( KEY ) 90+50,1 PLOT0050

C INITIALIZEs KEY=1 PLOTO051
1 CONTINUE A PLOT0052

DO 4 M=1,4 PLOTO0053

IF{ NOT.KDATA(M) )} GO TO &4 PLOTOD54

TP = { ALOG1IO( ABS(DATMAX(M)) )-~0,0000001 ) ~ 5040 PLOT0O055

K = IFIX(TP)+49 PLOT0056

IF{ KeEQeO ) K=0 PLOT0057

J=1 PLOTO0058

TP = AMOD{TP+130esle) PLOTO0059

IF({ TPeGTeALOGS oORe TPJLEeleE-5 ) J=2 PLOTO060
DORD(M) = FLOAT(J) * 10,%¥¥(K-1) PLOT00AL

B 2 1=1311 T ' PLOT0G63

2 JORD(1I) = IORD(1)*J PLOT0063
WRITE(65600) SYMBOL (M) sl ABEL{M) s LABEL(M+4) sLARFL (M+8),K PLOTOO064

1 s (JORD(I)sI=1+11) PLOTO065
WRITE(6:604) LTIME(28)9ASTRs(SORD(I51)91=25s102)sASTR PLOTO0066

CONT INUE PLOTO067
WRITE(6+606) PLOT0068

TM(1) = 0. PLOT0069

TM{3) = DT/2. PLOTO070

T™I(2) = ~TM(3) PLOTO071
ASSIGN 72 TO N1 PLOTO0T2

LINE = 10000 PLOTO0073

LINE2 = 10000 PLOTOO074

Space & Re-entry
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50

51

(aRakal

52

54

56

58

60

62

64

66

68
70

72

NN N

T4

[aEaEa]

76
78

82

90

92
99

LINE3 = n
GO TO 99

PLOTs KFY=0

CONT INUF ,

IFC TIME «LTe TM(2) ) GO TO 99
Kx=1

IF( TIME «GEe TM(3) ) KK=2

SET FOR NUMBER OF LINES PER HORIZONAL LINE PRINT
v
IF{ LINEeGE.10 ) GO TO 54
LINE = LINE+1

J =2

GO TO 56

LINE = 1

J =1

CONT INUF

DO 58 I=1103

ORD(I) = SORD(1,J)

GO TO (8Ns70s70)s KK

CONTINUE

DO 62 M=1s4

KKDATA (M) = KDATA(M)

IF{ oNOT.KKDATA(M)} ) GO TO 62 .
K = IFIX{ DATA(M)/DORD{M) + SIGN( 0+.5+sDATA{M) ) } + 52
K = MAXN(Ks1) :

K = MINN(K+103)

NORDIM) = K

CONTINUE

DD 68 M=1.4

IF( «NOT.KKDATA(M) ) GO TO 68
J = NORD(M}

ORDI(J) = SYMBOL{M)

K = 0

1 =M

IF{ 14GEs4 ) GO TO 68

IFU JoNEGNORD{I+1) +ORs «NOTKKDATA{I+1) ) GO TO 66
K = K+1

ORD(J) = SYMBLX(K)
KKDATA(1+41) = oFALSF.

1=1+1

GO TO 64

CONT INUE

CONT INUE

GO TO Nls (72974)

LINE3 = { INE3+1

LTM = LTIME(LINE3)

SET FOR NUMBER OF CELLS IN LTIME
v . ’

IF( LINE3«NE«28 ) GO TO 74

ASSIGN 74 TO N1

LINE3 = 0

COMT INUF

SET FOR NUMBER OF LINFS PER TIME LABEL PRINT
v

IF{ LINE2+GEe 5 ) GO TO 76

LINE2 = LINEZ2+1

WRITE(65604) LTMsORD

GO TO 78

LINE2 = 1 )

WRITE(65602) LTMsTM(1)4+0RD

CONTINUE

DO 82 1=193

TMII) = TM{I) + DT

GO TO (99551392)s KK

TERMINATE PLOTs KEY=-1

CONTINUE
KK = 3
IF( LINEJNE«l 4ORe LINE3eNEL.O ) GO TO 52

RETURN
END

PHILCO "iiiil
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PLOTO075
PLOTO076
PLOTOOT7T
PLOTO0T78
PLOT0079
PLOT0080
PLOT0081
PLOTO082
PLOT0083
PLOTO084
PLOT0085
PLOTO086
PLOTO087
PLOTO088
PLOTO089
PLOTO090
PLOT0091
PLOT0092
PLOT0093
PLOT0094
PLOT0095
PLOT0096
PLOT0097
PLOTO098
PLOT0099
PLOTO100
PLOTO101
PLOT0102
PLOT0103
PLOTO104
PLOT0105
PLOTO106
PLOTO107
PLOT0108
PLOTO109
PLOTO110
PLOTO111
PLOTO112
PLOTO113
PLOTO114
PLOTO115
PLOTO116
PLOTO117
PLOTO118
PLOTO119
PLOTO0120
PLOTO121
PLOTO122
PLOTO123
PLOTO126
PLOTO0125
PLOTO126
PLOTO127
PLOT0128
PLOTO129
PLOTO130
PLOTO131
PLOTO132
PLOTO133
PLOTO134
PLOT0135
PLOTO136
PLOTO137
PLOTO138
PLOT0139
PLOTO140
PLOTO0141
PLOTO142
PLOTO0143
PLOTO144
PLOTO145
PLOTO146
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Subtoutine: SBDAT

Purpose: Computes four Unified S-Band measurements
(X, Y, range, doppler).

Calling Sequence: CALL SBDAT

G

Common storages used: /DATCOM/

Subroutines required: DCR@SS,DD@T ,DMVTRN,DNORM

SBDAT-1
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COMMON 1LOC

ATIONS

Common

Location

Name

Dimension

Description

DATC@M

c(l)

c(133)
c(135)
c(137)
c(139)

c(159)
c(161)

c(197)
c(233)
c(251)

c(269)

Cc(294)

C€(297)

c(298)
c(299)

c(5)

BIAS

FIR
OMEGA
SPDLT
STA

TAU
TB2CH

TB2CT

TT2BO

TT2BT

M@DE

NALIGN

NANG
NFRAC

¢BS

d(2)

d(18)

a(18)
a(9)
d(9)

d(12)

d(64)

BIAS(1l) Doppler bias frequency
(cps).

BIAS(2) Transponder retransmission
ratio.

Doppler transmitter frequency (cps).
Earth rotation rate (rad/sec).
Speed of light (km/sec).

STA(1-3) Receiving station

position in B-frame (km).

STA (4-5) Refraction constants.
STA(6-10) As above, but for trans-
mitting station if three-way doppler.

Doppler count interval (sec).

TB2CH(1-9) B-frame to C-frame
transform at end of doppler count
interval at signal reception.
TB2C#(10-18) Same as above, but
at beginning of doppler count
interval.

Same as TB2C@, but at time of
signal transmission.

Unit North, East, Down vectors
at receiving station in B-frame.

Same as TT2B@, but for transmitting
station if doppler is three-way,

Xv(1-6) Spacecraft position and
velocity in C-frame at end of
doppler count interval as signal
leaves spacecraft (km, km/sec).
Xv(7-12) As above, but at begin-
ning of doppler count interval.

Doppler mode
= 2, two-way
= 3, three-way
Antenna principal axis alignment
+1, North
+2, East

%
Angle inclusion option .
%*
Refraction correction option .

%
+1, include option.
+2, omit option.

Measurements. See Table 1,
description of CBDAT.

‘I=FHLCH3l!§§i
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$IBFTC MC13BN MS4sNODDsXR3

CMC13BN  S—-BAND MEASURFMENTS SBDT0001
SUBROUTINE SBDAT SBDT0002
COMMON /DATCOM/ BIAS(2)» OBS(64) s FTR» OMEGA $SBDTC003
1 SPDLT STA{10)» TAU» TB2CO(18)  SBDT0004
25 TB2CT(18)s TT2BO(9)s  TT2BTI(9)s  XV(12) SBDT0005
3 MLT» MODE » MSTA MT IM SBDT0006
4 NALIGNS NANG NFRAC SBDT0007
DOUBLE PRECISION CROB(3)s DCXSOB(3)s DCXSTR{3}s DELTE(2) SBDT0008 .. ..
1 DNOB(13) s DNTR{3)s DRDT(2)s DUM1(3) SBDTO009
2s DUM2(31) s E(2)s EAOB(3), EATR{3) SBDT0010
35 EDOT(2) s ENOB(3)s ENTR(3}s OMG(3) SBDTO011
4 RM(2) RTMG (2} RTOB{6)» RTOBX(6) SBDTO012
S RTTR{g) » RTTRX(6)s  SXOB(3)» SXTR(3) SBDTO013
6s TT2C0(9)s  TT2CT(9)s  XSOB{6)s XSOBX{6} SBDTO014
T XSTR(6) » XSTRX{6)s  Z11(6) SBDTO015
DOUBLE PRECISION BIAS» CE» CONST» CXs cy SBDT0016
1 OBS, DDOT s DEN1s DENZ2» DNORM  SBDTOO17
2 Fs FTR» OMEGA » RATOB RATOBX SBDT0018
3 RATTR RATTRXs  RSPLT, R208B» R2TR SBDT0019
4 SA SBy SE» SPDLT, STA SBDT0020
- 5 SXs SYs Ts TAU, TB2CO  SBDT0021
6s TB2CTs TT2BOs TT28T, XTDOB XTDTR  S8DPT0022
7 XTEOB's XTETR XTNOB » XTNTR XV SBDT0023
- C SBDT0024
C DECLARE LIBRARY FUNCTIONS DOUBLE PRECISION TO SATISFY UNIVAC SBDPT0025
= DOUBLE PRECISION DATANsDCOS+DSINsDSGRT SBDT0026
C . . SBDT0027
- EQUIVALENCE (TT2CO(1)sFNOB)s (TT2CO(4)>EAOBYs (TT2CO(7)sDNOB)} SBDT0028
1 (TT2CT(1)sFNTR)Ys  (TT2CT(4)sEATRYs (TT2CT(7)sDNTR) SBDT0029
2 (SX0B(1)sXTNOB)s (SXOB(2)sXTEOB)s (SXOB{3}sXTDOR) SBDTO030
3 (SXTRU1)+XTNTR)» (SXTR{2}sXTETR)» (SXTR{3)sXTDTR) SBDT0031
4y (RM{1)sRATOBY) » (RM({2)sRATTR) SBDT0032
IF(MODE.EQe3} GO TO 9 SBDT0033
DO 1 I=1+5 SBDT0034
1 STA(I+5)=STA(l) SBDT0035
DO 2 I1=149 SBDT0036
2 TT2BTL1)=TT2BO(T1) SBDTO037
“ 9 RSPLT=1,D0/SPDLT SBDT0038
C NsEsD VECTORS IN ¢ FRAMF AT RFCEIVING AND TRANSMITTING TIMES SBDT0039
CALL DMVTRN(TB2COsTT2BO,TT2C0»1+3) SBDT0040
CALL DMVTRN{TB2CTsTT2BT+TT2CT 913} SBDT0041
C STATION VECTORS AT START AND END OF DOPPLER INTERVAL SBDT0042
g CALL DMVTRN(TB2COsSTAsRTOBs1s1) SBDT0043
CALL DMVTRN(TB2CO(10)sSTAsRTOBXs1 1) SBDTO044
CALL DMVTRN(TB2CTsSTA(6}sRTTRs1s1) SBDTO045
CALL DMVTRN(TB2CT(10)+5TA(6) sRTTRXs151) SBDT0046
: DO 10 I=1s+3 SBDTO047
B 10 OMG{1)=TR2CO{I+6)*OMEGA SBDT0048
: CALL DCROSS(OMGyRTOBsRTOB(4)} SBDT0049 -
CALL DCRDSS(OMGyRTTRsRTTR(4)) SBDT0050
CALL DCROSS(OMGsRTOBXsRTOBX(4)) SBDTO0051
CALL DCROSS(OMGsRTTRXsRTTRX(4)) SBDT0052
C RANGE AND RANGE-RATE VECTORS AND MAGNITUDES SBDT0053
DO 20 1=1s6 SBDT0054
XSOB(I1)=XV(1)=-RTOR(1) SBDT0055
XSTRUTY=XV(I}-RTTR(T) SBDT0056
o XSOBX(1})=XV(I+63~RTOBX(1) SBDT0057
20 XSTRX(I)=XV(I+6)-RTTRX(1) SBDT0058
R20B=DDOT { XSOB »XSOB} SBDT0059
R2TR=DDOT (XSTRsXSTR) SBDT0060
RATOB=DSQRT(R20B} $8070081
RATTRZDSQRT (RO TR sBBT0043
RATOBX=DNORM(XS50BX) $BDT0063
RATTRX=DNORM(XSTRX) SBDT0064
C RANGE VECTORS IN TOPOCENTRIC COORDINATES SBDT0065
CALL DMVTRN(TT2CO»XS0OBsSX0Bs2s1) SBDT0066
CALL DMVTRN(TT2CTsXSTRsSXTRs 291} SBDT0067
C MAGNITUDE OF STATION VECTOR SBDTO068
RTMG(1)=DNORM(RTOR) SBDT0069
RTMG (21 =DNORM{RTTR) $BDT0070
GO TD (30+60) s NANG SBDT0071
C X AND Y ANGLES SBDT0072
30 GO TO {40550) yNALIGN SBDT0073
C PRINCIPAL AXIS NORTH SBDTOO74
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40 CALL DCROSS(ENOBsXS085sCROR) ’ S$BDTO075

08S{1)=PATAN2IXTEOBs~XTDO3) SBDTO076
OBS(17)=DATAN(XTNOB/DNORM(CROB}) $8DTO077
GO TO 60 ) SBDT0078
C PRINCIPAL AXIS EAST SBDTO079
50 CALL DCROSS(EAOBj»XSORsCROB) SBDT0080
ORS(1)=DATANZ2(-XTNOB»-XTDOB) SBDTO081
OBS(17)=DATAN{XTEOB/DNORM{CROR}) S8DT0082
C RANGING OBSERVARLE (TOTAL PATH LENGTH IN KM) SBDT0083
60 OBS{33)=(RATOB+RATTR) SBDT0084
C DIFFERENCED DOPPLER OBSERVABLE SBDT0085
CONST=BIAS(2)*FTR#*RSPLT SB8DT0086
08S5(49)=RIAS(1)#TAU+CONST*{OBS(33)~RATOBX-RATTRX) SBDTO087
GO TO (705160) sNFRAC SBDTO08S
C REFRACTION CORRECTIONS . ' SBDT0089
C FIRSTs FLEVATIONS AND ELEVATION CORRECTIONS SBDT0090
70 E{1)=DATAN{-XTDOB/DSQRT(XTNOB#XTNORB+XTEOB*XTEQS) ) : SBDT0091
E{2)=DATAN{~XTDTR/DSORT{XTNTR®¥XTNTR+XTETR*XTETR) } SBPT0092
DO 110 1=1,.2 SBDT0093
DELTE(1)=0, SBDTO0%4
IF(E(I)4lToe01) GO TO 110 SBDT0095
SE=DSIN(E(T)) SBDT0096
CE=DCOSL{E(IN) SBDT0097
IF(E(T1) eGE.e17453293D0) GO TO 100 SBDTO098
T={1.03585796D0-{,01072014D0~141279119D-7-e1227363D-7/E(1)}/E(1)}/SBDTO099
1E(I))%#STA(S*I-1)*CE/SE : SBDTO100
80 F=RTMG(T1)/RM(I) SBDT0101
90 DELTE(I)=T-FR((STA{SRI=1)+T#T/2,)%CF~T*SF) SBDT0102
GO TO 110 SBDT0103
100 DELTE(1)=STA(5%*]~1)*CE/SE SBDT0104
110 CONTINUF ‘ $BDTO105
GO TO (1205130) 4NANG SBDT0106
C ANGLE CORRECTIONS SBDT0107
120 SX=DSIN(OBS(1}) SBDT0108
CX=DCOS{OBS (1)) SBDTO109
SY=DSINIOBS(17)) SBDT0110
CY=DCOS(OBS(17)) SBDTO111
DEN1=DSQRT{1eDO-CX*¥CX*CY®CY) SBDTO0112
0RS(1)=0RS{1)=SX*NELTE( 11/ (CY*DENT) SBDTO113
OBS(171=0BS(171-CX*SY*DFLTE(1)/DEN1 SBDTO114
C RANGING OBSERVABLE CORRFCTION $SBDTO115
130 ORS{33)=NBS{33)+(STAL4) ZIDSIN(FL1)+DFLTF(1))*STA(5))1+5TA(9) /{NSINI(SRNTOI16
1E(2)+DELTE(2) ) *STA(10)))*1.D-2 SBDTO117
c DOPPLER CORRECTION SBDTO118
C FIRSTs ELEVATION TIME DFRIVATIVES SBDTO0119
CALL DCROSS (DNOBsXSOBsDCXSOB] s$8pT0120
CALL DCROSS(DNTRsXSTRsDCXSTR) ) SBDTO121
CALL DCROSS{DCXSORsXSOR,DUMI) SBDTO0122
CALL DCROSSIDCXSTRsXSTRDUM2) SBDT0123
CALL DCROSS{XSOB,OMGeZ1) SBDTO124
CALL DCROSS{XSTRsOMGsZ1(4)) SBDTO125
DEN1=R20B*DNORM(DCXSOB) SBDTO126
DEN2=R2TR%*DNORM(DCXSTR) S8DTO127
DO 140 12153 SBDTO128
DUMI(1}=pUM1(1)/DFEN] SBDT0129
DUM2 (1) =DUM2{1)/DFN2 SBDTO130
Z1(1)=Z1{1)+XS0B(1+3) SBDTO131
140 Z1{I1+43)=21(1+3)4XSTR(I+13) SBDTO132
EDOT{1)=pDOT(DUM1+21) SBDTO133
EDOT{2)=nDOTIDUM2,Z1 (4} SBDTO134
DO 150 I=1,2 SBDT0135
SA=DSIN(E(T)I4+DELTE(L}) $BRTO136
SREDSIN(E( TV +DELTFII1-EROT (11 *TAU) SBHT0137
150 DRDT(1)=STA{S*1-1)/STA(S#T)%(1,D0/5A-1.D0/SB) SBDT0138
0RS(49)=0BS{49)+CONSTH(NRDT(1)+DRDT(2))*]1.D~3 SBDT0139
160 CONTINUE ) SBDTO140
IFIOBRS(1)eLTe0.D0}) OBS{1)1=0BS5{1)+6.2831852071795864 SBPTO141
IF(OBS(17)eLTe0.D0) OBS(17)=085(17)+6.2831853071795864 SBDTO142
RETURN SBDT0143

END

PHILCO l Space & Re-entry

PHILCO-FORD CORPORATION Systems Division




]

Subroutine:
Purpose:

SBDATP

Computes four Unified S-Band measurements and their

partials.

Calling Sequence: CALL SBDATP(R2)

Input and Output

Symbolic Data :
1/¢ Name or Di:z::ﬁxa SyM:lt:gl Dimensions Definition
Location or Units
2 2
¢ R2 d s km Slant range squared.
Common storages used: /DATC@M/
Subroutines required: DCR@SS,DD@T,DMVTRN,DNORM

PHILCO

PHILCO-FORD CORPORATION
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Space & Re-entry
Systems Division



COMMON LOCATIONS

Common | Location Name | Dimension Description
DATCOM c(l) BIAS d(2) BIAS(1l), Doppler bias frequency (cps)
BIAS(2), Transponder retransmission
ratio.
c(133) FTR d Doppler transmitter frequency (cps).
c(135) @MEGA d Earth rotation rate (rad/sec).
c(137) SPDLT d Speed of light (km/sec).
C(139) STA d(10) STA(1-3) Receiving station postion

in B-frame (km).

STA(4-5) Refraction costants.
STA(6-10) As above, but for trans-
mitting station if three-way doppler

c(159) TAU d Doppler count interval (sec).

c(l6l) TB2Cd d(18) TB2C#(1-9), B-frame to C-frame transd
form at end of doppler count inter«
val at signal reception.

TB2C#(10-18) As above, but at begin-
ning of doppler count interval,

c(197) TB2CT d(18) Same as TB2C@, but at time of signal
transmission.
c(233) TT2Bd d(9) Unit North, East, Down vectors in
B-frame at receiving station. -
Cc(251) TT2BT d(9) Same as TT2B@, but for transmitting
station if three-way doppler.
Cc(269) XV d(12) XvV(1l-6), Spacecraft position and

velocity at end of doppler count

interval as signal leaves gpacecraft.
XV(7~-12), Same as above, but at |
beginning of count interval

(km,km/sec).
%
c(293) MLT Speed of light partial option key .
Cc(294) M@DE Doppler mode e

+2, two-way
+3, three-way

%
€(295) MSTA Station position partial option key .
*
C€(296) MTIM Station clock partial option key .
c{(297) NALIGN Antenna principal axis alignment
+1, North
+2, East
SBDATP-2
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COMMON LOCATIONS

Common | Location | Name | Dimension Description
c(298) NANG Angle inclusion option key*.
Cc(299) NFRAC Refraction effects option key*.
*#1, include
+2, omit

If angles are omitted, no
angle partials are computed.

c(5) 8BS d(64) Measurements and partials.
See Table 1, description of
‘ CBDAT.
SBDATP-3
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SIBFTC MC13BL XR39M94sNODDHSLIST

CMC13BL  UNIFIED S~BAND MEASUREMENTS AND PARTIALS
SUBROUTINE SBDATP(R20B) : $8DP0002
COMMON /DATCOM/ BIAS(2)» 0BS{64) FTRs OMEGA SBDPODO3
1s o SPDLT STA(10)s - TAU, T82C0(18) SBDPO0O4L
29 . TB2CT(18)s TT2BO(9)s  TT2B8T(9)s xv{12) SBOPO0OOS
3 MLT» MODE » MSTAS MT IM SBDP00OS
4 NALIGN» NANG» NFRAC : SBDPOOO7
" DOUBLE PRECISION CROB(3)» DCXS0B(3)s DCXSTR(3)s DELTE(2) SBDPO0OS
1s DNOB{3) s DNTR(3) DRDT(2) s DUM1(3) SBDPO00Y
2» DUM2{3} E(2)s EAOB(3)» EATR(3) SBDP0OO10
3 EDOT(2)» ENOB(3), ENTR{3)s OMG(3) SBDP0O11
b4y RM(2) RTMG(2)» RTOB(&) s RTOBX(6) S$BDPOO12
59 RTTR(&)s RTTRX(6)s SXOB(3})» SXTR(3) SBDPO013
63 TT2C0(9) s TT2CT(9)s  XSOB(&)»s XSOBX(6) SBOPOO14
Ts XSTR(6) » XSTRX{6)s Z11(&) SBDP0015
- DOUBLE PRECISION BIAS CE» CONSTs CXs cY . SBDPOO16
L : 1s 0BS» DDOTs DEN1l, DEN2)» DNORM SBDP00O17
2 Fs FTRs OMEGA s RATOB» RATOBX SBDPOD18
3, RATTR, RATTRX s RDOT» RSPLTs RSPLT2 SBDPOO19
&y R20Bs R2TR SAs 5B SE $BDP0OC20
iy 59 SPDLT STA» SXs SYe S1 SBDP0021
o 69 52 Ts TAUs TB2CO, TB2CT  SBDP0022
| Ts TT280, TT28T» XTDOB» XTDTR XTEOB  5BDP0023
* 8» XTETR XTNOB » XTNTR XV SBDP0024
c SBDPO025
- C DECLARE L IBRARY FUNCTIONS DOUBLE PRECISION TO SATISFY UNIVAC SBDP0026
] DOUBLE PRECISION DATANSDCOS sDSINsDSQRT ’ SBDP0027
1
a4

C SBDPOO28

EQUIVALENCE (TT2CO(1)sENORB)s (TT2C0(4)sEAOBYs (TT2CO(7)sDNOBY SBDP0O0O29
1» (TT2CT(1YeFNTR) s {TT2CT(4YsEATRYs (TT2CT(7)sDNTR) SBDP0OO30
b 2 (SXOB{1)1sXTNOB) s (SXOB(2)sXTEOR)s (SXOR(3)+XTDOB)  SBDODP0031
3 {SXTRI1)sXTNTR)s (SXTR{2)sXTETR)Ys (SXTR{3)sXTDTR) SBDP0032
o b4y (RM{1)sRATOB) » (RM{2) sRATTR) sSBDPO033
IF(MODEL.EQ.3) GO TO 9 SBDP0OO34
DO 1 I=1,5 SBDPOO3S
1 STA(I+5)=STA(]) SBDP0036
DO 2 1=1,9 SBDPO037
o . 2 TT2BT(I)=TT280(1) SBOP0O038
: 9 RSPLT=1,n0/SPDOLT SBDP0O039
RSPLT2=RSPLT*RSPLT SBDPO04O
) C NsEsD VECTORS IN ¢ FRAME AT RECEIVING AND TRANSMITTING TIMES SBOPO0&]
| CALL DMVTRN(TB2CO»TT2B0,sTT2C0s193) SBDPO042
o ) CALL DMVTRMN(TB2CT sTT2BT+TT2CTs1+3) SBDP0O043
C STATION VECTORS AT START AND END OF DOPPLER INTERVAL SBDPOOA#
CALL DMVTRN(TB2COsSTASRTOB1+1) SBDPO04S
CALL DMVTRN(TB2CO(10)sSTASRTORXs1s1) SBDP00A6
CALL DMVYTRN(TB2CTsSTA(6)sRTTRy1»1) SBOPOO4T
CALL DMVTRN{(TB2CT(10)sSTA(6)sRTTRXs1s1} SBDPO0O4S
DO 10 I=1,3 SBDPO04Y
- 10 OMG(1)=TR2CO( I+6)*OMEGA SBDPO0O5O
CALL DCROSS(OMGsRTOBRTOB(4)) S$BDPOOS5]
CALL DCROSS(OMGsRTTRSRTTR(4)) SBDPO052
CALL DCROSS(OMGsRTOBXIRTOBX(41)) SBDPODS3
CALL DCROSS(OMGsRTTRXsRTTRX(4)) SBDPOOS4
oy C RANGE AND RANGE-RATE VECTORS AND MAGNITUDES SBDPOO5S
= DO 20 I=1s6 SBDPO0S6
| XSOB(I)=XV{I)~RTOB{(I) SBDPOOST
b XSTRUT)=XV{I}-RTTR{]) SBDOPOO58
XSOBX{1)=XV{I+6)-RTOBX(1) SBDPO0O59
20 XSTRX(I)=XV{I+6)-RTTRX(I) SBDPO0O60O
R20B=DDOT (XSOB¥XS0QB) | &B0COOR]
RAITROBOT EX5TRIXSTRS bhBasis
RATOB=DSQRT(R20R} SBDPO0O63
RATTR=DSQRT(R2TR} SBDPOO64
RATOBX=DNORM(XSOBX?} SBDPOO6GS
~ RATTRX=DNORMGXSTRX) SBDPO06S
C RANGE VECTORS IN TOPOCENTRIC COORDINATES SBDPOO67
CALL DMVTRN(TT2COsXSOBsSX0OBs2s1) SBDPOOSS
CALL DMVTRN(TT2CTsXSTRsSXTR251) SBDPODGY
C MAGNITUDE OF STATION VECTOR SBDPOOTO
RTMG(1)=DNORM(RTOB) SBDPOOT1
i RTMG(2)=DNORM(RTTR) $BDP0OO72
GO TO (30290) sNANG SBDPOOT3
C X AND Y ANGLES SBDPOOT4
PH'LCQ Space & Re-entry
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30 GO TO (40s50) sNALIGN ) SBDPOOTS

C PRINCIPAL AXIS NORTH SBDP0O0O76
40 CALL DCROSS{ENORsXSORsCROB) SBDPOOTT
Go TO 60 SBDPOO78
C PRINCIPAL AXIS FAST SBDPOOTY
50 CALL DCROSS(EAORsXSOBsCROB) SBDPDOBO
60 S2=DDOT({CROBsCROB) SBDP0OB1
$1=DSQRT(S2) SBDP0082
GO TO (70»80) sNALIGN SBDP0083
70 OBS{1)=DATAN2{(XTEOBs-XTNOB) SBDPOOB4L
OBS(17)=DATAN(XTNOB/S1) SBDPO0SS
Go TO 90 SBDP008S
80 ORS(1)=DATAN? (=XTNORs—~XTDOB) SBPPO087
ORS(17)=NATAN(XTEOB/S1) SBDP008S
C RANGING OBSERVARLFE (TOTAL PATH LENGTH IN KM) SBDPO0O8Y
90 ORS(33)=RATOB+RATTR SBDP0O0OY0O
C DIFFERENCED DOPPLFR ORSFRVABLF SBDPOOY1
CONST=BIAS(2)*FTR¥RSPLT SBRDP0092
0BS{49)1=RTAS(1)*TAU+CONST*{0RS{33)~RATORX-RATTRX) SBDP0093
C ANGLE-RATE OPERATOR (ANY ANGLF) SBDP0094
CALL DCROSSIXSOBINMGZ1) SBDPOO9S
CALL DCROSS{XSTRsOMGsZ11{4)) SBDP0O0Y6 59
DO 100 T=1,3 SBDPO0S7 2
Z1C1)=Z1( 1 )+XSOR(T+3) SBDP0O09S |
100 Z1(1+3)1=21(143)+XSTR(1+3) SBDPPON9Y
GD TO (1102901 4NFRAC SBPPO10O0O
C REFRACTION CORRECTIONS SBDPO101
C FIRSTs ELEVATIONS AND ELFVATION CORRECTIONS SBDP0102 ;
11C E(1)=DATAN(-XTDOB/DSQRT{XTNOR*XTNCR+XTEOB*XTEOR) } $8pPO103 N
E{2)=DATAN(-XTDTR/DSQRT{XTNTR*XTNTR+XTETR*XTETR) ) SBDP0104
DO 150 I=1,2 SBDP0105
DELTE(T)=0, SBDPO106
IF(E(I) 4L T4s01) GO TO 150 SBDPO107
SE=DSIN(E{T1)) SBDPO108 .
CF=DCOS(F{1)) SBNPPO109
TF{E(]) eGE««17453293D0) GO TO 140 SBDPO110
T2{1,03585796D0~{,01072n14D0—{41279119D~7-41227363D~7/F{1)1)/E{11)1/SBDPO111
1E(I) )%STA(S*]~1 ) ¥CE/SE SBDPO112
120 F=RTMG(T)/RM(1) SBDPO113 e
1397 DFLTE(I)=T~F*¥({STA(B*I=1)+T#T /2, ) *#CE~T*SE) $8PPO114
GO TO 150 SBDPO115
14C DFLTE(1)=STA(S%1—1)¥CE/SF SBDPO116
150 CONTINUE SBDPO117
GO TO (1605170} sNANG SBDPO118
C ANGLE CORRECTIONS SBDP0119
160 SX=DSIN(OBS(1)) SBDP0120
CX=DCOS{OBS(1)) SBDPO121
SY=DSIN(OBS(17)) SBDP0O122
CY=DCOS(NBRS(171) SBDP0123 =
DEN1=DSQRT{1«D0=CX#CX*#CY*CY) SBDPO124
0RS(1)=0RS{1)}~SX*¥NFLTE(1)/(CY*DEN]) SBDP0125
ORS(17)=0BS(17)-CX*SY%*DELTE(1)/DEN] $SBDPO126
C RANGING OBSERVABLE CORRFCTION SBDPO127
170 ORS(32)=0BS5{(33)+{STA(4)/(DSIN(F{1)+DELTE(1))*5TA(S5))1+5TA(9)/(DSIN(SBDPO128 o
1E(2)+DELTE(2) ) ¥STA(10)))*1.D-3 SBDP0O129
C DOPPLER CORRECTIOM SBDPO130 i
C FIRSTs FLEVATION TIME DFRIVATIVES SBDPO131
CALL DCROSS(DNORsXSOBsDCXSOR) SBDPO132
CALL DCROSS(DNTRsXSTRsDEXSTR) SBDPO133
CALL DCROSS{DCXSOR$XSOBsDUMT ) SBDPO134
CALL DCRNSSIDCXSTRsXSTRSDUM2) SBDPO135
DEN1=R20R*DNORM(DCXSOB) SBDPO136
DEN2=R2TR#NNORM{DCXS TR $ppBoisy
DO 180 1=1,3 SBDPO138
DUML(T)=pUML{I}/DFN1 SBDP0139
180G DUM2(T1)=nUM2{1)/DFN2 SBDPO140
EPOT(1)=nDOT(DUM1,21) SBDPO141
EDOT(2)=nrDOT{DUM2,21{4)) SBDPO142
DO 190 1=1,2 SBDP0143
SA=DSIN{F(TI}+DELTF(I}} SBDPO 144
SR=DSIN(E(TI+DELTF{ [ }=ENOT( 1) *TAU) SBDPO145
190 DRDT{I)=STALI5%¥]I-1)/STA(S2I)%#(1.N0/SA-1.DN/SB) SRNPO146
ORS(49)=NBS{49)+CONST*{NROT(1)+PRDT{2)1%¥1.D~3 SBNPO147
C PARTIAL DERIVATIVFS SBDP0148
200 GO TO {(210,290) sNANG SBDP0149
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C ANGLE PARTIALS

- SBDPO150

C PARTIALS WRT VEHICLE STATE SBDPO151

210 CONTINUE SBDP0152

IF(OBS(1)eLTe04D0) OBS{11=0RS(1)+642831853071795864 SBDPO153

IF(OBS{17)4LTe0,D0) OBS({17)=0RS{17)+6+2831853071795864 SBDPO154

CALL DCROSS(XSORsCROB»ORS{18)) : SBDPO155

DEN1=R20R*S1 SBDP0156

DO 220 I=1,3 SBDPO157
0BS(1+1)=CROB(1)/52 SBDPO158 .

OBS(1+41204D0 SBDP0O159

08S(1+17)=0BS(I+17)/DEN] 58DP0160

220 OBS(1420)=0.00 SBDPO161

C PARTIALS WRT MEASUREMENT BIAS : 5SBDP0162

ORS(8)=1,D0 SBDP0163

OBS(24)=14D0 SBDPO164

GO TO (230,240) 4MTIM SBDP0O165

c PARTIALS WRT OBSERVING STATION CLOCK BIAS SBDPO166

230 ORS{9)=PNOTLOBS(2)+21) SBDPO167

ORS (251 =PDOT(ORS(18) 921 SBDPO168

240 GO TO (250,260)sMLT $BDP0O169

C PARTIALS WRT SPFEN OF LIGHT SBDPO170

250 ORS(101=DPDOT{OBS(2)sXV(4) ) *RATOB¥RSPLTZ SBDPO171

ORS5(261=NDOT(ORS(18) XV (4) ) *RATOB¥RSPLT2 SBDPO172

26C GO TO (27052903 sMSTA SBDPO173

c PARTIALS WRT STATION LOCATION ERRORS SBDPO174

270 CALL DMVTRN(TB2CO,OBS(2),0BS{11)9251) _ SBDPO175

CALL DMVTRN(TR2COsOBS(18)s0BS(27)s291) SBDPO176

DO 280 1=11113 SBDPO1TT

OBS(143)=0,D0 $BDPO178

OBS{1+19)=0.D0 SBDPO179

0BS{11=-0BS (1} 5$BDP0O180

280 OBS(1+16)==0BS(I+16) : SBDPO181

C RANGING AND DOPPLER OBSERVABLE PARTIALS SBDP0182

¢ PARTIALS WRT VEHICLE STATE SBDP0O183

C NORMAL IZE RANGE VECTORS SBDPO184

290 DO 300 I=1,3 ‘SBDP0185

XSOB(11=XS0B(1)/RATOB SBDPO186

XSTR{I1=XSTR({I}/RATTR SBDPO18T

XSOBX(11=XSOBX (1) /RATOBX SBDOPO188

300 XSTRX(I}=XSTRX(1}/RATTRX $8DP0189

c PARTIALS WRT TRANSMITTING STATION LOCATION ARE USED IN THE VEHICLESBDP0190

c STATE PARTIALS AND WILL BE CALCULATED HERE SBDP0O191

CALL DCROSS(OMGsXSTRXs0RS(621) SBDPO192

CALL DCROSS(OMGsORS (62} sDUM1) SBDPO193

CALL DCROSS (OMG,DUM1 »DUM2) SBDPO194

DO 310 1=1,3 SBDPO195

310 DUM2(1)=(TAUXLORS(I1+611+,5D0%TAU* (DUM1 (1)+TAUXDUM2(1)/34.D0))+XSTRXSBDPO196

1471~XSTR{1))*CONST SBDPO197

DEN1=DDOT{XSTRsRTTR{4))*#RSPLT SBDPO198

CX=DDOT(DUM2,RTTR(4) ) *RGPLT SBDPO199

CY=DDOT{NUM2sRTTRX (4) ) ¥RSPLT SBDP0200

DO 320 1=1,3 SBDP0O201

DUM1(11=XSOB(T14+XSTR(1) SBDP0202

ORS(I+33)=DUM1{1)%(1.D0-DEN1) SBDP0203

OBS(1436)=0.D0 5BDP0204

ORS(1+49)=NUMI (1)1 *(CONST+CX )= {XSOBX{T14+XSTRX (1) % {CONST+CY) 58DP0205

320 OBS{1+521=CONST*TAU* (XSORX (1) +XSTRX{11) SBDP0206

c PARTIALS WRT MEASUREMENT BIAS SBDP0207

: 0BS(401=1D0 SBDP0208

OBS(56)=TAU SBDP0209

GO TO (3304340} 4MTIM SBDP0210

c PARTIALS WRT OBSERVING STATION CLOCK BIAS BDEO211

330 RpOT=DDOTIXSOB»XSOB(4)1+DDOT (XSTRsXSTRIA) ) gégﬂézié

0BS141)=RDOT SBDP0O213

ORS(57)=rONST*{RDOT-DDOT (XSOBXsXSORX(4) )-DDOT(XSTRX»XSTRX(4))) - SBPPO214

340 GO TO (350,360),MLT SBDP0215

c PARTIALS WRT SPEED OF LIGHT SBDPO216

350 ORS(42)=RATOB*RSPLT2*¥DDNT(ORS(34) sXV{4))—RSPLT*(RATOB+RATTR)*(DEN1SBDPO217

1+1.D0) SBDP0218

ORS(58)=RSPLT2#(DNOTIORS(50) sXV{4) ) *RATOR-DNOT(ORS (501 »XV(10) ) ¥RATSBOPO219

10BX+DDOT(DUM2 sRTTR(4) ) % (RATOB+RATTR)~DDOT (DUM2sRTTRX (4) ) % (RATOBX+RSBDP0G220

2ATTRX) ) ~CONST*RSPLT*(RATOB+RATTR-RATOBX—RATTRX SBDPO221

360 GO TO (37U5410) ,MSTA SBDP0222

c PARTIALS WRT STATION LOCATION ERRORS SBDP0223

370 CALL DMVTRN(TB2COsXSOBs0OBS(43)s2s1) SBDPD224

Iﬂbi“.C:C!lH@iii
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CALL DMVTRN(TB2CT+XSTRsOBS(46)9251) SBDP0O225

DO 380 [=43+48 SBDP0226

380 ORS{1)=-nBSI(1) SBDP0227

CALL DMVTRN(TBR2CT»DUM2s0BS(62) 921} $BDP0228

CALL DCROSS(OMGsX<OBX3sORS(59)) SBDP0O229

CALL DCROSS(OMG,0RS(59)4DUMY ) sSBDP0230

CALL DCROSS(OMG DML sDUM2) 5BDPO231

DO 390 T=1,3 5BDP0O232

390 NDUMZIT) =(TAU*(OBS(T+5R8)+45D0* TAUX (DUMT (1) +TAU%DUM2(11/3eN0))1+XSORXSRNPO233

1(1)~XSOR(1))*CONST . s$8DP0O234

CALL DMVTRN(TR2C0sDUM2+0RBE (5919251 $BDP0O235

TFIMODE.*Qas3}) GO TO 410 SBDP0236

C ADD STATION LOCATION PARTIALS FOR TWO-WAY DOPPLER SBDP0237

DO 490 1=59461 SBDPO238

0BS(1-161=08S5{1-161+0BS(1~13) SBDP0239

4195 0RS{I)1=0nS{T1+085(1+13) SBDP0O240

410 RETURN SBDPO241
END
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Subrecutine: SBEV2

Purgose:

Calling Sequence:

occulting times.

Computes stafion and beacon critical events and

Creates an ordered array of those

times when the vehicle ccmes into view or goes ocut of

view for tracking stations and beacons.

CALL SBEVZ2 (XI,TI,KI,TIM,S,NRS,NCS,ISS,SECR,ISEE,

ISTIM,STIME,MB@D)
Input and Output
Symbolic Data
I/¢ |Name or D§;Z§§;§ns SMazgl Dimensions| Definition
Location ym or Units
I XI (6) km, km/sec|State vector of vehicle with |
: respect to central body,
equator and equinox of 1950,0

I TI (2) days Whole and fractional days
from 1950 Jan 0,0

I KT Current central body number.

I TIM (2) seconds Minimum and maximum times (from
epoch) defining interval of
investigation,

S (NRS,NCS) Dats arrzy for stations/beacons
NRS,NCS Dimensions of S.
1s8s (12) Numbers of stations or beaccns
to be considered. List is
: terminated by a zero,

) SECR (12) seconds Time from epoch to make obser-

. vations for stations or beacons
given in corresponding ISS,

¢ ISEE (12) Inview indicator, for station
given in ISS.

0, in view
-1, out of view.
¢ ISTIM (50) Event indicator, in conjunction

with STIME times,
+, station into view
-, station our of view
13, occulting starts
14, occulting stops

‘ISF“LIHDliﬁﬁi
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Input and Output - Continued

Symbolie Data
I/¢ | Name or D?rogrgm SMAﬁhl Dimensions Definition
Location| Trensions YOl or Units
1) STIME (40) seconds |Ordered array of times from
epoch at which ISTIME events
occur,
I MB@D (&) (1) Stations, set = 0.
Beacons, number of body on o
which beacons are located. ;%
(2) = 0, no occulting bodies, L
(2)=(3) Occulting bodies.
(4) Total number of critical
events found,

Common storages used: /INPCEM/

Subroutines required: CRITA, CRIT§, DPT, EXINST, FNPRM, GHA, MNA, MTRN,
NUTAIT, PARAB, QUARTC, RYTEQ, SHIF2, SPRDR, STAT,
TFRAC, VN@RM, VIRN, VIRT

SBEV2-2

%’
o
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S$IBFTC MC13JW NOREFsM949NODDXR3

CMC13JW SBEV2 A VERSION OF SBEV1 SBV20001
SUBROUTINE SBEV2(XTsTIsKIsTIMsSsNRSINCSsISS+SECRs ISEE»ISTIMISTIME»SBV20002
1MBOD) S$BV20003
C SBV20004
C SBEV2 DETERMINES AQUISITION TIMES FOR TRACKING STATIONS AND BEACONS  SBV20005
C SUBROUTINES REQUIRED BY SBEV SBV20006
C CRITAs CRITO» DOTs GHA» MNA NUTAIT SBV20007
, C - PARAB» QUARTCs 'ROTEQ>» SETN» SHIFT 5$8vV20008

c SORDR » STATs STEPD TFRACs VNORM» MTRNsVTRNIVTRTSBV20009 = w.
c SBV20010
C MBOD(1)=0 FOR TRACKING STATIONS. =BODY ON WHICH BEACONS ARE MOUNTSBV20011
C MBOD(2) TO (4) = OCCULTING BODIES TO BE CONSIDERED SBV20012
DIMENSION IMAX(15) SBV20013
DIMENSION X1(6)s TI(3) S(NRSsSNCS) SBV20014
1 1585(12)» 1SEE(12)» ISTIM{50), SECR(12)5BV20015
2 STIME(S50)» AN(333)s Al393), EN(3+3)5BV20016
3 ISEK(15)s XOUT(6510) X016)58v20017
b TO(2)s TST(3) STOR(3s15), R(3)58V20018
59 RS(3)y RT(3) SCLB), TDUM(3})5BV20019
6 DUM(3 ) DT(Z}» BB(2)s BRAD(2)5BV20020
o 7 MBOD (4)» Ul(3)s U213y, 15C(15)58V20021
: 8 UML10) BNAM(10)» BODC(10s8) SBV20022
e 9 TIM(2) XX(61s TT{2)5BV20023
1s XKO(6510) AAL2) SBV20024
COMMON/ INPCOM/C{700) /WCOM/ IW(550) sCW(1450) /EXIC/W(36)sCRX(992) SBV2002%
. EQUIVALENCE (C(11)9sBNAMY, (C(2119UM} s (C(11)»B0DC) SBY20026
s 1» {C(5)sDTR)» (C(6) sSPMSD) s {C(7)sRSPMSD) SBV20027
b EQUIVALENCE (NORsPOR) SBV20028
EQUIVALENCE (IW{489)sITRIG)s (IW(490),KOUNT) SBV20029
oo DOUBLE PRECISION TWR SBV20030
. LOGICAL NOCUL»IMOOsIBEA SBV20031
NOR=K1 SBV20032
o TSECO=TIM(1} SBV20033
IBEA=NCS¢EQe10 SBV20034
LL=3 $BV20035
LH=6 SBV20036
, NB=1 S$BV20037
- IF(NCSEQe12}) GO TO 1 SBV20038
LL=2 SBV20039
LH=5 SBV20040
NB=MBODI{1) SBV20041
o 1 CONTINUE SBV20042
IMOO=NB+EQe2 SBV20043
NNs=-2 SBV20044
TSTP=TSECO SBV20045
TSEC=TSECO : SBV20046
FLTIM=TIMI(2) SBV20047
DELTX=(FLTIM - TSECD)/343 SBV20048
, TISEC=TI{2)%#SPMSD SBV20049
o TIME=TI(1)+TI1(2) 58V20050
CALL ROTEQ(TIMEsA) SBV20051
i CALL NUTAIT(TIMEsWMsCRsDAsENSEPSIL) SBV20052
DO 3 I=1,NCS SBV20053
3 IFLISSII)Y 4ets2 SBV20054
a 2 ISC(I)=1SS(1) $BVZ0055
, 3 CONTINUE SBV20056
wd I=NCS+1 SBV20057
4 NKK=I-1 SBV20058
NOCUL=MBOD(2) +EQs0 SBV20059
IF(NOCUL) GO TO 7 SBV20060
DO & 1=244 58V20061
IF(MBOD(I)) 72795 SBV20062
5 NKK=NKK+1 SBV20063
ISCINKK}=~MBOD (1) SBV20064
6 CONTINUE SBV20065
7 CONTINUE : SBV20066
DO 17 I=1sNKK SBV20067
17 IMAX(1)=1 SBV20068
: IF(IMOO) GO TO 8 SBV20069
! CALL GHA(TISECSTI(1)sGHARSEN(251),WET) SBV20070
ood GHAR=GHAR*DTR s$Bv20071
GO TO 9 5BvV20072
8 CONTINUE SBV20073
CALL MTRN(EN,AsAN) SBV20074

oy
d

i

s
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CALL MNA(TIMEsWMsCRsDASEPSILsRR»GsGPsWWsEN) SBV20075

CALL MTRN(EN,AN,A) SBV20076
GHAR=0, $8V20077
9 CONTINUE SBV20078
DO 11 I=1+3 SBV20079
DO 11 J=1.3 $BV20080
11 ANCIsJ)=A(Ts ) 58V20081
KULT=-1 SBV20082
BRAD(1)=BODC(NBs3) SBV20083
BRAD(2)=BODC(NBs4) SBV20084
WE=BODC(NB»7) SBV20085
NTT=2 . SBV20086
IF({NOCUL) NTT=4 SBV20087
KKK=0 SBV20088
NHEAD=1 sBV20089
GHAM=0, SBV20090
GHAN=0. SBV20091
DO 111 I=1,6 SBV20092
111 XO(Iy=XIL(I) SBV20093
TO(L)=TI(1) SBV20094
TO(2)=TI(2) SBV20095
GO TO 119 SBV20096 ot
10 CONTINUE SBV20097 *
112 TWR=TSTP SBV20098
N=3 SBV20099
113 CONTINUE s$BV20100
M=1 $8V20101 .
CALL EXINST{TWRsMsNsXOsXO(4) sWsCRXs10sITRIGKOUNT) SBYV20102 e
IF{N+EQe3) GO TO 118 $BV20103 -
IF(MeEQaDsORNeEQL1) GO TO 113 SBV20104
N=-N SBV20105
POR=CRX(7sN) SBV20106
NOR=NOR SBV20107
GO TO 112 SBV20108 .
118 CALL TFRAC(TI(1)sTI(2)+(TSTP~TSECO)*RSPMSD»TO(1)sT0(2)) SBV20109
TSEC=TSTP SBV20110
119 CONTINUE SBV20111
CALL SHIF2(NTT»NORsTOsXOsNBs»XOUT) SBV20112
GHAN=GHAR+{ TSEC=-TSECO) *WE $BV20113 e
CALL VTRN(ANsXOUT{1sNB)sR) $BV20114
V2=DOTI(X0(4)4X014)) SBV20115
RDV=DOT(X0sX0(4)) 5Bv20116
R2=DOT(X0»X0} SBV20117
RN=SQRT{R2) $Bv20118 -
DELTY=C(10)/ (WE+SQRT(V2—-RDV*RDV/R2)}/RN) SBV20119
IF({DELTY«GT«DELTX) DELTY=DELTX SBV20120
TSTP=TSTP+DELTY $BY20121
NN=NN+1 $BV20122 .
TST(3y=TST(2) . $8v20123
TSTA2)=TST(1) sBV20124
TST(1)=TSEC SBV20125
IF(NOCUL) GO TO 20 $BV20126
KULT=-1 $BV20127 >
RTB=VNORM(XOUT (1sNB)sU1) SBV20128
20 CONTINUE SBV20129
DO 80 II=1,NKK SBV20130 5
NST=ISC(11) ’ SBV20131
IF(NST) 23580921 . sBV20132
21 CONTINUE SBV20133
CALL STAT(S(LLsNST)»GHANSENsRT+SCsBRAD) SBV20134
DO 22 [=14+3 SBV20135
22 RT{II=R{I)=RT(I} SBV20136
CALL VTRT(EN,RTsRS) SBV20137
EL=ATAN(=RS{3)/SQRT(RS(1)*¥RS{1)+RSI2)#¥RS(2)))=S(LHsNST) SBV20138
GO TO 24 SBV20139
23 CONTINUE SBV20140
KB==NST SBV20141
RFB=VNORM{XOUT(1sKB)sU2) SBV20142
RB=BODCI(KBs3) $BV20143
EL=DOT(U1sU2)-5SQRT (RFB*RFB-RB*RBJ /RFB SBV20144
DO 230 I1=1s3 SBV20145
230 U2(I1)=X0OUT{I,NB)=XOUT(I+KB) SBV20146
RFEO=FNORM(U2) $BV20147 s
KULT==1 SBV20148
RBB=1+1%RTB : $BV20149
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IF(RFEO.GTeRBB) KULT=0 - 5BY20150

24 CONTINUE , SBV20151

STOR{3s1I1=STOR(2411} . SBY20152

STOR(2511)=STOR(1411) $BV20153

STOR(1sI1)=EL SBV20154

IF(NN) 25480,40 SBV20155

25 IF(EL) 29529,26 S$BV20156

26 IF({NST)27528,28 v SBV20157

27 KKK=KKK+1 SBV20158

ISTIMIKKK)=13 SBV20159

STIME(KKK)=TSEC SBV20160

ISEK(II})=3 . SBV20161

CALL CRITA{TSECsBNAM(KB)sBNAM{NB)»&6 1) SBV20162

DO 270 I=1sNCS S$BV20163

, 270  SECR(1)=FLTIM SBV20164

GO TO 80 , SBV20165

29 CONTINUE SBV20166

ISEK(1II})=1 SBV20167

IF(NST) 80480930 SBV20168

28 CONTINUE SBV20169

_ ISEK(11)=3 ) SBV20170
, IF(IBEA) GO TO 295 ' 58v20171
" ISEK(11)=2 SBV20172
IF(ELeGToSI7sNST)=S{LHINST})IGO TO 296 SBV20173

295 ISEE(I111=0 SBV20174

o SECRUIIN=TSEC SBV20175
: KSW=2 SBV20176
. GO TO 31 SBV20177
e 296  IMAX{1l)=2 SBV20178
30 CONTINUE SBV20179

ISEE(IT)=~1 SBV20180

KSW=1 SBV20181

31 CONTINUE SBV20182

- EL=EL+S(LHsNST) SBV20183
CALL CRITO(TST(1)sS{1sNST)sKSWIRSsELs6  sNHEAD) SBV20184

GO TO 80 SBV20185

40 CONTINUE SBY20186

] IF(KULT<EQ.0} GO TO 80 SBV20187

) CALL PARAB{TST»STOR{1»11)sAA} SBV20188
AD=0, SBV20189

Fry JI=ISEK(II) S$BV20190
i KSAV=IMAX (119 SBV20191
- IF{JJeEQe2) AD=S{THNSTI=S{6sNST) SBV20192
41 CONTINUE SBV20193

CALL QUARTCISTOR(25sI1)sAD2AASDTHKK) SBV20194

IF(KK) 42544544 SBV20195

42 . CONTINUE ~ SBV20196

i IF(NST«LT«0e0RsIBEA) GO TO 79 SBV20197
IF(JJ+KSAV.EQe3) GO TO 43 $BV20198

. IF(JJeEQe3eANDeAA{1)oGTea00) JJ=2 SBV20199
GO TO 79 SBV20200

43 JJ=3 $BV20201

s AD=0, SBV20202
GO TO 41 SBV20203

‘ 44 CONTINUE SBV20204
a GO TO (44594405445)9JJ SBV20205
: 440  IF(STOR(25I1)eLTe04¢ANDeKSAV+EQe1) GO TO 43 SBV20206
s 445  CONTINUE SBvV20207
DELT=TST(2)~-TST(3) 5BV20208

DTEST=DT(2) SBV20209

1F(JI+KSAVeEQe4) DTEST=DT(1)} ) 5BvV20210

IF(DTEST) 45545579 SBV20211

45 CONTINUE SBV20212

IF(DELTH+DTESTeLTe0e) GO TO 42 SBV20213

GO TOU4Ts463547)9JJ SBV20214

46 DSAV=DT(1) SBV20215

47  CONTINUE S§BV20216

48 CONTINUE SBV20217

: . DUMI{1)=STOR(2511) SBV20218
py DUM(3)=STOR(3511) SBV20219
S TDUM(1)=TST(2)~ TST(1) SBV20220
() TDUM(2)=TDUM(1) + DTEST S$BV20221
TDUM(3)=TST(3})~ TST(1) SBV20222

NJAZ=1 SBV20223

i 49 CONTINUE SBV20224

-
|
}
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490

491

495

50

51

54

55
56

57

61

62
63

64

65

66

NJAZ=NJAZ+1

TWR=TDUM{2)+TSEC

CONTINUE

N=3

CONTINUE

M=1

CALL EXINST{TWRIMsNsXXsXX(4)sWsCRXs10s ITRIGsKOUNT)
IF(NsEQe3) GO TO 495
IF{MeEQeDeORNeEQal) GO TO 491

N=—N

POR=CRX({7sN)

NOR=NOR

GO TO 490

CONTINUE

CALL TFRAC(TO(1)sTOL2)+TDUM(2) XRSPMSDsTT(1)sTT(2))
CALL SHIF2(NTTaNORsTT»XXsNBsXKO)
IFINST) 50951s51

CONTINUE

RFB=VNORM(XKO(1sKB)sU2)
EL=DOT(U1sU2)~-SQRT(RFB*RFB-RB*RB) /RFB
CON=,0001

GO TO 55

CONTINUE

CALL VTRN{ANSXKO(1sNB) s XX)

GHAM=GHAN + TDUMI(2)*WE

CALL STAT(S(LLsNST)sGHAMSENsRT»SCsBRAD)
DO 54 1=1»3

RT{I)=XX(1}-RT{I}

CALL VTRT(EN,RTsRS)
EL=ATAN(-RS(3)/SQRTIRS(1)*RS(1)+RS(2)*RS(2)))-S(LHINST)}
CON=4002

IF{ABS(EL~-AD)~CON) 61356456

CONTINUE

IFINJAZ+GTL10) GO TO 61

DUMA{2)=EL

CALLPARAB{TDUMsDUMsBB)

CALL QUARTCIDUMI(2)5AD»BBsDT»KK}
IF{KK) 42+57,57

CONTINUE

DTEST=DT(2)

IF{JJ+KSAVeEQe &) DTEST=DT(1)

K=1

IF(DTESTsGTe0e) K=3

DUM(K)=DUM(2)

TOUMIKY=TDUM( 2}

TDUM{2)=TDUM(2)+DTEST

GO TO 49

CONTINUE

KKK=KKK+1 .
STIME(KKK)I=TSTA{1)+TDUMI(2)

GO TO(62+65+68)9JJ

CONTINUE

IFINST) 63964564

ISTIM(KKK)=13

CALL CRITA(STIME(KKK) sBNAM(KB)sBNAM(NB)»s6 s1)
JJ=3

IFLAAL2)) 41579979

CONTINUE

ISTIM(KKK) = I1

EL=EL+S{LHINST)

CALL CRITO{STIME(KKK)sS(1sNST) 92 RSsELs6 sNHEAD)
JJ=2

IF(IBEA) JJ=3

IF(AA(2)4GTe0e) GO TO 79
AD=S(7sNST)~5{6sNST)

IF(IBEA) AD=0.

GO TO 41

CONTINUE

GO TO(66975)3KSAV

ISTIM(KKK)=-11

EL=EL+S{LHsNST)

CALL CRITO(STIME(KKK)»S(1sNST)s1, RSELs6 sNHEAD)
KSAV=2

SBY20225
SBV20226
$8v20227
SBV20228
SBV20229
$BV20230
SBV20231
S$BV20232
SBV20233
SBV20234
SBV202135
SBV20236
SBV20237
SBV20238
SBV20239
S8Y20240
SBV20241
SBV20242
SBV20243
SBV20244
SBV20245
SBV20246
58V20247
SBYV20248
SBV20249
SBV20250
SBV20251
$BV20252
SBY20253
SBV20254
$BV20255
SBV20256
SBV20257
SBV20258
SBV20259
SBV20260
SBV20261
SBV20262
SBV20263
SBV20264
SBV20265
SBV20266
SBV20267
SBV20268
SBV20269
S8V20270
SBV20271
SBV20272
SBV20273
S$BV20274
SBV20275
SBV20276
SBV20277
SBV20278
SBV20279
SBV20280
SBV20281
SBV20282
SBV20283
SBY20284
SBV20285
SBV20286
SBV20287
5BV20288
SBV20289
$BV20290
SBV20291
SBV20292
SBV20293
SBV20294

' SBV20295

SBv20296
sBv20297

IF(TST(2)+DSAVeLE.TDUM{2)+4TST(1)oOReTST(2)14DSAV.GT.TST(111GO TO 795BV20298

IF(DSAVeGT.0,) GO TO 67
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St

67

68
69

70

71

75

79

80
81
82
83
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DTEST=DSAV

GO TO 48

CONTINUE
DUM(1)=STOR(1,11)
DUM(3)=STOR(2+1I1)
TDUM(1)=0.
TOUM(3)=TST{(2)~TST(1}
TOUM(2)=TDUM(3)+DSAV
GO TO 49

CONTINUE

TF(NST) 69570570

CISTIM(KKK)=14

CALL CRITA(STIME(KKK)sBNAM(KB)sBNAM{NB}»+6 22}
GO TO 71

CONTINUE

ISTIMIKKK}= ~I1

"EL=EL+S(LHsNST)

CALL CRITO(STIME(KKK)»S(1sNST)sly RSsEL 6
JJ=1

IF(AA(2)) T9+7954]

CONTINUE

KSAV=1

ISTIM(KKKY = 11
EL=EL+S{LHsNST)

CALL CRITO(STIME(KKK) »S{1sNST) 2 RSIEL 6
JJ=3

AD=0.,

GO TO 41

CONTINUE

ISEK(IT)=JJ

IMAX(II}=KSAY

CONTINUE

IF(NN) 10+10,81
IF{TST(2)sGELFLTIM) GO TO 82
IF(KKK—-38) 10983+83
KKK=KKK+1

STIME(KKK)I=FLTIM + 99999,
CONTINUE

MBOD (4)=KKK

CALL SORDRI(STIMEs ISTIMsKKK)
RETURN

END

s NHEAD)

s NHEAD)

$BV20300
S$Bv20301
5Bv20302
sBv20303
SBv20304
SBvV20305
SBV20306
sBv20307
58v20308
58v20309
s8v20310
§BvV20311
SBv20312
sBv20313
$8vV20314
SBV20315
SBV20316
$BV20317
$8v20318
SBvZ20319
$BvV20320
SBvV20321
s8vz20322
SBV20323
SBV20324
S$BV20325
SBV20326
sBv20327
SBv20328
$Bv20329
$Bv20330
SBV20331
$8vV20332
SBv20333
SBV20334
SBv20335
SBV20336
SBV20337
SBV20338
§BV20339
SBV20340
SBV20341
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Subroutine: SBTEST

Purpose: To read Unified S-Band System raw data tapes, decode
the data, convert units, and, using subroutine PYLYFT,
test for outliers and write the edited data in the DCP
format on Unit 12. (Raw data are assumed to be in the

i
e

IBM Preprocessor format.)

Calling Sequemce: CALL SBTEST(IERR)

Input and Output

Symbolic Data
eora 1/¢ | Name or Dim:::ﬁ::: sy::zg Dimensions Definition
Location or Units
¢ IERR Error flag. Set = 2 by

SBTEST 1if more than 20

stations are accumlated.

S— |

Set = 0 otherwise.

Common storages used: /TRKCEM/,/@UTC@M/,/TSTC#M/,/DATCIM/ ,/StMCRM/

Subroutines required: DATINP, POLYFT

SBTEST-1
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V SBTEST

IERR =0 DR=1.x10-C
INPCNT=0 ID#=999

MTYPE =3
!

[ I=1

o

[

| KNTRPL(I) = 1

(?upress Ith obserVablezgkL—

y Yes

| KNTRL(I) = 0

|

1

Backspace unit 9 and

re-read the data record.

—r-

]

| I=T+1

y

No

I> 47

D

*Yes

TFINSH=FINISH(IRAW)
YR=NYR(IRAW)
TSTLE=TLY( IRAW)
TSTHI=THI (IRAW)
KSMAX=KMAX( TRAW)
ISTART=0

20) =

Read a data record
from unit 9

!
(_ End of tape record? )ﬂg————~

‘!&;és

PHILCO |
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1
C 1D = IDg7 Ofes
* No
I I=1 ]
)
( ID-ISTAGK(T, TRaW)? ) oo
No
L I =*I+1 |
o I > KSMAX? D)
| Yes
{

Convert time tag and
place it in TIMIST

1
JI&( TSTLY<TIMTST<TSTHI?

D)

* Yes

[Decode, store data keys|

INPCNT = INPCNT+1
TIMTAG(INPCNT)=TIMTST

<> New data arc?

)Yés Ci)

Y No

Have station ID or
data keys changed?

)No C)

*'Yes

INPCNT = INPCNT-1
Backspace unit 9

SBTEST-2
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Y
I TSTART = ] Y=TTIMTAG( INFCNT)
] STIMNX
[ Store mary data ] =AMIN1 (STIMNX,X)
|
l I=1 |
- o T gE =31 )
| KSTA = T l g tes
‘ | I=1 i

Yes /. Station ID found
\__ in block data?
* No

I I =TI+l ]

All codes in

|
Ro
block data tested? )
Yes
‘

No Any stations yet in
summary record data?
i Yes

| I=1 j

—

Y
I KK = I ]
\
s the station alrea@ Yes | |
in the summary data?
; * No
| T = I+1 |

A1l stations in No.
summary examined?
1es

[ NUMSTA = NUMSTA+1 |
(" NuMsTA > 207
+ No

) Yes .
NAMSTA=STANAM(KSTA)

STIMNX=TIMTAG (INPCNT)

PHILCO I

PHILCO-FORD CORPORATION

—"

Yes Is transmitting
station already in
the summary datal?

{ I =T+ |
|
A1l stations in No
summary examined?
* Yes

[ NUMSTA = NUMSTA+1 |

) Yes .

(' NuMSTA > 207
‘ No

NAMSTA=PATR(KSTA)
STIMNX=1.E30

\
Save data keys
IDg=TD
MPUNT=NAT.IGN(KSTA)
TRF=FTR(KSTA)
CR1=C1(KSTA)
CR2=C2(KSTA)
BIASF=BIAS(KSTA)
RATI@=RETR(KSTA)
@BSNAM=STANAM(KSTA)
TRANAM=@BSNAM

Mo T wE =31 )
*Yes

[ _TRANAM=PATR(KSTA) |

{40
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IQAN=0 IQRA=0

TQRD=0
( Real auto-track data? )—Y—ei
No
IQAN=1 IQRA=2
TQRD=4

.

C Angles bad? ")l

XANG(INPCNT)=~,12345678E20

IQAN=1

‘ Yes

l TQAN=1 |
Y ¥

( Omit X-angle? D
+ No

Convert X to radians
and store in XANG(INPCNT)

_ |
! Yes

( Omit Y-angle? =

+No

Convert Y to radians
and store in YANG(INPCNT)

)

YANG(INPCNT)=-, 12345678E20
IQAN=1

\

Yos Omit Range, or

] range field contains
VCO frequency?

‘ ‘ No

Convert range to km
and store in RANGE(INPCNT)

1
Bad range data? )No__
y Yes

Range = 0.7 }N_o_‘

Yes

1
| RANGE(INPCNT)=-~, 12345678E20 |

’ N
| TQRA=2 |

L

PHILCO l
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_ Yes(

Omit doppler?

)

iNo

C

Destruct mode?

{No

e

Convert doppler to counts,
store in DPP(INPCNT)

1

Convert doppler to seconds,
store in DPP(INPCNT)

]

\

! DPP(INPCNT)=-,12345678E20 |

s

( Bad doppler? )NO
* Yes
C Doppler = 0,7 )NL—
Yes :

3

IQRD = 4

\

Compute adjusted time

tag TXTRA(INPCKT)

C

Doppler and range
lock bad?

*Yes

IQRA=2 IQRD:UI

]

}No_

/

IQ(INPCNT) = IQAN
+IQRA+IQRD

\

C

Data array full?

*No

C

Data arc of maximum

time duration?

~{No

s

PHILCO l

PHILCO-FORD CORPDRATION

60
C Maximum time reached?
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Assign 20 to JUMP

@

[Assign 999 to JUMP |

ISTART = 0
@
(" TRCNT ¢ 17 )es
- yNo

| Compute summary data |

Make all valid angle
data positive by adding
appropriate multiple
of 2 to entire are

Test for outliers,
write edited data
on tape 12

| Compute TSTART, TST@P |

989)=

l INFCNT = 0 |
Y

o =
@

| Write error message |

992

{Write error message|

NUMSTA = NUMSTA-1
IERR = 2

l’bﬂLCﬂDlHﬁﬁi

PHILCO-FORD CORPORATION

999

Return
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SIBFTC MC134W M94,NODDsXR3 -

CMC134W  5-BAND PROCESSOR,s 1BM FORMAT $BTS0001
SUBROUTINE SBTEST{IERR) _ SBTS0002
COMMON /TRKCOM/CTRK(700) SBTS0003
DOUBLE PRECISION FTRI(50)s C1(50)» C2(50)s BIAS(50)s RETR({50)5BTS0004
DIMENSION  STANAM(50) KODSTA(50)s  NALIGN(50)s  PAIR(50) SBTS0005
EQUIVALENCE (CTRK{1)sSTANAM) 5 (CTRK(51) »KODSTA) SBTS0006
“1s  (CTRK(101)sNALIGN)s (CTRK{151)sFTR), (CTRK(251),C1) SBTS0007
2y {CTRK(351)sC2)s (CTRK(451)9BIAS), (CTRK(551) sRETR) SBTS0008
35 (CTRK(6511+PAIR) SBTS0009 . - .
C . SBTS0010
COMMON  /OUTCOM/COUT (40) SBTS0011
DOUBLE PRECISION ONTIMES, TFIRST» TLAST TAUS " TRF SBTSQ012
1 CR1s CR2s DR BIASF, RATIO $BTS0013
EQUIVALENCE (COUT(1)sNPAIR)S {COUT({2)2NEOT) SBTS0014
1s  (COUT(3),0BSNAM) » (COUT (4} s TRANAM) » (COUT (5) s NRCD) SBTS0015
. 2s  {COUT(6)sNPTBLK) (COUT(7)sKONT)» (COUT (8) sMTYPE) SBTS0016
a 35  (COUT(9) sMOUNT) » {COUT(10)sMOAD)» (COUT(11)sDELT) SBTS0017
~ 4y  (COUT(12),KTAU)» (COUT(13) sONTIME) » {COUT(15)sTFIRST) SBTS0018
5» (COUT(17),TLAST)s (COUT(19)sTAU)» (COUT{21)»TRF) SBTS0019
6s (COUT(23)5CR1}, (COUT(25)sCR2) (COUT(2715DR) SBTS0020
- 7y  (COUT(29),BIASF)s (COUT(31)»RATIO), (COUT(33)sNB1) SBTS0021
. 8» (COUT(34)4NB2)>» (COUT(35)3NB3)» {COUT (36) sNB&) SBTS0022
C SBTS0023
COMMON /TSTCOM/CTEST{400) SBTS0024
DOUBLE PRECISION FINISH(10)» TLO(10)s THI(10) SBTS0025
oy DIMENSION  NYR(10)s NPTS(10)s NSTEP(10)s NDEG{10) SBTS0026
] 1s . CSD{4510)s KNTROL(4)» IFOMIT(4510)s KMAX(10) SBT50027
b 2 ISTAOK (20+10) SBTS0028
EQUIVALENCE {CTEST(1)sNYR)» (CTEST(11)sNPTS) SBTS0029
1» (CTEST{(21)sNSTEP)» (CTEST(31) sNDEG) » (CTEST(41)sCSD) SBTS0030
£ 2s (CTESTI(81)sIRAW) s (CTEST(82)sKNTROL}s (CTEST(87)sFINISH) SBTS0031
3s  (CTEST(107)sIFOMIT)y (CTEST(147)sKMAX) (CTEST(157)sI1STAOK) SBTS0032
4s (CTEST(357)sTLO), (CTEST(377)sTHI) SBT50033
C S$SBTS0034
COMMON  /DATCOM/CDAT(2400) SBTS0035
DOUBLE PRECISION TIMTAG(300) SBTS0036
DIMENSION  TXTRA(300)s 1G(300) XANG(300) s YANG (300) SBTS0037
1 RANGE{300) s DOP(300) RDAT(30094) SBTS0038
EQUIVALENCE (CDAT(1)sTIMTAG) s (CDAT(601) s TXTRA) 5BTS0039
1s (CDAT{901)51Q), (CDATL1201) »XANG) » {CDAT(1501)sYANG) SBTS0040
2> (CDAT(1801)sRANGE)s (CDAT(2101)sDOP}), (XANG»RDAT) SBTS0041
C 5BTS0042
o COMMON  /SUMCOM/SUMARY (56) SBTS0043
DOUBLE PRECISION TSTARTsTSTOP SBTS0044
DIMENSION  HEADER(11)s STIMNX(20) SBTS0045
REAL NAMSTA(20) . SBTS0046
, EQUIVALENCE (SUMARY (1)>HEADER)s (SUMARY(12)sNUMSTA) SBTS0047
L 15 {(SUMARY(13)sNAMSTA)s (SUMARY(33)sTSTART)s (SUMARY(35)sTSTOP) SBTS0048
. 25  (SUMARY (371 sSTIMNX) SBTS0049
- C SBTS0050
g DIMENSION IDOP (21 IDC(5)s DI(3) SBTS0051
DOUBLE PRECISION TMAXs TFINSH» TIMTSTs TSTLOs TSTHI SBTS0052
: d SBTS0053
C THESE TWO ARRAYS MUST HAVE THE SAME DIMENSION AS THE ARRAYS 1IN SBTS0054
C DATCOM. THE DIMENSION IS EQUAL TO THE VARIABLE INPMAXe SBTS0055
5 C THE VARIABLE INPMAX IS SET BY A DATA STATEMENT SBTS0056
c IN THIS SUBROUTINE,. SBTS0057
C TO AVOID TRUNCATING GODDARD SYSTEM DATA FRAMESs INPMAX MUST SBTS0058
C BE A MULTIPLE OF FOUR SBTS0059
DIMENSION  HOLD(300), ITEM(300) SBTS0060
C SBTS0061
C SBTS0062
602 FORMAT(A2) SBTS0063
603 FORMAT(23X5206) SBTS0064
605 FORMAT(I1255115F3092F2e051X9F40192X50652X30632XsF116452X5206) SBTS0065
901 FORMAT{1BHO*#% STATION CODE»I3s29H DOES NOT EXIST IN BLOCK DATA/ SBTS0066
16X 34HPROCESSING OF THIS TAPE ABANDONED./ SBTS0067
26X s 38HPROGRAM PROCEEDS TO NEXT TAPEs IF ANY.) SBTS0068
902 FORMAT{(24HO#*#% TDO MANY STATIONS./ SBTS0069
i 16X 49HPROGRAM CONTROL PASSES TO TERMINATION OPERATIONS.) SBTS0070
' : DATA EQOTIND/2HED/ SBTS0071
DATA INPMAX/300/ SBTS0072
DATA TMAX/o432D5/ SBTS0073
DATA TEST/-+12345678£20/ SBTS0074

1
J
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I1ERR=0
INPCNT=0
MTYPE=3
1D0=999
C SET RANGE AMBIGUITY LARGE

C IF RANGE REALLY DOES RECYCLEs YOU WILL CHANGE THIS

DR=1.030
DO 1 I=ls4
KNTROL(I)=1
IF(IFOMITULI s IRAW) oNEsU) KNTROLI(I}=0
1 CONTINUE
YR=NYR(IRAW?}
TFINSH=FINISH{IRAW)
TSTLO=TLO(IRAW)
TSTHI=THI (IRAW)
KSMAX=KMAX{ IRAW}
ISTART=0
C TEST FOR END OF TAPE INDICATOR
20 READ(9,602) ARCIND
IF(ARCINDEQ.EOTIND) GO TO 1UQ
BACKSPACE 9

C READ A LINE OF DATA

READ(9+605) IDsIDCsDAYsHRsXMINS>SEC» IXsIYsRANS IDOP
C FIND IF STATION NUMBER IS UNCHANGED

IF{IDsEQ.IDO) GO TO 22
C TEST IF STATION ID VALID

DO 21 1=1sKSMAX
IF{IDEQsISTAOK(IsIRAW)) GO TO 22
21 CONTINUE
GO T0 2C
22 CONTINUE

C DECODE DATA KEYS AND CONVERT TIME TAG
DI(1)=YR¥100,+1,
DI(2)=(DAY*100¢+HR)*100s+XMIN
DI(3)=SEC
CALL DATINP(DI»TIMTST)

C TEST TIME TAG FOR VALID RANGE OF TIMES
IF(TIMTSTeLToTSTLOORTIMTSToGToTSTHI)
MODE=IDC(3)/2+1
IF(MODE+EQe4) MODE=3
IF(MODE«NE«24ANDsMODE«NEL3} GO TO 20
INPCNT=INPCNT+1
TIMTAG(INPCNT)I=TIMTST
TQUINPCNT)=0
IDSRCT=IDC(1)/4
I=1IDC(1)=4*IDSRCT
NCOUNT=1/2
IRFREQ=1-2*NCOUNT
IRA=IDC(5) /4
I=IDC(5)~1RA*4
IRAQ=1/2
IDOPOK=1-2%IRAQ
IF(ISTART«EQ.0) GO TO 3V

C IF KEYS CHANGEs A NEW DATA ARC IS FORCED

SBTS0075
SBTS50076
SBTS0077
5B7S0078
SBTS0079
SBTS0080
SBTS0081
SBTS0082
SBTS0083
SBTS0084
SBTS0085
SBTS0086
SBTS0087
SBTSCO88
SgTS0089
SBTS0090
SBTS0091
S8TS0092
SBTS0093
SBTS0094
SBTS0095
SBTS0096
SBTS0097
SBTS0098
SBTS0099
SBTS0100
SBTS0101
SBTS0102
SBTS0103
sSBTS0104
SBTSG105
SBTS0106
5BTS0107
SBTS50108
SBTS0109
SBTS01l0
SBTSO111
SBTSO112
SBTS0113
SBTSO114
SBTSO115
SBTSO11l6
SBTS0117
SBTsS0118
SBTSO119
SBTS0120
SBTS0121
SBTS0122
SB1S0123
SBTS0124
sBTS0125
SBTS0126
$BTS0127
$BTS0128

IF(IDeEQe IDOGANDe IDSRCT+EQe IDSRCOAND e NCOUNT o EQeNCOUNO s ANDeMODESEQSBTS0129

1«MODEO) GO TO 40
INPCNT=INPCNT-1
BACKSPACE 9
GO TO 60

C NEW DATA ARC
30 ISTART=1
MOAD=MODE
KTAU=0
IF(IDSRCTSEQ.0) KTAU=1
IF(KTAU.EQs1) GO TO 301

TAU=T7824.
IFINCOUNT«EQ.0) TAU=778240.
C FIND STATION ID IN BLOCK DATA
301 DO 31 I=1,50
KSTA=I

IF(IDEQeKODSTA{I)) GO TO 32
31 CONTINUE
GO TO 991
32 IF(NUMSTA.EQ.O0) GO TO 34
C IS STATION NAME ALREADY IN SUMMARY DATA

PHILCO I
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SBTS0130
SBTS0131
SBTS0132
SBTS0133
SBTS0134
SBTS0135
SBTS0136
SBTS0137
S$BTS0138
SBTS0139
SBTS0140
SBTS0141
SBTS0142
SBTS0143
SBTS0144
SBTS0145
SBTS0146
SBTS0147
SBTS0148
SBTS0149
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DO 33 I=1»sNUMSTA ’ 5BTS0150

KK=1 SBTS0151
IF{NAMSTA(1),EQ.STANAM(KSTA)) GO TO 35 SBTS0152
33 CONTINUE §BTS0153
C NEW STATION NAME SBTS0154
34 NUMSTA=NUMSTA+1 58750155
IF(NUMSTA+GT.20) GO TO 992 SBTS0156
NAMSTA(NUMSTA)=STANAMIKSTA) SBTS0157
STIMNX{NUMSTA)=TIMTAG(INPCNT) ) SBTS0158
‘ GO TO 36 SBTS0159
C OLD STATION NAME ‘ SBTS0160
C UPDATE STATION FIRST ON TIME . §BTS0161
35 X=TIMTAG(INPCNT) SBTS0162
STIMNX{KK)=AMINL(STIMNX{KK)»X) SBTS0163
C TEST FOR DISTINCT TRANSMITTING STATION 5BTS0164
36 IF(MODEeNE«3) GO TO 38 : SBTS0165
DO 37 I=1sNUMSTA $SBTS0166
IF(NAMSTA(T) EQePAIR(KSTA)) GO TO 38 SBTS0167
37 CONTINUE , SBTS0168
NUMSTA=NUMSTA+1 SBTS0169
IF(NUMSTAGT.20) GO TO 992 SBTS0170
Ty NAMSTAINUMSTA)=PAIR(KSTA) SBTS0171
,4 STIMNX{(NUMSTA)=1.E30 SBTS0172
i 38 IDO=ID SBTS0173
IDSRCO=1DSRCT SBTS0174
NCOUNO=NCOUNT SBTS0175
™ MODEO=MODE SBTS0176
OBSNAM=STANAM{KSTA) SBTS0177
i TRANAM=0BSNAM SBTS0178
IF (MODE«EQe3) TRANAM=PAIR(KSTA) SBTS0179
e MOUNT=NALIGN(KSTA) SBTS0180
- TRF=FTR{KSTA) SBTS0181
CR1=C1(KSTA) SBTS0182
CR2=C2(KSTA) SBTS0183
BIASF=BIAS(KSTA) SBTS0184
RATIO=RETR(KSTA) SBTS0185
40 CONTINUE SBTS0186
: C LOAD ROW OF DATA ARRAY SBTS0187
"""" IQAN=0 SBTS0188
1QRA=0 SBTS0189
IQRD=0 SBTS0190
IF(IDC(2)/2.EQe3) GO TO 4000 SBTS0191
IQRD=4 SBTS0192
- IQRA=2 SBTS0193
IQAN=1 .~ SBTS0194
4000 IF(MOD{IDC(2192)eEQe0) IQAN=1 SBTS0195
IF(KNTROL{1) NE«D} GO TO 4001 SBTS0196
. XANG{INPCNT)=TEST SBTS0197
IQAN=1 SBTS0198
GO TO 410 SBTS0199
g 4001 ISGN=1X/131072 SBTS0200
IF(1SGN.EQeQ) GO TO 401 SBTS0201
i IX=1X-131072 SBTS0202
GO TO 41 SBTS0203
401 IX=-1IX SBTS0204
41 XANG(INPCNT)=FLOAT{IX)#1,19841288E~5 SBTS0205
*) 4310 IF(KNTROL{2).NE«O) GO TO 4002 SBTS0206
o YANG{ INPCNT)=TEST SBTS0207
1QAN=1 SBTS0208
GO TO 420 $BTS0209
4002 ISGN=1Y/131072 SBTS0210
IF(ISGNeEQe0) GO TO 402 SBTS0211
1Y=1Y-131072 SBTS0212
GO TO 42 SBTS0213
402 IY=-1Y SBTS0214
42 YANG(INPCNT)=FLOAT(IY)*1,19841288E~5 SBTS0215
420 IF(KNTROL(31.EQ.0) GO TO 404 SBTS0216
IF(IRFREQeNEL1) GO TO 404 SBTS0217
43 RU=1,048397E-3 SBTS0218
IF{IDC(4) «EQ7) RU=1.050694E-3 SBTS0219
RANGE { INPCNT ) =RU*RAN SBTS0220
44 IFLIRACEQe1) GO TO 45 SBTS0221
IF(RANCEQ+O.} GO TO 404 SBTS0222
GO TO 405 SBTS0223
404 RANGE(INPCNT)=TEST SBTS0224

::lPHILCO Space & Re-entry
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405 IQRA=2 ' SBTS0225

45 IF(KNTROL{4).EQe0) GO TO 470 SBTS0226
IRDOP=1DOP(1)/131072 SBTS0227
IDOP(1)=IDOP(1)-IRDOP*131072 SBTS0228
1IDOP=IDOP(1)%262144+1D0P(2) SBTS0229
IF(IDSRCT«EGLO) GO TO 46 S8T50230
DOP(INPCNT)=FLOAT(IIDOP)*1.E~8 SBTS0231
GO TO 47 SBTS0232 RN
46 DOP{INPCNT)=1IDOP-11DOPO SBT1S0233
11DOPO=11DOP ’ SBTS0234
47 1F({1DOPOK.EQ.1)} GO TO 49 SBTS0235
IF(IIDOP.NEeD) GO TO 48 SBTS0236
470 DOP{INPCNT)=TEST SBTS0237
48 IQRD=4 SBTS0238
49 TXTRA(INPCNT)=TIMTAG(INPCNT)-TIMTAG(1) SBTS0239
1F(IRDOP.NEe0) GO TO 490 SBTS0240
1QRA=2 SBTS0241
1QRD=4 SBTS0242
490 I1Q(INPCNT)}=IQAN+IQRA+IGRD SBTS0243
© IFCINPCNTEQe INPMAX) GO TO 60U SBTS0244
IF(TIMTAGCINPCNT ) ~TIMTAG(1)GE«TMAX) GO TO 60 SBTS0245
IF(TIMTAG{INPCNT ) e GELTFINSH) GO TO 100 SBTS0246
GO TO 2u SBTS0247
60 ASSIGN 20 TG JUMP SBTS0248
ISTART=0 SBTS0249
GO TO 70 $BT50250
100 ASSIGN 999 TO JUMP SBTS0251 i
70 TF{INPCNTWLE.1) GO TO 989 SBTS0252 ;
C FROM HERE TO EFN 705 IS ALL TO FIND THE MOST COMMON TIME INTERVAL SBTS0253 o
C BETWEEN MEASUREMENTS, THIS WILL BE PUT INTO DELT SBTS0254
MANY=1 SBTS0255
ITEM(1)=1 SBTS0256 ”7
HOLD(1)=TIMTAG(2)-TIMTAG(1) SBTS0257 ,}
IF(INPCNTSLEL2) GO TO 704 SBTS0258 il
CO 703 I=3,INPCNT SBTS0259
HERE=TIMTAG(I)}-TIMTAG(I-1) SBTS0260 .
DO 701 J=1sMANY 58TS0261
IF(HEREL.EQ.HOLD{J)) GO TO 702 SBTS0262
701 CONTINUE SBTS0263
MANY =MANY +1 SBTS0264
HOLD (MANY )=HERE SBTS0265%
ITEMIMANY ) =1 SBTS0266
GO TO 703 SBTS0267
702 ITEMIJ)I=ITEM{J)+1 SBTS50268 e
703 CONTINUE SBTS0269
704 MOST=1 $8TS0270
1SRCH=1 SBTS0271
DO 705 [=1sMANY ; SBTS0272 ;
IF(MOST«GEITEM(I)} GO TO 705 SBTS0273 -
MOST=ITEM(I) ' SBTS0274
ISRCH=1I SBTS0275
705 CONTINUE SBTS0276
DELT=HOLD{ ISRCH) SBTS0277
[F(KTAU.EQel) TAU=DELT . SBTS0278
ONTIME=TIMTAG(1) SBTS0279
C MAKE ALL ANGLES POSITIVE IF NECESSARY SBTS0280 -
C ~ BUT RETAIN CONTINUITY SBTS0281
DO 710 I=1,2 SBTS0282
DO 710 K=1sINPCNT . SBTS0283
IF(RDAT(K»1).EQ.TEST) GO TO 710 SBTS0284
IF(RDATIK31)o.GEsOs) GO TO 710 SBTS0285
DO 71 L=1»INPCNT SBTS0286
IF(RDAT(Ls1).EQ.TEST) GO TO 71 SBTS0287
RDAT(LsI)=RDAT{LsI1+6428318531 SBTS0288
71 CONTINUE SBTS0289
710 CONTINUE $BTS0290
C DO POLYNOMIAL FITSs TEST FOR OUTLIERS ) SBTS0291
C PUT DATA ON TAPE 12 SBTS0292
CALL POLYFTU(INPCNT) SBTS0293
TSTART=DMINL(TSTARTSTIMTAGI1)) SBTS0294 o
TSTOP=DMAX1(TSTOPsTIMTAG(INPCNT)) SBTS0295 {
989 INPCNT=0U SBTS0296 i
GO TO JUMP»(205999) SBTS0297 e
991 WRITE(65901) ID "SBTS0298
GO TO 999 SBTS0299

}
!
ol
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992

999
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WRITE(65902)
NUMSTA=NUMSTA-1
IERR=2

RETURN

END

$BTS0300
SBTS0301
SBTS0302
$BTS50303
SBTS0304
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Subroutine:

Trposge :

Calling Sequence:

SCANIT

To read the final edited data tape on Unit 10 and

write all the data on the System Qutput Tape.

May

be used as a separate program for reading and writing
out the contents of either edited or simulated data

tapes.

CALL SCANIT

Common storages used: /SUMCAM/,/@UTCM/,/MESCOM/

Subroutines required: DAT@UP

PHILCO l

PHILCO.FORD CORPORATION

SCANIT-1
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SCANIT

Read and write out
summary record

Read key record

)

Dummy end-of-tape Yes
record?
NE@T = 17

‘No
Write out key record
]

Read and write out
data record

@;-

Write out
end-of-tape message

[ Rewind Unit 10 |

Return

SCANIT-2

PHILCO I Space & Re-entry
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SIBFTC MC134P M944NODDyXR3

CMC134P PROGRAM TO READ EDITED DATA TAPE SCANQOO1

C THIS SUBROUTINE MAY BE USED AS A SEPARATE PROGRAM FOR SCANO002

C READING EDITED OR SIMULATED DATA TAPES SCANOOO3

C (IT WAS ORIGINALLY WRITTEN FOR JUST THAT PURPOSE. THAT IS WHY SCANOOO4

C 1T DUPLICATES SOME OF THE EFFORT OF SUBROUTINE EGRESSe) SCANOOOS

C TO USE SEPARATELYs REMOVE SUBROUTINE AND RETURN CARDS SCANOOO6

C 'BE SURE TO FURNISH A SUBROUTINE DATOUP SCANOOO7

SUBROUTINE SCANIT SCANDOOOB

COMMON  /SUMCOM/SUMM(56) : SCANOOOY

DOUBLE PRECISION TSTART, TSTOP SCANOOQ10

DIMENSION HEADER(11)s STIMNX{20) . SCANOO11

REAL NAMSTA (20} SCANOO12

EQUIVALENCE (SUMM(1)sHEADER)» {SUMM(12) sNUMSTA) SCANOO13

1» (SUMM(13),NAMSTA}, (SUMM(33)sTSTART)» (SUMM(35)sTSTOP) SCANOO14

2y (SUMM(37),STIMNX) SCANOO15

COMMON  /OUTCOM/BUFF(40) SCANOO16

DOUBLE PRECISION ONTIMES TFIRSTs  TLAST, TAU» FTR SCANOOL7

1s CR1» CR2» DR BIASs RATIO» DBUFF{10)SCANOO18

DIMENSION NBl4)» 55D(4) SCANOO19

EQUIVALENCE (BUFF (1) +NREC)» (BUFF (2)sNEOT) SCANQQ20

"""" 2» (BUFF{3)»OBSNAM)» (BUFF (4) s TRANAM) » (BUFF (5)9NRCD) SCANOO21
e 2y {(BUFF(6)INPTS) {BUFF (7)sKONT) » (BUFF (8)sMTYPE) SCANO00O22
3»  (BUFF{9)sNALIGN)» (BUFF(10)sMODE) » (BUFF(11)sDELT) SCANOO23

4y (BUFF(12)9KTAU)» (BUFF(13)sONTIME) s (BUFF{15)sTFIRST) SCANOO24

Ss {BUFF(17)sTLAST}» (BUFF{19),TAU)» (BUFF(21)sFTR) SCANQO25

M 6y (BUFF(23)sCR11y (BUFF(25)9CR2}» (BUFF(27)sDR) SCANOOZ26
Ts (BUFF(29),BIlAS) (BUFF(31)sRATIO) (BUFF(33)sNB) SCANOOQ27

¥ 8s {BUFF(13),DBUFF)» (BUFF(37)+S5D) SCANGOZ28
COMMON /MESCOM/DATA(B54+6) SCANOO29

. DIMENSION DI3) SCANOO30
' 601 FORMAT(13HL1TAPE HEADER»»11A6/10HONUMSTA = »12/14HOSTATION NAMES/{ SCANO031
16(3XsA6))) SCANOQ32

B 602 FORMAT(1THOSTATION ON-TIMES/(6E20.8)) SCANOO33
603 FORMAT(10HOTSTART = ,D23,.,16) SCANQO34

604 FORMAT(SHUTSTOP = »D23.16) SCANOO35

605 FORMAT(4HU Ns4Xs3HEQT»3Xs6HOBSNAMS 3Xs6HTRANAMs 3X 9 4HNRCD»3X 2 4HNPTSSCANOO36

193Xs 6HKONTIN s 3X 9 5HMTYPE s 3X s 6HNALIGN s 3X 9 4HMODE 93X » 10HMEASs INT 493X 9SCANCO37
e 24HKTAU/21594XsA693XsA6916317s2189159189F1242917//10Xs6HONTIME S 18X9»SCANOO3S
36HTFIRST» 19X s 5HTLAST 920X s 3HTAU»21Xs3HFTR/5D24416//12X92HC1922X»2HCSCANOO3Y

42920X9THRe AMBe»18Xs4HBIASS20Xs5HRATIO/5D244 16/ . SCANOOQ40

57TH NB1l = 51233Xs6HNB2 = »1253Xs6HNB3 = ,12s3Xs6HNBS = s12/ SCANOO41

620HUSTANDARD DEVIATIONS/4E20e8) SCANO0O42

- 606 FORMAT(22HOONTIME IN DATE FORMAT) SCANGO43
607 FORMATI(22HOTFIRST IN DATE FORMAT) SCANOQ44

= 608 FORMAT(21HOTLAST IN DATE FORMAT) SCANOO45
609 FORMAT(5HODATA/{I395E2081}) SCANOO46

- 610 FORMAT(1BHOEND OF TAPEs N = »I4s9Hs NEOT = »12s9Hs NRCD = ,12) SCANQOO4T
B READ(10) SUMM SCANQ048
WRITE(69601) HEADERsNUMSTAs (NAMSTA( 1) 1=1sNUMSTA) SCANOO49

Rk WRITE(65602) (STIMNX({I)sI=1sNUMSTA) SCAN0OO50
: WRITE(65603) TSTART SCANOOS51
" CALL DATOUP(TSTARTsDI 0} SCANOO52
WRITE(6,604) TSTOP SCANOOQS53

CALL DATOUP({TSTOP,DI»0) SCANODOS4

i 1 READ(10) BUFF SCANOOS5
] IF(NEOT+EQel) GO TO 997 SCANOOS56
READ(10) DATA SCANQOO57

WRITE(696U5) (BUFF(I)s1=1512)s(DBUFF{1)sI=1510)sNB»SSD SCANGOO58

WRITE(6s6U6) SCANODS59

CALL DATOUP(ONTIME»DI»0) SCAN0O60

WRITE(69607) SCANOO61

CALL DATOUP(TFIRSTsDI»0) SCANOO62

WRITE(6+608) SCANCO63

CALL DATOUP(TLASTsDIsO) SCANOO64

WRITE(63609) ((DATA(TIsJ)sJ=156)31=1sNPTS) SCANO065

GO 10 1 SCANOO66

997 WRITE(65610) NRECHSNEOTsNRCD SCANQO67

REWIND 40 . SCANOO68

RETURN SCANOQ69

END SCANOQOT0
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Subroutine: SETCAS

Purpose: Reads input data defining state elements and program

control for a sequence of data analyses, and set up
internal storage arrays. Comnstructs the a priori
estimate of state and its covariance.

Calling Sequence: CALL SETCAS

Common storages used: //204 cells,/DCPC@M/,/EQMCEM/ ,/ESECHM/ , /ESTCEM/,
/ES1ceM/ '

Subroutines required: BLDC@V,C@VAUT ,DATINP ,DATSUP ,6VRLYD

SETCAS-1

PHILCO l Space & Re-entry
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V SETCAS

Load station data
from scratch tape

1
__59<j NEST PEL
y >0
NEST=MIN(NEST,NESEND)

Position estimate tape
Read estimate from tape

Y

["Clear storage arrays |

120

| Read Option/State card |

Return

(ﬁ Neame field blank? ‘)Yés
y No
(: Option card? :ﬁkl——-—
Yes

|  Store options |
|

|  Write state card |e—

( KDEf0 & NEST<0T  )—of

»{ Zero state counters |

!

Are cartesian elements \No
included in state?
Yes
{Include missing elements]|

150 =

y No

(:Is state type valid?i)‘No

Yes
~ Yes

(State type duplicated?)
‘No
Store K@D(4-27)
into IBUFF

-59—(' Overlay option? )

Ex

< @VRLYD
Read overlay data
|
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1

(T State type I requested? ‘)Eg——

) Yes

(  Estimate from tape?

yNo

BLDCOV

Build appropriate portion

of covariance matrix

)-Y—GE-———"(IS estimate on tape? )_No__‘

y Yes

Transfer estimate and
covariance to EQMCEM
and PNEW

179 )=

I=T+1 |

No C
(Too many state varisbles? ) 22— =] TERR = 9 || IBRR=7,8 |=—

C

All types examined? ;)

iYes

*No

Too many equation
of motion parameters?

*No

Transfer data to
ESTC@M locations and
write on scratch tape

Write out case data
and state ID

|

Compute internal switches

and dimensions

Co

CoveuT

utput covariance matrix

Return
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$IBFTC MC135W XR3sMI4sNODDSLIST

SUBROUTINE SETCAS
C CASE INPUT AND INITIALIZATION
C
COMMON /DCPCOM/CDCP{900)
DOUBLE PRECISION DATEV1(3) .
DIMENSION CBODY(8s11) »IFEMPS( 8) sIFPLNT{(11) sNEMP (8)
1ls IDCP  (900) »IFOUTP({11) sIHM (24)
EQUIVALENCF {CDCP{68T)s IFEMPS) +{(CDCP({106)sMAXQ )
1 s {CDCP( 17)sCBODY ) +(CDCP(6TH)sIFOUTP) »(CDCP{105)+MAXZ )
2 2 (CDrP(801)sDATEV1) +(CDCP(B63) 9 IFPLNT) 2 (CNCPI695) s NEMP - )
3 s (CDCPL 1)91DCP ) »(CDCP(703)s1HM ) s (CDCPI117)9sNESEND)
4 2 (CDrP(111) 9 TERR ) s {CDCPII0TYsMAXD ) 2 {CDCP(118)sNFST }
EQUIVALENCE (IFEMPS({T7)s IFDRAGY »{TIFEMPS{2)+IFSOLRY
1 s {IFEMPS{1)sIFGRAV) +(IFEMPS(5)» IFTIME)
2 s (IFFMPS{3) s IFATMD) s (TFEMPS{6) 9 IFHARM) s (IFFMPS(4)sIFVENT)
EQUIVALENCE {NEMP (7)sNEMP3 ) »(NEMP ({3)sNSOLR )
1 s {NEMP (1)sNDRAG ) +{NEMP {2)sNHARM 1 »{(NEMP (5}sNTIMF )
2 s (NEMP  (8)sNEMPS ) s(NEMP (6)sNPEND ) s (NEMP  (4)sNVENT )
EQUIVALENCE (IFOUTPI3),,ICYOUT)
COMMON /EQMCOM/EQMC{ 2214}
DOUBLE PRECISION SPCDAT (31)+FFEDAT (83)sPREDAT (15)
1 sDELDAT (5)yEHADAT(324) yMHADAT{324)
2 s XHADAT(325) .
EQUIVALFNCE (EQMc( 1)9SPCDAT) » (FQMCHK 63) s EFEDATY
1 s (EQMC( 229) yPREDAT) »(EFQMCL 2597 +DELDAT)
2 s {EQMC{ 269) +EHADAT) » (EQMC{ 917) sMHADAT) o (EQMC(1565) s XHADAT)
C
COMMON /ESOCOM/CESQ(804) .
1 +POLD(30,30) »STNAMO{30) sTRAKEO(30)
2 s ITRFTO (30) sI1LOCO (30) +KLOCO (54)
3 sNSO (124200
DOUBLE PRECISION POLD
INTEGER TRAKFQ
DIMENSTION NAMSTO(20)
DIMENSION DESO(2214)
EQUIVALFNCE (POLDDESO)
DOUBLE PRECISION SPCDAO (6) +FFEDAO(14) sPREDAO (4) sDELDAO (2)
1 sEHADAO(24) sMHADAOI24) +XHADAO(Z24) +SEO{14520)
2 sETIMYO sTX2Z0(343)
EQUIVALFENCE (CFSOL 1)sNESPSO) »{CESO! 2)2sNBYO )
1 s (CESOI 3)sNBDO ) o (CESOI 4) s NBXO )
2 s (CESOI( 5) s NBHO } 2 (CESOL 6) s NUMSTO)
3 2 {CESOL 7Y+ NAMSTO) 2 (CFSO{ 27) sKOUNTO) »(CESO( 291 sFTIMVD)
4 s {CESO( 31)sTX2Z0 ) +{CFESOl 49)sSPCDAO) s{CESO( 61)sEFEDAD)
5 s (CESO( 89)sPREDAN) s{CFSO( 97)sDELDAD) +(CESO(101)sEHADAD)
() s {CES0{149) sMHADAO) +(CFSO(197)sXHADAO) »(CESO(245)+SEOQ ]
C
COMMON /JESTCOM/CEST(804)
DIMENSION NAMSTA(20)
DOUBLE PRECISION SPCDAN [(6) SsEFEDAN{14) sPREDAN (4) +DELDAN (2}
1 sEHADANI(24) SMHADAN{24) »XHADAN(24) +3SF (14+20)
2 s ETIMVA s TX2Z (343)
EQUIVALFNCE {CFSTH 1) sNESPOS) #{CESTH{ 21 9yNBY )
1 s {CESTI 3} sNBD )} 2 {CEST!( 4) s NBX )
2 s {CESTI 5) sNBH 1 S (CEST( 6)sNUMSTA)
3 s (CESTH TIsNAMSTAY »(CFSTHL 27)sKOUNTNY +{CEST( 29)sFETIMVA)Y
4 s (CEST( 31).TX2Z ) »(CEST{ 49),SPCDAN) S(CEST({ 61)sFFEDAN)
5 s(CEST( 89)sPREDAN) +{CFST( 97)+DELDAN}) »{(CEST{1011)sEHADAN}
6 s (CEST{149) sMHADAN) o (CESTU197) o XHADAN) s (CEST(245)+5E )
'
COMMON /ESICOM/PNEW(3033Q) s STNAMN(30) ,TRAKER(30)
i SITRETN (40) SILOCN (30) +KLOCN {54}
2 sNSN (12520)
DOUBLE PRECISION PNEW
INTEGER TRAKER
DIMENSION DEST(2214)
EQUIVALENCE {PNEW,DEST)
C
C
COMMON SAVE(10) sDUM(3) s TUSED(27) sKOD{ 27} sKODE(27)
C
DOUBLE PRECISION SEN(69320)
EQUIVALENCE (SPSENSsSEN)
DIMENSION NAMOPT(5) +IDSTAT(15) sSPCNAM (6) sLOCSPC (5)
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SCAS0001
SCAS0002
SCAS0003
SCAS0004
SCAS0005
SCAS0006
SCAS0007
SCAS0008
SCAS0009
SCAS0010
SCAS0011
SCAS0012
5CAS0013
SCAS0014
SCAS0015
SCAS0016
SCAS0017
SCAS0018
SCAS0019
SCAS0020
SCAS0021
SCAS0022
SCAS0023
SCAS0024
SCAS0025
SCASQ026
SCAS0027
SCAS0028
SCAS0029
SCAS0030
SCAS0031
SCAS0032
SCAS0033
SCAS0034
SCAS0035
SCAS0036
SCAS0037
SCAS0038
SCAS0039
SCAS0040
SCAS0041
SCAS0042
SCAS0043
SCASQO44
SCAS0045
SCA30046
SCASQ047
SCAS0048
SCAS0049
SCAS0050
SCAS0051
SCAS0052
SCAS0053
SCAS0054
SCAS0055
SCAS0056
SCAS0057
SCAS50058
SCAS0059
SCAS0060
SCAS0041

- $cAs0062

SCAS0063
SCAS0064
SCAS0065
SCAS0066
SCAS0067
SCAS0068
SCAS0069
SCAS0070
SCAS0071
SCAS0072
SCASD073
SCASCO074



sNUMORT(S) HIBFCOL(1S) »EFENAM(14) HLLOCEFE(10) SCASD07S5
s LOCOPT{5) oLOCDAT (7) +PRENAM (4) SLOCPRE (3) SCAS0076

U0 N e

s IBUFF(24+27) s MXST {(7) sDFLNAM (2) +LOCDFL (1) SCASO077
»SPSEN (276 » THRM (3) »sHARNAM(24) oLOCHARI(23) SCAS0078
sSTBNAMI10) »LOCSTA (9) SCAS0079
C SCASQ080
EQUIVALENCE (BLANKS» IBLANK) SCAS0081

DATA BLANKS/6H / SCAS50082 E
DATA HARMXX/6HHARMXX / SCAS0083
C OPTIONS SCAS0084
DATA NAMOPT/6HIFPLNT s 6HIFEMPSs6HIFOUTP s 6HKEYOUT s 6HNSCTRL/ SCAS50085
DATA NUMOPT/ 11s 8» 119 10s 14/ SCAS0086
DATA LOCOPT/662+687+6769761+787/ SCAS0087
C STATE IDENTIFICATION SCAS0088
NDATA IDSTAT/BHSPCRFT 9 6HFFEMRS s 6HPRFSUR s 6HNDFLTIMs 6HHARMO3 SCAS0089
1 s 6HHARM1 1 9 6HHARMU 1 s 6HHARMOZ s 6HHARMO4 s 6HHARMOS SCAS0090
2 s GHHARMODG s 6HHARMO 7 9 6HHARMOS s 6HHARMOS s 6HHARM10/ SCAS0091
DATA 1BFCOL/ 1, 2 3 4y 305511069 107 207 SCAS0092
1 s 407y B5NTy 60T, 707 BNTs S0T751007/ SCASNNG3
DATA LOCDAT/ 1y 633 2295 259 269y 917215565/ SCAS0094
DATA MXST /7 69 11 4y 29 24y 24y 24/ SCAS0095
DATA THRM 7/ 3y 11 O/ ‘ SCAS0096
C QUTPUT NAMES SCAS0097
DATA SPCNAM/3HX  93HY 93HZ  s3HXD s3HYD +3HZID / SCAS0098
CATA FFENAM/ 3HUME 9 3HUVE s 3HUE A » 3BHUMA » 3HJJU » 3HUSA » 3HUUR 9 3HUNF SCAS0099
1 »3HUPL » 3HUISU s 3HIIMO s 3HUBA » 3HAU  » 3HMER/ SCAS0100
DATA PRENAM/3HSPR 9 3HNR1 s 3HDR2 9 3HVNT/ SCASQ1l01
DATA NELNAM/3HNT +3HRTD/ SCAS0102
DATA HARNAM/ 2HJ2G 9 3H 30 9 3HI40 92HIS50 9 3HIE0 9 3HITO 93HI21 9 3HL 21 SCAS0103
1 93HJ2293HL2293HJ31 93HL31s3HJI32+3HL32934J33+3HL33 SCAS0104
2 93HJ41 9 3HL G L9 3HJG2 93HLA2 9 3HI4 39 3HLA 3 9 3HILG 9 3HLL L/ SCAS010%
DATA STRNAM/ 3HNOR s 3HF ST 3 3HNWN ¢ 3HTM1 s 3HTM2 s 3HL I T s 3MAN1 » 3HANZ2 5CAS0106
1 s 3HRNG s 3HDOP/ SCAsS0107
DATA LOCSPC/11515918920217 5CAS0108
DATA LOCEFE/27936944551357362+66+69971+72/ SCAS0109
DATA LOCPREZ Ty 9510/ 5CAS0110
DATA LOCDEL/ 37 SCASO111
DATA LOCHAR/ 479 69y 9051109129914 7916491809195020952222%4 SCAS0112
1 2245925542643 272+27942853290929644297+299+300/ SCAS0113
DATA LOCSTAZ/19927934 40345449952 +54455/ SCAS0114
C SCAS0115
5101 FORMATI(211,5A6+241)) S5CAS0116
6102 FORMAT(22H0 KODF  IOVRLY GROUP 241461 SCAS0117
6103 FORMAT(T4s17+5XsA692414) SCASO118
6104 FORMAT(IHU/46Xs2?8HPARAMFETERS USED IN THIS CASFE/4XsS5SHGROUP»3Xs4HNAMSCAS0119
1Es12X s SHVALUE 9 2( 15X s 4HNAME s 12X s SHVALUE)) 5CAS0120
6105 FORMATI1HU2XsA694X9AB33sN2641632(TX9sA35D2616)1/{13X2A35D261637XsA35CA50121
19D26e1637X3A3s0266161) SCAS0122
61C6 FORMATI(1HJsA6s22H IS THF CENTRAL BODY ON) SCASQ123
6107 FORMAT(26HODRAG PARAMETERS APPLY TO »A6) SCAS0124
6108 FORMATI(3NHOGRAVITY TERMS BELOwW APPLY TO ,A6) S5CAS0125
6109 FORMAT(1HO/45Xs?9HSTATE VARIARLES FOR THIS CASE/38Xs65HNAMEs TREFATSCASO126
IMENT CODFs O=CONSIDER, 1=SOLVF FOR/10(6XsA3413)) SCAS0127

6110 FORMAT(56X»31HMEASUREMENT STANDARL DEVIATIONS/27Xs13HANGLE 1 (RAD)ISCASQ128
1912Xs13HANGLE 2 (RAD) s14Xs 1OHRANGF (KM) 912X 16HNDOPPLER (COUNTS)/20SCAS0129

2Xs4D25416) 5CAS0130
d 5CAS0131
c LOAD STATION DATA SCAS0132
100 REWIND 9 5CA50133

» READ(9) SPSEN SCAS0134
C : S5CAS0135
C POSTTION ESTIMATION TAPF 5CAS0136
IFINEST) 1079995101 5CAS0137

101 IF(NEST.GT NESEND) NEST=NESEND 5CASD138
N=NEST-NFSPOS-1 SCAS0139

IF(N) 10251065104 SCAS0140

102 N=-N SCASO141
DO 103 1=1,N SCAS0142
BACKSPACF 12 5CAS0143

103 BACKSPACE 12 SCAS0144
GO TO 106 SCAS0145

104 DO 105 I=1sN SCAS0146
READ{12) SKIP : SCASO147

105 READ(12) SKIP . SCASD148

c SCAS0149
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C READ ESTIMATE FROM TAPE SCAS0150

106 READ(12) CESO SCAS0151
READ(12) DESO SCAS0152
NESPOS=NESPSO SCAS0153
C SCAS0154
C CLEAR STORAGE ARRAYS SCASO155
107 DO 108 I=1,MAXZ SCAS0156
STNAMNI(1)=BLANKS SCAS0157

TRAKER{ 1)=1BLANK SCAS0158 .
ITRETN(1)=0 SCAS0159
ILOCN(1)=0 SCASQ160
DO 108 J=1,MAXZ v 5CASO161
108 PNEWI(T1+J)=0.D0 SCAS0162
DO 109 1=1412 SCAS0163
DO 109 J=1520 SCAS0164
109 NSN{15Jy=0 SCAS0165
. DO 110 1=1,27 5CAS0166
‘% KODE(1)=0 SCAS0167
| TUSED(11=0 SCAS0168
KLOCN(1}=0 SCAS0169
KLOCN(I+27)=0 SCAS0170
) DO 110 J=1.24 SCAS0171
. 110 IBUFF(Js1)=0 SCAS0172
\j NBH=0 SCAS0173
DO 111 I=1,11 SCASD174
111 IF(IFPLNT(I}eLT,0O) IFPLNT(I1=1 5CAS0175
i C . SCASO176
4 ' RFAD OPTION AND STATE CARDS SCAS0177
ASSIGN 121 TO LLA SCAS0178
120 READI(5,5101) KOD SCAS0179
IF(KOD(3) «EQe IBLANK) GO TO 140 SCAS0180
”j GO TO LLA» (1214125} SCAS0181
! 121 DO 123 1=1,5 SCAS0182
ol TF(KOD(3)«NELNAMOPT(I)) GO TO 123 SCAS0183
N=LOCOPT(1) SCAS0184
- . M=NUMOPT{ 1) SCAS0185
] DO 122 J=1sM SCAS0186
} IDCP(N) =KOD (J+3) SCAS0187
= 122 N=N+1 SCAS0188
GO TO 120 SCAS0189
o 123 CONTINUE SCAS0190
] ASSIGN 125 TO LLA SCAS0191
| C SCAS0192
=t C INTERPRET AND STORE STATE IDENTIFICATION CARD SCAS0193
125 CONTINUE SCAS0194
WRITE(656102) (JsJ=1924) SCAS0195
WRITE(656103) KOD SCAS0196
IERR=3 SCAS0197
. IF(KODeNFe0eANDJNEST.LELO) GO TO 999 SCAS0198
DO 126 1=1315 SCAS0199
o LSTA=IBFCOL(1)/100 SCAS0200
KSTA=IBFCOL{I)=100%LSTA SCAS0201
. IF(KOD(31FEQsINSTAT(II) GO TO 128 SCAS0202
: 126 CONTINUE _ SCAS0203
DO 127 1=1,NUMSTA SCAS0204
o KSTA=T+7 SCAS0205
s IF(KOD(3)+EQsNAMSTA(I)) GO TO 128 SCAS0206
ol 127 CONTINUE SCAS0207
1ERR=4 SCAS0208
GO TO 999 SCAS0209
128 1ERR=5 SCAS0210
IF(IUSED(KSTA) eNELD) GO TO 999 §CAS021)
IF(KSTALFQ.7) IHRMI31=L5TA SCAS0212
TUSED(KSTA) =1 SCAS0213
KODE (KSTA)=KOD SCAS0214
DO 129 I=1,24 SCAS0215
129 IRUFF{I1sKSTA}=KOD(I+3) SCAS0216
IF(KOD(2)FQ.0) GO TO 120 SCAS0217
IF(KSTA.GTLT) GO TO 130 SCAS0218
L1=LOCDAT{KSTA) SCAS0219
CALL OVRLYD{EQMCI(L1)) SCAS0220
GO TO 120 SCAS0221
130 CALL OVRLYD(SEN{1,KSTA-7}) ’ SCA50222
GO TO 120 SCAS0223
C SCAS0224
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C INITIALTZF STATF SFT-UP ’ SCAS0225

140 CONTINUF SCAS0226
KOUNTO=0 SCAS0227
KOUNTN=0 SCAS0228
Kn=1 - SCAS0229
KN=1 . SCAS0230
NRY=SPCPAT(28) SCAS0231
ND 141 12193 SCAS0232
141 DUMIT)=SPCRAT(1428) SCAS0233
CALL DATINP{DUM,ETIMVA) SCAS0234
NRD=PREPAT(15) SCAS0235
NRX=XHADAT(325) SCAS0236
DO 142 1=1+6 . SCAS0237
142 IF(IBUFE(Is1).NE«7) GO TO 143 SCAS0238
GO TO 145 SCAS0239
143 DD 144 1=1+6 SCAS0240
144 IF{IBUFF(Is1)eEQeN) IRUFF=-1 SCAS0241
145 CONTINUF SCAS0242
IFRR=6 SCAS50243
NN 148 1=547 SCAS0244
IF(IUSEN(I1«FQe") GO TO 148 SCAS0245
DO 146 J=1+24 SCAS0246 i
146 IFCIBUFF(JsI)1eNELD) GO TO 147 SCAS0247 *
GO TO 148 SCAS0248
147 IF{NBH«NF+0) GO T0 999 SCAS0249
NRH=THRM{ I-4) SCAS0250
148 CONTINUF SCAS0251
C $CAS0252 .
C SFT UP NON=STATION PORTION OF STATE SCAS0253
15) DO 179 I=1,7 SCAS0254
KHOLD=KOUNTN SCAS0255
IF(TUSEN{I)«FEQsD) GO TO 179 SCAS0256 o
IF(KODE(1).,EQ.0) 6D TO 170 SCAS0257
C SCAS0258 2
C OVERLAY EQMCUM FROM TAPE ESTIMATE SCAS0259
152 L 1=KOUNTN SCAS0260
KOUNTO=KOUNTO+KLOCO(KO+1) SCAS0261
IF(KLOCO(KO)I-1) 1534155,154 SCAS0262
153 KO=K0+2 SCAS0263 e
Gn TO 152 SCAS0264
155 IFRR=7 SCAS0265
GD TO 999 SCAS0266
154 KLOCN(KN)=] SCAS0267 :
KLOCN(KN+11=KLOCO(KO+1) SCAS50268 S
KOUNTN=KOUNTN+KLOCN (KN+1} SCAS0269
IF (KOUNTN+GT«MAXZ) GO TO 189 SCAS0270
MXT=MXST(I) o . SCAS0271
IF(1.FQ.2) MXT=14 SCAS0272
IFRR=11 _ SCAS0273
DO 168 J=1sMXT ) SCAS0274
GO TO (16151625163+164+1655166s167) o1 SCAS0275
161 SPCDAT(J)=SPCDAO() SCAS0276
NBY=NBO SCAS0277
FTIMVA=ETIMVO SCAS0278 o
GO TO 168 SCAS0279
162 EFEDAT(J)=EFEDAO(Y) SCAS0280 <
GO TO 168 SCAS0281
163 PREDAT(J)=PREDAOIN SCAS0282
NBD=NBDO SCAS0283
GO TO 168 SCAS0284
164 DELDAT(J)}=DELDAO(J) SCAS0285
Go TO 168 SCAS0286
165 EHADATUJ)=FHADAO!J) 5chso2s7
Gn TO 168 SCAS0288
166 MHADAT(J)=MHADAO(J) SCAS0289
GnN TO 168 . SCAS0290
167 XHADAT(J)=XHADAO(J) SCAS0291
IF{IHRM{3) 4 NE.NRXO) GO TO 999 5CAS0292
NRX=NBX0O SCAS0293
168 CONTINUF 5CAS50294 _
C SCAS0295 |
C SET COVARIANCE FROM TAPE SCAS0296 i
NUMBER=KOUNTN=KHOLD SCAS0297 i
DO 169 J=1sNUMBEFR SCAS0298
KKJ=KHOLD+J SCAS0299

i
§
i
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LLJ=L1+y ’ SCAS0300

TLOCN(KKJ) =1LOCO(LLY) - SCAS0301
ITRETNIKKJ)I=ITRETO(LLJ) SCAS0302

STNAMN(KKJ) =STNAMO (LLJ) SCAS0303
DO 169 M=1,NUMBER SCAS0304

KKM=KHOLD+M SCAS0305

LLM=L1+M SCASD306

169 PNEWIKKJsKKM)=POLDILLJsLLM) SCAS0307

KN=KN+2 SCAS0308

KO=KO+2 SCAS0309

GO TO 179 SCAS0310

C SCAS0311

C BUILD COVARIANCE FROM BLOCK DATA ) SCAS0312

170 NUMBER=0 ¢ SCAS0313

MXT=MXST({1) SCAS0314

DO 171 J=1sMXT SCAS0315

IF(IBUFF(JsI)«EQs0) GO TO 171 SCAS0316

KOUNTN=KOUNTN+1 SCAS0317

1F (KOUNTNeGTsMAXZ) GO TO 189 SCAS0318

TLOCN{KQUNTNI =J SCAS0319

NUMBER=NUMRER+1 SCAS0320

- IFUIBUFF(Js1)eGT40) TTRETN(KOUNTNY=1 SCAS0321
s 171 CONTINUE SCAS0322
' IF (NUMBFR.EQ.0) GO TO 179 SCAS0323
""" KLOCN(KN)=1 SCASO324
KLOCN(KN+1 ) =NUMBER SCAS0325

KN=KN+2 SCAS0326

GO TO (1721739174351 75417651775178) sl SCAS0327

b 172 CALL BLDCOV {(SPCDATsSPCNAMsKHOLD sNUMBERsLOCSPC) SCAS0328
Go TO 179 SCAS0329

173 CALL BLDCOV (EFEDATsEFENAMsKHOLD s NUMBER s LOCEFE ) SCAS0330

GO TO 179 SCAS0331

174 CALL BLDCOV (PREDATsPRENAMsKHOLD s KUMBERsLOCPRE ) SCAS0332

" GO TO 179 SCAS0333
175 CALL BLDCOV (DELDATsDELNAMsKHOLD s NUMBERsLOCDEL) SCAS0334

GO TO 179 SCAS0335

176 CALL BLDCOV (EHADAT sHARNAMsKHOLD s NUMBER s LOCHAR ) SCAS0336

GO TO 179 SCAS0337

;;;;;; 177 CALL BLDCOV (MHADATsHARNANM $KHOLD s NUMBER s LOCHAR ) SCAS0338
GO TO 179 SCAS0339

178 CALL BLDCOV (XHADAT sHARNAMsKHOLD s NUMBER s LOCHAR) SCAS0340

179 CONTINUE SCAS0341

IFRR=10 SCAS0342

i L1=KOUNTN SCAS0343
IF(KLOCN{1)eEQel}) LI=L1-6 SCAS0344

IF(L1,GT.MAXQ) GO TO 999 SCAS0345

C : SCAS0346

C SET UP STATION PORTION OF STATE SCAS0347

180 DO 188 1=8,27 SCAS0348

KHOLD=KOUNTN SCAS0349

- IF(IUSEN(T)+EQsN) GO TO 188 SCAS0350
‘ IF(KODE(1)«FQeJ) GO TO 185 S5CAS0351
c SCAS0352

- C OVERLAY SEN FROM TAPE SCAS0353
KSTA=NAMSTO(T=-7) SCAS0354

DO 181 J=1,NUMSTO SCAS0355

* L1=J SCAS0356
LSTA=NAMSTO(J) SCAS0357

IF(KSTALEQ.LSTA) GO TO 182 SCAS0358

181 CONTINUE SCAS0359

1IERR=8 : SCAS0360

GO TO 999 8CA50361

182 1F(NSO(1,L1).EQ.0) GO TO 188 §¢As0362

KLOCN(KN)=1+93 ' SCAS0363

NSN{1sI1~71=KHOLD+1 SCASO364

NSN[2s1=71=NSO{2sL1) SCAS0365

KLOCN(KN+1)=NSN(2,1-7) SCAS0366

DO 183 J=1,10 SCAS0367

SEN{Js1-7)=SEO(JsL1) SCAS0368

NSN{J+2T=7)1=NSO(J+2sL1) SCAS0369

IFINSN{J+2s1-71,EQsQ) GO TO 183 SCAS0370

L KOUNTN=KOUNTN+1 SCAS0371
Gk : 1F (KOUNTN+GT«MAXZ) GO TO 189 SCAS0372
ILOCN(KOUNTN)=J SCAS0373

STNAMN{KOUNTN) =STRNAM(J) SCAS0374

PHILCO I Space & Re-entry

PHILCO.FORD CORPORATION Systems Division



TRAKER(KOUNTN}=LSTA

IF(NSN(J+291~7)4GTe0) ITRFTN(KOUNTN)}=1

183 CONTINUE
KN=KN+2

C SFT COVARIANCE FROM TAPF
NUMBER=KOUNTN~KHOL.D
L1=NSO(1,L1)-1
DO 184 J=1,NUMBFR
KKJ=KHOLN+J
LLJ=L1+Y
NO 184 M=1,NUMRBFR
KKM=KHOLD+M
LiM=L14M

184 PNEW(KKJsKKM)=POLDILLI»|.LM)
GO TO 188

C BUILD COVARIANCE FROM SFEN
185 NUMBER=n

DO 186 J=1,10

NSN{J+29 1=T7)=1BUFF{Js1)

IF(IBUFF(JsI1.EQeD) GO TO 186

KOUNTN=KOUNTN+1

IF(KOUNTNeGTeMAXZ) GO TO 189

ILOCN(KOUNTN)=J
NUMBER=NUMBER+1
TRAKER(KOUNTN)} =NAMSTA(I-T7)

IF(IRUFF(Jy1)eGTeN) ITRFTN(KOUNTNY=1

186 CONTINUE
IFINUMPFRGEQeT) GO TO 188
KLOCN{KN)=1+493
KLOCN{KN+1)=NUMBER
KN=KN+2
NSN{1sI-7)=KHOLD+1
NSN{2s1-7)=NUMBFR

CALL BLNCOV (SFEN{T1s1-7)sSTRNAMIKHOLD ¢sNUMRER 4LOCSTA)

188 CONTINUE
GO TO 200
189 IFRR=9
GO TO 999

C LOAD A PRIORI ESTIMATE

200 CONTINUE
DN 201 I=146

201 SPCDANI(T)=SPCDATL(T)
Do 262 1=1,14

202 EFEDAN{T)=EFEDATI(I)
DO 203 I=1.4

203 PREDAN(T)=PREDATI(I)
DO 204 1=1,2 ’

204 DFLDAN(T)=DELDATI(I)
DO 205 T1=1424
EHADAN( T)=FHADAT(T)
MHADANI( I)=MHACATI(T1)

205 XHADAN{ 1)=XHADATI(I}
DD 207 J=1,20
DO 206 1=1410

206 SE(IsJ)=SEN{(IsJ)
DO 207 1=11s14

207 SF{IsJ)=SEN{I+58,))

C OUBPUT CASE PARAMFTERS

210 CONTINUE
WRITF(696104)
L1=MOD {NRY ,100)
WRITE(6456106) CRONY(1sL1)
CALL DATOUPI{ETIMVASDUMSD)
DO 211 I=1,3

211 DATEVI{I)=DUMI(I)

WRITE(6+6105) INSTAT(1),(SPCNAM(I)sSPCDAN(I)»I=146)
WRITEF(696105) IRSTAT(2) s (FFENAMII) sFFFDANIT) sT1=1914)

WRITE(64+6107) CRODY(1sNRD)

WRITE(656105) IDSTATI3) s (PRFNAMIT)+PREDAN(I} »T=154)
WRITE(6+6105) INSTAT{4) s (DELNAM(IT ) sDFLDAN(T) s1=152)

WRITE(6,6108) CRONY(143)

PHILCO I

‘PHII.CO‘FGHD BDHYPDHATloN

SCAS0375
SCAS0376
SCAS0377
SCAS0378
SCAS0379
SCAS50380
SCAS0381
SCAS0382
SCASD383
SCAS0384
SCAS0385
SCAS0386
SCAS0387
SCAS0388
SCAS0389
SCAS0390
SCAS0391
SCAS0392
SCAS0393
SCAS0394
SCAS0395
SCAS0396
SCAS50397
SCAS0398
SCASD399
SCAS0400
SCAS0401
SCAS0402
SCAS0403
SCAS0404
SCAS0405
SCAS0406
SCAS0407
SCAS0408
SCAS0409
SCAS0410
SCAS0411
SCAS0412
SCAS0413
SCAS0414
SCAS0415
SCAS0416
SCAS0417
SCAS0418
SCAS0419
SCAS0420
SCAS0421
SCAS0422
SCASD423
SCAS0424
SCA50425
SCAS0426
SCAS0427
SCAS0428
SCAS0429
SCAS0430
SCAS0431
SCASO432
SCAS0433
SCAS0434
SCAS0435
SCAS0436
SCAS0437
SCAS0438
SCAS0439
SCAS0440
SCASO441
SCAS0442
SCAS0443
SCASO444
SCAS0445
SCAS0446
SCASO44T
SCAS0448
SCAS0449

Space & Re-entry
Systems Division

e




WRITE(6+6105) IDSTATIS5)s (HARNAM(T)»EHADAN(I)»1=1+24) SCAS0450

WRITE(6+6108) CRONY(1511) SCAS0451
WRITE(6+6105) INSTAT(61s (HARNAM{T) sMHADAN(I) »I=1+24) SCAS0452
IF(NBX+EQe0) GO TO 212 SCAS0453
WRITE(656108) CBODY(1sNRX) SCAS0454
WRITE(6396105) HARMXX s (HARNAM(T) sXHADAN(I)sI=1+24) SCAS0455
212 CONTINUE SCAS0456
DO 213 J=14NUMSTA SCAS0457
WRITE(6+56105) NAMSTA{J) s (STBNAM(I}sSE{I+J)s1=1410) SCAS0458
213 WRITE(6+6110) (SE(IsJ)sl=11514) SCAS0459
WRITE(656109) (STNAMN(I)}»ITRETN(I)sI=1sKOUNTN) SCAS0460
C ) SCAS0461
C STORE P MATRIX AND RELATED DATA ON SCRATCH TAPE SCAS0462
WRITE(9) DEST ) SCAS0463
BACKSPACE 9 SCAS0464
C . SCAS0465
C SET INTERNAL DIMENSTONS AND OPTIONS SCAS0466
DO 220 1=1,24 SCAS0467
220 IHM{I1)=0 SCAS0468
MAXD=3*¥MAXQ+26 SCAS0469
KHARM=0 . SCAS0470
IFAT=0 SCAS04T1
1IFT=0 -~ SCAS0472
- NUMBER=0 : SCASD473
e Ko=1 SCAS0474
221 KHOLD=NUMBER SCAS0475
- KKJI=KLOCN{KO) . SCAS0476
: IF(KKJoEQeQsOReKKI«GTe7) GO TO 227 SCASO4TT
2 NUMBER=NUMBER+KLOCN(KO+1) SCAS0478
o : KKL=KHOLD+1 SCAS0479
DO 226 1=KKLsNUMBFR SCAS0480
e J=TLOCN( 1) SCAS0481
; GO TO (2264222+2223224+22592259225) sKKJ SCAS0482
- 222 IFPLNT{J)=-1 SCAS0483
GO TO 226 SCAS0484
223 IF{JeFQ.1) IFSOLR=-1 SCAS0485
IF{JeEQe2) IFAT=IFAT-1 SCAS0486
IF(JeEQe3) IFAT=IFAT~2 SCAS0487
i IF(JeEQ.s) IFVENT=-1 SCASD488
GO TO 226 SCAS0489
224 IFT=IFT-y SCAS0490
GO TO 226 SCAS0491
. 225 IHM{J)=1 SCAS0492
L KHARM=KHARM+1 SCAS0493
226 CONTINUE SCAS0494
((((( IF{IFATJNELC) IFATMD=1FAT SCAS50495
= IF(IFTeNESO) IFTIME=IFT SCAS0496
KO=KO+2 SCAS0497
Go TO 221 SCAS0498
. 227 NSOLR=2? SCAS0499
o DO 228 1=1,11 SCAS0500
228 TF{IFPLNT(I)eLTo0) NSOLR=NSOLR+3 SCAS0501
| NDRAG=NSOLR SCAS0502
bl IF(IFSOLReLTo0) NDRAG=NNRAG+3 SCAS0503
NVENT=NDRAG SCAS0504
s IF(IFATMD#EQe=3) NVENT=NVENT+3 ) SCAS0505
i IF{IFATMDoLT 0} NVENT=NVENT+3 $SCAS0506
NT IME=NVENT SCAS0507
IF{IFVENTeLT«0) NTIME=NTIME+3 SCAS0508
NHARM=NTIME SCAS0509
IF(IFTIMES«EQe~3) NHARM=NHARM+3 SCAS0510
IF(IFTIME«LT«0) NHARM=NHARM+3 SCAS0513
NPEND:NHARMH3#KHARM =~ ' €EAd0512
NEMP3=NPEND-22 SCAS0513
NEMPS=NEMP3/3 SCAS0514
DO 229 1=1,3 SCAS0515
DO 229 J=1,3 SCAS0516
229 TX2Z(1sJ) = O SCAS0517
DO 230 1=1,3 SCAS0518
230 TX2Z{Is1) = 1eDO . SCAS0519
d SCAS0520
C OUTPUT COVARIANCE MATRIX SCAS0521
1ERR=0 SCAS0522
CALL COVOUT (KOUNTNsSPCDANS ICVOUT) - SCAS0523
999 RETURN . SCAS0524
END
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Subroutine:

Purpose:

Calling Sequence:

SETN-

SETN sets the logical tape numbers for input and output
to conform with the system unit table. ‘

CALL SETN (NIN,N@UT)

Input and Output
Symbolic Data
I/¢ | Name or Di;:g:;m s smagﬁl Dimensions| Definition
Location nsionsoym or Units
NIN Logical input tape number (5).
NgUT Output tape number (6).
Common storages used: None
Subroutines required: None

PHILCO |
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SIBFTC SETN M94,XR3»NODD
SUBROUTINE SETN(NINsNOUT)
NIN=5
NOUT=6
RETURN
END

PHILCO l
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Subroutine: SETSTA

Purpose: Used at the beginning of a run to set up arrays
for up to 20 stations (for stations found on the
data tape) using the station block data values
(up to 50 stations may be described in block data.)

Calling Sequence: CALL SETSTA

Common storages used: //16 cells,/DCPC@M/,/ESTCE#M/,/STNCOM/
Subroutines required: DAT@UP,DSTAT

SETSTA-1
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Discussion

Because of the vast size of the Differential Correction Program, it is

necessary to restrict the size of a number of arrays. One such array

pertains to tracking stations that are comnsidered active in any one run.

This is the SEN array whose dimensions are 69 X 20. Since each column

corresponds to a unique station, no more than twenty stations may be
considered active for any one run of the program. The actual stations

to be selected as active are those stations named on either the Edited

Tracking Data tape or the Simulated Tracking Data tape.

It is convenient, however, to allow the stations to be selected from a
larger group of 50 possible stations. SETSTA is used at the beginning

of a run to examine each station name on the list made from the data

tape, find this station among the 50 in the block data, assign an internal
station number k, and use block data values to load up the kth column

of two working station arrays. After initialization, the working arrays
are available to other parts of the program; the block data arrays are

not.

SETSTA-2
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The following two pairs of arrays are involved:

—y—
BLOCK DATA BLOCK DATA
NAME DESCRIPTION NAME DESCRIPTION
STALSC Station location SN Station name
Body fixed position

o d4(3,50) d(13,20) | vector, local tangent
L plane to body-fixed
i STANAM Station name transformation.
i} (50) |

STAC@R Station related biases, SEN Station related biases,
o d(69,50) | standard deviations, and} d(69,20) standard deviations, and
. correlations. correlations.

The list of station names to be examined has been already loaded into
/ESTC#M/ by the main program.

The contents of STAL#C are:

STALSC(I,J) J = 1,50
I =1 Station latitude, degrees
2" Station longitude, degrees

3 Station altitude, degrees

SETSTA-3
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and the components of SN are:

SN(L,J) J =1, 20

I=1 ‘Station name
2
3 Position vector, body-fixed, lm.
4 iy
5 } BN |
6 Unit North vector
7
8 Local tangent plane to
9 } Unit East vector > body-fixed frame
10 orthogonal transform.
11
12 } Unit Down vector
13 J

SETSTA-4
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SIBFTC MCL3S5V  XR3sM94sNODDsLIST

SUBROUTINE SETSTA 55TA0001
C SETS UP WORKING STATION ARRAYS SSTA0002
C SSTA0003
COMMON /DCPCOM/CDCP (900 ) S$5TAQ004
DIMENSICN CBODY (851115 ISN(26520) SSTAO005
DOUBLE PRECISION  DTR sSN(13,20) sTBEGIN sTEND SSTA0006
EQUIVALENCE (CDCP( 17),CBODY ) »(CDCP(143),SN ] SSTA0007
1 s (COCP(  93sDTR } s (CDCP{119)»TBEGIN) SSTA0008
s{CDCPLILI1)s1ERR )} +(CDCP(121),TEND ) SSTA0009
EQUIVALENCE (SNs SN S5TA0010
c i SSTADO11
COMMON /ESTCOM/CEST(804} S$STA0012
DIMENSION NAMSTA(20) SSTA0013
EQUIVALENCE (CEST( 7)sNAMSTA) »{CEST({ 6)sNUMSTA) SSTAQOL14
C 55TA0015
sy COMMON /STNCOM/CSTNILT7250) 5S5TADO16
INTEGER STANAM(50} 5STA0017
DOUBLE PRECISION  STACOR(69550)sSTALOC(3550) $STAOO18
EQUIVALENCE (CSTN(3511s3TACOR) »{CSTN( 1)5STANAM) SSTAGO19
1 s (CSTNL 51)»STALOC) 55TA0020
i c SS5TA0021
' COMMON SAVE(6)sA38sDUM(6) SSTAC022
i DOUBLE PRECISION AsB 5STAQ0023
c SSTAQO24
. DOUBLE PRECISION  SEN (69520) SSTAC025
3 DIMENSION SPSEN(2760) SSTA0026
5 EQUIVALENCE (SENsSPSEN) SSTA0027
: C SSTA0Q28
600 FORMAT(1HU/44X»s30HSTATIONS ON TRACKING DATA TAPE//35Xs4HNAME,23X SS5TAC029
1s8HLOCATION) SSTACO30
601 FORMAT(1HC»33XsA6+6XsBHLATITUDE»D25.1659H DEGREES/46X»9HLONGITUDESSTA0031
1sD2441639H DEGREES/46Xs8HALTITUDEsD25.1638H METERS) SSTA0Q32
* 6C2 FORMAT(1HUsAG) SSTA0033
603 FORMAT(21HOTRACKING DATA BEGINS) SSTAQO34
o 604 FORMATI19H TRACKING DATA ENDS) S5TAQ035
C SSTA0O36
« 1 A = CBODY(3s3) SSTAQ037
o B = CBODY (453) SSTA0038
WRITE (69600} 55TA0G39
DO 10 1=1sNUMSTA SSTA0040
DO 3 J=1550 SSTACO41
. IF (NAMSTA(I)4NE.STANAM{J)) GO TO 3 SSTACO42
CALL DSTAT (AsBsDTR»>STALOCI1sJ)»sSN(2s1)) 55TAQQ43
ISN{1s1) = NAMSTA(I} S$TAQO44
o WRITE (65601) NAMSTA(I)s(STALOC(KsJ1sK=143} SSTACD4S
DO 2 K=1+69 ’ » SSTAQO46
2 SEN(KsI) = STACOR(K»J) SSTA0047
GO TO 10 SSTA0048
3 CONTINUE SSTA0049
WRITE (6560G2) NAMSTA(1) S$SSTA0050
[ERR = 2 SSTADQS51
o G0 TO 99 S$5TAQ052
10 CONTINUE SSTA0Q53
X WRITE (656039 v SSTADO54
8 CALL DATOUP (TBEGINsDUMsD) SSTA0055
| WRITE {6»654) $STAODS6
it CALL DATOUP (TENDyDUMsO) SSTA0057
REWIND 9 SSTAQD58
WRITE (9) SPSEN SSTA0059
99 RETURN 5STA0060

END

(SRR

. } - PHILCO Space & Re-entry

FPHILCO.FORD CORPORATION Systems Division




i &}
iid

Sybroutine: SETTAP

Purpose : Checks or writes tape headers and initializes tape
positions. :

Callimg sequence: CALL SETTAP

Common storages used: // 11 cells, /DCPCOM/,/ESTCEM/

Subroutines required: None

SETTAP-1
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Discussion:

Subroutine SETTAP reads the three tape idemtification cards. For each,
if the tape has not been written by a previous run, the subroutine writes
columns 7-72 of the card as a tape identification record. If the tape
has been written previously, the tape identification record is compared
with columns 7-72. Any difference will cause an immediate returm with
the error flag (IERR) set = 1,

For the data tape (unit 10) only, the header is always compared with the -
data card. The tape record contains, in addition to the ll-word header, gg
45 words describing the tape contents. These are retained in the arrays

below

RUMSTA } ESTCOM k|
NAMSTA (20) -
TBEGIN d

TEND d DCPCOM

STIMNX (20)

SETTAP-2 |
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C
C
C
C
C
C
501
600
C
1
C
2
C
3
C
4
5
6
C
7
8
9
999

PHILCO I
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SUBROUTINE SETTAP
CHECKS HEADERS AND INITIALIZES TAPE POSITIONS

COMMON /DCPCOM/CDCP{900)

DIMENSION STIMNX(20)

DOUBLE PRECISION TBEGINSTEND

EQUIVALENCE (CDCP{111)sIERR ) s(CDCP(123)»STIMNX)

s {CDCP(117)sNESEND) s (CDCP{119),TBEGIN)
s {CDCP({116)sNRSEND) s (CDCP(121)sTEND )

COMMON /ESTCOM/CEST(804)

DIMENSION NAMSTA (20}

EQUIVALENCE (CEST( 7)sNAMSTA) »(CEST( 6}9NUMSTA)
COMMON IHEAD(12) » JHEAD( 11}

DIMENSION FMT(6)sT(293)

DATA FMT(1)/36H{11Xs2A696X95Xs THHEADERs»11A6)A69169/
DATA T(ls1)/36H DATA TAPE NRSEND = NESEND = /

FORMAT(16511A6)
FORMAT(1H1545X s 26H*¥% RUN INITIALIZATION #*¥¥/1H )

WRITE (6,600)

IERR =1

K =2

DO 9 [=1,3

READ ({5,501 (IHEAD(J)sJ=1+12}

WRITE (6sFMT) T(1sI)sT(251)s(IHEAD(J) s J=K»12)

GO TO (293s4) »1

DATA TAPE

READ (10) JHEADSNUMSTAsNAMSTASTBEGINs TENDs STIMNX
K =1

FMT(2) = FMT(6)

GO T0 7

RESIDUAL TAPE

NRSEND = IHEAD(1)

IF {NRSENDsNE.O) GO TO 5
WRITE (11) (IHEAD(J)9Jd=24+12)
GO TO 9

ESTIMATION TAPE
NESEND = THEAD(1)

IF (NESENDeNE.O) GO TO 6
WRITE (12) (IHEAD(J)»sJ=2,12)
GO 10 9

READ (11) JHEAD

GO TO0 7

READ (127 JHEAD

CHECK HEADERS

DO 8 J=2s12

IF (IHEAD(J) NE«JHEAD(J=1)) GO TO 999
CONTINUE

CONTINUE

IERR = 0

RETURN

END

STAPO0O1
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Subroutine: SHIF2

Purpose: Given the state of a body or vehicle with respect to a
specified body, SHIF2 returns the state with respect to
any other body(s) as requested by option key K¢P,

Calling Sequence: CALL SHIF2 (K¢P,N@R,DATE,X,NB@D,X@UT)

Input and Output

o ' Symbolic Data
5 I/¢ | Name or D§;:i§§mhs sMaEhl Dimensions Definition
Location ° JHUBOL! or Units
¥ I K@Pp Option key.
I N@R Central body number,
I DATE (2) days Whole and fractional days
from 1950 Jan 0,0
I X (6) km, km/sec|Vehicle state with respect to
e N@R equator and equinox of
: 1950.0
I NB@D Any body number,
¢ Xgur (6,10) km, km/sec|Requested state(s)
K¢P=1: state of all bodies
wrt N¢R
j K@P=2: vehicle state wrt all
» bodies
KfP=3: NBPD state wrt NgR in
column NB@D
: K@P=l4: vehicle state wrt NB@D
- in column NB@D,

]

2
S

Common storages used: /INPC@M/,/WC@M/

Subroutines required: ANTR, STEPT, FN@RM

- SHIF2-1
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Procedure

Bodies are identified By the following numbers

1 Earth 6 Saturn

2 Moon 7 Jupiter

3 Sun 8 Extra body 1 with body center N@X(1)

4 Venus 9 Extra body 2 with body center N@X(2)

5 Mars 10 Extra body 3 with body center N@X(3) s

The procedure used depends upon the quantities requested and the bodies

involved. The relative positions of bodies one through seven are obtained °
from a call of ANTR (the subroutine which reads and interprets an ephemeris
tape). Subroutine STEPT is used to obtain the relative positions of bodies
whose ephemerides are not stored on tape. The required quantities are

obtained by combining the relevant vectors.,

It should be noted that NPR may be any body (1 to 10), but if N@R is an
extra body (8, 9, or 10), then that body's orbit must be described with
respect to the usuasl bodies (1-7). When an extra body is the central body
of gnother central body, it must have the smaller extra body number. NB¢D
is not required unless KPP is 3 or 4; when used it may be any body, 1-10.

SHIF2-2
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C MC1352 NOREFsM94sNODD»XR3
S2 SHIF2 <CALLS STEPT FOR XTRA BODIES » SCOTTY LINK

SUBROUTINE SHIF2{KOPsNORsDATE » XsNBOD» XOUT)

COMMON/INPCOM/C(T00) /WCOM/ IW(550)sCW(1450)

DIMENSION DATE(2)sy X(6)»s XOUT(6410) PO(21)
1 VE(21) TX(253)s RX(393) VX{(393)
2» NOX(3)» SHFC(18)

EQUIVALENCE (C(6)»SPMSD)
1s {IW(4) s NOX) (IW(T7)sIXTRA)

2 {CW(1)sRX)s {CW(10) VX)) (CW(19),TX)
3 (CW{1372)sSHFC)

BODIES ARE EARTH
MOON
SUN
VENUS
MARS
SATURN
JUPITER
EXTRA BODY 1 GIVEN WRT BODY NOX{(1)

EXTRA BODY 2 NOX(2)

10 EXTRA BODY 3 NOX(3)
NOR IS THE CENTRAL BODY NUMBERs X IS VEHICLE STATE WRT NOR
KOP OPTIONS 1 XOUT IS STATE OF ALL BODIES WRT NOR

2 XQUT 15 VEHICLE STATE WRT ALL BODIES

3 XOUT(1sNBOD) IS NBOD STATE WRT NOR

4 XOUT(T1sNBOD) IS VEHICLE STATE WRT NBOD (ONLY)

OO~V WNM

NSTP=1

LXT = 0

IF(NOR.LT+8) GO TO 10

LXT = NOR-7

NSAV= NOR

NOR=NOX (LXT)

IF(KOP.GT+2) GO TO 20

11=1

12=7

CALL ANTR1(DATEsDATE(2)sNOR-1,P0,1sVEsFNORM{X)})
DO 13 1=11s12

JJ=3%1-3

DO 13 J=1+3

KK=JJ+J

XOUT{JsI})=PO(KK)

XOUT (J+3, 1)=VE (KK}

GO TO(14,5120)sNSTP

CONTINUE

IF(IXTRA.GT+0) GO TO 90

GO TO 120

11=NBOD

12=NBOD

IF(NBOD«GT.7) GO TO 90

IF(LXTeNE«O) GO TO 11
IF(NORNE+3+.0ReNBODeEQs2) GO TO 11
NSTP=2

GO TO 11

12 = 10

DO 210 J=1sIXTRA

MM=J+7

L=NOX(J)

KK=6%J-5

TT=(DATE - TX(1sJ) + DATE(2) — TX(2sJ))%SPMSD
CALL STEPT{(TTsRX(1sJ)sVX(IsJ}sXOUT(1sMM} »XOUT(4syMM}sSHFCIKK))
IF{NOR.EQ.L} GO TO 210
IF{LeGTe7eORKOPLTe3) GO TO 100
IF(NBODsLT&8) GO TO 101

CALL ANTRI(DATEsDATE(2)sNOR-15P0s1sVEsFNORMIX))
JJ=3%L -3

DO 105 K=1+3

KK=JJ+K

XOUT{KsL)=PO(KK)

XOUT(K+3,L)=VE (KK}

‘DO 110 I=16

XOUT(IsMM) = XOUTI{IsMM) + XOUT{(I,L)
CONTINUE

IF(LXTLEQ.0) GO TO 120

NOR = NSAV

DO 211 I=I1s12

SHI20010
SHI20020
SHI20030
SHI20040
SHI20050
SH120060
SHI120070
SHI120080
SH120090
SHI20100
SHI20110
SH120120
SHIZ20130
SHI20140
SHI20150
SHIZ20160
SHI20170
sHI20180
$H120190
SH120200
SHI20210
SHI120220
SHI120230
SHI20240
SsHI20250
sH120260
SH120270
SHI120280
SHI20290
SHI20300
SHIZ20310
SH120320
SHI120330
SHI20340
SHIZ20350
SHI20360
SH120370
SHI20380
SHI20390
SH120400
SHI20410
SHI20420
SHI120430
SHI120440
SHI20450
$H120460
SH120470
SH120480
SHI20490
SHI20500
SH120510
SH120520
sHI120530
SH120540
SHI20550
SHI 20560
SHI20570
SH120580
SHI120590
SHi20600
SHI20610
SHI20620
SHI20630
SHI120640
SHI20650
SH120660
SHIZ20670
SH120680
SHI120690
SHI20700
SHIZ20710
SHIZ20720
SH120730
SHI20740

Ry T
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DO 211 J=1s6

SHIZ0750

211 XOUT(Jsl) = XOUT(JsI) - XOUT(JsINSAV) SH120760
120 GO TO (150513091505130)sKOP SHI20770
130 DO 140 I=11,12 SHIZ20780

DO 140 J=1s6 SHIZ20790
140 XOUT(Js1)1=X(J)—-X0UT{Js1) SHI1208060
150 RETURN SHI20810

END SHI120820

A
!
4

PHILCO l

PHILCO-FORD CORPORATION

Space & Re-entry
Systems Division




Subroutine: SKDPUT

Purpose: To write out the measurement schedule., SKDPUT serves
principally as a driver for @YAL.

Calling Sequence: CALL SKD@UT

Common storages used: [INPC@M/,/WC@M/

Subroutines required: @YAL

SKDPUT-1

PHILCO l Space & Re-entry
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$IBFTC MC13KD NOREFsM94sNODDsXR3

CMC13KD SKDOUT  BLDP TYPE MEASUREMENT BUILDUP AND OUTPUT 5KD00001

SUBROUTINE SKDOUT 5$KD00002

COMMON/INPCOM/C{T700} /WCOM/IW(550) sCW{1450) SKD00003

DIMENSION ISC(12)s  15(11s12) $123+12) SKD0O0004

1, IBC(10)s  IB{(36), B(91) SKD00005

2 1EMP(24) s 0B(18) SKDOQ006

3 IOBR(4) EMP{24) s$KDO0007

S BODC(1048) S5KD00008

69 DNAM(6) s 10BA(361 REFS(3) S$KD00009

DIMENSION EQNA(3924) $KD00010

DIMENSION TYPNAM{&4)s MOUNT(3) $KD00011

EQUIVALENCE (C(4)sRTD)» (CI{T7)1sRSPMSD) s (C(11)sBODC) skD00012

1» (CL200155) > (C(47615B) (C156714+08) SKDO0O13

2 (C(585)sEMP) 5KD0O0014

EQUIVALENCE {(IW(8)5»15C), (1W(20)51BC)» (IW(30)sIEMP) SKDO0O15

1s {IW{54)5I0BR)s (IW(58)510BA) skDO0O16

2 {IW(180)s15)s (IW(312)»1B} SKDO0O17

EQUIVALENCE {CW(1157)sREFS) SKD0O0018

DATA (DNAM(J)sJ=1,6)/4HNONE s 6HSUBTEN s 6HRA=REF s 6HDECREF s 6HSEXTIPs  SKDOOO19

16HSEXTOP/ 5KD00020

o DATA RTS/20626481E6/ SKD00021
DATA TYPNAM/&HC-BAND»6HGODDRDs6H USBS s6H DSIF / SKD0G022

< DATA MOUNT/6H 30-FTspH B5-FTs1H 7 5KD00023
- DATA (EQNA(1,sJ)sJ=1s12)/ SKD00024
118HASTRO UNIT KM/AU $KD00025

- 218HEARTH M FRAC/SUN SKD00026
I 318MMOON M FRAC/SUN S$KD00027
i 418HVENUS M FRAC/SUN » SKD00028
518HMARS M FRAC/SUN s S$KDO0029

618HJUPTR M FRAC/SUN SKD00030

e 718HSATRN M FRAC/SUN » SKD00031
z 818HMRCRY M FRAC/SUN s SKD00032
s 918H2ND ZONAL HARM ’ 5KD00033
118H3RD ZONAL HARM N SKDO0034

218H4TH ZONAL HARM ’ SKD00035

=y 318H5TH ZONAL HARM / SKDO0036
: DATA(EQNA{1sJ) sJ=1324)/ SKD00037
,J 418H1ST LONG HARM RAD » S$KD00038
518H2ND LONG HARM RAD SKD0O0039

61BH3RD LONG HARM RAD SKDO0040

3 718H4TH LONG HARM RAD » SKDO0041
e 81BH1ST LUNAR KMx%2 $KD00042
o 91BHZND LUNAR KM#¥2 5kD00043
11BH3RD LUNAR KM*¥%2 SKDO0O44

218H1ST DRAG  1/(KM) » SKDOC045

318H2ND DRAG  1/(KM) » S§KD0O0046

418HSOLAR RAD K*¥3/5%5, 5KD0O0047

518HVENTs THRe KM/SEC » SKDO0048

. 61BHSPEED LGT ERROR  / SKDC0049
" IFLISC) 30530520 SKD00050
20 WRITEL  65101) S$KD00051

101 FORMAT{1HOs41Xs38H%*% EARTH-BASED TRACKING IN EFFECT **%/7H NUMBERSKDO0052

194X s 4HNAME s 6 Xs 4HTYPE» 18X 8HLOCATION s 38X » BHOBSERVES ) 5kD00053

DO 28 1=1,12 SKDO0054

e ISTAT=1SC(1} SKD00055
k IF(ISTAT)30530921 SKDP00056
21 CONTINUE SKDO0057

SLAT=S5{3,ISTAT)*RTD ' SKD0O0058

SLON=S (45 ISTAT) *RTD SKD00059

AH=S (62 1STAT)*RTD 5KDO0060

SALT=S(5,1STAT)*1000, ~ SKDO0061

EM=S(7»ISTAT)*RTD 5KD00062

MTYPE=1S(1»1STAT) S$kD00063

NAL IGN=3 $KD00064

IF(MTYPE.EQe3) NALIGN=IS(10sISTAT) SKD00065

WRITE(62102) ISTATsS(1sISTAT) s TYPNAMIMTYPE)sSLAT»S(25ISTAT) s MOUNT(SKDO0066

1NALIGN) > SLONyAHs SALTSEM SKDO0067

102 FORMAT(1HO22X912s6XsA693XsA639Xs11HLATITUDE =3F10s5s4H DEG»16X»155KD00068
1HAT INTERVALS OFsF9e2s4H SEC/20XsA65 9X»11HLONGITUDE =sF10.5s4H DESKDOQQO69
2Gs 16X923HWHEN ELEVATION 1S ABOVEsF7.2s4H DEG/35Xs11HALTITUDE =sF1SKDO0070

304594H MET»16X»13HBUT LESS THANsF7e2+4H DEG) SKDO0071
IF{MTYPE.EQel) GO TO 1020 . 5KD00072
FTR=S(225 ISTAT)*1 ,E~-6 SKDOGO73
OMG3=5(205ISTAT)*1+E~6 SKDOOOT74

iy
%

PHILCO l Space & Re-entry

' PHILCO.FORD CORPORATION Systems Division



TAU=S(235ISTAT) SKDO0075
OMG4=5(21» ISTAT) SKDO0076
WRITE(691021) FTRyOMG3»TAU»OMG4 SKDO0077

1021 FORMAT(1HO»28X 9+ 18HDOPPLER PARAMETERS/31X9s22HTRANSMISSION FREQUENCYSKDOQO0OT78

199XsF11e5915H MEGACYCLES/SEC/31X»14HBIAS FREQUENCY»20XsF8e5515H MESKDO0OT79

2GACYCLES/SEC/31X9 14HCOUNT INTERVAL»20XsF8e59+8H SECONDS/31X»20HRETRSKDOOO8O

3ANSMISSION RATIO»15XsF745) SKD0O0081
1020 WRITE(69103) 5kD00082
103 FORMAT(1HO»28X s 25HMEASUREMENT ERROR SOURCES»11X96HRANDOMs9Xs4HBIASSKDOQQ83
1) SKDOCO084

DO 27 J=2»9 SKD0O0085
IF(IS{JsISTAT) «EQ.,0) GO TO 27 SKDO0O086
CALL OYAL(L1sIS{1sISTAT)IeJdsS{15ISTAT) ) SKDC0087

27 CONTINUE SKDO0088
28 CONTINUE SKD0O0089
30 CONTINUE SKDO0090
IF{IBC-EQeD) GO TO 40 SKDOO0091
NBD=1IB{(36) SKDO00g2
WRITE( 69104) SKD00093

104 FORMAT(1HO 947X 9 27H*%% BEACON MEASUREMENTS *%%/29Xs12HMEASUREMENTS»SKDO0094
124X s6HRANDOM, 9X»s4HBIAS»13X»23HOBSERVATION PERIOQD(SEC)) SKD00095

DO 391 I=31,35 SKD0O009%6
J=1-30 SKDO0097
CALL OYAL(2,IB(31)sJsB(81) ) SKDO0098

391 .CONTINUE SKD0O0099
WRITE( 6+105) SKDO0100

105 FORMAT(1HO»s 48Xs26H%*%* BEACONS CONSIDERED *%¥%¥/7H NUMBERs6Xs4HNAME»SKDO0101
122X s 8HLOCATION»20X 9 20HLOCATION UNCERTAINTY»14Xs4HBIAS) SKD00102

DO 36 I=1,10 SKD00103
IBEAC=IBC(I) SKD00104
IF(IBEAC) 40,40,431 SKD00105

31 CONTINUE SKDO0106
NBEAC=3* (IBEAC-1) SKD0O0107
K=8%( IBEAC-1)+1 S$KD0O0108
SLAT=B(K+1)*RTD ° SKDO0109
SLON=B(K+2)%¥RTD SKDOO110
SALT=B{K+3)%31000, SKDQO111

AH =BI(K+4)%*RTD SKDO00112
BLAT= Blk+5) #1000 SKDPC0113
BLON= B(K+6) %1000, SKDOO114
BALT= B{K+7) #1000, SKD00115
IF(IB(NBEAC+1)+EQe0) BLAT=0. SKDO0116
IF(IBINBEAC+2)«EQs0) BLON=0. SKD0O0117
IF(IBINBEAC+3)«EQ,0} BALT=0, 5KD00118
WRITE( 63106) 1IBEACYBIK) sSLATsBLAT»SLONsBLON»SALTsBALTAH SKD0O0119

106 FORMAT(1HU$2X»12s8XsA6912Xs11HLATITUDE
10N NORTHING (MET)»s13XsF10e5/31Xs11HLONGITUDE
(MET)s13XsF10s5/31Xs11HALTITUDE
3911X»21HBEACON ALTITUDE (MET)+13XsF10.5/31Xs11HHORIZON
44H DEGsF1045)

36

221HBEACON EASTING

CONTINUE

40 CONTINUE

113

114
545

115
546

116
549

IF(IOBR «LEe0) GO TO 549
NOB = IOBR
WRITEL

69113) BODCI(NOBs1)+s0B(6)+0B(7)
FORMAT(1HOs12Xs1TH***¥RADAR MEAS TO

185 1X922HKM ALT»s OBSERVED EVERY»FGe0sIH SECSH¥%* )

IF{IOBR(2) «EQe0) GO TO 545
A = 0oB(1y * 1000,

BB= 0B(3) *1000.
IF{IOBR{2)«EQe2) BB=0.

WRITE ( 62114) A»BB
FORMAT(21H HEIGHT (RANDOM) M
IF(TOBRI{3) «EQe 0)GO TO 546
A = 0B(2) *1000,

BB= 0B(4) *1000.
IF(IOBR(3)«EQe2) BB=0s

WRITE | 65115) AsBB

FORMAT (24H HEIGHT RT.{(RANDOM)
IF(I0BR{4) «EQe0) GO TO 549
WRITE(65116) OBI(5)

9E15.8/8Xs6H{BIAS) s 7TXsE1568)

M/S 9E15e87 11Xs6H{BIAS)»7XsE15,.8)

FORMAT( TH TBIAS sE15.8» 4H SEQC)

CONTINUE
IF(IOBA +LE. 0) GO TO 580

REFS=REFERENCE VECTOR FOR ONBOARD OPTICAL OBSERVATIONS

PHILCO |
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sA691X916HIN EFFECT BELOW

z9F10e45+4H DEGs11Xs21HBEACSKDO0120
=9F106594H DEGs 11X
=sF10+594H METSKDOO122
=yF10e5s SKDOO123

SKDO0121

SKDO0124

SKD00125

SKDOO126

SKDO0127

SKD00128

SKDO0129
sE£15.5KD00130
SKDO0131
SKDO0132
SKD00133
SKDO0134
SKDO0 135
SKDO0136
SKDO0137
SKDO0138
SKD00139
s$KD0O0140
SKDO0141
SKDO0142
SKDOO0143
SKDO0 144
SKDO0145
SKDO0 146
SKD00147
SKDO0148
SKDO0 149
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SD=SIN(OB(16)) ’ 5KDO0150

CD=C0S5{0B(16)) SKD00151

SR=SIN(OB(151) SKDO0152

CR=COS(0B(15)) SKDO0153

REFS(1)=CD*CR SKDO0154

REFS(2)=CD*SR 5KDO0155

REFS(3)=5D SKD00156

WRITE ( 6»107) SKDO0157

107  FORMAT(1HO»39X s 40H¥**OPTICAL ONBOARD TRACKING IN EFFECT*¥¥) SKD00158

PER=0B(14) *RSPMSD 5kD00159

TBIAS® 0B(5) 5KD00160

IF(IOBR(4) «EQe0) TBIAS =0, ) 5KD00161

RA = OBt15)#RTD sKD00162

DEC= OB(16)*RTD SKDO0163

WRITE( 65108) PERsTBIASsRAYDEC SKDOD164

108  FORMAT(7HOPERIOD»E17.8»5H DAYS/TH TBIASsE17.894H SEC/7TH REFRAes SKDO0165

1E178s4H DEG/7H REFDEC9E174894H DEG) 5KD00166

WRITE( 6+109) SKDOO 167

109  FORMAT(1HO»20Xs TOHRANDOM ERROR MODEL = (K1)*#2+(K2%¥%2)%{2.#ASIN(RASKDOO168

1DIUS BODY/RANGE TO BODY))#%2/8Xs4HBODYs11X912HNO. OF MEASe»12Xs4HTSKDOD169

‘ 2YPEs15X»6HK1 SECs11X, 2HK2) SKDO0170

5 DO 575 I=14+6 SKD0O0171
¥ IF(IOBA(1sI1 «EQe 0) GO TO 580 SKDO0172
NB = IOBA(3s1) SKD0O0173

IT = IOBA(2s1) SKkDO0174

. KK = 1T+l SKDO0175
IF (KK «GTs 3) KK=KK+1 SKDO0176

« GO TO (550+5555560956535605565) 5KK SKDO0177
. 550  A=0. 5KD00178
BB=0., SKD00179

. GO TO 570 SKDO0180
555  ASRTS* oB(12) skD00181

BB= 0B(13) sKD00182

o GO TO 570 5KD0O0183
560 A=RTS* 0B8(8) SKDOO184

o BB= 0B(9) 5KD00185
GO TO 570 SKD00186

565  A=RTS* 08(10) SkD00187

. BB= 0B(11) SKD00188
570  WRITE ( 69110) BODC(NB»1)910BA(1s1)s1TsAsBB 5KD00189

110 FORMAT(4XsA6+9212045%,2E2048) SKD00190

KK = KK+1 SKD0O0191

IF(KK «EQes 4) GO TO 565 SKD00192

575  CONTINUE SKD00193

580 CONTINUE SKD00194

K=0 $KDC0195

DO 590 I=1924 SKDO0196

B IF(IEMP(1)) 58595904585 SKD00197
585 IF(KeGT40) GO TO 586 SKD00 198

K=1 SKkD00199

WRITE ( 65111) SKD00200

586 WRITE ( 69112) (EQNA(JsTI)sJ=153)9EMP(T) $KDO0201

i 590  CONTINUE . SKDO0202
111  FORMAT(1HOs42X s 35H**%#0THER DETe UNKNOWNS IN EFFECT¥#%%) SKD00203

o 112 FORMAT(1H »3A692XsE15.8) SKD0O0204
T CALL LOCAT SKD00205
RETURN sKDO0206

END $KD00207

Y
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Subroutine: SKDUL

Purpose: Reads control times., Reads and writes measurement

schedule,

Calling Sequence: CALL SKDUL (INITS,NCH)

Input and Output

o 1/¢ 312201i; Di;:ﬁggﬁns SMazhl nimgiiions Definition

d Location YIOOL or Units

o I INITS , Initialization key.

. Set -1 on first entry to
initialize, internally

<<<<< ) reset to O,

¢ NCH NCH=111 indicates end of run;
NCH=0 indicates change in

TSTART and TST@P only.

Common storages used: /INPC@M/,/WC@M/,/BUFCHM/

Subroutines required: CARDIN, ERRYUT, SKDYUT, TIMED, TIMES

SKDUL~1

PHILCO l Space & Re-entry

Systems Division
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V SKDUL

[ Read NCH and control times |

. ! |
—es NCH = 1117 D)

y No

| Write new control times ]

C NCH = 07 D
*No

Remove previously used location
biases from all stations, beacons

|
CARDIN
Read new station, beacon
change cards
SKDgUT >
Write out new measurement schedule

(j Any measurement data left in buffer? j}lkl——-
y No -
| Write measurements on data tape ]

Count number of stations
and beacons now in use

i
C INITS =-17 e
y Yes

Write header record on
data tape, Set INITS = Q

{

] Set TSTART

T

Return

SKDUL-2
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$IBFTC MC13UL M94,NODD9sXR3

CMC13UL SKDUL READS CONTROL TIMESs READS AND WRITES MEAS SCHEDULE S$KDL0DO1
SUBROUTINE SKDUL(INITSsNCH) SKDL0002
COMMON/TINPCOM/C(T00) /WCOM/ IW(550) sCW{1450) SKDL0003
COMMON /BUFCOM/BUFF1(40) JKEY SKDLOO04
DOUBLE PRECISION DBUFF(10) S$KDLOO00S
DOUBLE PRECISION ONTMs TEST» TLST» TAU» FTR SKDL0OO006
1» Cls C2» RAMB s BIASS OMG4 SKDLOO0O7
e EQUIVALENCE (BUFF1(1J9IKY)s (BUFF1(2)sKEE}s {(BUFF1(3)sSTANAM) SKDLO0QOB 1 e
1s (BUFF1(4)sSTNAM1)» (BUFF1(5)sNRCD)» {(BUFF1(6)sNKOUNT)SKDLOOOY
2 (BUFF1(71sKONTIN) » (BUFF1(8)sMTYPE}, (BUFF1(9),NALIGN)SKDLOD10O
3 (BUFF1(10)sMODE)» (BUFFL(11)sFMS)s (BUFF1(12)sKTAU) SKDLOO11
4 (BUFF1(13)sDBUFF sONTM) skDLOO12
EQUIVALENCE (DBUFF{2)sTFST)s (DBUFF(3)sTLST)s (DBUFF(4},TAU) SKDLOO13
1 (DBUFF(5)sF TR » (DBUFF(613sC1)» (DBUFF(7)sC2) SKDLOO14
29 (DBUFF(8)sRAMB)» (DBUFF(9),BIAS)s (DBUFF(10)s0MG4) SKDLOO1S
DIMENSION  STNM(20), TI(3) SKDLOO16
DIMENSION TFORM(6)s TST(2) TWT{2)y  ONAME(2) SKDL0OO017
DIMENSION S(23512)s B{B8s10)y 1ISCL12)}» IBCI1O) SKDL0018
1s 1S111+12)» 1B(3512)» BIASL{3522) SKDL0019
- DIMENSION ISEM(5513)s XMES(5s 85) SKDL0020
. DIMENSION  HEAD(24)» STIMNX(20) SKDL0021
EQUIVALENCE (Ct200)s5)s (CL476)9B)y (IW(B)s15C) SKDLOO22
1 (IW(20321BC)s (IW(18031151s {IW(312)+1B)SKDLOD23
2 (CW(156)sBIASL)» (CW(522) 3 XMES)» (CW(1160)sTI) SKDLOO024
. 3 (CW(1140)sTSEC)»{CW(1178)sTSTART)» (CW(1188)sTWT) SKDL0025
EQUIVALENCE (C(6)»SPMSD) (CW{1179)sFLTIM)s (CW(1172)sTSECO} SKDL00O26
. EQUIVALENCE (C(675)sHEAD) SKDL0O027
= EQUIVALENCE (C(T7)sRSPMSD)» {C(115) yXTROUT) SKDLGO028
DOUBLE PRECISION TSTDPsTSPDP SKDL0029
DIMENSION  TYPE(4) SKDL0030
DATA TYPE/6HC~BAND»6HGODDRD» 6HS—BAND6H DSIF / SKDL.0O031
, DATA QYESsQNO/3HYESs2HNO/ SKDL0032
o ¢ SUBRS REQUIRED SKDLOC33
C TIME - TIMES, TIMED SKDLOO34
C ERROUT © SKDL0O035
C CARDIN SKDLO036
C SKDOUT SKDL0O037
DATA (ONAME(J)sJ=1+2) /6H START, 6H STOP/ SKDL0O38
DATA 1QUAL/O/ SKDL 0039
CALL TIMES{TSECsDsTFORM) SKDL 0040
READ( 5s706) NCHsTST SKDL0041
706  FORMAT(I351E12+8s 3Xs1E12.8) ’ SKDL 0042
IF{NCH .EQ. 111) GO TO 230 SKDLOO043
WRITE { 65707) TFORM SKDLOO44
707  FORMAT(21HONEW CONTROL TIMES AT,»6A6) ‘ SKDL004S
DO 21 1=1s2 SKDL0046
CALL TIMED(TST{I)sTWT(I) SKDLOO4T
CALL TIMES{TWT(I)sDsTFORM) SkDLO048
21 WRITE( 65708) ONAME(T1),TFORM SKDL0049
“““ 708 FORMAT(1H »1A6s 1X36A6) SKDLOO50
IF(THT(1)«GT, TWT(2)) CALL ERROUT(1531H{17HOERROR ISKDL00S51
IN INPUT 2E20e85s14)sTWT(1)sTWT(2) s NCH) SKDL0052
IF(NCH +EQs 0) GO TO 22 SKDLDO053
o IF(INITS.EQe~1) GO TO 50 SKDL.0054
a) DO 10 I=1s12 SKDL 0055
K=15C(I) -~ SKDLOO56
IF(KY 1151151 ) SKDL0OO57
1 DO 10 J=6+8 SKDL0OS8
CIF(IS(JsKY) 251052 5KDL0G59
2 Lsd=3 - C EKDBL00&0
M=J-5 ) SKDLOO61
S({LsK)=S{LsK)~BIASL(MsK) SKDLO062
10 CONT INUE SKDL0063
11 DO 20 I=1,10 SKDL0064
K=1BC(I) SKDL0065
IF(K) 50550512 SKDL0066
12 DO 20 J=1»3 SKDLOO067
IF(IB(JsK)) 13920,13 SKDL0O68
s 13 L=J+1 SKDLO069
| BI(LsK)=B(LsK)-BIASL(JsK+12) SKDL0OOT0
o 20 CONTINUE SKDL0O71
- 50 CONTINUE SKDLOO72
CALL CARDINCINITS) SKDLOO73
3 : CALL SKDOUT SKDLOO74
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IF(IKY.EQ.0) GO TO 61 ‘ SKDLOO75

WRITE(12) BUFF1 SKDLOO76
WRITE(12) (IQUAL»I=1985)s({XMES(I5J)}sJ=1+85)s1=145) SKDLO077
C#x%x  CHECK BINARY OUTPUT SKDLOOT78
QOUT=QNO ) SKDLOO79
IF(KONTIN.EQ,1) QOUT=QYES SKDL 0080
WRITE(65601) IKY»STANAM»STNAMIsTYPE(MTYPE) »QOUTTFST SKDLOO81

601 FORMAT(//24H *%% RECORD PAIR NUMBER,15//75H RECEIVING STATION TSKDL0O0B2
1RANSMITTING STATION MEASUREMENT TYPE CONTINUATION/7X9A6515Xs A6SKDL0OOB3
2915XsA6912X2A3//12H DATA BEGINS»D24416520H SECONDS FROM 1950.0) SKDLOO84

TEMP=(TFST ~.5364576D9)*RSPMSD SKDLO08S
CALL TFRAC(620945sTEMP+X01,X02) SKDL0O086
CALL DATOUT(XO019X02sY019Y02+0) SKDL0087
WRITE(69602) TLST SKDL0088
602 FORMAT(12HO DATA ENDS sD24416520H SECONDS FROM 195040) SKDL 0089
TEMP=(TLST —.5364576D9 ) *RSPMSD SKDL 0090
CALL TFRAC(6209,sTEMP»X01+X02}) SKDL0091
CALL DATOUT(XO01sX02sY01sY0250) SKDL0092
WRITE(65606) NKOUNT ' SKDLO093
606 FORMAT(12HOTIME POINTS/17) SKDLO094
IF{XTROUT+EQ.0e) GO TO 61 SKDLO095
WRITE(6s607) KEEsNRCDsNALIGNsMODE»FMSsKTAUSONTMs (DBUFF(1)s1=4510)SKDLO0%6
15 { IQUAL s (XMES(TI+J)»I=155)9J=15NKOUNT) SKDL0097

607 FORMAT(SHONEOT »3Xs4HNRCD 43X s 6HNAL IGN 3 X »4HMODE »7X s BHMEAS INT»6X SKDLOO98
194HKTAUs11Xs6HONTIME s 22X s3HTAU/ 149179218, E19689169D274165D26416// SKDLO0O9Y

213X s3HFTR»23X92HC1 924X 2HC2924Xs2HDR/4D26616//12Xs4HBIAS»21Xs5HRATSKDLO100

310/2D26¢16//3H 1Qs11Xs4HTIME s 15Xs5HANG 1515Xs5HANG 2+15X»5HRANGEs SKDLO101 e
414X s THDOPPLER/(1355E20.81)) SKDLO102 .
C**%  END BINARY OUTPUT SKDLO103 &
61 CONTINUE SKDLC104
DO 60 =15 SKDLO105 )
DO 60 J=1,13 SKDLO106
60 ISEM(15J)=0 : SKDLO107 |
NSTA=0 ‘ SKDLO108 i
DO 62 J=1512 SKDLO109
L=1SC(J SKDLO110
IF(L.EQe0) GO TO 63 SKDLO111
NSTA=NSTA+1 SKDLO112
STNM(J)=S{1sL) SKDLO113 s
ISEM(1sL)=1S(1sL) SKDLO114
DO 62 1=235 SKDLO115
62 IF(IS{IsL) eNESO) ISEM(IsL)=1 SKDLO116
63 NBEA=0 SKDLO117 :
IF({IBC+EQ+0) GO TO 80 SKDLO118 -
DO 64 I=1510 SKDLO119
IFUIBC(1).EQ.0) GO TO 65 skbLO120 =
64 NBEA=NBEA+1 SKDLO121
65 DO 66 I=1s4 SKDLO122 5
66 IF(IB(Is11)eNEoQ) ISEM(Is13)1=1 SKDL0123
ISEM(5513)=1B(3+12) SKDLO124
80 CONTINUE SKDLO125
KEY=2 SKDLO126
IF(NCHeLT+0) KEY=-2 SKDLO127 i
IFCINITS.EQ.0) GO TO 22 SKDLO0128
TSTDP=(TI(1)+TI(2))1*SPMSD+TWTI1)-TSECO SKDLO129
TSPDP=TSTDP+FLTIM-TWT (1} SKDLO130 g
DO 81 I=1520 SKDLO131 :
81 STIMNX{I)=TSTDP SKDLO132
WRITE(12) (HEAD(I)+1=13223)sNSTAsSTNMsTSTDP s TSPDP»STIMNX SKDLO133
Cx*%  CHECK BINARY OUTPUT ‘ SKDLO134
WRITE(65603) (HEAD(I)s1=13+23)sTSTDP SKBLO13s
603 FORMAT(1H1s45X»29H%*% SIMULATED DATA TAPE *%%¥,/84 HEADERs11A6/  SKDLO136
119HOFIRST DATA ON TAPEsD23.16s20H SECONDS FROM 1950.0) SKDLO137
TEMP=(TSTDP-,5364576D9) *RSPMSD SKDLO138
CALL TFRAC(6209.5sTEMPsX01+X02) SKDLO139
CALL DATOUT(XO01sX02sY015Y0250) SKDLO140
WRITE(65604) TSPDP SKDLO141
604 FORMAT(19HO LAST DATA ON TAPEsD23.16520H SECONDS FROM 195040) SKDLO142
TEMP=( TSPDP-,5364576D9)*RSPMSD SKDLO143
CALL TFRAC(620%9.sTEMP3sX015X02) SKDLO144
CALL DATOUT(X01sX02sY01sY02s0) SKDLO145
WRITE(63605) (STNM{I)sSTIMNX(I)sI=1sNSTA) SKDLO146 -
605 FORMAT(1HO»51Xs16HSTATIONS ON TAPE/49Xs4HNAMEs5Xs13HFIRST ON TIME/SKDLO147 s
1/(48XsA69E18,81)) SKDLO 148
Cx*x  END BINARY OUTPUT SKDL0149
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INITS = 0

SKDLO150

22 CONTINUE Sthglg;
TSTART = TWT(1} sK |_01

230 RETURN SKDLO153

END SKDLO154

s

|
!
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Subroutine: SMEAS

Purpose: Makes a set of station measurements, RMEAS(2-5), 2t
time RMEAS(1).

Calling Sequence: CALL SMEAS (Si,BRAD,X¢UT,RMEAS,ISA)

Inpul and Cutput

- Symbolic Data
A I/¢ |Name or D§;ZE§;:ns QMaggl Dimensions Definition
wad Location sy or Units
o I SA (23) Appropriate column of station
data array, S.
I BRAD (3 1 - Earth semi-major axis
2 = Earth semi-minor axis
3 - Earth spin rate,
I X@UT (€,10) Vehicle position, velocity
with respect to all todies,
¢ RMEAS (5) 1 - Tire
2 - Angle 1
3 - Angle 2
li - Rarge
& - Doppler
I ISA (11) Station messurement treatment
keys.,

Common storages used: /INPC@M/,/wegM/, /EXIC/

Subroutines required: ARKTNS,CR@SS,ERRGUT,EXINST,FNPRM,SHIF2,S5TAT,
TFRAC, VIRN, VTRT

SMEAS-1

PHILCO l Space & Re-entry
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Vsms

STAT, VIRT
Find station vector
and range vector
at signal reception

EXINST, SHIF2
Find dowm-link propagation
delay and vehicle state at
signal retransmission

Yes~(j C-Band measurements? ;)

iNo
STAT
Find station vector
and range vector
at signal transmission

Find range vectors
at start of doppler
count interval

* ~, DSIF
(f Measurement type? P
4 | Goddard, USBS

Compute range, Compute range, Compute hour angle
azimuth, and X and Y angles declination
elevation

| Compute doppler |=

Add bigs and random errors e
as requested by keys

A

Return

SMEAS-2

PHILCO l Space & Re-entry §

PHILCO.FORD CORPORATION Systems Division



$IBFTC MC13SM NOREFsM945sNODDIXR3

CMC13SM  COMPUTES STATION MEASUREMENTSs RMEAS(2-5)s AT T=RMEAS(1) SMES0001

SUBROUTINE SMEAS(SAsBRADsXOUTsRMEAS s [SA) SMES0002

COMMON/ INPCOM/C(700) /WCOM/ IW(550) 9CW(1450) /EXIC/W{36)sCRX{992) SMES0003

DIMENSION  AN(353)s BRAD(3)» CROB(3) s DCXS0B(3) SMES0004

1 DNOB(3)s DNTR(3) DUMI{3)s EAOCB(3} SMES0005

29 EATR(3)» ENOB(3) ENTR(3), EK(3) SMES0006

3 1SA(11) KRX(992) OMG(3}s R(4) SMES0007

4o RMEAS(51) RTOB(3)s RTTR(3})s SAl23) SMES0008

5 SCEK (3} SCOB(5) SX0B(3) SMES0009

69 SXTR{3) TI(2)s TIX(2)» TMOB(9) SMES0010

7 TMTR(9)» X(6) XIN(6)s XOUT{6510) SMESO011

8 XS0Bl6) s XSOBX(3)s XSTR(6) s XSTRX(3) SMES0012

DIMENSION  TMOBX(9)s DUML1 (3} DUM2(3} XX{3) SMES0013

1s RTMG(2)» EDOT(2)» RM(2)s E{2) SMES0014

2 DELTE(2) DR(2)s DRX(2) 2146} SMES0015

3 DCXSTR(3) SMES0016

EQUIVALENCE (C(116)sCFRAC11s (C(117)+CFRAC2} SMES0017

EQUIVALENCE (C(7)»RSPMSD} (C(S)sSPDLT) s (IW(382)sNOR) SMES0018

1s {IWE4B89)5ITRIG)s (IW(490)sKOUNT) SMES0019

2 (CW(1140),TSEC)s (CW(1160)sTI) SMES0020

oy 3 (CW(1163)9AN) s (CW{1172)»TSECO)s (CW(1173)sGHAR) SMES0021
s 4 (CRX s KRX)» (R{1)sANG1)» (R{2)sANG2) SMES0022
5 (SXOB(1)sXTNOB)s (SXOB(2)sXTEOB)s (SXOB(3)sXTDOB) SMESQ023

69 (SXTR(1)sXTNTR)» (SXTR(2)}sXTETR}s (SXTR(3)sXTDTR) SMES0024

7 (TMOB(1)5ENOB}s (TMOB(4)sEAOB) » (TMOB {71 »DNOB) SMES0025

] 8y (TMTR(1)9ENTR)» (TMTR(4)EATR) » {TMTR(7)sDNTR) SMES0026
. EQUIVALENCE {(RM{1)sRATOB)» (RM{2)sRATTR) SMES0027
= DOUBLE PRECISION TWR SMES0028
DATA OMGSEK/5%0es1a/ SMES0029

- MTYPE=1SA(1) SMES0030
e NALIGN=1SA(10) SMES0031
) NFRAC=TISA(11) SMES0032
a TIX(1)=TI(1) SMES0033
TIX(2)=TI{2) SMES0034

RMEAS(1)=TSEC SMES$0035

OMG({3)=BRAD(3) SMES0036

C RECEIVING STATION POSITION AT END OF COUNT INTERVAL SMES0037

s GHAN=GHAR+BRAD (3 )% { TSEC-TSECO) SMES0038
CALL STAT{SA(3)sGHAN, TMOBsRTOBsSCOB+»BRAD) SMES0039

SPHI=SCOB(1) SMES0040

CPHI=SCOB(2} SMES0041

RTMG(1)=FNORM(RTOB) SMES0042

. C DOWN=LINK PROPAGATION DELAY SMES0043
CALL VTRN(AN,XOUTsX) SMES0044

DO 10 I=1,3 SMES0045

10 XSOB{1)=X(1)-RTOB(1) SMES0046

r RATOB=FNORM{XSOB) SMES0047
ITERAT=0 SMES0048

TSET=TSEC SMES0049

20 ITERAT=ITERAT+1 SMES0050

TV=TSEC-RATOB/SPDLT SMES0051

o TWR=TV SMES0052
M=1 SMES0053

N=3 SMES0054

§ 30 CONTINUE , SMES0055
~ CALL EXINST(TWRsMsNsXINsXIN(4)sWsCRX>109ITRIGIKOUNT) SMES0056
il IF(MeLEoO) CALL ERROUT{(1s10H{4HOM1=12) M) SMES0057
IF(N) 50540560 . SMES0058

40 CONTINUE SMES0059

cALL ERROUT(1s28H{23HOERROR ON BIN TAPE READ)) SMES0060

50 CONTINUE SMES0061

N=-N SMES0062

NOR=KRX(TaN) SMESD063

GO TO 30 SMES0064

60 CONTINUE SMES0065

CALL TFRAC(TIX{1}sTIX(2)+(TV~TSET)*RSPMSDsTIX{1})sTIX(2)) SMES0066

TSET=TV SMES0067

CALL SHIF2(24NORsTIXsXIN,1sXOUT) SMES0068

CALL VTRN(AN,XOUTsX} SMES0069

DO 70 1=1,3 SMES0070

70 XSOB(11=X{1)=-RTOB(I) SMES0071

R20B=DOT(XS0BsXS0B) SMES0072

RATOB=SQRT (R208B) SMES0073

. IFLITERAT.EQ.1) GO TO 20 SMES0074

PHILCO "iiﬁil
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80

81

82

83

84

85

[aXaRaKal

90

100

110

120

130

131

132

CALL CROSS{OMG»RTOB»DUM)
CALL VTRN(ANSXOUT(49s1)9X(4))
DO 80 T=44+6
XS0B(1y=X{1)-DUM(]-3)

CALL VTRT(TMOB9sXSOB»SX0B)

WE NOW HAVE DOWN-LINK RANGE AND ASSOCIATED VECTORSs END OF COUNT

IF(MTYPE.EQs1) GO TO 131

NOW WE GET DOWN-LINK VECTORS AT BEGINNING OF COUNT INTERVAL

GHAX=GHAR+BRAD(3)# (TSEC~TSECO~SA(Z23)]}

CALL STAT(SA(3)sGHAXs TMOBXs»RTOB,SCOBsBRAD)
TWR=TSEC-SA(23)

M=1

N=3

CONTINUE

CALL EXINSTUTWRsMaNaXINsXIN(4)sWsCRX5105ITRIGSKQUNT)
IF(MsLESO) CALL ERROUT(1510H{4HOML=12) sM)

IF(N) 83,82+84

CONTINUE

CALL ERROUT(1s28H(13HOERROR ON BIN TAPE READ}))
CONTINUE

N==N

NOR=KRX(7sN)

GO TO 81

CONTINUE

CALL TFRACHTI(1}sTI(2)-SA(23)*RSPMSD»TIX(1)sTIX(2))
CALL SHIF2(2sNOR»TIXsXINs1yXOUT)

CALL VTRN{AN,XOUT s XX)

DO 85 I=1,3

XSOBX(1)=XX(1)~-RTOB (1)

RATOBX=FNORM(XS08X)

WE NOW HAVE RVI(TV)s RV(TV-TAU)s AND ASSOCIATED VECTORS
NOW WE GET RT{TTR)s RT(TTR-TAU}»AND ASSOCIATED VECTORS
FIRST» UP-LINK VECTORS AT END OF COUNT

UP-LINK PROPAGATION DELAY

TTR=TV~-RATOB/SPDLT

GHAX=GHAR+BRAD(3)* (TTR-TSECO)

CALL STAT(SA(3)sGHAX» TMTRsRTTRsSCOBSBRAD)

DO 90 1=1s3

XSTR(I)=X{1)=RTTR( I}

RATTR=FNORM{XSTR)

ITERAT=0

ITERAT=ITERAT+1

TTR=TV~RATTR/SPDLT

GHAX=GHAR+BRAD(3)*(TTR-TSECO)

CALL STAT(SA(3)sGHAXs TMTRsRTTR»SCOB»BRAD)

DO 110 I=1+3

XSTRII)=X{I)=RTTR(I)

R2TR=DOT (XSTRsXSTR)

RATTR=SQRT(R2TR)

IF(ITERAT<EQ.1) GO TO 100

RTMG({2)=FNORM(RTTR)

CALL CROSS{OMGsRTTRsDUM)

DO 120 I=4+6

XSTR(I)=X(1)=-DUM(1-3)

CALL VTRT{TMTRsXSTRsSXTR)

NOW WE GET UP-LINK VECTORS AT BEGINNING OF COUNT INTERVAL
GHAX=GHAX-BRAD(3)1#5A(23)

CALL STAT(SA(3)sGHAX,TMOBXsRTOBsSCOBsBRAD)

DO 130 1=1,3

XSTRX(I)=XX(I)-RTOB (1)

RATTRX=FNORM(XSTRX )

COMPUTE AZIMUTH AND ELEVATION FOR C-BAND OR REFRACTION
E(1}=ATAN(=XTDOB/SQRT (XTNOB*XTNOB+XTEOB*XTEOB))
AZ=ARKTNS (3609 XTNOBsXTEOB)

IFINFRACeEQs2) GO TO 139

JJ=1

IF(MTYPE.EQs1) GO TO 132

JJ=2
E(2)=ATAN(=XTDTR/SART{XTNTR#XTNTR+XTETR*XTETR) )
HERE WE COMPUTE RANGE AND ELEVATION REFRACTION CORRECTION
DO 138 1=1»Ju

DELTE(I}=0,

IF(E(I)eLToe01) GO TO 138

SE=SIN(E(I}})

CE=COS(E(I))

PHILCO |
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SMES0075
SMES0076
SMES0077
SMES0078
SMES0079
SMES0080
SMES0081
SMES0082
SMES0083
SMES0084
SMES0085
SMES0086
SMES0087
SMES0088
SMES0089
SMES0090
SMES0091
SMES0092
SMES0093
SMES0094
SMES0095
SMES0096
SMES0097
SMES0098
SMES0099
SMES0100
SMES0101
SMES0102
SMES0103
SMES0104
SMES0105
SMES0106
SMES0107
SMES0108
SMES0109
SMES0110
SMESO0111
SMES0112
SMES0113
SMES0114
SMES0115
SMESO116
SMESO117
SMES0118
SMES0119
SMES0120
SMESO121
SMES0122
SMES0123
SMESD124
SMES0125
SMES0126
SMES0127
SMES0128
SMES0129
SMES0130
SMES0131
SMES0132
SMES0133
SMES0134
SMESD135
SMES0136
SMES0137
SMES0138
SMES0139
SMES0140
SMESO141
SMES0142
SMES0143
SMESO 144
SMES0145
SMES0146
SMES0147
SMES0148
SMES0149
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A
|
i
i

fomm

137
138
139

140

141
150

160

170
175

176

177
180

181

1810

182

185

PHILCO I

leLCO-FOﬂD CORPORATION

IF(E(I)eGTee17453293) GO TO 137
T=(1+03585796~(401072014~(,1279119E-7-41227363E-T/E(1))/ECLY)/
1E(1))*CFRACL *CE/SE

F=RTMG(1)/RM(I)

DELTE(I)=T~F#( (CFRAC1+T*T/2, ) *CE~T*SE)
GO TO 138

DELTE{(I)=CFRACI*CE/SE
DR{1)=CFRAC1/(CFRACZ*SIN(E(I)+DELTE(I}))1*1+E~3
GO TO(1405150+150,180)sMTYPE

C-BAND MEASUREMENTS

CONTINUE

ANGl=AZ

ANG2=E (1)

R(3)=RATOB

R(4)=-e12345678E20

GO TO (1419190)sNFRAC

C~BAND REFRACTION

AZIMUTH IS ASSUMED UNAFFECTED BY REFRACTION
ANG2=ANG2+DELTE(1)

R{3)=R{3)+DR(1)

GO TO 190

GODDARD OR USBS MEASUREMENTS

CONTINUE

IF(MTYPE.EQe2) NALIGN=1

GO TO (160s170)sNALIGN

30~FOOT DISH

CALL CROSS{ENOB»XSOBsCROB)

ANG1=ATANZ2 (XTEOBs»—XTDOB)}
ANGZ2=ATAN(XTNOB/FNORM{CROB))

GO TO 175

85-FOOT DISH

CALL CROSS(EAOBsXSOB»CROB)

ANG1=ATANZ2 (=XTNOBs=-XTDOB}

ANG2=ATAN (XTEOB/FNORMI(CROB))
R(3)=RATOB+RATTR

GO TO(1769 1773 sNFRAC

USBS ANGLE REFRACTION

SX=SIN(ANG1)

CX=COS(ANG1]

SY=SIN(ANG2)

CY=COS(ANG2)
ANG1=ANG1=SX/{CY*COS{E(1))I*DELTE(1)
ANG2=ANG2-CX%#SY/COS(E(1) ) *¥DELTE(1)
R(3)=R(3)+DR(1)+DR(2)

IF{MTYPE oEQe2) R(3)=R{3)/SPDLT
CONTINUE

DOPPLER OBSERVABLE FOR GODDARDs USBS» OR DSIF
IF(MTYPELEQe2) SA(21)=10
CONST=5A(211%5A122)/SPDLT
R{4)=SA{20)*SA(23)+CONST*(RATOB+RATTR~RATOBX—RATTRX)
GO T0(1815185) sNFRAC

DOPPLER REFRACTION CORRECTION

CALL CROSS{XSOBsOMG»sZ1)

CALL CROSS{XSTR»>OMGsZ1(4))

DO 1810 I=1s3

Z1{1)=Z1(1)+XSOB(1+3)
Z1(143)=Z210]143)+XSTR{I+3)

CALL CROSS(DNOBsXSOB»DCXSOB)

CALL CROSS(DNTRsXSTRsDCXSTR)

CALL CROSS(DCXS0OB»XS0OBsDUML)

CALL CROSS{(DCXSTR»XSTRsDUM2)
DEN1=R20B*FNORM(DCXS508B)
DEN2=R2TR*FNORM{DCXSTR)

DO 182 I=1+3

DUM1(1)=DUM1(1)/DEN1
DUM2{1)=pDUM2(1)/DEN2
EDOT(1)=DOT(DUM1+21)}
EDOT(2)=DOT(DUM2+21(4)})
E1X=DELTE(1)~SA(23)#EDOT(1)
E2X=DELTE(2)~SA(23)*EDOT(2)
DRX{1)=CFRAC1/{CFRAC2*SIN(EL1X))*1,E~3
DRX(2)=CFRAC1/(CFRAC2*SIN(E2X) )*1.E~3
R{4)=R{4)+CONST*(DR(1)+DR(2)-DRX(11~DRX(2})
IF(MTYPEEQe2) R{4)=2+%5A(20)%5A123)-R(4)
IF(MTYPE«NE«.4) GO TO 190

SMES0150
SMES0151
SMES0152
SMES0153
SMESQ0154
SMESO155
SMES0156
SMES0157
SMESO158
SMES0159
SMESO160
SMESQ161
SMES0162
SMES0163
SMESQ164
SMESO165
SMES0166
SMES0167
SMES0168
SMES0169
SMES0170
SMESQ171
SMES0172
SMES0173
SMESO174
SMES0175
SMESO0176
SMESQ177
SMESO178
SMES0179
SMES0180
SMESO181
SMES0182
SMESO183
SMESQ184
SMES0185
SMES0186
SMES0187
SMES0188
SMES0189
SMES0190
SMES0191
SMES0192
SMES0193
SMES0194
SMES0195
SMES0196
SMES0197
SMES0198
SMES0199
SMES0200
SMES0201
SMES0202
SMES0203
SMES0204
SMES0205
SMES0206
SMES0207
SMESQ208
SMES0209
SMES0210
SMESO211
SMESQ212
SMES0213
SMES0214
SMES0215
SMESO216
SMES0217
SMES0218
SMESQ219
SMES0220
SMES0221
SMESQ222
SMES0223
SMES0224

Space & Re-entry
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c DSIF ANGLES ' SMES0225

R(3)=-,12345678E20 SMES0226
ANG1=GHAN+SA(4) =-ARKTNS(360sXSOB(1)sXSOB(2)) SMES0227
CALL CROSSIXSOBsEKsSCEK) SMES0228
ANG2=ATAN (XSOB(3)/FNORM(SCEK) ) SMES0229
GO TO (1895190} sNFRAC SMES0230
c DSIF ANGLE REFRACTION SMES0231 .
189 ANG1=ANG1+SIN(ANGL)**2¥CPHI/(SIN(AZ)*COS(E(1))*%2)*DELTE(1) SMES0232 ’
ANG2=ANG2+(COS(E(1) ) *SPHI-COS{AZ)*SINIE(1) )*CPHI ) /COS(ANG2) SMES0233
1*DELTE(1) SMES0234
190 CONTINUE SMES0235
c ADD RANDOM AND BIAS ERRORS SMES0236
DO 210 I=1,4 SMES0237
J=MOD(I+194)+2 SMES0238
IF(ISA(J) +EQ.0) GO TO 209 SMES0239
IF(ISA(J) «EQ.2) GO TO 200 SMES0240
BIAS=SA(J+10) SMES0241
IF(1eEQe3+ANDsISA(1).EQe2) BIAS=BIAS/SPOLT SMES0242
IF(1+EQe4) BIAS=BIAS*SA(23) SMES0243
R(OI)=R(I)+BIAS SMES0244
200 RANDOM=SA(J+6) SMES0245
IF(I4EQe3+ANDsISA(1)4EQs2) RANDOM=RANDOM/SPDLT SMES0246 o
IF(1eEQe4) RANDOM=RANDOM*SA({23) SMES0247 .
R(1)=R{1)+RANDOM¥BARN(~1) SMES0248
RMEAS(I+1)=R(I) SMES0249
GO TO 210 SMES0250
209 RMEAS(I+1)=-,12345678E20 SMES0251
210 CONTINUE SMES0252 f
c INSURE ANGLES TO BE BETWEEN ZERO AND TWO PI SMES0253 ,
IF (RMEAS(2) «LT+0e s AND+RMEAS(2) «NEo~012345678E20) RMEAS(2)=RMEAS(2)SMES0254
1+6428318531 SMES0255
IF (RMEAS(3)eLT 00 s ANDeRMEAS(3) oNEe =+ 12345678E20) RMEAS(3)=RMEAS(3)SMES0256
1+6428318531 SMES0257
IF(RMEAS(2)¢GT+6428318531) RMEAS(2)=RMEAS(2)-6+28318531 SMES0258 wal
IF (RMEAS(3)eGT¢628318531) RMEAS(3)=RMEAS(3)-6¢28318531 SMES0259
IF(ISAL9) eNE,O) RMEAS(1)=RMEAS(1)+SA(19) SMES0260
RETURN SMES0261
END SMES0262

PHILCO l Space & Re-entry
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Subroutine: S@LRD

Purpose: To compute and sum the acceleration due to solar

radiation pressure (see also DPS@LR).

Calling Sequence: CALL S@¢IRD (RC,RS,RP,C,A)

Input and Qutput

Symbolic Data
1/¢ | Name of Diprzgizz s M:z& Dimensions Definition
Location e s |oym or Units
I RC a(3) R km Vehicle position relative
= to the central body.
L 1 RS d(3) R km Sun's position relative to
el s the central body.
I RP d Ro km Central body radius.
, c d c km3/sec2 Solar pressure coefficient.
u.;: 2
. 16 A d(3) A km/sec” | Acceleration.

g Common storages used: 16 cells

Subroutines required: DD@T, DVNORM

S@LRD-1

{b PHILCO ] Space & Re-entry
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SIBFTC MC132R  XR3,M94,NODDsLIST

C

999

PHILCO Miiii

PHILCO-FORD COABORATION

SUBROUTINE SOLRD (RCsRSsRPsCaA)

SOLAR RADIATION PRESSURE ACCELERATION

DOUBLE PRECISION A(3)sCsRC(3)9sRS(319RP
sDsDDOT »DVNORM

1
COMMON D(8)

D(1) = DDOT(RSsRS)

Dt2) = DDOT{RCsRS}/D(1)

DO 2 [=1,3

D(I+2) = RCLI)-RS(I)

DEI+5) = RCU{II-D(2)*RS{])
IF(D(2)1+GE.0,D01 GO TO 3
D(1) = DDOTI(D(6)sD(6) )~RPXRP
IF (D{11eLT40sD0O) GO TO 999
D(1) = DVNORMID{3)},D(3))
D{1) = C/D(1y/D(1)

DO 4 I=1s3

AlL) = A(T)+D(L)*D(I+2)
RETURN

£ND

SOLRO0OO1
SOLR0O002
SOLRO003
SOLROO0O4
SOLR0OO05
SOLRO006
SOLROOO7
SOLR0OOOS
SOLROOO9
SOLROO10
SOLROO11
SOLROO12
SOLROO13
SOLROOL14
SOLROOL5
SOLROO16
SOLROO17
SOLROO18
SOLROO19

Space & Re-entry
Systems Division



Subroutine: S@LRDP
Purpose: To compute: the acceleration due to solar radiation

§ressure, the gradient of the acceleration, and the
partial derivative of the acceleration with

respect to the coefficient.

Calling Sequence:

Input and Qutput

-CALL s@1rDP (RC,RS,RP,C,A,AP,G,N)

Symbolic Data
I/@| Name or Diizggizzs 5?2;21 Dimensions Definition
e Location or Units _
. I RC d(3) RC © km Vehicle position relative
to the central body.
I RS d(3) Rs km Sun's position relative to
the central body.
I RP d Ro km Central body radius.
e I c d C km3/sec2 Solar pressure coefficient.
B 10 A da(3) A km/sec2 Acceleration.
1 2 ,
B ¢ AP d(3) A 1/km d(Acceleration)/ac
10 G d(3,3) - VA 1/sec2 Gradient of the acceleration.
I N Option key:
=0: acceleration only.
#o: 9A/3C and gradient.
Common storages used: 18 cells

S@LRDP-1

Subroutines required: DD@T, DVN@ORM

lﬂhﬂlJztlliﬁﬁi

PHILCO-FORD CORPORATION
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Method :

The
from

and sums

position

The

v,A

subroutine computes acceleration due to solar radiation pressure

=

this acceleration with the input acceleration. Here R is the

of the vehicle relative to the sun,

RC- Rs

IR

gradient

T
c _ 3RR

3 T3
r r

is summed with the input gradient, and if N<O, the partial derivative

A

8C

=

3
r

is returned in AP.

Note that C is the value (assumed constant) of the solar radiation

pressure

7

constant (.97 x 10~ 1b/ft2) x the reflective surface x the

surface reflectivity - the vehicle mass, and that the component of

acceleration normal to R is neglected.

l’h“LCHJlHﬁ#H

PHILCO.FORD CORPORATION

S@LRDP-2
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wwi

The component of R normal to Rs is

R =R =-dR
n c 8

d

]

2
R, - RS/RS

The subroutine assumes that the space vehicle is shaded by the
central body if both

d<o

SOLRDP-3

PHILCO l Space & Re-entry

Syastems Division
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$IBFTC MC132S XR3sM949NODDsLIST

C

999

PHILCO “ii#il

" PHILCO-FORD CORPORATION

SUBROUTINE SOLRDP (RCsRSsRPsCsAsAPsGIN)
SOLAR RADIATION PRESSURE ACCELERATION
DOUBLE PRECISION A(3)sAP(3)5CsG(35»3)sRCI3IsRS(3)sRP

PESS]
D2}
D(3)

sD»DDOT» DVNORM

1
COMMON D(9}

C
DDOT(RSsRS)
DDOT(RCsRSI/D(2)

H W u

DO 2 1=1.3

D{I+3) = RC(I}~RS(I)
D(I+6) = RC{I)-D{31*RS(1)
IF{D(3)+GEs0.D0O) GO TO 3

D(2)

= DDOT(D(T7)sD(7))-RP¥RP

IF (D(2)eLTe0eD0) D(1) = 0600

D2}
Dt2)
D(1)

= DVNORMID{4)sD(4))
D(1)/Dt21/7D12)
D(21/D(1)

oHo

IF (NesGE4O) GO TO 5
DO &4 I=1,3

AP(I)

= DL11*DLT+3)

IF (D{1)+EQe0+D0) GO TO 999
DO 6 I=1,3

AlLD)

= ACI)+D(2)¥D(143)

IF (N.EQe0) GO TO 999

D(3)

==3,D0%D(2)

DO 7 1=1,3
GUIsI) = G(I,1)4D(2)

ot

= D(31*D(1+3)

DO 7 J=1s3
GlIsd) = GULsJ)+D(1)*¥D(J4+3)
RETURN

END

SLRP0OO1
SLRP0OO2
SLRP0O003
SLRPO0OG
SLRPOOOS5
SLRPQ0O0O6
SLRPOO0OO7
SLRP0O0OOB8
SLRPOOO9S
SLRPOO10
SLRPQO11
SLRPOO12
SLRPOO13
SLRPOO14
SLRP0O15
SLRPOO16
SLRPOO17
SLRPOO18
SLRPOO1S
SLRPOO20
SLRPOO21
SLRP0OO22
SLRPO023
SLRPOO24
SLRP0O25
SLRP0OO26
SLRPOO27
SLRPGOZ28
SLRPOO29
SLRPOO30
SLRP0OO31
SLRPOO32

Space & Re-entry
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Subroutine: S@RDR

Purpose: ‘ To sort an array X in ascending order, preserving the

correspondence between X and another array, NX.

Calling Sequence: CALL S@RDR (X,NX,KK)

Input and Output

i Symbolic , Data
| I/¢ |Name or DEEZiZQSns smaﬁgl Dimensions Definition
Location Ji or Units
3 1¢ X KK | Array to be sorted,
I¢ NX KK The elements of NX are sorted
in the same way as the elements
of X .
ey I KK Number of elements of X (and
NX).
g Common storages used: None
Subroutines required: None
S@RDR~1

PHILCO I Space & Re-entry
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SIBFTC MC1350 NOREFaM94sNODDIXR3

CMC1350 SORDR SORD0010

SUBROUTINE SORDR{XsNXsKK) SORD0020

DIMENSION X(1)sNX(1) SORD0030

IF(KKsEQs1) GO TO 6 SORDO040

JJ=1 SORD0050

DO 5 J=2sKK SORD0060

L=J-1 . SORDOG70

IF{X{J1eGTaX(L)) GO TO § SORD0080

XSAV=X{J) SORD0090

NSAV=NX(J) N SORD0100

XCJr=X(L) SORDO110

NX(Jy=NX(L) ) SORD0120

GO TO (1,219 SORDO130

1 JJ=2 SORDO140

IF(J=2) 25452 SORDO150

2 DO 3 I=3,J SORDO160

K=L-1 SORD0170

IF{XSAV.GT¢X(K)1 GO TO 4 SORD0180

X(L)=X{K) SORDO190

9 NXCLY=NX(K) SORD0200
“ L=t-1 SORD0210
i 3 CONTINUE ‘ SORD0220
4 X (L }=XSAV SORD0230

NX{L)=NSAV SORD0240

,,,,,,, 5 CONTINUE SORD0250
6 RETURN SORD0260

END SORD0270

3
4
3
ok

PHILCO "iiiii
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Subroutine: S@RDR2

Purpose: A push-down sort routine that sorts in ascending order
a floating point number array and retains the corres-
pondence with a fixed-point array and, optionslly, a

second floating point array.

Calling Sequence: CALL S¢RDR2 (X,NX,KK,M,T)

Input and Output

Symbolic Data
7 I/¢ |Name or Dg;:ﬁ:zﬁns sMaﬁgl Dimensions Definition
Location il or Units
- I¢ X as Floating point array sorted
required in ascending order.
I¢ NX as A fixed point arrsy whose !
required correspondence with X is
retained,
I KK Number of elements of X to be
sorted,
I M Option key
M=1l, Y is left untoucked
M=2, Y is altered to retain
correspondence with X,
L I¢ Y as Secondary array, the treat-
required ment of which depends on M

Common storazas used: None

Subroutines required: None

o
!
G

S@PRDR2-1
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SIBFTC MC1302 NOREF»M94sNODDs»XR3

CMC1302 SORDR2 2 FLOAT 1 FIX ARRAY ORDERED AS X SDR20001

SUBROUTINE SORDR2(XsNXsKKsMsY) SDR20002

DIMENSION X(1)» Y(1)» NX{1) SDR20003

LOGICAL KOY SDR20004

IF(KKsEQel) GO TO 6 SDR20005

KOY=MoEQa2 SDR20006

JJ=1 SDR20007

DO 5 J=2,KK SDR20008

L=J=-1 SDR20009

IF(X(J)eGTeX{L)) GO TO 5 SDR20010

XSAV=X(J) . SDR20011

NSAV=NX(J) ‘ sDR20012

IF(KOY) YSAV=Y(J) SDR20013

X{J)r=X(L) SDR20014

NX(J)=NX{L) SDR20015

IF(KOY) Y(Ji=Y (L) SDR20016

GO TO (152)s3d SDR20017

o 1 JJ=2 SDR20018
IF(J=2) 24492 SDR20019

2 DO 3 I=3,J SDR20020

e K=L-1 SDR20021
® IF{XSAVeGTX(K)} GO TO & SDR20022
: X(L)Y=X(K) SDR20023
NX{L)=NX{K) SDR20024

IF(KOY) Y{L)=Y(K) SDR20025

" L=L-1 . SDR20026
. 3 CONTINUE SDR20027
: 4 X{L)=XSAV SDR20028
NX{L)=NSAV ] SDR20029

~ IF(KOY) Y{L)=YSAV SDR20030
5 CONTINUE SDR20031

[3 RETURN SDR20032

" END SDR20033

o

PHILCO l Space 8 Re-entry
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Subroutine:

Purpose:

Calling Sequence:

STARTB

To load the next beacon on time from the BSTART array

into the critical event array in position EVNT(1),

Input and Output

CALL STARTB (KMAXB,KBEA) -

Symbolic Data
I/¢ |Name or D§;Z§§;2ns smazzl Dimensions Definition
Location yi or Units
¢ KMAXB Number of on-off time pairs
in the BSTART and BSTYP arrays.
¢ KBEA (75) Beacon numbers corresponding
to on-off time pairs in BSTART
and BST@P arrays.
Common storages used: /INPC@M/,/wWC@M/,/EXIC/

Subroutines required:

PHILCO l

PHILCO-FORD COHFDHATIDN

CRITIC, EXINST, SBEV2

STARTB-1

Space & Re-entry
Systems Division



STARTB

Increment indicator of the
current position in the
BSTART and BST@P arrays

1

No Have all values in BSTART
and BSTYP arrays been used?

Yes
\

SBEV2
Obtain new table of beacon-
related critical events

EXINST \
Restore vehicle ephemeris ¢
data to its condition as it
was before calling SBEV2

\

CRITIC
Form new tables of beacon

on=off times

AN TN N

)
l Reset indicstor AJ
K
[ Load EVNT(1) 1
Return

STARTB-2

]
i
o

PHILCD l Space & Re-entry
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$IBFTC MC13AB NOREFsM94,NODDsXR3

CMC13AB STARTB LOADS EVNT1 WITH NEXT BSTART STAB00O1
SUBROUTINE STARTB(KMAXBsKBEA) STAB0002
C SUBROUTINES REQUIRED SBEV2s  CRITIC STABO003
COMMON/ INPCOM/C {700 ) /WCOM/ TW(550) »CW(1450) STABO0O4
COMMON/EXIC/W(36) sCRX(932) STABOOOS
DIMENSION IBEE(10)» IBC(10) 18TIMI50) STABOOO6
1s B(91)s XIN(6)s TI(3) STAB00O7
2s BTIME(50) BECR(101}, MBOD( 4) $TAB00OS
3 TIM(2)s 1B(36) STAB0009
DIMENSION BSTART(75)s  BSTOP(75))» KBEA(T5) $TABOO10
EQUIVALENCE (C{476),B) _ STABOO11
EQUIVALENCE (IW(20),IBC)s (IW(367)5IBEE)s (IW(382)sNOR) STAB0O12
1» (IW(386)s1K2)s (IW(387),KBMAX)> {IW(439)IBTIM)  STABOO13
2» (IW(312)91B)s (CWI1134)sXIN)s (CW(1140)sTSEC) STABOO1&
3 (CW(1160)sTTI)» (CW(11803+EVNTL)s  (CWI11B9)sTWT2)  STABOO15
4y (CW(1250) sBTIME)» (CW(1441)+BECR)  STABOOL16
EQUIVALENCE  (CW(3721sBSTART)s (CWI(44T)sBSTOP) STABOO17
; EQUIVALENCE (CW(1179)sFLTIM) STABOO18
> EQUIVALENCE (IW(489)»ITRIG)s {IW(490)sKOUNT) STABOO19
DOUBLE PRECISION TWR STAB0020
s 1K2 = TK2+1 . STAB0021
‘ IF{IK2~KMAXB) 175,175+174 STAB0022
174  CONTINUE , STAB0023
MBOD(1) = IB(36) STABOO24
© MBOD(2) =0 STAB0025
- TIM=TSEC STAB0026
J C SHOULD = BTIME(KBMAX) HOPEFURLLY 17 DOES FROM MEASUR STAB0027
. TIM(2)=TWT2 STAB0028
IF(TWT2+GT«FLTIM) TIMI2)=FLTIM STAB0029
C NEED XIN AND TI AT TIM PERHAPS THERE FROM MEASUR (PROP) STAB0030
1TRIG=1 STABO031
CALL SBEV2(XINsTI,NORs»TIMsB»Bs10sIBCsBECRs IBEEs IBTIMsBTIMEsMBOD) STAB0032
i IF(KOUNTWLE.O} GO TO 1742 STAB0033
DO 1741 I=1sKOUNT STAB0034
1741 BACKSPACE 10 STABO035
M=0 STAB0O36
N=18 STABO037
TWR=0,D0 : STAB0038
CALL EXINST(TWRsMyNsXINsXIN(&) sWsCRX510s1TRIGs>KOUNT STAB0039
1742 KBMAX=MBOD(4&) STAB0040
ITRIG=0 STABOG41
KOUNT=0 STABOO42
ol CALL CRITIC(10sIBCsBTIME,IBTIMs IBEEsKBMAXs TIMsBSTARTsBSTOPsKBEAs STAB0043
1KMAXB) STABOO44
1K2 = 1 STAB004S
175  CONTINUE » STAB0046
: EVNT1=BSTART(1K2) STABOO47?
o RETURN STAB004S
END : STAB0049
£R

.
ig
G
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Subroutine: STARTS

Purpose: To load the next station on time from the SSTART array
into the critical event array in position EVNT(1).

Calling Sequence: CALL STARTS (KMAXS,KSTA)

Input and Output

Symbolic Data
I/¢ | Name or Diggﬁggzns Smatzl Dimensions Definition

Location I or Units
™ I§ | KMAXS Number of on-cff time pairs in
i the SSTART and SSTPP arrays.
o ¢ KSTA (75) Station numbers corresponding
, to on~-off time pairs in SSTART
- and SSTPP arrays.

Cormon storages used: /[INPCEM/,/wC@M/,/EXIC/

Subroutines required: CRITIC, EXINST, SBEV2

See also STARTB

STARTS-1

PHILCO l Space & Re-entry

PHILCO.FORD CORPORATION Systems Division
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$IBFTC MC13AS NOREFsM94sNODD»XR3

CMC13AS STARTS LOADS EVNT1 WITH NEXT SSTART STAS0001

SUBROUTINE STARTS(KMAXS+KSTA) STAS0002

C SUBROUTINES REQUIRED SBEV2, CRITIC STAS0003

COMMON/ INPCOM/C (700} /7WCOM/ IW{550) s CW(1450) STAS0004

COMMON/EXIC/W(36) sCRX(952) STAS0005

DIMENSION ISEE(12)) 1SCL12), 1STIMIS0) STAS0006

1 S(23512) XIN(6)s T1(3) STAS0007

2 STIME(50)» SECR(12}» MBOD (&) STAS0008

3, TIM(2) STAS0009

DIMENSION SSTART(75)s  SSTOP(75), KSTALT5) STAS0010

EQUIVALENCE (C(200),5) _ STAS0011

EQUIVALENCE  (IW(383)sITARG) STAS0012

EQUIVALENCE (IW(8)sISCls  (IW(355),ISEE)s (IW(382)sNOR) STAS0013

1s (IW(384)2IK1)s (IW(385)sKSMAX) s (IW(389)+1STIM)  STASO014

2y (CW(1134)sXIN)»(CW{1140)9TSEC) STAS0015

39 (CW(1160)sTI)» (CW(1179)sFLTIM)s  (CW(1180)sEVNT1) STASOO16

4o (CW(1189)sTWT2)s(CW(1200)sSTIME)s (CW(1360)sSECR)  STAS0017

EQUIVALENCE  (CW(222)sSSTART)s (CW(297)sSSTOP) STAS0018

EQUIVALENCE (IW(489)sITRIG}s (IW(490)sKOUNT) STAS0019

DOUBLE PRECISION TWR STAS0020

- IK1 = IK1+1 STAS0021

f : IF(IK1-KMAXS) 16941695168 STAS0022

: 168 CONTINUE STAS0023

MBOD(2)=1TARG STAS0024

IF(ITARG.EQs1) MBOD(2)=0 STAS0025

- MBOD(3) = O STAS0026

TIM=TSEC STAS0027

. C SHOULD = STIME(KSMAX) HOPEFURLLY IT DOES FROM MEASUR STAS0028

= TIM{2)=TWT2 STAS0029

IF{TWT2eGToFLTIM) TIM(2)=FLTIM STAS0030

— C NEED XIN AND TI AT TIM PERHAPS THERE FROM MEASUR(PROP) STAS0031

ITRIG=1 STAS0032

CALL SBEV2(XINsTIsNORsTIM»>S»23s12sISC»SECRs ISEEsI1STIMsSTIME»MBOD) STAS0033

o IF{KOUNT«LEs0) GO TO 1682 STAS0034

DO 1681 1=1sKOUNT STAS0035

1681 BACKSPACE 10 STAS0036

M=0 STAS0037

. N=18 STAS0038

TWR=04D0 $TAS0039

CALL EXINST(TWRsMoN»XINsXIN(4) sWsCRX»10sTTRIGsKOUNT) STAS0040

1682 KSMAX=MBOD(4) STAS0041

: ITRIG=0 STAS0042

» KOUNT=0 STAS0043

CALL CRITIC(12sISC»STIMEsISTIM» ISEEsKSMAXs> TIMsSSTARTsSSTOPSKSTAs STAS0044

1KMAXS) STAS0045

IK1 = 1 : STAS0046

169  CONTINUE STASO047

ol EVNT1=SSTART(IK1) STAS0048

RETURN STAS0049

. END S$TAS0050
A

st
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Subroutine: STAT:

Purpose: To obtain the vector from a body center to a tracking
station and an orthogonal transformation relating
inertial Cartesian coordinates X, Y, Z to local tangent
plane coordinates North, East,Dowm.

Calling Sequence: CALL STAT (STA,GHAR,TR,RT,S,BRAD)

Input and Output

Symbolic Data
I/¢ | Name or ﬁgﬁiﬂm sngl Dimensions Definition
Location v or Units
I STA (3) ) rad STA(1) = Station geodetic
- latitude A
A rad STA(2) = Station geographic
longitude, positive
East
h km STA(3) = Station altitude
I GHAR rad Greenwich hour angle
¢ TR (3,3) TR(1,I) = North unit vector
TR(2,I) = East unit vector
TR(3,I) = Down unit vector
. i) RT (3) km Inertial radius vector to
. station
- é s (5) 5(1) = sin ©
N S(2) = cos @
‘ S(3) = sin (A + GHAR)
§; S(4) = cos (A + GHAR)
- 2 2 . 2., 2\%
c S(5) = (eo0s“6 + b“sin“6/a”)
I BRAD (2) a BRAD(1) = semi-major axis of
central body
b BRAD(2) = semi-minor axis of
central body
Common storages used: None
i Subroutines required: None

if PHILCO l Space & Re-entry

[ PHILCO.-FORD CORPORATION Systems Division




Method

Let the inertial longitude by represented by v, where
v = A + GHAR

Then the orthogonal transformation relating inertial Cartesian coordinates
RT to local tangent plane coordinates is given by the TR matrix

TR = | - sinb cosv = sinv -~ cosO cosv
- 5inf sinv cosv -~ cosf sinv
cos6 0 - sind .

The inertial position of the station, RT, is

-

RT = %+smﬂcweww

(%'+ sinv) cos® sinv

b2
-(;E-+ sinv) sin®

,,,,

STAT-2

PHILCO I Space & Re-entry
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SIBFTC MCL3SA NOREFsM%4sNODDsXR3
CMC13S5A SUBRe STAT 771/65 INCREASED CALL LIST

oo

PHILCO I

PMILCO-FORD CORPORATION

SUBROUTINE STAT(STA»GHARsTR#RT»5sBRAD)
DIMENSION STA(3)s TR(343)s RT(3)s S(5)
1s BRAD(2)

STA(1)=LATITUDE

STA{2)=LONGITUDE

STA(3)=ALTITUDE

A=BRAD(1)

B=BRAD(2) .

S{1)=SIN{(STA(1))

S(2)=COS(STA(1))

TA=STA(2)+GHAR
S{3)=SIN(TA)
S{4)=COS(TA)

S(5)= SQRT(S(2)%5{2)+B*B*S(1)*S(1)/(A%A))
TR{1s1l) = =S(1)*5(4)
TR{2s1) = ~5(1)%5(3)
TR{3s1) = S(2)
TR(1s2) = =5(3)
TR(252) = S(4)
TR{3,2)=0

TR{1s3) = ~S(2)%5(4)
TR{2+3) = =S(2)%5(3)
TR{3s3) = =5(1)

RT{(1)=—(A/S(5)+STA(3))*¥TR(1s3)
RT(2)=—(A/S{5)+STA(3))*¥TR(2»3)
RT{3)=—{(B*B/(A%S{5))1+STA(3))*TR(353)
RETURN

END

STATO000
STATO001
STATO02
STAT003
STAT004
STATO005
STATO06
STATO07
STATO08
STAT009
STATO10
STATO11
STATO12
STATO13
STATO14
STATO15
STATO16
STATO17
STATO018
STATO019
STAT020
STATO21
STAT022
STATO023
STATO24
STATO25
STATO26
STATO027
STATO28

Space & Re-entry
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Subroutime ¢ STATE

Purpose: To compute central body position and velocity and Earth
iurpose
orientation, and to compute vehicle state relative to
Earth.

Calling Sequence: CALL STATE(ET,UT,XX,TR,KEY)

Input and Qutput

Symbolic Program Math Data

oy I/@ | Name or Dimensions " pefinition
= Location Dimensions |Symbol or Units
} 1 ET d Ephemeris time, seconds from

1950 Jan 0.0 ET.

I ur d Universal time, second from
1950 Jan 0.0 UT.

¢ XX d(6) Vehicle state with respect to
Earth, computed along the
conic defined by the last
call of STEPDI.

) TR d(9) Transformation from Earth-
| fixed (B-frame) coordinates

at UT to C-frame coordinates

53 I KEY = 0, compute TR only.

: # 0, also compute XX and

% central body state (loaded
in DFMCOM).

Common storages used: //120 cells,/,/DCPC@M/,/DFMCEM/,/ESTCEM/ ,/MLECOM/

Subroutines required: DGTRN,DMVTRN,DPFMRS,STEPDT

STATE-1

PHILCO l Space & Re-entry
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$IBFTC MC13W5

999

PHILCO l

PHILCO-FORD CORPORATION

XR3sMI4 sNODD S LI'ST

SUBROUTINE STATF (FTeUTeXXsTRIKEY)
COMPUTES EARTH ORIENTATION

COMPUTES VEHICLE AND CENTRAL BODY STATE

DOUBLE PRECISION

COMMON
EQUIVALFNCE

ET sUT sXX(6) sTR(9)

/DCPCOM/CDCP(900)
{CDCP(112)+FTAPE ) »(CDCP(11131sIERR )}
o {CDCPLTTTYSICB }

COMMON /ESTCOM/CEST(804)

EQUIVALENCE (CEST( 61)FFEDAN)

COMMON /DATCOM/CDAT(299}

DOUBLE PRECISION OMEGA

EQUIVALENCE (CDAT(135) »OMEGA )

COMMON /MLECOM/CMLE(1070)

DOURLE PRECISION TB12c(393) SUTIMR1

EQUIVALENCE (CMLE{ 81)9TB12C ) »{CMLE( 7)»UTIMRI1)
COMMON /DFMCOM/ IFM(14) sRFM{6+12)

DOUBLE PRECISION

COMMON
DOUBLE PRECISION

sDFM (4)+sBFM (577)s5NT(2+102)
BFMsDFMsRFM

SAVE(90) +TB2B1(9) +XA(6)
TB2B1 +XA

IF (IERR.NE-O) GO TO 999

CALL DGTRN

(TR2B190s (UTIMR1-UT ) *OMEGAsTR12C(1+3))

CALL DMVTRN (TB120+sTB2B1»TRs143)

IF (KEY.EQ.0Q) GO

TO 999

CALL DPFMRS (ETJEFEDANsICBsIERRSETAPE)
CALL STEPDT (ETsXA)

DO 2 I=1s6

XX{I) = XA(I)-RFM(I+3)
RETURN

END

STTEO001
STTE00Q2
STTEO0003
STTE0004
STTEQO005
STTEO0006
STTEQODO7
STTEO008
STTE0009
STTEOO10
STTEOO11
STTEQO12
STTEOO13
STTEOO14
STTEOO15
STTEQO16
STTEOO017
STTEOO18
STTEQO19
STTEO0O020
STTEOO21
STTE0022
STTE0023
STTEQQZ24
STTECO25
STTEQO26
STTE0027
STTEQ028
STTEQO29
STTE0030
STTEQO31
STTE0032
STTEQO33
STTEOO34
STTEQO035
STTEQO36
STTEOQ37

Space & Re-entry
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Subroutine:

Purpose:

Calling Sequence:
Input and Qutput

STEPDI

Computes initializatgon quantities for
surboutine STEPDT(q.v.).

CALL STEPDI(T,X,U)

Symbolic . Data
I/¢ | Name or Di::gg;z:s sma§21 Dimensions Definition
Location e or Units
V; I T d to time Time at initialization
— 1 X d(6) Xo length, Cartesian state at
| length/ initialization
A time
I U d i Length3 Gravitational constant
time
= Common storages used: /STPC@M/
Subroutines required: DD@T,DNORM

y
|
S |

[ priLcO l

PHILCO-FORD CORPORATION

STEPDI-1
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$IBFTC MC13SE XR3,M94sNODDsLIST

SUBROUTINE STEPDI (TsXsU) STP10001
C INITIALIZATION SUBROUTINE FOR STEPDT STP10002
C STP10003
C T = INITIAL TIME», SECONDS ! STP10004
C X = INITIAL CARTESIAN STATE STP10005 .
C U = GRAVITATIONAL CONSTANT STP10006
C STP10007 = ~wi ¢ *#=
DOUBLE PRECISION T 21 X(6) »U sDDOT sDNORMsDSQRTsTPI sTP10008
C STP10009
COMMON /STPCOM/TI s XI(6) 55U sRI s Al s 5A oDI sSR STP10010
1 s PR sHP s OM sEP sR sGl4) 2B HFB STP10011
»D sF(4) STP10012
DOUBLE PRECISION TI s X1 »SU sRI sAl »SA »DI »SR STP10013
1 sPR sHP 2 OM sEP sR »G B +FB S5TPI0O1G
sD oF STP10015
DATA TP1/6.2831853071795866/ STP10016
C STPI10017
DO 1 I=1:6 STPI10018
1 XItD) = X(I) STP10019
T1 =7 STPI10020
RI = DNORM(XI) STPI0D21
E SU = DSQRT(WY ’ STP10022
Al = 2oDO/RI-DDOT(XI(4)sXI(4))/U STP10023
PR = DABS(AI) STP10024
SA = DSQRT(PR) sTP10025
Y DI = DDOTUXIsXI(4))/SU STP10026
] PR = TPI/5U/SA/PR STP10027
B HP = PR/2.D0O STP10028
OM = 14DO-RI*AI STP10029
SR = SU/RI STP10030
EP = SU¥5,D-12 STP10031
G(1) = 1,00 STP10032
e DO 2 1=246 STP10033
2 G(I) = 2,00 STPI0034
D = DI STPI0035
R = RI STPI0036
RETURN i STP10037
""""" END

PHILCO “!iiiil Space & Re-entry
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Subroutine:

Purpose:

Calling Sequence:

Input and Qutput

STEPDP

Computes the state transition matrix, from time to to

time t, on a conic section., Time to is the time of
the last call of STEPDI and time t is the time of the
last call of STEPDT(q.v.).

CALL STEPDP (PHI)

Symbolic Data
I/¢ | Name or Di;:zgzzzs 822;21 Dimensions Definition
Location or Units
¢ PHI d(6,6) ¢(t;to) State transition matrix

Common storages used:

Subroutines required: None.

emico]

PHILCO-FORD CORPORATION

/142 éells,/STPCEM/
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$IBFTC MC13S1 XR3,M94sNODDsLIST

SUBROUTINE STEPDP (PHI)" STPPOOOL

C CONIC TRANSITION MATRIX : STPP0002

C STPP0003

DOUBLE PRECISION PHI(646) STPP0OOO4

COMMON /STPCOM/TI »XI1(6)s5U sRI sAl s SA »DI sSR  STPP0OOO5

1 sPR sHP »OM sEP 'R sGl&) sB  »FB  STPPO006

2 +D sF (4) STPP0OOOT

DOUBLE PRECISION Ti sX1 SV sRI sAl sSA  sDI sSR STPP0OOOS

1 » PR o HP »OM yEP sR G Y] sFB STPP0O009

2 sD oF STPP0OO10

COMMON c _ STPP0O11

DOUBLE PRECISION  C(18) STPPDO12

C STPP0OO13

1 CONTINUE STPPOO14

C{ 1) = SU*SUy STPPOO15

Ct 6) = G(3)/R STPPOOL16

ct 2) = -B*G(2) STPP0O17

C{ 3) = GL4)-B*G(3) STPPOO18

Ct 4) =—(C(2)+G(3)+G(3)) /Al STPPOO19

Ct 53 =={C{3)+G(4)+G(4)) /Al STPP0020

. C(18) = (Cl4)+DI*C(3)+RI*C{2))/C(1)/R STPP0021
; Cl 2) = (CU5)1+DI*C(4)+RI*C(3))/C(1)/SU STPP00O22
1 Cl12) = CL1B)*F( 3) STPP0023
e C(18) =—C(18)*C( 6) STPP0024
Cl 9) = CU 2)*F( 3)+C{ 4)/CI1I/RI STPP0025

P C{15) ==~C( 2)1%C( 6)+C{ 5)/CL1)/5U STPP0026
Ct16) = Ct 1)/R/R/R STPP0O27

“] C{13) = C(16)*F(1) STPPOO28
- Cl16) = CL16)1%F(2) STPP0029
C(12) = C112)=C( 2)*C(13)+Ct 3)/R/RI/SU STPP0030

C(18) = C(18)~C( 2)*C(16)+C{ &4)/R/CL1) STPP0031

C{ 5) = G( 3)/CL 1) STPP0032

. Cl 8) =-Cl S5)*F{ 3) STPP0033
Clla) = CL 5I1%CL 6) STPPOO34

Ct17) = G{ 2)/SU/R STPP0035

C(11) = C( 5)%C(13)=C(1T)*F( 3) STPP00O36

CL17) = CU 5)*CL16)1+C(17)*C( 6) STPP0037

Ct 1) = CC 1)/RI/RI/RI STPP0O38

ct 2) = G{ 2)/R1/SU STPP0039

C{ 3) = Gl 1)/RI/R STPP0040O

. Cl 7) = CL 9y+C( 5) STPPOO41
¥y C(13) = C(12)+G( 2)/R/SU STPPQO42
o CL 7) = CL 1y*C( 7)-C{ 2)%F( 3) STPPOOD43
Cl10}) = CL 1)*C(10)+CL 2)%C113)=Cl 3)*F( 3) STPPQO44

Cl13) = C( 1)*C(15)+Cl 2)%C{ 6) STPP0O4S

CL16) = Cl 1)1*C(18)1+Cl 2)*¥C(16)+C{ 3)*C{ 6) STPPOO46

: DO 3 I=1,3 STPPOO4T
G DO 2 J=1s6 STPP0048
: ClJ) B CLJ+6)*¥XT{II+CIJ+12)*XI(1+3) STPP0049
o 2 CONTINUE STPP0050
; DO 3 J=1,3 STPP00O51
PHI{I sJ ) = CLII*XI(J)+CL2)¥XTI(J+3) STPP0052

= PHICI sJ+3) = C(2)*¥XI(J)+C(3)*¥XI(J+3) STPP0053
PHI(I+3sJ ) = Cl4)*XT{JY+C(5)#¥XI(J+3) STPPQOS4

4 PHI(I+35J+3) = C(5)%¥XI(J)+C(6)1¥X1(J+3) STPPOO55
o 3 CONTINUE STPPOO5S6
o DO 4 I=1515s7 STPP0OS7
e PHI(I s1) = PHI(I 21y + F(1) STPP00O58
PHI(1+18,1) = PHI(I+18,1) + F(2) S$STPP00O59

PHILI+ 3,1) = PHI(I+ 3,1) + F{3) STPP0060

PHI(I+21,1) = PHI(I+21s1) + Fi&) STPPOO61

4 CONTINUE STPP0062

RETURN , STPP0063

END

PHILCO I Space & Re-entry
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Subroutine:
Purpose:

Calling Sequence:

Input and Qutput

STEPDT

Provides the Cartesian state on a conic trajectory

Subroutine STEPDI provides the initial-

at a time T.

ization of necessary quantities for subsequent

calls of STEPDT

CALL STEPDT (T,X)

Symbolic ' Data
1/¢ | Name or Diizggizzs Smaggl Dimensions Definition
Location ym or Units
I T d t time Time, referenced to same
epoch as t_in call
of STEPDI.
length, Cartesian state at
o) X d(6) X(t) length/ time T,
time

Common storages used:

Subroutines required:

o]

PHILCO-FORD CORPORATION

//12 cells,/STPcoM/

None.

STEPDT-1
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References:

1. R.H. Battin, '"Astronautical Guidance,'' McGraw-Hill, New York, 1964,
pp. 50-52.

2, S. Pines, 'Mean Conic State Transition Matrix," Astro Consultants, Inc.,
Huntington, L.I., N.Y.

sw

Usage:

Subroutine STEPDI ,STEPDT,STEPDP use the universal functions for the “
solution of Kepler's equation, and for computing the state transition h
matrix. Subroutine STEPDI computes the constants used by STEPDT and .
STEPDP, and initializes the universal functions. STEPDT solves Kepler's

equation using a second-order iteration and outputs position and velocity
at the desired time. STEPDP outputs the state transition matrix. The ‘ ;;
labelled common STPC#M is used for storage of the orbit constants and

current values of the universal function.

Once STPC@M is loaded by STEPDI, STEPDT may be called at any sequence
of times. Each call of STEPDP, however, must be preceded by a call of
STEPDT at the same time.

STEPDT-2
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Theory:
Let R(t),V(t) denote the conic position and velocity of time t, and let

R

o} R(tO)

<3
(]

V(to)

From Ro’vo’ we may compute

To T ‘Ro‘
2
1 _2.%
a ro U
do = Ro-vo/f ™

The regularized incremental eccentric anomaly, B, is defined as

g =V la] (- E)

where E 1is the eccentric anomaly at time t. Then Kepler's equation

may be written

S - t) =ala- (d-d)7. (1

The transcendental functions Fi’Gi are defined as

S? K 2k
Fi() = k=°('1) 1+
i
o = gzla

STEPDT-3
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The Gi may be written as the equivalent functions:

G

o = ¢os8 (E - Eo) h

(7]
n

1 /E-Sin (E - Eo)
$ for ellipses

G, = all - cos (E - Eo)]
Gy = a3/2[(E - E,) - sin (E - Eo)] )
Go = cosh (E - Eo) h
G, = / la] sinh (E - E)

$ for hyperbolas

(2]
i

la] [cosh (E - Eo).- 1]

= |a|3/2[sinh (E-E) - (E- Eo):L

Kepler's equation (1) may now be written in the form

Ju T = F(R)
(@
= G3_+ do G2 + rocl ““““
where T 1is the increment of time, t - to. Then
dt _ ¢ .
../EdQ-F(R)—G2+doG1+roGO
3)
dzT " r0
fﬁ.———z' =F(Q)=doG°+( —-a—‘)Gl
dr
To determine B for a given time increment, T, we write
STEPDT~ 4

PHILCO l Space & Res-entry
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F(B + 08) = F(B) + F'(B)A8 + F"(B) g + - - - )

and solve for AB so that

F(B+ 8B) - /W T=0
Let
F(B)-\/E_‘r=ao=(G3+doGZ+roG1)-\/ﬁ,—T
!’ - =
- F(B) =a; =6, + d G +1_ G, (5)
F®  mame, gt (1059 6
Then
2
AB” _
a +a; AB + a, 5 = 0 (6)
The solution of equation (6) is
] - 2a
AR = 2
+ -
al a; ZaOa2 (7)
mm In equation (7), the positive sign is chosen so that the sign of AB is
the same as the sign of error/slope.
The square root is approximated by

/2 _ 2532
a; - 2a°a = a (8)

STEPDT-5
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The program uses the equation

88 - sgn(a,) )

where sgn() means the sign of the argument. This insures that the dir-

ection is proper for reducing the error in B since F'(R) is always positive.

The magnitude of AB is limited so that

| a8 |

/Tl

<2 (10)

For ellipses, the restriction implied by equation (10) prevents incremen-

tal anomaly steps greater than two radians.

The subroutines are designed so that starting values of 8, F'(B), and
F"(B) are computed by STEPDI. Thereafter, STEPDT retains the last
computed values of these quantities for subsequent calls. This reduces il
the number of iterations required when STEPDT is called repeatedly at a
series of time points on the same conic.

P

The iteration is terminated when either

[a8] = Ial 3 4 10710 (11) '

or

-12 I
la8] = (5 x 1077 /i | — (12)
Equation (11) requires the AB to change the 16th figure of 8.
STEPDT~-6
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Equation (12) may be understood by recognizing that

3

d 9

o 55 esmam—

&~

hence, the AB change must be large enough to be equivalent to a change
of 5 places in the 12th significant figure of T, where T is the time in-
crement from the last call of STEPDI.

Having found values of B and the Gi series that satisfy the tolerances, the

values of R(t) and V(t) are given by

R(t) = fRo + gVo
(13)
v(t) = fRo + gVo

where

H
@

L (14)

0Q o
!
[
]
IS

STEPDT has a special initialization test for:
(a) Preventing time steps greater than

one-half period for ellipses.
(b) Setting the signs of the last values of

B, Gy» and Gy properly to correspond to

the sign of the incremental time step.

STEPDT-7
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Constraint (a) is accomplished by setting

DT = t - [integer part (ﬁ;&)] period.

1f ‘ DT l >-21- period, then DT is assigned the new value D']_’n where

DTn = - sgn(DT) (period = ' DT |).

Constraint (b) is accomplished by testing whether B and DT have the same

sign. If not, the signs of B, G,, and G, are reversed.

1 3
The 6 X 6 transition matrix g
_1 oR 2R
=1 AR W :
AV
oR av
- o D -l

is computed by STEPDP, using the equations

G

MR _ !!: 22 3 4T
PR f1 + aVEl + r (E + " 0)RO
(o]
AR T
AV = gl + 6VE + EqV (16)
AV WR_T , u ! T T
=" f1 - _§E1 +=3 (E4 +m Ro)Ro + 6VE5
[o] r I‘o
W _ oo MR T T T
= =gl - E. +E,V + 8VE
avo r3 2 4o 6
STEPDT-8
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where

A=V -V =fR +(g- 1V

R = fRo + gVo

P G
E2 = '—1' v - 2 R
h o] i (o]
(17)
. 26, - R 3G, -
] g = G, Gq - Gg - RG, v
} 3 T L o 0 Ju o
. =G3'-I=%G2R +2G4—RG3V
4 rré?u o T o
- 2
E_ = PZ " %o Go R - Gl v
S Y S
E = 2 v - S1
‘ 6 ru o /U o
| And
- o - (36, - RG,) +d (26, - 8Gy) +r _(Gy - RG,)
. 1 /u
. (18)

P, = (2(;4 - Q.GS) + do(G3 - RGZ) - acoec;1

The constants and functions of R are obtained from STPC@M, and must have

been stored by appropriate calls of STEPDI and STEPDT.

STEPDT- 9
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V STEPDT

Set time step DT
and tolerance DTM

!
— N0 T Elipse (a>0)7 )

y Yes

Test and set DI < p_e_r_zf_tg_i

* 5w

- DTU = /g DT

Do B and DT have Yes
the same sign?

Mo
Change signs of B, G1, G3

29

R=F'(B) FB=F(B)
d=F"(8)

!

a, = F(B)-DTU -

1
C Are tolerances \ Yes

satisfied?
yNo ‘
Set 48] < z/Ja Compute and output
B= B+48 position and velocity
= R(t), V(t)

Use half angle reduc~
tion until a* < 1
IT = number of reductions Return

Y
| Find F series for a* |

Y

Using II, d F, (a)
aggG fi& (&)

STEPDT-10
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$IBFTC MC13SJ XR32»MG4sNODDsLIST

SUBROUTINE STEPDT (TsX) STPT0001

C CONIC POSITIONs VELOCITY AT TIME T STPT0002

¢ » STPT0003

C T = TIME, SECONDS STPTO004

C X = CARTESIAN POSITIONsVELOCITY STPTO005

C _ ' STPTO006

DOUBLE PRECISION T »X(6) »DMOD : STPTDO07

COMMON /STPCOM/T] sX1(6)9SU sR1 sAl sSA »D1 SR STPT0008

1 +PR »HP »OM +EP sR 1Gl4) B sFB  STPT0009

sD yF &) STPT0O010

DOUBLE PRECISION TI s X1 »SU sR1 sAl »SA sD1 SR S5TPT0011

1 »PR sHP »OM sEP sR 'G s8 ~ sF3  STPTO012

2 sD oF STPT0013

COMMON Ccie) STPT0014

DOUBLE PRECISION C ° STPTOO015

DOUSLE PRECISION  C4{10) +C31(10) STPTOO16

T DATA C4/42003342¢92724921U0 191564311003 72¢34249200260/ STPTO017
: J DATA C3/38U09306492404518203132499U¢1560230001209207 STPTO018
C : STPT0019

1 Ct1) = T-T1 STPT0020

B C{2) = DABS{C{1))*EP STPT0021
IF (Al«LE«Os) GO TO 2 STPT0022

4 Cl1) = DMODI(C(1) PRI STPT0023
i €{3) = NABSIC(1)) STPT0024
IF (CU(3),LE.HP) GO TO 2 $TPTO025

. C{1) ==DSIGN(PR=C(3)sC(1)) STPT0026
] 2 Cla) = C(1)*%SU STPT0027
ﬂ IF (B*C{1)+GTeise) GO TO 21 STPTO028
o 3 CONTINUE STPT0029
GL12) ==G(2) STPT0030

e Gl&4) ==G(4) STPT0031
} B =-8 STPT0032
) G0 TO 20 STPT0033
- C STPT0034
10 IF (CU3)%#S5A.GTe24NVU) CiB) = DSIGN(2.DU/SAICIS)) STPT0035

= ' 8 = B+C(5) STPT0036
Cl6) = AI*BHB STPT0037

j 11 = 0 STPT0038
11 IF (DABS(CI6))eLES1eD0) GO TO 12 STPT0039

IT = 1141 STPTO040

— C(6) = C(61/44DO STPT0041
E GO TO 11 STPT0042
S 12 CONTINUE STPT0043
G(3) = 1,D0/C3(1) STPT0044

G{a) = 1.D0/C4(1) STPT0045

] DO 13 1=2510 ~ STPT0046

% G{3) = [1.DC-CL{E1*G(3))/C3{1) STPTO047
il 13 G(4) = (1eD0-C(6)%G{4))/Call) STPT0048
; 14 G{2) = .1.D0~-C({6)%G(4) STPT0049
o G(1) = 1.D0-Cl61%#G(3) STPT0050
? IF (11s1LE«0) GO TO 15 STPT0051
Cl6) = CL6I%#44DO STPT0052

s 11 = I11-1 STPT0053
Gl4) = (GI3)1+G(1)%G(4))/4eDD STPT0054

; G(3) = G(21%G(2)/2.D0 STPT0055
4l GO TO 14 STPT0056
3 15 CONTINUE STPT0057
G(2) = B*G(2) STPT0058

Ct(5) = s3xB STPT0059

G(3) = C(51*G(3) STPT0060

G(&4) = BRC(5)*G(4) STPT0061

C STPT0062

20 R = G(3)+RI*G(1)1+DI*G(2) "STPT0063

FB = Gl4)+RIX*G(2)+D1*G(3) ‘ STPTO064

D = DI*G(1)+0OM*G(2) STPTO065

21 CONTINUE STPT0066

C{6) = Cl4)-F8B STPTO067

C{3) = C{6)*D/R/2.DC+R STPT0068

Cl5) = DSIGNICIE)/C(3)scib)) STPT0069

C(3) = DABSI(CI5)) STPT0O70

IF (C(3)«LE+DARS(B)*3.D-16) GO TO 30 STPTO071

IF (C{3).GT+C(2)}/R) GO TO 1u STPT0072

C STPTO073

30 F(1) = 1.D0-G(3)/RI STPTOO74
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F(2)

Fla)
00 31 1
X{1)
31 X{1+3)
999 RETURN
END

PHILCO I
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(1)-Glay/ssy

R¥G(2)/R

«DO-GI(3)/R

193
FOLIEXTLI)+F {2V ¥X T ]+3)
FA3)*¥XT(II+F (41 %¥XT(1+3)

STPTO075
STPTQ076
STPTO077
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Subroutine: STEPI

Purpose: To compute an array, CB, of constants of the conic
determined by the position and velocity R, V, for use
by subroutine STEPT. (q.v.)

Calling Sequence: CALL STEPI (R,V,U,CB)

Input and Output

W Symbolic Data
i
| I/¢ |Name or Dﬁ:ﬁgﬂns SMagl‘; , |Pimensions Definition
Location v or Units
I R (3 R, L Cartesian position at the
initial time, to'
‘ I v (3) A L/T Cartesian velocity at t_.
I U u 13/7%  |Gravitational constant.
¢ CB (6)
CB(1) r L Magnitude of Ro.
CB(2) a L Absolute value of the semi-
major axis of the conic,
! CB(3) n 1/T Mean motion (=/u/ ai)
- CB(%4) r/a
CB(5) R°~Vo/fuz
CB(6) =1, if the conic is an ellipse
. ‘ =2, otherwise.
) Common storages used: None
) Subroutines required: FN@RM, D@T

STEPI-1

e
{

1

3
)
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$IBFTC MC13SI NOREFs»MI4sNODD9XR3

CMC13S1 STEPI PERFORMS INITIALIZATION FUNCTION FOR STEPT sSTP10010

SUBROQUTINE STEPTI(RsVsUsCB) STPI0020

C STEPI COMPUTES CB» A STORAGE VECTOR WHOSE ELEMENTS ARE STPI0030

C (1) RADIUS MAGNITUDE R STP10040

C (2) ABSOLUTE VALUE OF SEMI-MAJOR AXIS ABA STP10050

- C (3) MEAN MOTION STP10060
C (4) TIME COEFFICIENT R/ABA STPIOQ70 A -

C (5) TIME COEFFICIENT R DOT V /SQRT{U¥*A) STP10080

C (6) SWITCH 1 ELLIPSEs 2 HYPERBOLA S$TP10090

C SUBROUTINES REQUIRED DOT s FNORM STP10100

DIMENSION R(3)» V{3) CB(6) . STP10110

CB(1)=FNORM(R) STPIO120

CBL2)=CB{1)/({2~CB(1)*DOT(VsV)/U) sSTPIO130

IF(CB(2)) 1s1s2 STP10140

1 cB(2)=-CB(2) STP10150

CB(6)=2. STP10160

GO TO 3 STPIO170

2 CB(6)=1. STPIO180

3 CONTINUE STP10190

CB(4)=CB{11/¢cB(2) $TP10200

e o CB{3)=SQRT(U/CB(2))/CB(2) sTPl10210

CB{5)=DOT(RsV}/SQRTIU*CB(2)) STP10220

i RETURN STP10230

END 8§TP10240

:EEEEEE;EEEE:"H###!I Space & Re-entry
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Subroutine: STEPT

Purpose: To obtain the position and velocity of a body which is
separated by a time increment from a specified state
described by parameters in an array CB computed by
STEPI (qeVe).

Calling Sequence: CALL STEPT (T,R,V,RR,VV,CB)

Input and Output

I/¢ gﬁzc’lii Dl;;:gram Math Mggzions Definition
Location [Pimensions [Symbol | " "y 4 s
I . T &t T Incremental time.
I R (3) Ro L Cartesian position at time f‘o'
I v (3) v, L/T Cartesian velocity at time t .
¢ RR (3) R L Cartesian position at t +8t.
) Vil (3) v L/T Cartesian velocity at t +bt.
I CB (6) Array of constants computed
by subroutine STEPI.
Common storages used:l None

Subroutines required: G@T¢R

STEPT-1
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Discussion
The inverse-square central force law is characterized by the equations

R =

dR _
-a'_E—V
(1)
o _ dav u
= e ow = R
dt r3

where r is defined to be J§~ » The angular momentum vector, H, defined
by the vector cross-product

H=RxV (2)
is a constant with respect to time, since

H

ﬁxV+Rx§=va+Rx(ﬁ§)=o
r
Then

H

Ho = Ro x Vo

Because the magnitude, ho’ of H° is generally non-zero, the plane equations

ReH = R°H 0
[+

(3)

VeH = VoH:

o 0

which follow from the definition of H, lead to the conclusion that all
motion occurs in the plane normal to Ho. That is, if Ro and V° are non-
zero and non-colinear vectors, any other vectors R and V must lie in the p
plane formed by Ro and Vb. Algebraically,

R=fR +gV

. ° '° (&)
V=fR +gV
0o [s]

The second of equations (4) follows from (1) and from the fact that Ro and
[ ] .
Vo are not functions of the time increment, t. The scalars f, f, g, and g,

STEPT-2
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are functions of Ro’ Vo-and 6t. The determination of these scalars is
described below.

Figure 1

The vector (H x Ro)/h is perpendicular to R and has the same magnitude,
e From Figure 1, we note that R may be written as the combination ‘

. r P Hx Ro (
= = oG0S 6+ T sin § 5)

r
(o]

Equation (5) may be rewritten by expanding the triple cross product

H x R° = (Ro x Vo) x Ro = VO(RO-RO) - RO(RO-VO)

R oV r
r o o o
R = rO[Iﬁo(cos 6 - " sin 8) + Vo o sin & ] 6)
Comparing equation (6) with equation (4),
r RV
f= ;5 (cos 6 - T sin 6) :
(7
rr,
g=Tsm6

At this point, the reader should note that while L Ro'Vb, and h are
computable directly from Ro and Vo' the quantities r and 6 have not been
specifically defined in terms of Ro, VO, and 6t. In order to do this, it

STEPT-3
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is necessary to examine the conic solution of the inverse-square law
equations of motion,

B Ju
Figure 2 o

Figure 2 shows a conic section with focus at 9 and pericenter at Q. The
point q3 on the conic is specified by the polar cocordinates originating at
Qs T the radius, and 0, the true anomaly. The equation relating r, © on
a conic section is

(8) -

r=1+ e cos O

where p is the length 994, OF the semi-latus rectum, and the eccentricity,
e, which may be caleulated from

is a parameter specifying the shape of the conic. Conic sections are
characterized by eccentricity as follows:

cireular ife=20
elliptie if0<ex<1
parabolic ife=1
hyperbolic if e>1

The two cases of interest here are the elliptic and hyperpolic cases.
Figure 3 below shows an ellipse. The semi-major axis, a, is the distance

STEPT-4
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rrrrrrr

Figure 3

from the point of symmetry, Qs to the pericenter, Qqe The semli-minor
axis, b, is the length 9d5e The eccentricity is equal to the ratio

e=Ja2-b2/a

The eccentric anomaly, E, is the argument of the projection of the point,

i

s 3 from the line Q94 onto a cirecle of radius a concentric with the
ellipse. That is, the cartesian coordinates of q3 relative to q are

a cos B
b sin E (9

X

y

The coordinates of q3 relative to qq are

o x' = r cos 0 = a(cos E - o)
y'=y=rsin9=bsinE=a Jl-e2 sin E (10)
r = a(l - e cos E)

STEPT-5
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Figure 4

Figure 4 shows a hyperbola, The asymptotes are the lines f»- %‘= 0 and
§'+ %v: 0. The semi-major axis, a, is again the distance from the point
of symmetry, Qs to the pericenter, qq. The semi-minor axis, b, is the
intercept of the asymptotes on the lines x = + a. The eccentricity is

e =4 a2 + b2 / a

The eccentric anomaly, E (sometimes denoted F), is so defined that the
coordinates of 3 relative to q, are

-a cosh E |
b sinh E : (11) L

X

y

Then the coordinates of q3 relative to g, are .

x' = r cos 0 = a(e - cosh E)
y'!'=r sin 0 = e2 ~ 1 sinh E (12)
r a(e cosh E - 1)

i

Solution of the differential equations (1) yields p, a, and e as constants
of the motion. It is easily verified that

STEPT-6
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h=/r2v2- RV )2
(o o} o 0
2

p=h"/u

\ 2

a=1/(3 -2) (13)
o u

ez=1-p/a

. n =y /s

vhere we have adopted the convention that a is negative for the hyperbolic
. case., Some useful identities which follow from equations (10) and (12) are
listed below. In equations (14) and those which follow, we use the '
ambiguous sign with the convention that the upper sign applies to the
hyperbolic case and the lower to the elliptic cases, The symbols sE and cE
mean sin E and cos E for the elliptic case, but sinh E and cosh E for the
hyperbolic case.

_E:r_‘/_' - %E(R.R)’% - ; - _B_P_G__S_I'I;l_ﬁ_e_z_ - %19. &ind
it (1+ecos6)

cosb = %(cE - e)
““““ sing =l%‘ 1-6 sE= %‘% sE (14)
ReV

esE:m

ecE=1-1r/a

Then, if we set

a=E-E
o

it follows that

STEPT-7
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sE = sa cE_ + ca sE
o o
(15)

cE = ca cE_ + s sE
o — (e}

The angle & of equation (5) is the incremental true anomaly on the conic
section containing Ro and R, Then

sin 6 = sin (ve - 90) = sb ceo - eb seo

(16)

cos 0 =cos (6 -8 ) =cO cO_ + 86 50
o o o

The incremental true anomaly masy now be related to Ro and Vo through
substitution of equations (14) and (15) into (16).

sin 6 = + h

(SEcE  ~ cEsE -~ esE + esE )
o o) o o

h
e (s - esa.ch - eoasEo + esEo) .

h :Qsa - RO.V"(ccn - 1)
nrr a ;711 |al

2 + (ez-i)sEsEo)

T

n
a
8
&

cos & o-ecE-ecE°+e

22

-2 - T - 2 _
= (eo(1 echte s Eo) + sc.esEo(l ech) + e ech)

a o) (Ro.vo)2 - ro R°°V° ro '
= ———] o] = 4 ——— + s — - B g w—
a — ujal a Julal a a

2

2 r (R°V)2 _ReV r r
= 2 [[i-—u—J(ca—l)+yg==e—gsa+—9J

rr, a ua ula| a az

:

The coefficients, f and g of equations (7), are finally found to be:
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r : Ro'xvo~
f=;(cos§- sin & )

h

o

=1+2 (ca-1) | (17)
)
T
&= sin &

=+ 1 f._O_ P A Ro.vo (ca - 1) (18)
T " nl| a ;7u|a|

The velocity coefficients, f and g, are found by noting that

; c-o— ui
G—E—‘A:Ir

-and therefore

o T

rr()
. r R «V (19)
a o] o 0
==|= + s
g r [a oo+ u |al ]
where
= L =1 - ecE
a
T - Ro'Vo
= (1 -ca)+ —ca+ sQ 20
( c.) = e (20)

Kepler's equation relates the incrementsl time, &t, to the incrementsal
anomaly, Q.

ndt

+ (E ~ esE) + (E, - esk )

=+ (a - esacE - ecasE + esEo)

(21)

i
+
~~~
a

1
8
pS—g
+1

®lo
8
I+
P>

[
ry
2

(]
fre
N
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Subroutine GPTYR is called to obtain a as a function of 6t by an iterative
process. GPTPR returns the vector

F(1) = + (o - sa)
F(2) = + (1 - ca)
F(3) = sa
F(4) = ca

The coefficients are then calculated from

f=1-2r2) j
0 :
1

g = 6t - Y F(1)

L=r2)+ To F(4) + Fo'lo F(3)

a a Julal

£f=-an F(3)/7,()

o
14+ ” F(2)

The output position and velocity are then computed from equations (4).
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$IBFTC MC13SG NOREFsM9I49NODDsXR3
CMC13SG STEPT (STEPD FOR TIME ONLYsNO INIT» CB(6) COMPUTED IN STEPI) STPTOO010

SUBROUTINE STEPT(TsRsVsRRsVVsCB) S$TPT0020

C SUBROUTINES REQUIRED  GOTOR STPT0030

C CB IS A STORAGE VECTOR WHOSE ELEMENTS ARE STPT0040

C (1) RADIUS MAGNITUDE R STPTO0050

) C (2) ABSOLUTE VALUE OF SEMI-MAJOR AXIS  ABA STPT0060

v C (3) MEAN MOTION ‘ STPT0070

C (4) TIME COEFFICIENT R/ABA STPT0080

C (51 TIME COEFFICIENT R DOT V /SQRT(U*A) STPT0090

C (6) SWITCH 1 ELLIPSE, 2 HYPERBOLA STPT0100

DIMENSION R(3)s  V(3)s RR(3)s VVI(3), Fl&) CB(6) STPTO110

EMDT=CB(3)*T STPT0120

K=CB{6) STPT0130

GO TO{1110s1111)sK STPT0140

1110 E1=EMDT STPTO150

GO TO 1112 STPT0160

1111 E1=0.0 STPTO170

1112 CONTINUE STPT0180

: CALL GOTOR(K,EMDTsCB(4)sFsEL) STPT0190

EF=—~F(2)/CB(4)+1. STPT0200

o GE=~F(1)/CB3)+T $TPTO210
o ROASF(2)+CB(4)¥F(4)+CB{S)*F(3) STPT0220
‘ EFD=~CB(2)*%CB(31#F (3)/(CB(1)*¥ROA) STRPT0230
GED=-F{2)/ROA+1e STPT0240

DO 13 I=1»3 STPT0250

o RR{I)=EF*R{I)+GE*V (1) STPT0260
A VV(I)=EFD*R{1)+GED*V(I) $TPT0270
: i3 CONTINUE STPT0280
RETURN sTPT0290

END STPT0300
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Subroutige : STTBGN

Purpose: To initialize the data start link. Loads constants
into /DATCOM/ and /MLEC#M/. Optionally outputs data
type identification., Reads overlay data.

Calling Sequence: CALL STTBGN

v
Bzl

|
|
S

Common storages used: /DATC#M/,/DCPC@M/,/EDTCOM/,/ESTCOM/ ,/MLECEM/

Subroutines required: DMVTRN,$VRLYD

STTBGN~1
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Output Control:

NSTTG = O

PHILCO l

PHILCO-FORD CORPORATION

21

22

23

No output

Output receiving station and
central body names

Output measurement system
identification

Output measurement names, units,
biases, variances, and doppler
parameters. |

i
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$SIBFTC MC13G5 XR3sMI4sNODDILIST
SUBROUTINE STTBGN $TBGOOO1
C INITIALIZES DATA START LINK STBGOOO?2
C STBG0OO3
COMMON /DCPCOM/CDCP(900) STBGOOO4
DOUBLE PRECISION  DCDCP(450) »SN(13»20) »sSTIMR(2) STBRGOO0S
DIMENSION CBODY(8511)sNPROC(22) STBGO006
EQUIVALENCE (CDCP(758) s INDSTA) s (CDCP(732)sNPROVR) STBGOOO7
1 sy (CDCP(T57)91TRSTA) »(CDCP(682)sNSTTG ) STRGO0O08
2 s {CDCP{ 17)9CRODY } »{CDCP(798)sKAUTO ) »(CDCP(143)9SN ) STBGO0OY
3 s {CDCP{ 1)sDCDCP ) s(CDCP(T787)sNPOINT) »(CDCP(781)sSTIMR ) STBGOO10
4 s {COCPLTTT) 108 ) s {CDCPIT31) sNPROC ) STBGOO11
C ’ STBG0012
COMMON /ESTCOM/CEST(804) STBG0013
DOUBLE PRECISION EFEDAN(14)sSE{14+20) STBGOO14
EQUIVALENCE (CEST{ 61)sFFEDAN) s{CEST{(245)sSF ) STBGOO15
By 1 s{CESTL 2)sNBY ) STBGOO16
e C STBGOO17
= COMMON JEDTCOM/ INDDAT(40) s BUFDAT(8546) STBGOO18
b DOUBLE PRECISION DATIND(20) sDRANGE sONTIME $TBGOO19
EQUIVALENCE {INDDAT( 1)sDATIND) »{INDDAT( 3)sNRSTA ) STBG0020
. 1 s CINDDAT(27)sDRANGE) » (INDDAT( 4)sNTSTA ) STRG0OO21
b 2 s (INDDAT(12)sKTAU ) »(INDDAT(13)sONTIME) STBG0022
3 s (INDDAT{ 8) sMTYPE ) STBG0023
C STBG0024
COMMON /DATCOM/BIAS (2) »0BS (64) »FTR sOMEGA STBGOO025
- 1. »SPDLT 3STA (10) »TAU »TB2CO(18) STBGOO26
2 sTB2CT(18)sTT2B0(9) sTT2BTL9) +XV (12) 57860027
: 3 sMLT s MODE sMSTA sMTIM STBG0028
4 »NALIGN s NANG sNFRAC STBG0029
DOUBLE PRECISION  BIAS sOBS sFTR sOMEGA sSPDLT »STA STBGO030
1 s TAU +TB2CO +TB2CT »TT2BO »TT2BT XV $TBGOO31
C STBG0032
» COMMON /MLECOM/CMLE(1070) STBGOO33
DOUBLE PRECISION AMU  »OBIAS(2) sQ (4) »STBIAS(2) STBG0034
1 s CTAU »QI(4) »YMOD (4} STBGOO35
o DIMENSION ILBS(1294) sLBALG(2) HsLBTAUL2) STBGO036
| ] 1 sTLBM(12+4) sLBM (12) HLBTYP(S) STBGO037
" 2 sINROT(3s4) sLBS (12) sNROT (4) STRG0O38
LoGIcalL ILMEAS (494) yLMEAS(4) STBGO039
EQUIVALENCE (CMLE(432)sNPTSTT) STBGO040O
1 s (CMLE(405)sLAUTO ) »(CMLE(423)9NROT ) STBGOO41
2 » (CMLE (363 ,AMU ) 93 {CMLF(555)sLBALG ) s{CMLE{ 31)s0BIAS ) STBG0042
e 3 s {CMLE(365)9CTAU ) o{CMLF(557)sLBDPL ) s{CMLE( 47),Q ) STBGOO43
4 s (CMLE(435)41LBM ) s (CMLE(531)sLBM ) 2 {CMLE( 55)+QI ) STBGOOG44
N 5 s (CMLE(483)3ILBS ) s(CMLF(543)sLBS ) s (CMLE( 27)+STBIAS) STBGOO4S
6 s (CMLE{381) 3 ILMEAS) »{CMLF(558)sLBTAU )} s(CMLE( 2)sTFINAL) STBGOO46
7 s (CMLE{HI1) 9 INROT ) s{CMLF(560)sLBTYP ) »{(CMLE( 1)sTSTART) STBGO04T
= 8 s (CMLE{433) 5 IQUAL ) »{CMLF(397)sLMEAS )} s{CMLE(207)+YMOD ) STRGOO4S
C : STBG0049
601 FORMAT(1HOsA6s23H 1S USED FOR DATA STARTs60XsA6s16H 1S CENTRAL BODSTBGOO50
1Y) STBGOOS51
602 FORMAT(14HODATA TYPE IS A6} STBG0052
i 603 FORMAT{/16Xs4HTYPF319XsSHUNITSs11Xs4HBIAS»26XsBHVARIANCE/1H ) STBGO053
604 FORMATI12Xs11s3H — s2A6911X9A692(E22.858X)) STBG0OOS4
. 605 FORMAT(12Xs18HX-AXIS IS ALIGNED »sA3) STBGOO55
e 606 FORMAT{12Xs18HRANGE AMBIGUITY 155D31.16) STBGOOS6
607 FORMAT (/9X» THDOPPLER/12XsA6s9H FIXED ATsD30.16/12Xs25HTRANS FREQ STBGO0S57T
e 1 = sD30.16/12Xs15HREFRCT COEF =52D30.16/12Xs15HBIAS FREQ =,5TBG0058
2D30416/12Xs15HRETRNS RATIO =4D30.16) STBGOO59
608 FORMAT(/9Xs17THTRANS STATION IS 5A6) STBGOO60
C _ . . o 5IBGOOAL
¢ READ OVERLAY DATA AND SET CONSTANTS sTBE0082
1 IF (NPROVR.NEWO) CALL OVRLYD(CDCP) STBGO0O63
NPROVR = O STBGO064
C SET UP DATCOM ) STBGOOGS
MLT =2 STBGOO66
MODE = INDDAT(10) STBGO067T
MSTA =2 STBG0OOSS
MTIM = 2 STBG0069
NALIGN = INDDAT( 9} STBGOO70
NFRAC =1 . STBGOO71
NANG =1 STBGOO72
FTR = DATIND(11) STBGOO73
OMEGA = CBODY(8,3) STBGOOT74
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11

12

13

14

20

21

C

SPOLT = DCDCP(B)+SE(8B, INDSTA)

TAU = DATIND(10)

RIAS(1) = DATIND(15)+SE(10, INDSTAV/TAU
BIAS(2) = DATIND(16)

bDC 2 [=1,9 .

TT28C1{T) = SN{T+4,INLSTA}

TT2BT(I) = SNUI+4,1TRSTA)

CALL DMVIRN (TT2BOsSE(L,INDSTA),STA(L),1,1)
CALL DMVTRN (TT28T,SE(1+ITRSTA),STA(6)s1,y1)

DC 3 I=1,3

STA(I) = SH{I+1,INDSTA)+STA(])
STA{I+45) = SN{I+1,ITRSTAI+STA(]+5)
STA{ 4) = DATIND(12)

STA( 5) = UATIND(L3)

STA( 9) = STA(4)

STA(LQ) = STA(5)

JJ = MTYPE

GO TC (44974645) oMTYPE

MODE = O

NALIGN = O

6o 1¢ 7

IF (MALIGN.EQWLL) JJ = 2

CONTINUE

SET UP MLECOM™

ISTARTY = 0.

TFINAL = 0.

IF (STIMR(1).GT.0.) TSTARY
IF (STIMR(2).GT.04) TFINAL
ICB = MOD(NRY, 100}

STIMR(1)-ONTIME
STIMR{Z2)1-ONTIME

CTAU = TAuU

AMU = EFEDAN(CICR)
NPTSTT = NPOINT

DG 11 I=1l,4

Gl4) = SE(I+10,INDSTA)

QUI} = Q4)*Q{4)
QI(I) = 1.DO/QLI)
OBIAS(I) = SE(I+6,INDSTA}

LMEAS{I) = ILMEAS(I,MTYPE)
IF (NPROC(I+13).NE.O) LMEAS({I) = .FALSE.
CONTINUE

GBIAS(4) = 0.D0
STBIAS(1) = SE(4,INLSTA)

STBIAS(2) SE{5,INDSTA)

YMOD{3) = DRANGE :

IQuaL = 0

IF (JNOTLLMEAS(3)) IQUAL = 2

IF (JNOTL.LMEAS(4)) IQUAL = [QUAL+4

DO 12 I=1,3

NROT (1) = INROT(I,4J)
NROT(4) = JJ
LAUTO = KAUTO

D0 13 I=L.12

£BS({I) = ILBS(L,MTYPE)
LBM(I) = ILBM(IMTYPE)
IF (MODE.NE.3) GO TO L4
LBM(#) = LRDPL

LBS(8) = LBDPL

CONTINUE

OQUTPUT DATA TYPE IDENTIFICATION

1F (NSTTG.EQ.DO) GO TD 999

WRITE (6,601) NRSTA,CB0DY(1,ICB)

IF (NSTTG.EQ.1) GO TO 999

WRITE (6,602) LEYYP(MTYPE)

IF (NSTTG.EG.2) GO TO 999

WRITE (6,603)

DO 21 I=1.4

IF (LNOT.LMEAS(I)) GC TO 21

WRITE 164604) [+LBM{I),LBM{1+4),LBM([+8),0BIAS(I).Q(])
CONTINUE .
IF (NALIGN.NE.O) WRITE {64605) LEALG(NALIGN)

IF (LMEAS(3))} WRITE (64606} URANGE
IF (MODE.EQ.O) GO TO 999
WRITE (6,607) LBTAU(KTAU+L1) 4 TAU,FTRySTA(4),STA(S)+BIAS

If (MODE.EQ.3) WRITE (6,608) NTSTA

999 RFTURN

END

PHILCO I
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STBGOOTS
STBGOOT6
STBGOO77
STBG0078
STBG0O079
STBGOO80
STBGOO81
STHGO082
ST86G0083
STRG0084
STRG0085
STBGO08S
S¥BGOOBY
57860088
STBG008Y
S$TB8G0090
$¥86G0091
STAG0092
STBG0093
STBG0094
STB8G009S
ST8G0096
STRGOO9T
STBG0098
STBG0O099
$T860100
STAGOL101
STBGO102
STe50103
STB8G0L04
STBGOLOS
STBGO106
STBGOLO7
STBGO108
STBGO1L09
STBGOL10
STBGO111
STBGO112
STRGO113
STBGO114
STBGO115
STBGO116
STRGOL17
$TBG0118
ST8GO119
STRGO120
STAGO121
STB50122
STBGOL123
STBGO124
$TBGO125
STBGOL26
STBGO127
$T8GO128
STBGO129
STBGOL130
STBG60131
STB8G0O132
STRGO133
STBGO134
STB60135
STBGO136
STAG0137
S$TBGO138
STBGO139
STBGO140
STBGO141
STBGO142
STBG0143
STBGOL44
STBGO145
STBGO146
ST8GOL4T
STBGO148
STBGO149
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Subroutine: STTDAT

Purpose: To choose the data which is to be used for a data
start. This data is selected from the points on the
edited data tape according to a number of input
options, and placed in the array DATA of MLECOM.

Calling Sequence: CALL STTDAT

Common storages used: //13 cells,/DCPCUM/,/EDTCEM/,/MLECOM/
Subroutines required: DAT@UP

o %
|

STTDAT-1
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Discussion:

The following quantities are output from STTDAT into MLEFZOM
DATA(5,100) DATA(1,I) is a time T, in seconds from @NTIME.
DATA(MM + 1, 1) is measurement M at time T.

NPTS Number of points loaded into DATA. Points are
loaded from BUFDAT and all points with a '"bad
quality' indicator or with all negative measurements
are skipped. 1In addition, if TFINAL has been set,
only points with T < TFINAL are used.

LAUTY LAUT@ determines whether or not an automatic
new data start is to be allowed if the fit using o
the present data fails. IAUT# is set .FALSE. (no ]
new start) if all available data is used, or if
TFINAL > 0. (On entry to STTDAT, lLAUTO equals
KAUT®, an input switch.)

STTDAT requires that, on entry, the edited data tape must be positioned
at the end of the record pair currently given in /EDTC@M/. The tape and
/EDTCOM/ are reset to this condition before returning from STTDAT. il

STTDAT-2
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$IBFTC MC13D5 XR3sMI4sNODDHLIST

SUBROUTINE STTDAT STDT0001

C LOADS WORKING DATA ARRAY FROM DATA TAPE BUFFER STDT0002

c STDT0003

COMMON /DCPCOM/CDCP(900) STDTO004

EQUIVALENCE {CDCP(795) sMAXPTS) »(CDCP{6B0)sNSTTD ) STDT0005

1 s {CDCP(796) sMINPTS) STDT0006

C STDT0007

COMMON 7EDTCOM/ INDDAT(40) sBUFDAT(8516) STDT0008

DOUBLE PRECISION  ONTIME STDT0009

EQUIVALENCE {INDDAT{ 8)sMTYPE ) »(INDDAT( 6)sNPTS )STDT0010

1 s CINDDATL TysKONT ) s(INDDAT( 2)sNEOT ) s{INDDAT(13)+ONTIMEISTDTO0011

C : sTDT0012

COMMON /MLECOM/CMLE(1070) STDT0013

DIMENSION DATA{55100) sLBM(12) STDTO014

LOGICAL LAUTO STDTO015

EQUIVALENCE (CMLE(ST0) sDATA )} »(CMLE(432)+QUAL ) STDTO016

1 s (CMLE(405) sLAUTO ) »{CMLE({ 2)}sTFINAL) STDTO017

2 s{CMLE(5311sLBM 3 »{CMLE({ 1)sTSTART) STDT0018

3 s (CMLE(432) sNPTSTT) STDTO019

c STDTO020

. COMMON SAVE(10) »TP(3) STDT0021
‘% DATA IBLK /6H STDT0022
| 1 73NO  /6HNO / STDT0023
= c STDT0024
601 FORMAT(19H1DATA SPECIFICATION,10XsA3,7BHAUTOMATIC NEW DATA START ASTDT0025

- 1LLOWED If THIS DATA DOES NOT YIELD STARTING ESTIMATE) STDT0026
j 602 FORMAT(39HOOBSERVATION TIMES REFERRED TO ONTIME =sD24.16s4H SEC) STDT0027
i 603 FORMAT(/12Xs13HSTARTING TIMEs6Xs1H=sE204834H SEC) STDT0028
. 604 FORMAT(12Xs10HFINAL TIMEs9Xs1H=5E2048s4H SEC) ) STDT0029
605 FORMAT(12Xs26HNUMRER OF POINTS SPECIFIED»BXs1H=»15/12Xs35HMINIMUM STDTO030

P INUMBER OF POINTS ALLOWED =»I15/12X335HMAXIMUM NUMBER OF POINTS ALLSTDT0031
| 20WED =415} STDT0032
r 606 FORMAT(/5Xs38HAUTOMATIC NEW DATA OPTION SWITCHED OFF/5X»28HLAST ALSTDT0033
1LOWABLE POINT REACHED) ‘ STDT0034

607 FORMAT(20HO  * NO DATA LOADED! STDT0035

Fmy 608 FORMAT{36HO NDATA {NEGATIVE VALUES NOT USED)//5X»2HPT»8Xs4HTIME »STDTO0036
( 18X 94 {11Xs2A611 STDT0037
o 609 FORMAT (4Xs13sE206854E23,8) STDT0038
e STDT0039

C SET SWITCHES AND OUTPUT DATA IDENTIFICATION 5TDT0040

""" 3 1 CONTINUE STDT0041
{ ASSIGN 12 TO N1 STDT0042
i N =2 STDT0043
IF (NSTTD.FQ.0) GO To 10 STDTO0GLG

i I = NO STDT0045
7 IF (LAUTO) T=IBLK. STDT0046
i WRITE (6,601) 1 STDT0047
il WRITE (6,602) ONTIME STDT0048
CALL DATOUP (ONTIME»TPs0]) S$TOT0049

. WRITE (65603) TSTART STDT0050
| IF (TFINAL.EQ.O,) GO TO 2 STDT0051
L WRITE (6,604) TFINAL STDT0052
wied 2 WRITE (65605) NPTSTTsMINPTSsMAXPTS STDT0053
C STDT0054

o c LOAD DATA FROM EDTCOM STDT0055
k| 10 IF (NPTSTT+GT«MAXPTS) NPTSTT=MAXPTS STDT0056
t IF (NPTSTT.LT.MINPTS) NPTSTT=MINPTS STDTO0057
i J=0 STDT0058
11 CONTINUE STDT0059

DO 19 K=1sNPTS STDT0060

TP = BUFDATIKs2) 5IRT00RE

&6 To Ni, t12413414) STgTooéé

c FIRST POINT TO BE USED STHT0063

12 IF (TP.LT.TSTART) GO TO 19 STDTO064

ASSIGN 14 TO N1 STDT0065

IF (TFINAL.EQ.0,) GO TO 14 STDT0066

c FINAL TIME SPECIFIED . STDT0067

ASSIGN 13 TO N1 STDT0068

13 IF (TP.GT.TFINAL) GO TO 30 STDT0069

C IS THIS SET TO BE USED . STDT0070

14 IF (BUFDAT(Ks1).EQ.0s) GO TO 15 STDT0071

IF (BUFDAT(K»11 .NE.QUAL) GO TO 19 STDT0072

15 DO 16 I=1s4 STDT0073

IF (BUFDAT{KsI+2).GEeDs) GO TO 17 _ STDTO074

PHILCO l Space & Re-entry
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16 CONTINUE ' STDT0075

GO TO 19 STDT0076
C USE THIS POINT i STDT0077
17 CONTINUE STDTO078
J o= U+l STDTO0079
DO 18 I=1s5 _ STDT0080
18 DATA(T2J) = RUFDAT(KsI+1) STDTO081
IF (JJGENPTSTT) GO TO 34 STDT0082
19 CONTINUE STDT0083
C STDT0084
C BUFDAT 1S EXHAUSTFDs RELOAD FROM TAPE STDTO085
20 N = N+1 STDT0086
READ (10} INDDAT STDT0087
IF {NEDT.NE.O) GO To 30 STDTO088
IF (KONT.EQ.0) GO To 30 STDT0089
N = N+1 STDT0090
READ (10) BUFDAT STDTO091
Go TO 11 STDT0092
C STDT0093
C LAST ALLOWABLE POINT REACHED STDT0094
30 CONTINUE STDT0095 .
IF (oNOT.LAUTO) GO To 32 STDT0096 e
1F (NSTTNNELOQ) WRITFE (6+606) STNTO097 ‘
LAUTO = FALSE« STDTO098
32 NPTSTT = J STDT0099
C REPOSITION DATA TAPE STDT0100 e
34 CONTINUE STDT0101 ’ ﬂ%
IF {NsEQe2) GO TO 40 STDT0102
DO 35 I=1sN STDT0103 o
35 BACKSPACE 10 STDTO104
READ (10) INDDAT STDTO105 -
READ (10) BUFDAT $TDT0106 }
C STDT0107 e
C OUTPUT DATA SUMMARY STDTO108
40 CONTINUE STDTO0109
IF (NPTSTT (NF.O) GO To 41 STDTO1l10 -
WRITE (65607) STDTO111 J
GO TO 999 STDTO112 .
41 IF (NSTTD.LT.2) GO TO 999 STDT0113
WRITE (6+608) (LBM{I)sLAM(TI+4)s1=194) STDTO114
DO 42 J=1sNPTSTT STDTO115
42 WRITE (6+609) Js(DATALI»I)s1=195) STDTO116 j
C $TDTO117
999 RETURN STDTO118
END
J
1
ﬁv}
!
ol
}
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Subroutine: STTEND
Purpose To store maximum likelihood estimate as the current

state estimate.

Calling Sequence: CALL STTEND

e

Common storages used: //13 cells,/DCPC@M/,/ESTCOM/,/ES1CEM/,/MLECEM/

Subroutincs required: DAT@UP,STEPDI,STEPDT

STTEND-1
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Usage:

STTEND accepts the maximum likelihood estimate of vehicle position and
velocity, X1, at the epoch ETIMV1, shifts the estimate along a conic
section to the desired spoch, ETIMVE, and stores the vehicle state as

the current estimate,SPCDAN. It assumes Xl in C-frame components
relative to the central body ICB.

If it is desired to store the new estimate on the estimate tape, the
covariance matrix and state indices are taken from the scratch tape,
unit 9. Some care is required in using the data start following estimation
of the state, since correlations between vehicle state ami other parameters

will be retained, though meaningless.

STTEND-2
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$IBFTC MC13S5 XR3,M94,NODO,LIST

SUBROUTINE STTEND STENOOOL
c STORES AND QUTPUTS STATE ESTIMAYE STENO002
c STENOC0O3
COMMON /DCPCOM/CDCP(900) STENOOO4
DOUBLE PRECISION  DATEV1(3) ,ETIMVE STENOOOS
DIMENSION CBODY(8,11) STEN00O6

EQUIVALENCE (COCP{ 17),CBODY ) ,{CDCP(740),NPREST} STENOOOT !
1 » (COCP(8011,DATEVL) ,{CDCP{742),NPRSTO) STENOOOB
2 s {COCP(785)4ETIMVE) ,{CDCP(685),NSTTS ) STENQOO9
3 s (COCPULTTT),ICB ) . STENOO1O
c . STENOOL1
COMMON /ESTCOM/CEST(804) STENOOL2
DOUBLE PRECISION  ETIMVA ,SPCDAN{6) STENOO13
EQUIVALENCE {CEST{ 29),ETIMVA) ,(CEST{ 1),NESPOS) STENOOL4
1 s+ (CEST( 2),NBY } +(CEST( 49),SPCDAN) STENOO15
c ‘ STENOOL6
CoMMaN /MLECOM/CMLEL1070) STENOOLT
DOUBLE PRECISION  AMU ,ETIMVL1 ,XALl(6) STENOOL18
EQUIVALENCE (CMLEI363),AMU ) ,(CMLE(111),XALl ) STENOO19
- 1 9 (CMLE( 11),ETIMVL) STENO020
o c ' STENOO21
3 COMMCN /ES1COM/DEST(2214) STEN0022
c STEN0023
COMMCN SAVE({10),TP(3) STENDO24
e c STENCO25
! 600 FORMAT(58HIFINAL STATE ESTIMATE IN C-FRAME COORDINATES, RELATIVE TSTENOG26
ﬁ 10 4A6/12HOAT ETIMV = ,D24.1644H SEC) STENOO27
e 601 FORMATI(1H ) STENOG28
602 FORMAT{45X,2HX(,11,3H) =,D24.161 STEN0029
- 603 FORMAT(28HONOT STORED ON ESTIMATE TAPE) STEN0030
,2 604 FORMAT{35HOSTORED ON TAPE AS ESTIMATE NUMBER ,14) STENOO31
| c STENOD32
v c SHIFT ESTIMATE TC DESIRED EPOCH STENOO33
1 00 2 [=1+3 STEN0O34
1 2 TP(I) = DATEV1(I) STENOO35
J CALL DATINP {TP,ETIMVE) STENDO36
“j 1F (ETIMVLI.EQ.ETIMVE) GO TO 10 STENOO37
‘ CALL STEPDI (ETIMV1,XAlsAMU) STENOO38
CALL STEPDT (ETIMVE,XAL) STENOO39
7 d STENDO40O
L c LOAD ESTIMATE INTO ESTCOM STENOO4L
,,,,,,,, | 10 NBY = 1CB STENOO42
ETIMVA = ETIMVE STENCO43
DO 11 I=1,6 STENOO44
) 11 SPCOAN(I) = XAL{I) STENOO4S
| C : STENOO4%6
i C SUTPUT ESTIMATE STENOO47
20 IF (NSTTS.EQ.0) GO TO 30 STENOO48
WRITE (6,600) CBODY(1,ICB),ETIMVA STEN0O49
™ CALL DATOUP (ETIMVA,TP,0) STENOOS0
WRITE (64601} STENOO51
it WRITE (6+602) {I.XAL{I),I=1,6) , STENDO052
c STENOOS3
) c STORE ESTIMATE ON TAPE STENOOS54
s 30 IF (NPRSTO.NE.O) GO TO 31 STENOO5S
; WRITE (64603) STENOOS6
o 60 TC 999 STENOOST
31 IF (NPREST.EQ.0) GO TO 32 STENOO58
READ (12) SKIP : STENOOS9
NPREST = 0 STENOO060O
32 READ { 9) DEST STENOO61
BACKSPACE 9 STEN0062
NN = NESEND-NESPOS STENOOS3
IF {NN.LE,O) G0 TO 35 STENOO64
DO 34 I=1,NN STENO06S
READ {12} SKIP STENDO66
34 READ (12) SKIP STENOO6T
35 NESEND = NESEND#+1 STENOO6S
; NESPQS = NESEND : STENOD69
: WRITE (12) CEST STENOOT0
g WRITE (12) DEST . STENOO71
WRITE (6,604) NESPOS _ STENOOT2
c STENOOT3
o 999 RETURN . STENOOT4

END

PHILCD
‘ Space & Re-antry
PHILCO-FORD COMM Systems Divisian




Subroutine: STTFIT

Purpose: To compute smoothed values of measurements and
their time derivatives by making a least square
polynomial fit for each measurement. An error
return (IERR = 15) will occur unless a fit can be

found for each measurement.

Calling Sequence: CALL STIFIT

Common storages used: //256 cells,/DCPCOM/,/MLECEM/

Subroutines required: DINVRT,DMPLY

STTFIT-1
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Method - Theoretical

Given a number of data values yj at times tj j=1,2, ..., k, we

wish to find the coefficients a of an N th degree polynomial

- - -2
y(t) = aj +a;(t - ) + ay(t - £)° + ...

which fits the data in the least square sense.

For a given reference time, t, we set
At, =t, - t I
370 |

and define the matrices ' ¥§

A col(ag, 855 -+ aY) |

Y = COl(yls Yz. sesy yk)

<>
]

CO].(;'(tl) 3 }'(tz) sy §(tk))

nad 2 N -
™ 1 A, Aty oty
2 N
1 Atz Atz Atz
] 1 ]
1 14
) 1 B
2 N
! 1 A € Atk oty ‘

Using

Y=TM * A

the A which minimizes ||Y - §|| is
STTFIT-2
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A = (mT.'m)'«l, ™.y
at t=¢t ,
Y(?) = a,
d 'y
th(t) a,

For each measurement type, we accept the solution A if the mean square

of the residuals satisfies
Hy - ¥ |2 < (FITLEV) °* (variance of the measurement)

where FITLEV is an appropriate constant. The coefficients a;, a; for
the Mth measurement type are returned in C@EF(1,M) and C@EF(2,M).

Method - Computational

The following quantities are computed:

TMEAN =t = (DATA(1,1) + DATA(1,NPTS))/2.

JM = index in DATA of first time point < TMEAN, unless
TFIT # O. 1If TPIT # O, then fit starts with the first
time point < TFIT(=DATA(1,JM)), and considers omly
points with time » TFIT.

NB = First row of TM to be computed.

1f TFIT # O, NB = 1, and rows 1 through NFPTS (=k) of TM are computed.
If TFIT = 0, NB = NFPTS/2 + 1 and rows NB through NFPTS are computed
using data starting at DATA(1,JM). Then rows NB - 1 through 1 are
computed, running backwards through DATA from DATA(l, JM - 1).

STTFIT-3
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If at any time in the above computation the program runs out of
time points, an error exit is taken. The process of forming T™, Y,

and loading CPEF is performed separately for each measurement type
M for which IMEAS(M) is .TRUE. Since measurements with negative
values in DATA are skipped, an error exit (IERR = 15) will occur

if any ome of the measurement types fails to find enough data.

If a fit is found (that is, sufficient data to form TM was available) o
but does not pass the residual test, a retry may be made. If TFIT :j
and TMEAN both = 0 (so that the reference point t is not fixed by
the calling program), then MFTRY new tries are allowed. Each new ,@
try is made with the reference point t moved alternately backwards B
or forwards NERR time points (in DATA) from the last referenced point. : ‘“q

|
i
i
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$IBFTC MC13F5 XR3,M94,NODD,LIST

SUBROUTINE STTFIT STFT0001

c COMPUTES MEASUREMENT AND MEASUREMENT RATES STFY0002
c FROM POLYNOMIAL FIT STFT0003
c STFT0004
COMMCN /DCPCOM/COCP (900} STFT0005
DIMENSION NSCTRL(14) STET0006
DOUBLE PRECISION  TFIT STFT0007
EQUIVALENCE (CDCP(833),FITLEV) ,(CDCP{787),NSCTRL) STFT0008

1 2 (CDCPI111),1ERR ) 4 (CDCP(681)4NSTTF ) STFT0009

2. 2 (LDCP{B2S),TFIT ) STFTO010
EQUIVALENCE (NSCTRL( 6)4MFTRY } ,(NSCTRL{ 2)4NFPTS ) STFTOOL1L

1 : s INSCTRL{ 5)4NFERR } o {(NSCTRL{ 3),NFSKIP) STFT0012

2 2+ {INSCTRL{ 4&),NFPOLY) STFT0013

C STFT0014
COMMON /MLECOM/CMLE{1070) STFTO015
DOUBLE PRECISION  COEF(2+4) 5Q(4) oTMEAN STFT0016
DIMENSICN DATA(S5,100) ,LBM(12) ° STFTO017
LOGICAL LMEAS(4) STFT00LS8
EQUIVALENCE (CMLE(531),LBM ) J{CMLE{ &T),Q ) STFT0019

1 s (CMLE(347),COEF ) 4 {CMLE{397),LMEAS } ,(CMLE( 3),TMEAN )  STFT0020

2 2+ (CMLE{(STO),BDATA ) » {CMLE(432)NPTSTT) STFT0021

c STFT0022
COMMON  SAVE{(20) ,RMS(4) ,TST(4) ,POLY(10} ,TMT(10,10) ,TPM(10)} STFT0023
DOUBLE PRECISION  POLY RMS ,TMT ,TPM ,TST STFT0024

c ‘ STFT0025
C MAXIMUM VALUE FOR NFPOLY = 10 STFT0026
c MAXTMUM VALUE FOR MAXPTS = 30 STFT0027
C STFT10028
DOUBLE PRECISION  TM(30,10) ,FITYH{30) ,FITYR(30) ,Tp STFT0029
DIMENSION NP(30) +FITY (30) FITT (30) ,LBPOLY(10} STFT0030

DATA LBPOLY/2HAO +2HAL ,2HA2 42HA3 ,2HA4 STFT0031

1 22HAS ¢ 2HAG ¢ 2HAT o+ 2ZHAB 42HA9 / STFT0032

C STFT0033
601 FORMAT(71H1POLYNOMIAL FITS USED TO OBTAIN SMOOTHED VALUES OF DATA STFT0034
1AND THEIR RATES/15H0  PTS USED = 13,11Xs,20HPOLYNOMIAL DEGREE = 12STFT0035
2911X914HPTS SKIPPED = [3,9X¢18HFIT TEST FACTOR = E16.8) STFT0036

602 FORMATI(12HO  TMEAN = D31.16,4H SEC, 12X, 18HFIT TRIAL COUNT = [3,9XSTFT0037
1516HMAX NO TRIALS = 14) STFT0038

603 FORMAT(//9X42A6,48H POLYNOMIAL = AQ + Al¥T + A2%T#%2 + A3%T*%3 +,.STFT0039
1./7/712X 43 (TX9AS541H=4D24.16))) STFT0040

604 FORMAT(/OX,2HPT 48Xy 4HTIME, 19X, LOHOBSERVABLE, 13Xy L6HPOLYNOMIAL VALUSTFT0041
1E914Xs8HRESTIDUAL/ {8X413+E20.8,E23.842D31.16)) STFT0042

605 FORMAT(/9X,22HRESIDUAL MEAN SQUARE =,D24+16,14X,16HFIT TEST LEVEL STFT0043
1=9024.16) STFT0044

606 FORMAT(///15H SUMMARY OF FIT) STFT0045
607 FORMAT(/22X513HFITTED VALUES,13XsSHRATES, 21Xy 20HRESIDUAL MEAN SQUASTFTO0046
1RE,6X¢LOHTEST LEVEL/LH ) STFT0047

608 FORMAT(4X52A6,4D24.16) STFT0048
609 FORMAT(27HO POLYNOMIAL FITS COMPLETED) STFT0049
610 FORMAT(6HO  * ,A6,32H POLYNOMIAL FAILED RESIDUAL TEST) STFT0050
611 FORMAT{(9X,37HTRY NEW FIT WITH TMEAN MOVED. NFERR =,13///) STFT0051
612 FORMAT(61HO * ATTEMPTED TO FIT POLYNOMIAL BEYOND LIMITS OF DATA STFT0052
1ARRAY) STFT0053

c . STFT0054
c QUTPUT HEADING STFT0055
1 CONTINUE STFT0056

I = NFPOLY-1 STFT0057

IF {NSTTF.EQ.0) GO TO 2 STFT0058

WRITE (64601) NFPTS,1,NFSKIP,FITLEV STFT0059

c INITIALIZE FIT CCUNTERS STFT0060
2 CONTINUE STFT0061

NB = NFPTS/2+1 STFT0062

TMEAN = (DATA{1,1)+DATA{1,NPYSTT))/2. STFT0063

3 STP = TMEAN STFT0064

IF (TFIT.EQ.0.D0) GO TO 4 STFT0065

STP = TFIT STFT0066

- N8 = 1 STFT0067
4 CONTINUE STFT0068

00 6 JM=1,NPTSTT STFT0069

IF (STP.LE.DATA[1,4M)) GO TO 8 STFT0070

6 CONTINUE STFTOOT71L

8 CONTINUE STFT0072
NFTRY = O STFT0073

JL = UM ‘ STFTO0074
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AN

1y
C
C
29
21
22
23
24
C
25
26
29
C
C
EXY
31
32
33
C
C
40
C
C
5J
52
C

NFRR = NFERR

NEW TRIAL

NFTRY = NFTRY+1

IF (NSTTFeGTes) WRITE (696021 TMEANNFTRYSMFTRY
MEAS = 0

MEASUREMENT LOCTP

MEAS = MEAS+]

IF («NOT.LMEASIMEAS)) GO TC 70
ASSIGN 21 TO N1

I 1

e M=

K NB

JJ NFsKIP

IF (K «+GT.NFPTS) G TO 22
IF (IPeGENPTSTT) GO 1O 6C
G) TC 24

ASSIGN 23 TO N1

11 =-1

1P JM

K NB-1

JJ Y

now i n

Wow oo

~

IF (K ol Tel} G0 TO 3¢
IF {IPesLSel) GOo TO 92
Ip = [P+11

STP = DATA(MEAS+]1,IP)

IF (STPelLTave? GO TO 29
JJ = JJ+

IF (JJeLESNFSKIP) 60 70 29
LNaD TIvME

JJ =G
NP (K)
FITY{(K)
TM(K 1) 103

FITTIK) CATA(1I1P)
TP = FITT(K)-THEAN

00 26 J=2sNFPOLY
TVIKed) = THMIKsJ-1)1¥TP
K = K+11

GO TO N1ls (21+23)

iP
STP

oo ou

T™M IS LOADED

J CONT INUE

CO 21 I=1»11v

TMTLTIs1) = CeDv

DO 23 K=1sNFPTS

STP = FITY(K)

D0 32 1=1sNFPOLY

TPMIT) = TPMUIIY+TMIKS[)%ETP

CO 32 J=1sNFPOLY

TMT(TIed) = THTLT o JI+TMIKHTIRTMILKsJ)
CONT INUE

SOLVE FOR CCEFFICIENTS

CONTINUE

CALL DIMYRT {(T¥T+NFPOLY 1)

CALL DMPLY “{TVTsTPMsDOLYINFPPLYsNFPC Y91213+1C210s0)
COEF(1sMFAS) = POLY (1)

COEF(2sMFEAS) = POLY(2)

COMPUTE RESIDUALS AND CHECK FIT

CONTINUE

CALL DMPLY (TMsPOLYSsFITYHsNFPTSINFPOLY 193051093050}
TP = ueDU

STP = NFPTS

DC %2 I=1sNFPTS

FITYR{I) = FITY(I)-FITYH(I)

TP = TP+FITYR(])##2
CONTINUE
Te = TP/STP

TPM = FITLEV*Q(MEAS)
RMS{MEAS) = TP
TSTIMEAS) TPM

)

PHILCO "iiiil
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STFT0075
STFTO076
STFTO077
STFTQCT78
S5TFT0079
STFT0080
STFTOCS81
STFT0082
STFT0083
STFTO084
STFT0085
STFT0C86
STFT0087
STFT0088
STFTO089
STFTGCO0%0
STFT0091
STFT0092
STFT0093
STFT0L94
STFT00S5
STFTC096
STFTO0%97
STFT0098
STFTO099
STFT0100
STFTO101
STFT0102
STFT0103
STFT0104
STFTC1U5
STFT0106
STFT0107
5TFTO108
STFTO0109
5TFT0110
STFT0111
STFTC112
STFT0113
STFTOlla
STFTCL15
STFTO1l16
ST¥T0117
STFTC118
STFTO119
STFT0120
STFT0121
STFT0122
STFT0123
STFT0124
STFT0125
STFT0126
STFT0127
STFTO128
STFTQ129
STFT0130
STFTO131
STFT0132
STFT0133
STFTO134
STFT0135
STFT0136
STFTOL137
STFT0138
STFT0139
STFT0140
STFT01l41
STFT0142
STFT0143
STFT0144
STFT0145
STFT0146
STFT0147
5TFT0148
STFT0149

Spacé & Re-entry
Systems Division
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60
62

64
66

Y

72

80

90
95

99

OQUTPUT FIT DATA
IF (NSTTFeLTe4) GO TO 66

STFT0150
STFTO0151

WRITE (6s603) LaM{MEAS) sLBM{MFEAS+4) s {LBPOLY (1) sPOLY (I} sI=1sNFPOLY)STFTO152

IF (NSTTF.LT«5) GO TO 64
WRITE les604)
WRITE (6£+605)
CONTINUE

IF (TP«GTeTPM) GO TO 80

TPLTPM(1)

END MEASUREMENT LOOP

IF (MEAS.LTe«4) GO TO 20
FIT COMPLETED AND ACCEPTED
IERR = 0

IF (NSTTF.LTs2) GO TO 999
WRITE (646061
WRITE (6+602)
WRITE (64607)
DO 72 1I=1s4
IF {«NOT.LMEAS({1})) GO TO 72

WRITE (6s658) LBMIT)sLBMIT+4) sCOEF(1s1)sCOEF(291)sRMSI1)sTST(T)
CONTINUE

IF (NSTTFeGTeU}
GO TO 999

TMEAN sNFTRY»MFTRY

WRITE (62609}

NO FIT OBTAINED
IF (NSTTFeGE«3)
IF (NFTRYeGE.MFTRY)
IF {NSTTF.GE«3) WRITE
I Ju

JL JM

JM I+NERR

TMEAN = DATA(1sJIM)
NERR = —-NERR

GO TO 10

WRITE (6961GC) LBMAMEAS)
GO TO 95
{(6+s611) NFERR

0o

EXIT
IF (NSTTFeGE3)
IERR = 15

WRITE (65612

RETURN
END

Space & He-entry
Systems Division

STFTO0153

(NPLTYsFITTLI)sFITY (I oFITYH(I)HFITYR(1)9I=1sNFPTS) STFTO154

STFTO155
STFTO156
STFT0157
STFTO158
STFTOL159
STFT0160
5TFT0161
STFT01l62
STFT0163
STFTO164
STFTO0165
STFT0166
STFTOl67
STFTO168
STFT0169
STFT0170
STFT0171
STFTO172
STFTO173
STFTO174
STFTO0175
STFTO176
STFTO177
STFTOL178
STFTO0179
STFT0180
STFT0181
STFT0182
STFT0183
STFT0184
STFT0185
STFT0186
STFT0187
STFT0188
STFT018¢9



Subroutine: STTIME
Purpose: Computes residusls and accumulates the information

matrix (P-l) and projected residuals HTQ-I(y - ;r)
at a time point for use in maximum likelihood
estimate. Optionally computes and cutputs residuals.

Common storages used: // 144 cells,/DATCEM/,/DCPCOM/,/EDTCEM/ , /ESTCHM/,
/MLECEM/
Subroutines required: CBDATP,DMPLY,DMVIRN,DSDATP,GRDATP,SEDATP,
STATE ,STEPDP

STTIME-1

PHILCO I Space & Re-entry
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Method:

STTIME accepts the universal time corresponding to the time tag for a
data point, and the conic section corresponding to the estimate of state
at the epoch, and either output residuals or accﬁmulatea the information
matrix and projected residuals.

The down-leg transmission delay is approximated from

1
At -;I R (t) - R(t )|

’ e .
where o
R, = vehicle position ";
R8 = observing station pesition o
L. = E.T. of signal reception
tur = U.T. of signal reception

¢ =gsgspeedof 14ght
This delay is used for both up-leg and down-leg delays for the computation
of vehicle time, tv, and transmission time, tt. The transformations
Tpac @ ,
vehicle time, are computed for both ende of the doppler count interval o

by calls of subroutine STATE.

at the transmission and reception times, anl the wvehicle state at

The conic transition matrix q(tv,tvl), where tv is the wvehicle E.T. at

1
epoch, is used to compute the partial derivatives

STTIME-2

PHILCO l Space & Re-entry
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E

x(t v) ax(tvl)

= o(t, ; tyy) =

where x(t) is the cartesian state and x are the measurement coordinates

of tvl (see subroutine MEAS2X). The information matrix, P 1, and projected
residuals, HTQ-I(y - y)are accumulated using

axm axm

oy

STTIME-3
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st ®
V | M=1 ]

Compute retransmission ™
delay, -ty -EQ—( Use Mth measurement? )
1 *Yes
Yes
==L C-band? ) Compute residuals
— I'No and accumilate:
STATE TEST=E(y-y)?

Compute TB2C§ and vehicle HY=5 HTQ-i( =) -
state at beginning of i _iy 4
doppler count interval P =X HQ H

1 \
STATE i M= M1
Compute TB2CT at both Y
ends of doppler interval No ( M > 47 )
Y Yes
| £ LRESDL
STATE
Compute TB2C$ and XV 1T
at end of interval Output residuals for
- this time point
y
C Error? 2R -
y No ‘
No Accumulate / N\
information matrix? Return
* Yes e
Transform partials
wrt measurement coordi-
nates to anchor point o
K
XXDATP
Compute observables
and partial derivatives
STTIME-4

PHILCO l Space & Re-entry
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$SIBFTC MCI3T5 XR3sMI4sNODDsLIST

C
C
C
C

601

[a) [aEEaNaEa) [aNaNa

[a¥aKal

PHILCO l
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SUBROUTINE STTIME STIM0001
COMPUTES AND OUTPUTS RESIDUALS STIM0O002
ACCUMULATES INFORMATION MATRIX STIM0003
STIMOO0O4

DOUBLE PRECISION DSQRT STIMOOOS
$11IM0006

COMMON /DCPCOM/CDCPI900) STIMO007
- EQUIVALENCE {CDCP(111)s1ERR ) s (CDCP16B4YNSIHIR ) STIM0008
STIM0009

COMMON /EDTCOM/ INDDAT(40) +BUFDAT(86546) STIM0010
EQUIVALENCE {INDDAT(8) sMTYPE ) STIMO0011
S$TIMO0012

COMMON /ESTCOM/CEST(804) STIM0013
DOUBLE PRECISION DELDAN(2) STIMOO14
EQUIVALENCE {CEST{ 97) sDELDAN} STIMO015
STIM0016

COMMON /DATCOM/CDAT(299) STIMO0017
DOUBLE PRECISION OB5(1654) »TB2C0O(346) #XVI12) $T1IM0018
1 s SPDLT +TB2CI1396) s1AU S1IM0019
EQUIVALENCE (CDATI137)»SPDLT ) »(CDAT{161)sTB2CO ) STIM0020
1 s {CDAT(139) +S1A ) s(CDAY(19T7)91B2CH ) STIM0021
2 s (CDAT( 5} 4+0RS 1 s{CDAT(159)+1AV ) s1CDAL1269) XV ) 5TIM0022
STIM0023

COMMON /MLECOM/CMLE(1070) STIM0024
DOUBLE PRECISION DATAT(4) SETIMR »HY (6) Q1 (4 SUTIMT STIM0025
1. sDELAY sETIMT »OBIAS(4) S 1EDI(4) »YMOD(4) STIM0026
2 sDRA sETIMV #P1 (696) sUIIMR sYR 14) STIMO0027
DIMENSION DATA(S55100) oNYR(4) STIM0028
LOGICAL LDATA (4) +LRESDL STIMO029
EQUIVALENCE (CMLE( 19)9ETIMV ) +(CMLE(223)sPI ) STIMOO30
1 s {CMLE(295) sHY } o (CMLE(135)sPX12M ) STIM0031
2 s (CMLE{(STO0) sDATA | +{CMLEL434) o THIME ) »(CMLEL 55)90Q1 ) STIM0032
3 s (CMLE( 39)sDATAT ) »(CMLF{401)sLDATA ) »{(CMLE(30T7)sTEST ) STIM0033
4 s{CMLE( 25)sDFLAY ) s(CMLF{40T7)sLRESDLY s (CMLE( 15)sUTIMR ) STIMO0034
5 s {CMLE(367)+DRA Yy o (CMLE({431)sNSTATE) s (CMLEL 21)sUTIMT ) STIMC035
[} s{CMLEt 17)+ETIMR ) s(CMLF{427)sNYR } s{CMLEL2UT)sYMOD ) 5TIM0036
7 s (CMLE( 23)+ETIMT )} s(CMLE( 31)sOBIAS )} »ICMLE(215)sYR ) STIMQ037
STIM0038

COMMON PX2M(656) »TP(36) STIMO039
DOUBLE PRECISION PX2M,TP STIM0O040
STIMO041

FORMAT(8X95E178) STIM0042
STIM0D043

RETRANSMISSION DELAY STIMO044
S1IMUU4S

CONTINUE . STIM0O046
ETIMR = UTIMR+DELDAN(1)1+DELDAN{2)I*UTIMR STIMO0O4T
CALL STATE (ETIMRsUTIMRsTP(31)sIB2C0O21) STIM0048
CALL DMVTRN (TB2COsSTAsTPs1s1) STIM0049
TP(4) = 0.D0 STIMO050
DO 2 1=1,.3 STIMOOS1
TP(5) = TP(I+30)y-TP(I} STIM0052
TP(4) = TPI4)+TP{5)%TP(5) STIM0O0S53
DELAY = DSQRT(TP(4))/5PnLI 5 IMU0OSS
ETIMV = ETIMR-DELAY STIMO055
STIMO056

VEHICLE STATE AND EARTH ORIENTATION STIMOOS7
STIMO058

IF (MTYPE.EQ.1) GO To 11 STIMDO59
AT RECEPTION» BEGINNING OF COUNT STIM0G60
CALL STATE (ETIMV-TAUSUTIMR=TAUsXVIT)sB2CO(1s4)91) STIMOO61
AT TRANSMISSION S511IMp062
ETIMT = ETIMV~-DELAY STIMOO63
UTIMT = FTIMT-DELDAN{(1)-DELDAN(2)®ETIMT STIMOO64
CALL STATE (TPLUTIMT sTP»TB2CT 20) STIM0O065
CALL STATE (TPyUTIMT~TAUSTPsTB2CT(194)+0) ST1M0066
AT RECEPTIONs END OF COUNT STIMOO67
CALL STATE (ETIMVSUTIMRsXVsTB2COs1) STIMO06S
IF (IERR.EQ.O) GO To 20 STIMOO69
1ERR = IERR+15 STIMOOT0
Go TO 999 STIMOOT1
STIMODT2

UPDATE ANCHOR POINT PARTIALS STIMO073
STIMOOT74

Space & Re-entry
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C
c
C
30
c
31
c
32
c
33
C
34
¢
c
c
40
42
44
46
49
C
C
¢
50
999

1f (LRESDL) GO T0 30
CALL STEPDP (TP)
CALL DMPLY (TP yPXL2MyPX2My 6169646564969 0)

CCMPUTE MEASUREMENT ESTIMATES AND PARTIALS

CONTINUE

GG TC (31432433,34) ,MTYPE
C-BAND

CONTINUE

CALL CBDATP (TP)

GC TC 40

STADAN/VHF

CCONTINUE

CALL GRUATP (TP)

GC TC 40

usBs

CONTINUE

CALL SBODATP (TP)

GG TC 40

DSIF

CONTINUE

CALL DEHA (UTIMRsDRA,TP(2)5TP)
CALL DSOATP (TP(2),TP)

COMPUTE RESTDUALS AND ACCUMULATE INFUGRMATION MATRIX

CONTINUE

DO 49 M=1,4

YR{M) =-0.123456T78E20

IF (JNOT.LDATA(M)) GO TO 49
YR(M} = CATATA{M)-CBS(1,M)-0BIAS(M)
TP = YR{M)}/YMOD(M)+0.5D0

IF {TP.LT.0.00) TP = 1P-1.D0
TP = AINT(TP)

YR{M) = YR(M)-TP*YMQD(M)
TEST(M)} = TEST(MI+YR{M)*%2
NYR{M) = NYR(M)+1

IF (LRESOL)} GC TO 49
DO 44 J=1,NSTATE

TP(J+30) = 0.D0

0C 42 [=1+6

TP(J+30) = TP{J+30)+0BS(I+1,MI*XPX2M(]4J)
CONTINUE

DO 46 J=1+NSTATE

1P = QI(M)%TP(J+30)

HY{J) = HY(J)+TPEYR (M)

DO 46 [=1,NSTATE

PI(L,J) = PI(IyJ)+TP2TP(I+30)
CONTINUE

CUTPUT RESIDUALS

[F (NOT.LRESDL.CR.NSTTR.EQ.O0) GO TO 999
WRITE (6+601) DATA(L,ITIME)+(YR{I)sl=144)
RETURN

END

[Frnco]
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STIM0OTS
STIMOOT6
STIMOOTT
STIMOO78
STIMOOT9
STIM008O
STIMO08L
STIMO082 .
STIM0O083
STIMO084
STIM0O08S
STIMO086
STIMO087
STIM0088
STIMO089
STIMDO90
STIM0091
STIM0092
STIMO093
STIMD094
STIMO095
STIM0096
STIMO097
STIMO098
STI{MO099
STIMO0100
STIMOLOL
STIMO102
STIMO103
STIMOLO4
STIMOLOS
STIMOL06
STIMOLO7
STIMO108
STIMOL09
STIMOL10
STIMOLLL
STIMOL12
STIMOLL3
STIMOL14
STIMOL15
STIMOL16
STIMOLL7
STIMO118
STIMOLL9
STIMO120
STIMOL121
STIMO122
STIMOL23
STIMO124
STIMO125
STIMOL26
STIMOL27
STIMOL28
STIMO129
STIMO130
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Subroutine: TCPNIC

Purpose: To compute time from periapsis corresponding to a given
true anomaly on a specified conic section,

Calling Sequence: CALL TC@NIC (U,EC,A,SLR,TA2,T,FAC)

Input and Cutput

1/¢ s o paogren S’;‘;ﬁl Dimonstons| Definition
Location or Units
I | v GM |km)/sec? |Gravitational constant
I EC e Eccentricity
I A a Jom Semi-ma jor axis
I SLR p km Semi-latus rectum
I TAZ 6 rad True anomaly
¢ T t sec Time from periapsis
1) FAC 1/n |sec/rad  |Reciprocal mean motion

Common storages required: None
Subroutines required: None

PHILCO I

PHILCO-FORD CORPORATION

TC@NIC-1
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Method

Time from periapsis is computed by the following equations and procedures.

T = % = aa/CH
1 -~0
R = 14+e
F = JE]
E = 2 tan M(F tan %)

If the conic is elliptical, the time is calculated by
t = T+ (E - e sin E)
If the conic is hyperbolic, the time is calculated by

t = T°* (e tanh E - 1n tan (g'+ E))

If the coniec is very nearly parabolic, the time is calculated from the
truncated series

SV ST

(1 + 9)2 |
G = R té.nz ('g) R
t = T° (tangs+ (l-ézz)tanB g (g_;_zg)cg . (3_;@)(}5 - (_4_53_1)67) hhhhh

TCPNIC-2
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$I§FTC MC13TC XR3,M94,NOREF s NODD

SUBROUTINE TCONIC(UsECsAsSLRsTA29TsFAC) TCONOO10
TANGF(X)=SIN (X)/CO5 (X) TCONQD20
AB=ABS (A} TCON0030
FAC=AB*SQRT (AB/U) TCONO04O
ECA=(1.=~EC)/(1e+EC) TCONOOS50
ABE=SQRT (ABS (ECA)) . TCONQO60
THE=TANGF ( .5%TA2) TCONOOTO
IF{ABE~¢00005)11511s12 TCONO008O
12 CONTINUE TCONOO90
ECA=2+*ATAN (ABE¥THE) TCONG100
IF(A)14511913 i TCONO110
13 T=FAC¥(ECA~EC*®*SIN (ECA)) TCONQ120
GO TO 16 TCONO130
14 ANG=ABE*THE TCONO140
ANG=1,.42+ #ANG/ {1 ~ANG) TCONO150
T=FAC*(EC*TANGF (ECA)-ALOG (ANG) ) : TCONQ 160
GO TO 16 TCONO170
11 FAC=SQRT {(SLR*¥3/U)%2,/((1e+EC)*%2) TCONO180
EC1=ECA¥THE®*%2 TCONO190
T=FACH(THE+THE##3% ( (] ¢=2 ,¥ECA) /35— (2e~3.*ECA)}¥EC1/5¢+( 30 =4« *ECA) *ETCONDO200
1C1*%2 /7= (ho=5¥ECAY¥ECI#%3/9,)) TCONO0210
16 CONTINUE TCOND220
RETURN ' TCONO230
END TCONO240

PHILCO "IIIII
Space & Re-entry

PHILCO.FORD CORPORATION Systems Division
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Subroutine: TDEP .

Purpose: Executive driver to control the logic flow in the
Tracking Data Editing Program,

Common storages used: /MIXC@M/,/@UTC@M/,/suMcgM/,/TSTCEM/

Subroutines required: CBTEST, DATINP, DAT$UP, DSTEST, EGRESS, GRIEST,
MIXIT, NUDATA, SBTEST, SCANIT

[t

TDEP-1

PHILCO I Space & Re-entry
Systems Divisiaon
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‘;i;7 TDEP

NUDATA '
Overlay station arrays

NIN =11 NUMSTA=0

N@UT=10 TSTART= 1.E30

IRAW= 1 TST¢P =-1,E30
NAMSTA(1-20)=BLANKS
STIMNX(1-20)= 1.E30

{

Read input constants,
controls, headers

Is there previously No
\_edited data on tape NIN? )
y Yes

Read summary record
from tape NIN

1
(; Correct header on NIN? A)Jﬁlf

y Yes

Load data summary
from tape NIN

Write end-of-tape record
and rewind tape 12

1

Write surmary record
on tape N@UT

MIXIT
Merge newly-edited data
with previously-edited
data from tape NIN
(if any), and write it
on tape N@UT

Have all raw-data  \Yes
tapes been processed? /
No

TRAW=IRAW+1
L@NNIN=, TRUE,
Exchange NIN, N@UT

Skip over summary
record on tape NIN

]

100

Print tape mounting
instruction for operator

< PAUSE >

\
| Identify data type }

(900 )=

EGRESS
Write out description
of data on tape N@UT,
. Transfer data to
tape 10 if necessary

(999

XXTEST '
Process data tape

PHILCO I
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SIBFTC MC134Z XR3sMI4sNODDSLIST

C TDEP — TRACKING DATA EDITING PROGRAM TDEPO0O1

C : TDEP0002

C DEVELOPED BY PHILCO-FORD CORPORATION TDEP00O03

C FOR GODDARD SPACE FLIGHT CENTER TDEP000O4

C CONTRACT NAS5-9939 TDEPOOOS

C TDEPOOOS

C REFERENCE TR-DA1508s PROGRAM DESCRIPTION AND THEORETICAL BASIS» TDEPOOO7

C ORBIT DETERMINATION PROGRAM TDEP00OS

C TR-DA1509s SUBROUTINE DESCRIPTIONS AND LISTINGSs TDEPOOO9

C ORBIT DETERMINATION PROGRAM TDEPOO10

C TR-DA1510s INPUT-OUTPUT SUMMARY ) - TDEPOO11

C ORRIT DETERMINATION PROGRAM TDEPOO12

C TDEPOO13

C DECEMBER 1967 TDEPOO14

C TDEPOO15

s COMMON /MIXCOM/IMIX(4) TDEPOO16
. LOGICAL LONNINsLON12 . TDEPOO17
EQUIVALENCE (IMIX(1}sLONNIN) (IMIX(2)sLON12) TDEPOO18

1s (IMIX({3)sNIN)» (IMIX{4)sNOUT) TDEPOO19

: C TDEP0020

p— COMMON  /TSTCOM/CTEST{400) TDEP0021
4 DOUBLE PRECISION FINISH(10)s TLO(10)» THI(10) TDEPQO22
DIMENSION NYR({10) NPTS(10)» NSTEP (101 NDEG(10) TDEPOO23

1y CSD(4510) IFOMIT(4+10)s ISTAOK(20510)sKMAX{10)} TDEPOO24

EQUIVALENCE (CTEST(1)sNYR)s (CTEST{11)sNPTS) TDEPOO2S

o 1>. (CTESTA21) sNSTFP)>» (CTEST(31)sNDEG) » (CTEST(4119CSD) TDEPOO26
Y 2y (CTEST(81)sIRAW) (CTEST(87)»FINISH) TDEPOO27
N 3y (CTEST(107)s1FOMIT)s (CTEST(147) sKMAX) s (CTESTL157)s1STAOK) TDEPOO28
4y (CTEST(357)sTLO)> (CTEST(377)sTHI) TDEPOOD29

C TDEPOO30

m COMMON  /SUMCOM/SUMARY (56) TDEPQOO31
DOUBLE PRECISION TSTARTSTSTOP TDEP0O32

ot DIMENSION HEADER(11) s STIMNX(20) TDEPCO33
REAL NAMSTA(20) TDEPOO34

EQUIVALENCE {SUMARY(1)sHEADER)s (SUMARY(12)sNUMSTA} TDEPQO35

- 1s (SUMARY(13)sNAMSTA)> (SUMARY(33)sTSTART)» (SUMARY(35),TSTOP)  TDEP0036
2s (SUMARY (37) sSTIMNX) TDEPOQ37

i C TDEP0OO38
COMMON  /OUTCOM/.COUT(40) TDEPQO39

EQUIVALENCE (COUT(2)sNEOT) TDEPOO4O

C TDEP0O41

DIMENSION SUMNIN(56) TDEPOO42

DOUBLE PRECISION TFNINSTLNIN TDEPOQ43

DIMENSION  HEDNIN(11}» STININ(20) TDEPOO44

J— REAL NAMNIN(20) TDEPBO4S
] EQUIVALENCE : (SUMNIN(1)o+HEDNIN)}s (SUMNIN{12)sNUMNIN) TDEPOO4E

; 1s A(SUMNIN{13)sNAMNIN)s (SUMNIN(33)sTFNIN)s (SUMNIN(35),TLNIN} TDEPOO4T
- 2s  ASUMNIN(37)+STININ} TDEPOO48
. C ’ TDEP0049
DIMENSION MESSGF(11510) sMTYPE(10}) HDRNIN(11) DI(9) TDEPOOS50

LOGICAL XTROUT TDEPOOS1

C TDEP0O52

o 501 FORMAT(16211A6) TDEP0OO53
502 FORMAT(6X»11A6/513) TDEPQOS4

i 503 FORMAT(4F10.0) TDEPOOS55
504 FORMAT{(411) TDEPOOS6

505 FORMAT(13,2012) TDEPOOS?

506 FORMAT(9F8,.2) TDEPOOS8

601 FORMATI{1H1s45X»28H%** TRACKING DATA EDITOR **%/44HONUMBER OF RAW DTDEP0059
1ATA TAPES TO BE PROCESSFD = $12/20H00UTPUT TAPE HEADERs11A6/48HOMETDEP00&0
2RGE (INDICATOR FOR PREVIOUSLY EDITED DATA) = »12/36HOPREVIOUSLY EDTDEPOO61
31TED DATA TAPE HEADERs11A6//52Xs LGH ¥R AXRRUX_ XX RRERK) TDEP0O62

602 FORMAT(////21H RAW DATA TAPE NUMBER»13/54HO%%*% MOUNT THE FOLLOWINTDEP0063
1G TAPE ON UNIT 9 AND HIT START/1X»11A6/27HO*%#* CONTROLS FOR THIS TTDEP0O64
2APE/20HOMEASUREMENT TYPE = 512+2X+45H(1 = C-BANDs 2 = GRRDs ~ 3 = TDEPOO65
3USBSs 4 = DSIF)/15HOYEAR NUMBER = »13/38HONUMBER OF POINTS IN POLTDEP0OD66
4YNOMIAL FIT = »13/29HOPOLYNOMIAL WALK STEP SI1ZE = ,13/24HODEGREE OTDEPO0&7
5F POLYNOMIAL = 412/46HONUMBER OF STANDARD DEVIATIONS ALLOWED IN DATDEPQO68
6TA/2X935HANGLE 1 ANGLF 2 RANGE DOPPLER/F8429F104232F9.2/67HOTDEPODSY
T7PROCESSING OF THIS TAPE WILL STOP IF THE FOLLOWING DATE IS REACHEDTDEPQO70
8) TDEPOOT1

603 FORMAT(3gHO*#% [EpPIT ASSIST DATA FOR THIS TAPE//6Xs26HOBSERVABLE STDEP0072
1UPRESSION KEYS/36H ANGLE 1 ANGLE 2 RANGE DOPPLER/155s110+19s1TDEPOOT3
29/27THOACCEPTABLE STATION CODES (91251H)/13,19(1Hss13)) TDEPOO74

:: PHILCO Space & Re-entry
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6U4 FORMAT(39HODATA LINES WITH TIME TAGS EARLIFR THAN) TDEPOO75

605 FORMAT(14H OR LATFR THAN) TDEPOO76
606 FORMAT(17H WILL BF REJECTED) TDEPOOT7
908 FORMAT(60HO##% PROGRAM CANNOT PROCESS MORE THAN 10 TAPES SEQUENTITDEP0OO78
1ALLY/6Xs24HPROGRAM RUN DISCONTINUED) TDEPOO79

1001 FORMAT.(43HO¥*#% EDITED DATA TAPE HEADER DOES NOT AGREE/1Xs11A6/ TDEPOOBO
16X 22HPROGRAM RUN TERMINATED) TDEPOO81

1002 FORMAT{(54HO*%% MOUNT THE FOLLOWING TAPE ON UNIT 9 AND HIT START/ TDEPOOS2
11X911A6) TDEP0OO83

DATA BLANKS/6H / TDEPOOB4

C OVERLAY STATION DATA . . TDEP0O8S
CALL NUDATA TDEPOOBG

C INITIALTIZE CONTROLS TDEPOOB7
NIN=11 TDEPOOB8S
NOUT=10 TDEP0OO89
IRAW=1 . TDEPOO90

C INITIALIZE SUMMARY DATA TDEPO0O91
TSTART=1.E30 TDEPO092
TSTOP=~1,E30 TDEP0093

DO 1 1=1420 TDEPO0O94
STIMNX(1)=1E30 TDEPOOSS

1 NAMSTA{1)=BLANKS TDEPQOS6
NUMSTA=0 TDEP0O97

C READ TNPUT CONSTANTSs CONTROLSs HEADERS TDEP0Q98B
READ (555011 TMAXsHEADER TDEP0099
XTROUT=IMAX«LT o0 TDEP0100
IMAX=1ABS{ IMAX) TDEPO101
READ(5+501) MERGEsHDRNIN TDEPD102
IF(IMAX.GT.10) GO TO 998 TDEP0O103

DO 5 I=14IMAX TDEPO104
RFAD(59502) (MESSGF{JsT)sJ=1911)sMTYPE{T)sNYRIT)sNPTSIT)sNSTFP(I) TDEPO10OS
1sNDEG( 1) TDEPO106
NPTS(T1)=MINO(NPTS(T)+209 TDEPO107
NSTEP(1)=MAXO(NSTEP{I) 1) TDEP0108
NDEG{I)=MINO(MAXO(NDEG(T)s1)95) TDEPO109
READ(55503) (CSD{Js1)sd=1s4) TDEPO110

DO 2 J=1s+4 TDEPO111

2 IF(CSD{JsI1+EQeDe) CSDI(Is11=104 TDEPO112
READ(59504) (IFOMIT(Js1)sJ=1s4) TDEPO113
READ(59505) KKs(ISTAOK{Js1)sJ=1sKK) TDEPOL14

KMAX (1) =KK TDEPO115
READ(55506) DI TDEPO116

CALL DATINP(DIsTLO(IY) TDEPO117

CALL DATINPI(DI(4)sTHI(I)) TDEPO118
IF(DI{T7)eGTeDs) GO TO 5 TDEPO119
DI(71=10001. TDEPO120

5 CALL DATINPIDI(7}sFINISH{I)) ’ TDEPO121
WRITE(69601) IMAXsHEADERsMERGE sHDRNIN TDEPO122
LONNIN=MERGEeNE,OQ TDEPO123

IF{ «NOTLLONNIN}Y GO TO 100 TDEPQ124

C READ SUMMARY FROM PREVIOQUSLY EDITED DATA TDEPO125%
READ (NINY SUMNIN TDEPO126

C TEST FOR PROPER HFADER TDEPO127
DO 10 I=1s11 TDEPO128
IF{HEDNIN{I)+EQ.HNRNIN(T)) GO TO 10 TDEPO129
WRITE(6+1001) HEDNIN TDEPO130

GO TO 999 TDEPO131

10 CONTINUE TDEPO132

C STORE SUMMARY DATA FOR QUTPUT TDEPO133
NUMSTA=NUMNIN TDEPO134

DO 20 I=1sNUMSTA TDEPO135
NAMSTA(I)=NAMNIN(I) TDEPO136

20 STIMNX(I)=STININ(I) TDEP0O137
TSTART=TENIN ‘ TDEPO138
TSTOP=TLNIN TDEPOD139

100 CONTINUE TDEPO140

C PRINT MOUNT INSTRUCTION TO OPFRATOR TDEPO141
PRINT 1002s (MESSGE(IsIRAW)sI=1511) TDEPO142
WRITE(69602) IRAWs {MFSSGE(I2IRAW) s1=1511)sMTYPE(IRAW) sNYR{IRAW) TDEPO143
1sNPTS{IRAW) sNSTFP{ TRAW) sNDEG( IRAW} s (CSD(TsIRAW) s I=194) TDEPO 144

CALL DATOUP(FINISH(IRAW)sDIsC) TDEPO145
KK=KMAX{IRAW) TDEPO146
WRITE(6s6U3) (IFOMIT{TsIRAW)sT=1s4) sKMAX(IRAW) s{ISTAOK(TIsIRAW) sI=1TDFEPO147

1sKK) TDEPO148
WRITE(6+604) TDEPO149

PHILCO I Space & Re-entry
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CALL DATOUP(TLO(IRAW) D10} TDEPO150

WRITE(6,605) TDEPO151
CALL DATOUP(THT(IRAW)sD1+0) TDEPO152
WRITE(6+606) TDEPO153
c TDEPO154
c FOR SEQUENTIAL PROCESSING OF MORE THAN ONE TAPE, TDEP0155
c REMOVE C FROM COLUMN 1 OF NEXT CARD TDEP0156
C PAUSE TDEPO15S7 . |
c ARE YOU SURE YOUR SYSTEM ALLOWS A PAUSE TDEPO158
c ON SOME SYSTEMS A PAUSE CAUSES A TRANSFER TO THE EXIT ROUTINE TDEPO159
c TDEPO160
200 CONTINUE TDEPO161
KKK=MTYPE { IRAW) ' TDEP0162
GO TO (300440055005600) sKKK TDEP0163
c PROCESS A TAPE OF C~BAND DATA TDEPO164
300 CALL CBTEST(IERR) ' TDEPO165
GO TO 700 TDEPO166
c PROCESS A TAPE OF GODDARD RANGE-RANGE RATE DATA TDEPO167
400 CALL GRTEST(IERR) TDEP0168
GO TO 700 TDEPO169
c PROCESS A TAPE OF USBS DATA : TDEPO170
‘‘‘‘‘ 500 CALL SBTEST(IERR) TDEPO171
¥ Go TO 700 TDEPO172
c PROCESS A TAPE OF DSIF (JPL) DATA : TDEP0173
e 600 CALL DSTEST{IERR) TDEPO174
700 CONTINUE TDEPO175
- c REWIND RAW DATA TAPE TDEPO176
REWIND 9 TDEPO177
: c PUT END OF TAPE RECORD ON SCRATCH TAPE (UNIT12) TDEPO178
- NEOT=1 TDEPO179
WRITE(12) COUT TDEPO180
P REWIND 42 TDEP0181
: LON12=4 TRUE TDEPO182
» c WRITE SUMMARY RECORD ON NOUT TDEPO183
WRITE(NOUT) SUMARY TDEPO184
c MERGE DATA ON TAPF 12 WITH DATA ON TAPE NIN TDEPO185
c PUT MERGED DATA ON TAPE NOUT TDEPO186
CALL MIXIT TDEP0187
e IF(IERR.FQ.2) GO TO 900 TDEPO188
c THIS WAY TO THE GRAND EGRESS TDEP0189
IF (IRAWLGE«IMAX) GO TO 900 TDEP0190
c PREPARE FOR NEXT RAW DATA TAPE TDEPO191
LONNIN=+ TRUE TDEP0192
o NNN=NIN TDEP0193
NIN=NOUT TDEPO194
NOUT=NNN TDEPO195
IRAW=TRAW+1 TDEPO196
c SKIP OVER SUMMARY RECORD ON NIN TDEPO197
c YOU STILL HAVE IT IN SUMCOMs HAVING JUST WRITTEN 1T TDEP0198
READ (NIN) DUMMY TDEPO199
GO TO 100 TDEP0200
900 CONTINUE TDEP0201
c WRITE SHORT DESCRIPTION OF FINAL OUTPUT TDEP0202
. c INSURE FINAL OUTPUT TO BE ON TAPE 10 TDEP0203
CALL EGRESS TDEP0204
o C WRITE OUT ALL DATA IF DFSIRED TDEP0205
. c YOU CAN USE SUBROUTINE SCANIT AS A READING PROGRAM TDEP0206
o C FOR THESE EDITED PATA TAPES. TDEP0207
c JUST REMOVE SUBROUTINE AND RETURN CARDS TDEP0208
c BE SURE TO PROVIDE SUBROUTINE DATOUP TDEP0209
IF(XTROUT) CALL SCANIT TDEP0210
GO TO 999 TDEPO211
998 WRITE(6,908) TDEP0212
999 STOP TDEPO213
END
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Subroutine: TDS -

Purpose: Executive driver to direct the flow of the tracking
data simulator program,

Common storages used: [INPCEM/

Subroutines required: MESERP

TDS-1

PHILCO I Space & Re-entry

Systems Division

PHILCO.-FORD CORPORATION



Read Progrsm
S Director
ISWT

L TISWT 9
Y 2
MESERP
Make simulated Stop

megsurements and
write data tape.

TDS-2
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SIBFTC MC13AA XR3sM94sNODDSLIST

c TDS - TRACKING DATA SIMULATOR DS 0001

c DS 0002

c DEVELOPED BY PHILCO-FORD CORPORATION DS 0003

c FOR GODDARD SPACE FLIGHT CENTER DS 0004

c CONTRACT NAS5-9939 TDS 0005

c TDS 0006

< REFERENCE TR-DA1508s PROGRAM DESCRIPTION AND THEORETICAL BASISs  TDS 0007

c ORAIT DETERMINATION PROGRAM TDS 0008

¢ TR-DA1509» SUBROUTINE DESCRIPTIONS AND LISTINGSs DS 0009

c ORBIT DETERMINATION PROGRAM DS 0010

c TR-DA1510s INPUT-OUTPUT SUMMARY _ T0S 0011

c ORBIT DETERMINATION PROGRAM T0S 0012

¢ TDS 0013

¢ DECEMBER 1967 DS 0014

C DS 0015

s COMMON  /INPCOM/C{700) TDS 0016

o 10 READ(5+700) I1SWT DS 0017

700 FORMAT(15) : DS 0018

IF(ISWT.EQ.0) GO TO 810 TDS 0019

GO TO (1004200) ,1SWT DS 0020

. 100 CONTINUE TDS 0021

¢ ' THIS SPACE RESERVED FOR COMPUTING AND WRITING TRAJECTORY ON T0S 0022

, C TAPE UNIT 10 ; DS 0023

G0 TO 10 TDS 0024

200 CONTINUE TDS 0025

¢ COMPUTE AND WRITE MEASUREMENTS ON TAPE UNIT 12 TDS 0026

. CALL MESERP TS 0027

- Go TO 10 TOS 0028

810 CONTINUE , TDS 0029

. REWIND 8 DS 0030

- REWIND 10 DS 0031

i REWIND 12 TDS 0032

ad STOP TDS 0033
END

PHILCO l Space & Re-entry
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Subroutine:

Purgose:

Calling Sequence:

TFRAC

Supplies integral and fractional parts of a sum, Used
principally to update the internal date format.

Input and Output

CALL TFRAC (TWI,TFI,TW@,TF@)

PHILCO I

PHILCO-FORD CORPORATION

ﬁ% I/ ﬁzzzolii Dg;ogrgm Math Dimggzgons Definition

wi Location ensions| Symbol or Units

ﬂ I TWI days Input whole days since 1950

I TFI dﬁys Input fractional days (may

,.i be > 1.)

= WG days Integer part of TWI+IFI

fé TF$ days |Fractional part of TWI+TFI
Common storages used: Nonse
Subroutines required: None

TFRAC-1

Space & Re-entry
Systems Division
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PHILCO l

PHILCD-FORD CORPORATION

SUBROUTINE TFRAC (TWIsTFIsTWO»TFO)
TSV = TWI

TWO = AINTI(TSV+TFI)

TFO = (TSV=-TWO)+TFI

RETURN

END

TFRCO001
TFRC0002
TFRC0003
TFRCO004
TFRCO005
TFRCO006

Space & Re-entry
Systems Division



Subroutine: TIMED

Purpose: Converts time interval from time format to seconds.

Calling Sequence: CALL TIMED (TM,S)

Input and Output

Symbolic Data
- | Program Math |[.. e sps
N I/¢ |Name OF |3 mensions| Symbol Dimensions Definition
" Location or Units
T ™ Input interval in time format
- (See TIMES)
¢ S seconds |Interval TM in seconds

Restrictions: If TM <0, S is set equal to | TM| and no format conversion
takes place, If conversion occurs, S is rounded to the
nearest second.

Common storages used: None

Subroutines required: None

TIMED-1
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SUBROUTINE TIMED (DsS) : TiMDOGO1

171 =D TIMD0002

IF (T1) 2s293 TIMD0003

25 = ~T1 TIMD00O4

RETURN TIMDOOOS

3 T2 = AINT{TL) TIMDO0OOS

T1 = 100.%(T1-T2) TIMDOOO?

IF (TleLT«60,) GO TO & TIMDO0OS

T2 = T2+le TIMD0009

T1 = 0. TIMDOO10

& T3 = AINT{TL) TIMDOO11

T1 = 100,%(T1~T3) . TIMDOO12

IF (T1eLTe60.) GO TO 5 TIMDOO13

T3 = T3+le TIMDOO14

TL = 0. TIMDOO15

5 T2 = T2-76¢*AINT(T2/1004}) TIMDOO16

S = (T2%#604+T3)%#60e+T1 TIMDOO17

\ RETURN TIMDOG18
o END

PHILCO I-
Space & Re-entry
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Subroutine: TIMES

Purpose: Converts time interval from seconds to time format, and
prepares a six-word BCD array for simplified output of

interval in days, hours, minutes, and seconds.

Calling Sequence: CALL TIMES (S,TM,A)

Input and Output

Symbolic Data

Program Math .
I/¢ |Name or Dimensions| Symbol Dimensions| Definition

) Location or Units
: I S seconds | Input time interval
"""" ¢ ™ Interval S in time format:
(Days)x100 + (Hours)
+ (Min)/100 + (Seec)/10000
B ¢ A (6) BCD image of TM in the form
bacexxb DA YoxxbHR SbxxbMINbxx .
1 xxxbSECbb

e where b = blank
x = numerical digit.

Common storages used: 8 cells

Subroutines required: BIBCD

TIMES-1

PHILCO I Space & Re-entry
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$IBFTC MC13U4 XR3,MI49NODDsLIST

PHILCO l

PHILCO-FORD CORPORATION

SUBROUTINE TIMES (SsDs1)
COMMON Cl21N(6)
DIMENSION 1(6)9J(12)sK(5)
INTEGER BIBCD

DATA K 160960524»0010000000000s6H

1 /+J16)/7424 SEC DAY 00 HRS 00 MIN 001000 ,0000 0000/
1Ct1) =58

N(1l) = C(1)

Cl2) = CL1)—FLOAT(N(1))

DO 2 L=1,3

N(L+1) = N(L)/K(L)

N{L)Y = N(LI-K(L)*N{L+1)

N(5) = C(2)%1000.

N{6) = N(4)

DO 3 L=1,3

M = 4~

N(6) = LOO¥N(6)+N(M)
D = (C(2)+FLOATIN{6)))/10000.

N(6) = N{5)1+10000%N(1)+2000
J{5) = BIBCD(NI(6))
J5) = J(5)I+1SIGN(J(10)5J(5))

IF (J(5)4LEaJ(11)) Jt5) = J(5)+J(12)
N(6) = N(2)/10

JU4) = J(9)+K(4)I*{N(2)-10%N(61))

IF (N{6)+EQsD) N(6) = 48

J(3) = J(B)-N(6)
J(2) = N(3)710
N(3) = N{(3)-10%J(2)

IF(J(2)1EQe0) J(2) = 48

J(2) = 64%J{2)+N{31+4(7)

N(6) = 10%*N(4)

J(1) = BIBCD(N(6))~48

IF (J(1)4EQeK(5)) Jl1) = J(1)43072
DO 4 L=1s6

I{L) = J(L)

RETURN

END

TIMS0001
TIMS0002
TIMS0003
TIMS0004
TIMS0005
TIMS0006
TIMS0007
TIMS0008
TIMS0009
TIMS0010
TIMS0011
TIMS0012
TIMS0013
TiMS0014
TIMS0015
TIMS0016
TIMS0017
TIMS50018
TIMs0019
TIMS0020
TIMS0021
TIMS0022
TIMS0023
TIMS0024
TIMS0025
TIMSQ026
TIMS0027
TIMS0028
TIMS0029
TIMS0030
TIMS0031
TIMS0032
TIMS0033
TIMS0034
TIMS0035
TIMS0036
TIMS0037
TIMSO038

Space & Re-entry
Systems Division



Common storages used:

Subroutines required:

PHILCO l

PHILCD-FORD CORPORATION

Subroutine: TRAJD

Purpose: Controls the integration of the equations of motion
for the DCP residual output link,

Calling Sequence: CALL TRAJD

//2% cells, [DCPCEM/,/DFMCQM/,/DQ3CEM/,/EDICPM/,
/ESRCQYM/ , /SB3CEM/ , | TRICEM/

ACCTR3, DDQPT, DEQ3, DN@RM, DPFMRS, @QUTIR3,
STEFDI, STEPDT '

TRAJD-1

Space & Re-entry
Systems Division



Description

TRAJD loads the necessary constants and controls for the integration of
the equations of motion and the accumulation of interpolation tables for
the DCP residual output link. It initializes the integration tables,
shifts central bodies, and rectifies the Encke integration as required.
The operation of TRAJD parallels that of TRAJDP (q.v.), but omits those
operations concerned with the variational equations.

i

TRAJD-2

PHILCO I
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SIBFTC MC133G XR3sM94sNODDsLIST

SUBROUTINE TRAJD TRAJO0O1

C INTEGRATION CONTROL ROUTINE FOR DCP RESIDUAL LINK TRAJ0002

C TRAJOO0O3

EXTERNAL ACCTR3s0UTTR3 : TRAJOO0G

DOUBLE PRECISION  DNORM»DSQRT TRAJOOOS

C TRAJOO06

COMMON /DCPCOM/ CDCP(90V) ’ TRAJO007

DIMENSION CBODY(8s11) sIFEMP (8) sNCB (332) TRAJO008

1 'ETAPE (4) sTFPLNT(11) »STIMNX(20) TRAJO009

DOUBLE PRECISION  CBRANZ2 »SPDLT »STIMR(Z) . TRAJQO10

EQUIVALENCE (CDCP(111)sIERR ) s{CDCP(779)sKCB ) TRAJOO11

1 s {CDCP(68T)»IFEMP ) »(CDCP(771)»NCB ) TRAJOO12

2 s{CDCPL 1731 sCRODY ) »(CDCP(663)sIFPLNT) »(CDCP(6T7)sNRSQUT) TRAJOO13

3 s (CDCP 18991 ,CARAN2) »(CDCP(T58) »INDSTA) s (CDCP{ 151 sSPDLT ) TRAJOO14

4 s{CBCPITI12),ETAPE ) s (CDCPI&T4) > ITARGT) »{CDCP{123)+STIMNX) TRAJOO15

— 5 s (COCP(TTT7) s1CB ) ${CDCP{T78)sJC3 ) s (CDCP(781)sSTIMR ) TRAJOO16
o EQUIVALENCE (IFEMP( 3)sIFATMD) s(IFEMP({ 194 IFGRAV) TRAJOO17
l 1 s L IFEMP( 8)sIFBODY) s (IFEMP( 61 IFHARM) TRAJOO18
2 s CIFEMP( 7) s IFDRAG) TRAJOO19

C TRAJ0020

= COMMON /EDTCOM/ INDDAT (43 sBUFDAT(8556) TRAJOO21
. DOUBLE PRECISION  ONTIME TRAJO022
.;} EQUIVALENCE { INDDAT(13) sONTIME) : TRAJ0023
i c TRAJOO24
COMMON /ESRCOM/CESR(304) TRAJ0025

---- DOUBLE PRECISIUN  DELDAR (2) sEHADAR(24+3) sSER(14+2) TRAJOO026
} 1 sEFEDAR(14) sETIMVA »SPCDAR(S) TRAJQO27

: EQUIVALENCE (CESR(1U1)sEHADARY s(CESR( 21sNBY ) TRAJ0028
1 s (CESR( 29)sETIMVA) »(CESR(245)+SER ) TRAJO029

2 s {CESR{ 971 sDFLDAR) s({CESR( 31 sNBD ) s{CESR( 49)sSPCDAR) TRAJO030

| 3 »{CESRL 61)1+sEFEDAR) s UCESR{ 41 sNBX ) TRAJOO31
I C TRAJ0032
ca COMMON /SB3COM/CSBF(12)sRBF(6)sVBF(698) TRAJC033
DOUBLE PRECISION  RBF sV3F »TBF TRAJOO34

EQUIVALENCE (CSBF( 1) sKBF ) +{CSBF( 21 sNTP ) TRAJ0035

1 » (CSBFL 5)slCB ) s ({CSBFL 9)sTBF ) TRAJOO36

: C TRAJOO37

- COMMON /TRICOM/CTRI(246) TRAJ0038
DOUBLE PRECISION  CBOD(37) sRC(3) sZH{24) TRAJO039

. 1 » CBU sVC(3) SETFMS TRAJO040
EQUIVALENCE (CTRJL 99) sN2ZH ) s {CTRJ{151)sRC ) TRAJOO41

1 s {CTRJL 7715CBOD ) »{(CTRJILIUL}sNTH ) s {CTRJL15T}sVC ) TRAJOO042

e 2 s {CTRJL 85),C8Y ) s LCTRJL  119ETFMS ) »s(CTRJ(103)s2H ) TRAJO0043
C TRAJO044

- COMMON /DQ3COM/NDEQ{10) sCDEQ{10) sETIMV(4) TRAJOO4S
1 : sADEG (8)sRDEQ (8)sVDEQ (8)sFDEQ(8»10) TRAJOO046

~ DOUSLE PRECISION  ETIMV,ADEQsRDEGVDEQsFDEG TRAJO047
o C TRAJOO48
COMMON /DFMCOM/ IFM(14) sRFM(6412) TRAJOOGO

o 1 sDFM {4) sBFM (577)sSNT(2+102) TRAJO050
) DOUBLE PRECISION  BFMsDFMsRFM TRAJOO51

C TRAJ0052

COMMON SAVE({12)sD(6) TRAJ0053

DOUBLE PRECISION D TRAJ0054

v C TRAJOO055
DIMENSION ND(53+2) sNN(3) TRAJOOS6

DOUBLE PRECISION  ETIMR1 »OBLSD TRAJO057

DATA ND/1319351s2sUs193%0/ TRAJOO58

DATA NN/1193s07/ TRAJOO59

DATA OBL50/v+4092061925430292/ TRAJ0060

C _ TRAJO061

601 FORMAT(12HOPATCH FROM sA&s4H TO »A6) TRAJ0062

C TRAJO063

C INITIALIZATION TRAJOO064

C ] TRAJOO6S

1 I¢CB = NBY TRAJO066

LCB = NBY-1UU*(NBY/100) TRAJO067

IF (ICB.NELLCB) I¢B = 3 TRAJOO68

. Jc = 3 TRAJD069
. IF (LCB.EQe 3) JCg = 1 TRAJOOT0O
! IF (LCB.EQ.11) Jeg = 2 TRAJOOT1
it NN(3) = ITARGT . . TRAJOO72
KCB = NN{JCB) TRAJOOT3

DO 2 I=1s10 TRAJOOT4
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[aNaNal

100

1v1

[aNaXa

110
111

113

[aRa N A

120

122

123

[aNaNe]

290

2Vl

[akaka)

21¢

F’Pill.C:CJI

IFM(TY = O
IFCIFPLNT(I) «NELU)Y IFM(IY = 1
IFM{ 3) = 2
IFM(11) = 2
1IFM(12) = 2
IFM(13) = 1
NDEQI(6) = 3
CDEWQI(R) = 1eE2V
CDEQ(T7) = 1eE-5
ETIMV(1) = ETIMYVA
ETIMV{2) = 1.D20
ETIMV(3) = 14023
DD 3 1=146

RC(I) = SPCDAR(I)

IF (STIMR(1)aFQqeVeD) STIMR(1)
IF {STIMR{1).LT,ONTIME) STIMR(1)

D(1) =
ETIMRY =

PATCH TO

IFM{LCB)

LU

ONT IME
STIMRUT1)+SER{4»11+5ERIBs1I*STIMRIL)
D{1)+DELDAR(LI+DELCAR(2)%#D (1)
CENTRAL BCDY

= 2

CALL DPFMRS (ETIMVSEFEDARSLCB, IERRSETAPE}
IF (IERRNESD) GO TO 998
DO 1ul 1=1,3

RC(I) = RCIII+RFM({I,1CB)

VC(I) = VCLIY+RFM{T+35ICR)

IF (ICB.NE.LCB) IFMEIC3) = 1
IFML 3) = 2

IFMI11) = 2

IC5 = LCR

LOAD CENTRAL BODY WORKING STURAGE

DO 111 I=1ls4 .

CrRODI(I}

C20DY(1,1CB)

DO 112 I=1.2

CROD(1+5
CBOD(I+8
C300{ 5)
c80L(11)

)
i

= CBODY (I+451CB)
= CBONY(I+6+1CR)
= EFEDAR(ICB)
= OBLS5D

NZH = NCR({JCBs1)
NTH = NCB{JCB»s2)
DO 113 I=1s24

ZH(I) =

F

HADAR(T»JC3)

SET CENTRAL BODY SWITCHES -

IFHARM = O _

IF [IFGRAV.EG.U) GO To 122
IF (NBXoeNEsICBeANNeJCraFQe3) CO TC 122
IF (NZHeNEe) IFHARM = 4
IF {NTHJNEev) IFHARM = 5
CONTINUE

IFDRAG = U

IF (IFATMD.EQev) GO TO 123
IF (NBDaNEeICH) GO TOo 123
IFDRAG = IFATMD

CONT INUE

IFBODY = IFHARM+IFDRAG
RECTIFY

CALL STEPDI (ETIMVsRC»CRU}

DO 2¢1 I=1s3

RDEQ{I) = 0.DU

VDEQ(I) = GeDO .
ESTIMATE DOWN-LFG DELAY TIME
CONT INUE

IF (KBF NELD) GO TQ 22C
CALL STEPDT (ETIMR1sD)

IF (IC8450e3) GO TO 212

DO 211 1I=1,3

PHILCO-FORD CORRPORATION

STIMNX(INDSTA)

TRAJ0OOT5
TRAJOO76
TRAJOOT7
TRAJO078
TRAJOO79
TRAJ0080
TRAJO081
TRAJO082
TRAJ0083
TRAJO0B4
TRAJ0085
TRAJ0086
TRAJ0087
TRAJ0088
TRAJ0089
TRAJ0090
TRAJO091
TRAJ0092
TRAJ0093
TRAJ0094
TRAJ0095
TRAJ0096
TRAJ0097
TRAJ0098
TRAJ0099
TRAJO100
TRAJ0101
TRAJ0102
TRAJO103
TRAJO104
TRAJO105
TRAJ0106
TRAJO107
TRAJ0108
TRAJ0109
TRAJO110
TRAJO111
TRAJO112
TRAJO113
TRAJO114
TRAJO115
TRAJO116
TRAJO117
TRAJO118
TRAJO119
TRAJ0120
TRAJO121
TRAJ0122
TRAJ0123
TRAJO124
TRAJO125
TRAJO126
TRAJC127
TRAJ0128
TRAJO129
TRAJO130
TRAJO131
TRAJ0132
TRAJ0133
TRAJO134
TRAJO135
TRAJ0O136
TRAJ0137
TRAJO138
TRAJO139
TRAJO140
TRAJO141
TRAJO142
TRAJO143
TRAJO144
TRAJO0145
TRAJO146
TRAJO147
TRAJO148
TRAJO149
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211
212

[a¥aXa)

220

221

222

223

aXaXa!

300

[aRaNa Rl

400

401

410

420

430

998
999

erco]
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D(I}) = D(II-RFM(I+3)
VBF(6s1) = DNORM(D)/SPDLT
TBF = ETIMR1-VBF(611)

SET INTEGRATION INTERVAL

CONTINUE

CBRANZ = DDOT{RCsRC)
D(1) = DSQRTICBRANZ)
D(2) = DSART(D(11/CBU)

CDEQ(4) = AINTAD(1)%¥D(2))/2
CDEQ(3) = CDEQ(4)/4.

CDEQ(5) = CDEQ(3)/8.

CDEQ(1) = CDEQ(3)

IF (CDEQ(11.GT«4000.) CNEQ(1} = 4000,
L =1
IF (ABS(TBF-ETIMV}/CDEQ(1)elLToe2s) NTP = 3

IF (NTPJ.NE.3) GO T0 222
L =2

CDEQ(3) = CDEQ{1)

CDEQ(4) = CDEQ(1)

CONTINUE

DO 223 1I=1,5
NDEQ(I) = ND(Isp)

INTEGRATE
KBF = 0

ETFMS = 0.DC
CALL DEQ3 (ACCTR3,0UTTR3)

IF (IERRNESJ} GO TO 998
NST = NDEQ(9)
IF (NSTL,EQ.U) GO TO (99944305999) »NTP

NST = NST-3
GO TO (200Us4uU09410) sNST

SET UP STOP/RESTRAT

PATCH OUT

IF (ICBeNES1Yl) GO TO 401
JCcB = 1

KCB = 11

Lcg = 3

GO TO 420

JCB = 3

teB = 10

KCB = NN(3}

GO TO 420

PATCH IN

LCB = K(CR

Je = 3

KCB = 10

IF (LCBsEQ.11) Jg = 2
IFf (LCBJNE. 3) GO TO 42v
Jeg = 1

KCB = 11

IDENTIFY STOP/RESTART POINT

IF (NRSOUT.EQev) GO TO 100

WRITE (6,601) CBODY(1s1CB) »CBODY(1+LCB}
GO TO 100

END~TIME
NTP = 3
GO TO 100

IERR = IERR+15
RETURN
END

TRAJO150
TRAJO151
TRAJO152
TRAJO153
TRAJO154
TRAJO155
TRAJO156
TRAJO157
TRAJO158
TRAJO159
TRAJO160
'TRAJO161
TRAJO162
TRAJO163
TRAJOL164
TRAJO165
TRAJO166
TRAJOL167
TRAJOLl68
TRAJOL169
TRAJO170
TRAJO1T71
TRAJOL172
TRAJOLT3
TRAJO174
TRAJO175
TRAJO176
TRAJOLT7
TRAJOL178
TRAJOL79
TRAJO180
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TRAJQL184
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TRAJO186
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TRAJO188
TRAJO189
TRAJO190
TRAJO191
TRAJO192
TRAJO193
TRAJO194
TRAJO195
TRAJO196
TRAJO197
TRAJO198
TRAJOL199
TRAJ0200
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TRAJO202
TRAJG203
TRAJO204
TRAJ0205
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Subroutine: TRAJDP

Purpose: Controls the integration of the equations of motion and
the variational equations for the DCP propagation/
estimation link,

Calling Sequence: CALL TRAJDP

Common storages used: //18 cells, /DCPC@M/,/DFMCOM/,/DQDC@M/,/EDICPM/,
/ESTC@M/ , /SBFCEM/ , /TRICOM/

Subroutines required: ACCTRJ, DATINP, DDPT, DEQD, DN@RM, DPFMRS, @QUTTRJ,
STEPDI, STEPDP, STEPDT ‘

TRAJDP~-1
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Description

TRAJDP loads the necessary constants and controls for the integration of
the equations of motion and the variational equations and for the accumula-
tion of interpolation tables for the DCP propagation/estimation link. It
initializes the integration tables, shifts central bodies, and rectifies
the Encke integration as required.

" The accelerations and the variational equation derivatives are computed
by ACCTRJ using the dynamic model described in Appendix D of Reference 1.
The integration and testing for stop and restart points {rectification,
etc,) is accomplished by DEQD.

TRAJDP-2
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3
i
Gid

Vm

Load fixed constants,
switches and options.

Initislize integration
tables.

Compute ephemeris time

of first data point.

Patch

D

or restart point

DEQD \
Integrate to next stop

100 )=

DPFMRS
Compute planetary
positions and velocities

!
Shift vehicle position
and veloclty to new

central body.

Load new central body
constants,

Reset optlon switches.

200 )=

Rectify

(j Stop type Final
y Time stop
Yo8(™ ,ble start? D)
Do
!
Return

Compute new reference
conic (rectify).

285 (" Tnitial rectification? )

‘No

Adjust transition matrix
deviation to agree
with new coniec,

1

Compute integration
interval starting,
upper and lower values

z-EE—-(T‘IS stop time specifiedz;)

‘No

Estimate down-leg trans-
mission delay, O0t.
Set stop time = tr - &t.

300
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SUBROUTINE TRAJDP TRJIPOOOL

INTEGRATION CONTROL ROUTINE FOR DCP ESTIMATION/PROPAGATION TRJPO002

TRJIPOOO3

EXTERNAL ACCTRJ»OUTTRY TRJPOOO4

DOUBLE PRECISION DNORM, DSQRT TRJPOOO5

TRJPOOO6

COMMEN /DCPCOM/CDCP(900) TRIPOOO7

DIMENSIGN CBODY (8,11) ,IFEMP (8) oNCB (3,2) TRJP0OO8

1. +ETAPE (4) JIFPLNTI(11) oSTIMNX(20) TRJIPOOO9
DOUBLE PRECISION CBRANZ +ETIMV] ,RSTUP 4SPDLT TRJPOQLO

1 s DATEVL(3]) 1RSTP2 ,STIMRI{2) : TRJPOOL1
EQUIVALENCE (COCP(687) 3 IFEMP )} 4 (CDCP (676} sNPROUT) TRJPOO12

1 2+ (COCPI663), IFPLNT) ,(CDCP(741),NPSTOP) TRJPOO13
2 +{CDCP( 17),CBODY ) ,(COCP(T758), INDSTA) ,{CDCP(T742),NTARGT) TRJPOO14
3 s {CDCP(899) ,CBRANZ) , (CDCP(T756),IPROCS) ,{CDCP(897),RSTP2 } TRJPOOLS
& +{CDCP(BO1)»DATEVL) o (CDCP{6T4)y ITARGT) o (CDCP(807)+RSTOP ) TRJPOOLG
5 +»{CDCP(112),ETAPE ) ,(CDCP(T78),4CB } «(CDCPL 15}.SPDLT ) TRJIPOOLY
6 s {COCP(TR5),ETIMVL) L(CDCPLT79),KCB } 2 (CDCP(123),STIMNX) TRJPOOLS
1 »{COCPLTTTY,ICB )} J{COCP(T71),NCB ) +{CDCP(T81),STIMR ) TRJPOOL9
8 +{COCP({IL11)4IERR } +(CDCP{700),sNPEND 1} TRJIPO020
EQUIVALENCE (IFEMPL 3),IFATMD) , (IFEMPL 1).1FGRAV) TRJPOO21

1 2+ {IFEMP( B, IFBODY) o {IFEMP{ 61, IFHARM) TRIPO0O22
2 » (IFEMP{ T7),1FDRAG) ' TRJPOO23
TRJPCO24

COMMON /EDTCOM/ INDDAT (40),BUFDAT(85,46) TRJPOO25

DOUBLE PRECISION ONTIME TRJIPOO26

EQUIVALENCE (INCDAT{13),0NTIME) TRJPOO27

TRJIP0O28

COoOMMON /ESTCOM/CEST(804) TRIPOO29

DOUBLE PRECISION DELDAN (2) ,EHADAN(24+3) SE(14,20) TRIPOO30

1 » EFEDAN(14) ,ETIMVA » SPCDAN{6) TRJIPOO31
EQUIVALENCE (CEST(101)4,EHADAN) 4 (CEST( 2).NBY ) TRJ4POO32

1 s (CEST( 291 ,ETIMVA) (CEST(2451),5E ] TRJPOO33
2 +(CEST( 97),0ELDAN) L, (CEST( 3),NBD ) S {CEST( 49),SPCDAN)} TRIPOO34
3 +(CEST( 61),EFEDAN) L{(CEST( 4),NBX ) TRJPOO35
TRJPOO36

COMMGN /SBFCOM/CSBF(12),RBF(45),VBF(45,8) TRJIPOO37

DCUBLE PRECISION RBF 4VBF ,TBF +PHI(6,6)} TRJP0O38

EQUIVALENCE (VBF{1,2),PHI) TRJIPOO39

EQUIVALENCE (CSBF{ 1)+KBF ) 2 {CSBF{ 2)¢NTP ) TRJPO04O

1 +LCSBF( 5)4LCB } J(CSBF( 9),TBF } TRJIPOD41
TRIPOO42

COMMON /TRICOM/CTRI(246) TRJPOOD43

DOUBLE PRECISION CBOD(37) sRCU3) 4ZH{24) +PCONIC(6461} TRJPOO44

1 +CBU +VC(3) LETFMS LRCONIC (6) TRJIPOO4S
EQUIVALENCE ’ (CTRI( 99)4NZH } +{CTRJ(151),RC ) TRIPOO4S

1 v (CTRJIL T7),CBOD ) 4 (CTRILLOL) 4NTH ) » (CTRJ(157),VC } TRJIPOO4T
2 » (CTRJL 85),CBU ) +(CTRJ(1T75),PCONIC) +(CTRJLLO3),ZH ) TRJPOO48
3 2(CTRIL  1)oETFMS ) L {CTRJI(163),RCONIC) TRJIPOO49
TRJPOOS50

COMMON /0QCCOM/NDEQ(10), COEQU10),ETIMVI 4) TRJPOOS51

1 +ADEQ(44),RDEQ(44),VDEQ(44),FDEQ(44,10) TRJIPOOS52
DOUBLE PRECISION ETIMvV,ADEQ,RDEQ+VDEQ,s FDEQ TRJIPOOS53

TRJIPOOS4

COMMON /DFMCOM/IFM(14),RFM(6412) TRJPOOS5

1 +DFM {4),8FM (5771, SNT(2,102) TRJPOOS56
DOUBLE PRECISION BFMyDFMyRFM TRJPOOST

TRJPOOS8

COMMON SAVE(12),5(6) TRJIPOOS59

DOUBLE PRECISION D(3) TRJPO0O6O

EQUIVALENCE {S,D) TRJPOO61

TRJIPDO62

DIMENSION ND(5,2) sNN(3} TRJPOO63

DOUBLE PRECISION ETIMRL ,0BLS50 TRJIPOO6S

DATA ND/1y19391424051,3%0/ TRJIPOO6S

DATA NN/71143+07 TRJPO066

DATA 0BL50/0.4092061925430292/ TRJIPOOST

TRJIPOO6B

FORMAT(12HOPATCH FROM 2A6:4H TO ,A6) TRJIPOO69

FORMAT(2LHOTRAJECTORY END POINT) TRJPOOTO

TRJIPOOTL

INITIALIZATION TRJPOOT2

TRJIPOOT3

ICB = NBY TRIPOOTA

Space 8 Re-entry
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ITP = NBY/100 i TRJPOOTS
LCB = NBY—-100*17TP TRJIPOOT6
IF (ICB.NE.LCB) Ics = 3 TRJPOOTT
JCB = 3 TRJUPOOTS
IF (LCB.EQ. 3) Jc8 = 1 TRJIPOOT9
IF (LCB.EQ.11) Jey = 2 TRJPOOBO
NN(3) = ITARGT TRJPOOSBL
IF (I1PROCS.FQal.AND.NTARGT.NE.O) NN{3) = NTARGT TRJPOOB2
KCB = NN(JCB) TRJPOOS3
DC 2 I=1,410 TRJPOO8BS
IFM(1) = O : TRJPOOBS
2 IF{IFPLNT(I).NE.O) IFM(I) = 1 ’ TRJPOOSS
IFM{ 3) = 2 TRJPOOBY
IFM(11) = 2 . TRJPOOBS
TEM(12) = 2 TRJP0O08BY
IFM(13) = 1 TRJPO09O
NDEG(6) = NPEND-1 TRJPOO91
NDEG(8) = O TRIPO092
CDEQ(6) = 1.E20 TRJPOO93 3
CDEG(T) = L.E-S TRJIPOO9% sl
ETIMV(L) = ETIMVA TRJPOO9S
ETIMV{2) = 1.D20 TRJPOO9B -
ETIMV{3) = 1.D20 TRIPOOOT P
IF (IPROCS+NPSTOP.EG.1) ETIMV{2) = STIMR(2) TRJPOO9Y8 ‘
DC 3 I=1,6 TRJIP0O0O99
RBF(1+42) = 0.00 TRJPOL1OO
VBF(I+42,1) = 0.N0 TRJPOLOL o
3 RC(I) = SPCDAN(I) TRJPOLOZ :
DO 4 I=5,NPEND TRJIPO103 M
RDEQ(I-1) = 0.D0 TRJPOL04G
4 VDEG(I-1) = 0.D0 TRIPOLO5
IF (IPRCCS.EQ.1) GO TO 100 : TRJPOLO6 s
IF (KBF.NE.O) 60 TO 6 TRIPOLOT ~{
DO 5 I=1+3 . TRJPO108 N
§ S(1) = DATEVI(I) TRJPO109
CALL DATINP ({S,ETIMV1) TRJPOLLO
IF (ETIMVI.EG.ETIMVA) GO TO 6 TRJPOL11
NTP = 1 TRIPOL12
ETIMV{2) = ETIMVI TRJIPOLL3 woid
GO TC 100 TRJIPOLL4G
6 IF (STIMR(1).EQ.0.D0) STIMR{Ll) = STIMNX{INDSTA) TRJPO115
IF (STIMR{1).LTLONTIME) STIMR(L) = ONTIME TRJIPOL16
D(1) = STIMR{L)+SE(4yINDSTA)4SE(S, INDSTAYESTIMR(1) TR4POL1LT
ETIMRL = D(1)+DELDAN(1)+DELDAN(2)%D(1) TRJPO118
C TRJPOL19
C PATCH TO CENTRAL BODY TRJPO120
C - TRJPOLZL
100 IFM{LCB) = 2 TRJPO122
CALL DPFMRS {(ETIMV,EFEDAN,LCB, IERR,ETAPE) TRJPO123 e
IF (IERR.NE.O) - GO TU 998 TRJPO124
DO 101 I=1,3 TRJIPOL25 o
RC{I} = RC(IV+RFM{I,ICB) TRJPO126 :
101 VCCI) = VC{ID+RFM{I+3,1ICB) TRJPOL27T
IFf (ICB.EQ.LCB) GG TO 103 TRJPOL28
IFM(ICB) = 1 TRJPOL29
IF (ITP.EQ.O) GC TO 103 TRJPO130 o
D0 102 I=1+3 . TRJIPO131 ¥
RBF (1+42) = RFM({I 43) TRJPO132 :
102 VBF{I+42,1) = RFM{1+3,3) TRJPO133 .
103 IFM( 3) = 2 TRJIPO134
IFM(11) = 2 TRJPO135
ICB = LCB . TRJIPOL36
c TRJPO137
c LOAD CENTRAL BOCY WORKING STORAGE TRJPO138
c . TRJPO139
110 DO 111 I=1.4 TRJIPO140
111 CBOD(I) = CBODY(I,ICB) TRJIPOLAL
BC 112 1=1.2 TRJIPO142
CBOD(1+5) = CBODY(1+4,1CB) TRJIPO143
112 CBOD(148) = CBODY(I1+6,ICB) TRIPO144
CAOD( 5) = EFEDAN(ICB) TRJPOL145 }
CROD(1L) = OBL50 TRJIPO146
NZH = NCB(JCB,1) TRJIPO147
NTH = NCB(JCB,2) TRJPOL48
DO 113 I=1,24 TRJIPOL149

2
|
!
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113 ZH{(I) = EHADAN({I,JCB) TRJIPO150

c TRJPOLS1

c SEY CENTRAL BODY SWITCHES TRJIPOLS2

c ) TRJIPO153

120 IFHARM = 0O : TRJIPOL54

IF (IFGRAV.EQ.0O) GO 10 122 TRJPO155

IF (NBX.NE.ICB.AND.JCB.EQ.3) GO TO 122 TRJPOL56

IF (NZH.NE.O) IFHARM =~4 TRJIPOLST

IF (NTH,NE.OQ) I[FHARM =-5 - TRJIPOLISB

122 CONTINUE TRJIPOL59

IFDRAG = 0 TRJPOL60

IF (IFATMD.EG.O) G0 TO 123 : . TRJIPOLG1

IF {NBD.NE.ICB) GO TO 123 TRIPO162

IFDRAG = I[FATMD TRJPO163

123 CONTINUE TRJIPO164

IFBODY = IFHARM+IFDRAG TRJIPO165

RSTP2 = 0.DO : TRJIPOL66

ND(3,1) = 3 TRJPO167

IF (IPROCS.NE.1) GO 7O 126 - TRJUPO168

IF (NPSTOP-2) 126,125,124 TRIPOL6Y

. 124 ND{3,1) = 5 TRJPOLTO
. G0 TC 126 TRJPOLTL
] 125 ND(341) =4 ] TRJPOL1T2
RSTP2 = RSTOP*RSTOP . TRJPOL73

126 CONTINUE TRIPOLT4

. IF (NPEND.LE.22) G0 TO 200 TRJPOLT5
DO 127 1=23,NPEND TRJPOLTE

o 127 ADEGQ(I-1) = 0.DO TRIPOLTT
- c TRJPOLT78
c RECTIFY TRJPOL179

C ) TRJPO180

200 CALL STEPDI (ETIMV,RC,CBU) TRJPO181

. DO 201 1=1,3 TRJIPO182
- RDEQ(I) = 0.DO TRJPO183
201 VDEQI(I) = D0.DO TRJIPOLB4

> IF (NDEQ(8).EQ.0) GO TO 210 TRJPO185

CALL STEPDT (ETIMVA,RCONIC) TRIPO186

s CALL STEPDI (ETIMVA,RCONIC,CBU) TRJPO187
CALL STEPDT (ETIMV,RCONIC) TRJPO188

L =4 TRJPO189

DO 202 J=1,.6 TRJPOL90

D0 202 I=1,3 TRJIPOLGL

o PHI(I ,J4) = PCONICHT ,J)+RDEQ(L) TRJPO192
PHI(I+#34J) = PCONIC{I+3,J)+VDEQ(L) TRJPOL93

202 L = L+l TRJPO194

CALL STEPDP (PCONIC) TRJPO195

: L =4 TRJPO196
i DO 203 J=1,6 TRIPOL97
DO 203 I=1,3 TRIPOL98

- RDEQIL) = PHI(I ,LJ)-PCONICII ,J) © TRJIPO199
¥ VDEQ{(L) = PHI{I+3,J)-PCONIC(1+34J) TRJIPD200
203 L = L+1 TRJP0201

c TRJIPO202

C SET INTEGRATION INTERVAL TRIPO203

. c TRJP0204
%] 210 CONTINUE TRJIPD205
: CBRAN2 = DDOT(RC+RC) TRIPD206
- - D{1) = DSQRT{CBRAN2) TRIPO20T
D(2) = DSQRY(D(1)/CBU} TRJIPO208

CDEQ(4) = AINT{D(1)*D(2))/2. TRIPO209

CDEG(3) = CDEQ(4)/4. TRJIPO210

CDEQ(S) = CDEQ(3)1/8. : TRJIPO211

CDEQ(1) = CDEQ(3) TRJIPO212

Lt =1 TRJPO213

c TRIPO214

C ESTIMATE DOWN-LEG DELAY TIME TRJPO215

c ) TRJIPO216

220 CONTINUE TRIPO217

IF (NTP.EQ.1) GO TO 224 TRJPO218

s IF (KBF.NE.O) G0 1O 223 TRJIPO219
o CALL STEPDY (ETIMRL,D) - TRJIP0220
b IF (ICB.EQ.3) GO TO 222 TRIPO221
DO 221 I=1,3 TRIPO222

_ 221 D(I) = D(I)}-RFM(I,3) ’ TRIP0O223
i 222 VBFINPEND+2,1) = DNORM{D)/SPDLT TRIPD224
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TRF = ETIMRI-VBF(NPENC+2,1)
223 IF (CDEQ(1).GT.4000.) CDEQ(1l) = 4000.
IF (ABS(TBF-ETIMV)/CDEQ(1)aLT.2.) NTP = 3

IF (NTP.NE.3) GO TO 224
Lt =2
CDEQ(3) = CDEQ(1)
CDEC(4) = CDEQ(1)
224 DG 225 [=1,+5
225 NDEQ(I) = ND{IsL)
C
C INTEGRATE
C

300 KBF = 0
ETEMS = 0.DO
CALL DEQR (ACCTRJILOUTTRI)

IF (IERR.NE.O) GO TO 998
NST = NDEGQ(9)
IF (NST.EQ.O) GO TO (435,430,999) NTP

NST = NST-NPEND+1
GO TG (200,4004+410,04254425) ¢NST

SET UP STOP/RESTRAT

ooon

PATCH OUT
400 IF (ICB.NE.11) GG TO 401
JC8 1
KCB 11
LCB 3
GC TC 420
401 JCB 3
10
NN(3)
GC TC 420

oo ol

o PATCH IN
410 LCB = KCB

JCB = 3

KCB = 10

IF {LCB.EQ.11) JCB = 2

IF (LCB.NE, 3) GO 1O 420

JCB = 1

KCB 11

"o

[ IDENTIFY STOP/RESTART POINT
420 1IF (NPROUT.EQ.OQ) GO TO 421
WRITE (64601} CBODY{1,1CB) ,CBODY{1,LCB}
421 IF (IPROCS.NE.L) GO TO 100
IF (NPSTOPWLNELL) GO 10 100
IF (LCB.EQ.NN(3)) GO TG 425
IF (ICB.NE.NN(3)) GO TO 100
425 IF (NPROUT.NE.O) WRITE (6,602)
GO TO0 999

c END-TIME
430 NYP = 3
GO TC 100
435 IF (IPROCS.EQ.1) GU TO 425
NTP = 2
GO T1C 999

998 IERR = [ERR+15
999 RETURN
END

PHILCO l

PHILEO-FORD CORPORATION

TRIP022S
TRJPO226
TRJP0O227
TRJP0228
TRJP0229
TRJP0O230
TRJPO231
TRJP0232
TRJIPO233
TRIPD234
TRJPO23S
TRJPO236
TRJPO237
TRJPO238
TRJP0239
TRJPO240
TRJPO241
TRJPOZ42
TRJP0O243
TRIPO244
TRJPO245
TRJIPO246
TRJPO247
TRIPO248
TRIPO249
TRJP0250
TRJPO251
TRJIPO252
TRJPO253
TRJPG254
TRJPO255
TRJPO256
TRJPO257
TRJIPO258
TRJPOZ259
TRJIP0O260
TRJIPO261
TRJPO262
TRJPD263
TRJPO264
TRJPO265
TRJPD266
TRJIPO267
TRJP0268
TRIPD269
TRJPO270
TRJPO2T1
TRJIPO272
TRJPO273
TRIPO2T4
TRIPO27S
TRJIPO2T6
TRJPO2TT
TRJPO2T8
TRJPO2T9
TRJPO280
TRIPO281L
TRJP0O282
TRJP0O283
TRJP0284
TRIPO285
TRJPO286
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Subroutine: UPDATP
08O Updates the covariance matrix in time.

Calling Sequence: CALL UPDATP

Common storages used: //72 cells, /DCPCgM/ , /ESTCEM/ , /ES1CEM/, /SBFCEM/

Subroutines required: DMPLY

:
!
it

UPDATP~1

Kot
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Method:

The transition matrix and sensitivities to equation of motion parameters

are computed for C-frame components of the vehicle state in the form

o(tst ) = o ®, O
1 @ &h
where
s "1
Xg(t) = o(tse ) | X(t)
X (t) X(t,)
L v
XC = deviation in vehicle position with
respect to Earth, C-frame components,
X(to) = deviation in position at the anchor point
time, to, in the coordinates of SPCDAN.
Let TXZZ be an orthogonal transformation

X = Teore

and let Z be the deviation in the extended state vector
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z(t) =

The extended state vector obeys

Z= @(t;to)z(to)

—-— ’ -
§=| o (t,to) ¢

and the covariance matrix

P(t) = @(t;to)P(to)QT(t;to)

where
o' (3t ) = | Ty, 0 o(t;ty)
¢ Txaz
Usage:

The subroutine UPDATP is called at two logical points, identified by
NTP. In each case, the 3 X N matrices [:pl, ?,, cpu] and [ﬁ:l, ('pz, &3]
are stored in RBF(4) to RBF(3N+3) and VBF(4,1) to VBF(3W3,1), respectively.
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The two points are:

NTP = 1 :

NTP = 2 :

IDF"LCHDliiﬁi
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End-point of progagation.
P(to) is read from unit 09, and P(t) is

required for output on unit 06, only.

Anchor-point for data processing

has been reached.

P(to) is read from unit 09, and P(t) is
required for output on unit 06 and

as the a priori covariance for data

processing.
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S$IBFTC MC138A XR3,M94,NODD,LIST
SUBROUTINE UPDATP

[ UPDATES THE COVARIANCE MATRIX IN TIME
-C
COMMCN /BCPCOM/CDCP(900)
EQUIVALENCE (CDCP{L10S5)4MAXZ ) L{(CDCP{T40)NPREST)
1 + {CDCP(T02)NEMPS )
C
COMMCN /ESTCOM/CEST {804&)
EQUIVALENCE (CEST( 271+KOUNTN} , (CEST{ 31},TX2Z )
C
COMMON /ES1COM/PNEW(30,30),STNAMN{30), TRAKER(30)
1 » ITRETN (30),ILOCN (30).KLOCN {54}
2 +NSN (12,20)
DOUBLE PRECISION PNEW
DIMENSICN DESY(2214)
EQUIVALENCE (PNEWDEST)
c
COMMON - /SBFCOM/CSBF(12)4RBF145),VERF(45,8)
DOUBLE PRECISION RBFyVBFPHI(6,12)
EQUIVALENCE (VBF(142),PHI)
c
COMMON D(6496)
DOUBLE PRECISION D
c .
C READ IN GLD COVARIANCE MATRIX
1 IF (NPREST.EG.0) GO TG 2
READ (12) DEST
IF (NTP.LE.1) GO0 TC 10
WRITE (9) DEST
GG TO 3
2 READ (9) DEST
3 BACKSPACE 9
(o
C TRANSFORM TRANSITION MATRIX
10 IF (KLOCN(1).NE.1) GO TO 999
CALL DMPLY (TX2Z4RBF{ 4) PHI{Lls1)9393e3+3+34+6+0)
CALL DMPLY (TX2ZsRBF(13) 4PHI(1y4)9393934343¢6+0)
CALL OMPLY (TX2ZW+VBF( 441)ePHI(491)93+3+343+3,6,40)
CALL DMPLY (TX2Z VBF(13,1)4PHI(434)9393¢3¢393:46+0)
IF (NEMPS.EQ.0) GO TO 20
CALL DMPLY (TX2Z4RBF(22) +PHI(147)93¢3:NEMPS,353496:0)
CALL DMPLY (TX2Z,VBF(22+1)sPHI(49T7)93+3,NEMPS93434640)
Cc
C UPDATE CCVARIANCE MATRIX
20 L = 64NEMPS
CALL DMPLY (PHIsPNEWyD16+L96969MAXZ5640)
M = KOUNTN-6
IF (M.GT7.0) GO TC 21
CALL DMPLY (DyPHI,PNEWs616969696sMAXZ+2)
GO T0O 999
21 CALL DMPLY (PNEW{L1,T7)sPHIPNEW{Ts1)eMyLs6,MAXZ+69MAXZ,3)
DO 22 1I=1,6
DO 22 J=1,6
22 PNEW(T,J) = D{l.+J)
DO 23 I=T7,KOUNTN
DO 23 J=1,6
23 PNEW(JsI) = PNEW(I,J)
CALL DMPLY (PNEW.PHI D161Le69MAXZ9696492)
DO 24 1=1,6
DO 24 J=1,6
PNEW(TI5d) = D(1,J)
24 PNEW(JsI) = D(1,J)
[
999 RETURN

END

PHILCO I
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uPDP00OOL
uPDP0002
uPDPO003
uPDPO004
uPDPOOOS
UPDPO006
upPDPOOOT
uPDPOOOS
UPDPO009
uPDPOO10
uPDPOO11
uPDPOOL2
uPDPOOL3
UPDPOOL 4
upPDPOOLS
uPDPOO16
uPDPOOLT
uPDPOO18
uPDPOO19
uPDP0020
uPpPO021
uPDLPO022
uPpPO023
UPDPOO24
uPDP0025
uPDPO026
uPDPO027
uPDPOO28
uPDPO0O29
UPDPO030
uPDPO031
uPDP0032
uPDP0033
uPDPO034
uPDPO035
uPDP0036
uPDPOO37
uPDPO0O38
uPDPOO39
uPbP 0040
uPDPOO41
UPDPO042
UPDPO043
UPDPOO44
UPDP0045
UPDPO046
UPDPO04T
uPDPO0O48
UPDP0O049
uPDPOOS0
uPDPOOS51
uPDPOO52
UPDPO0O53
UPDFO054
uPDPO0S5
UPDPOO0S6
UPDPOOS57
UPDPO0O58
uPDPOO59
UPDPO060
uPDPO06L
. UPBPO062
UPDPOO63
uPDPO064
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Subroutine: VENTD

To compute the acceleration due to venting.

Purpose:

Calling Sequences:

Input and Qutput

CALL VENTD (V,T,A)

Symbolic Data
1/6 | Name or Dizzzgigzs S§:§21 Dimensions Definitions

Location : | or Units

) 1 v d(3) v km/sec Vehicle velocity.

o I T d T/m km/sec2 Thrust-to~-mass ratio.

16 A d(3) A kn/sec? | Acceleration.
- Common storages used: None
o Subroutines required: DD@T

VENTD-1
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SIBFTC MC132V XR3,M94,NODDsLIST

SUBROUTINE VENTD (VsTsA) VENTO0001
C ACCELERATION DUE TO VENTING VENT0002
DOUBLE PRECISION A(3)}sCsTsaV(3)sDDOTsDSART VENTQO003
C VENTO004
1 C = DDOT(VsV) : VENTOQ00S
C = DSGQRTI(C) VENTO006
C = T/C VENTOO0G7
DO 2 [=1,3 VENTO008
2 ALLI) = A(IY+C*VI(I) ) VENTO009
999 RETURN VENTO010
END )
Y
N
]
i
i
i
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Subroutine: VENTDP

Purpose: To compute the acceleration due to venting, its
gradient and its partial derivative with respect to

the acceleration magnitude.

Calling Sequence: CALL VENTDE (V,T,A,AP,G,N)

Input and Qutput

Symbolic ' Data
1/¢ | Name or Diizzgzzzs sMaE:I Dimensions Definition
my Location e or Units
? I \ d(3) v km/sec Vehicle velocity.
i
- . 9
j 1 T d T/m km/sec Thrust to mass ratio.
.
| 2
- 10 A da(3) A km/sec Acceleration.
) AP d(3) RN
r A(T/m)
. ] G d(3,3) v A 1/sec Velocity gradient of the
§ v acceleration.
(ﬁ 1 N Option
) =0: aeceleration only
#0: MA/>(T/m) and v A
v

Common storages used: 10 cells

Subroutines required: DD@T, DVNORM

VENTDP-1

PHILCO I Space & Re-entry

PHILCO-FORD CORPORATION Systems Division

¢
i



Method

The subroutine computes and adds to the input acceleration a thrust
acceleration of comstant magnitude in the direction of the vehicle velocity

relative to the central body. That is,

"

A= aTu

84

where (T/m) is the constant magnitude and V is the velocity vector. The
gradient with respect to velocity of this acceleration is computed, if «
N#£0, from , : i

T -
v m W V2

and the partial derivative is the unit vector

MV
A(T/m) |V}

computed if N < O. i

B (5
Cllraii

VENTDP-2
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$IBFTC MC132W XR3sM94sNODDsSLIST

SUBROUTINE VENTDP (VeTsAsAP»GeN) VNTPOOO1

C ACCELERATION DUE TO VENTING . VNTPGO0O2

DOUBLE PRECISION  A{3)sAP(3)3G{3s3)sTsV(3) VNTP00O3

1 s CsDVNORM VNTP0OOOG

COMMON Ct5) VNTP0O0O05

C VNTPOO06

1 C{4) = DVNORM (V,sC) VNTPOOOT

IF (NeGE.Q) GO TO 3 VNTP0OO08

DO 2 I=1s3 VNTPO009

2 AP(I) = CLI) VNTPOO10

3 DO & I=1+3 VNTPOO11

6 A(LY = A(TI+T*C(T) ’ VNTPOO12

IF (NeEQeT) GO TO 999 VNTPOO13

Cl4) = T/CL4) VNTPOO14

DO 5 I=1+3 : VNTPOO15

C(5) ==C(4)*C(1) VNTPOO16

GUIsl) = GU(IsI1)+C(4&4) VNTPOO17

DO 5 J=1s3 VNTPOO18

5 G(IsJ) = G(I4JI+C{5}I*C(I) VNTPOO19

999 RETURN VNTP0020
END

e
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Subroutine: VN@RM

Computes the magnitude of a 3-vector and normalizes the

Purpose:

vector.

Calling Sequence: & = VN@ERM (X,Y)

Symbolic Data
I/¢ | Name or Di;:ﬁg;? s S§:;21 Dimensions | Definition
o Location " or Units
] I X (3 ' Input vector
7 ' | Unit vector along X
¢ 2 g =|x|

Common storages used: None

Subroutines required: None

VN@RM-1

PHILCO | Space & Re-entry
) Systems Division
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$IBFTC VNORM XR34M94,NODD

PHILCO l

PHILCO-FORD CORPORATION

FUNCTION VNORM(XsY)
DIMENSION X(3) »Y(3)
SUM = O,

DO 1 1=1,3

SUM = SUM+X(11¥X(1)
SUM = SQRT(SUM)

DO 2 [=1+3

Y1) = X(I)/SUM
VNORM = SUM

RETURN

END

VNRM00O1
VNRM0002
VNRM0003
VNRMOOO4
VNRMO0O5
VNRMOQO6
VNRMOQO7
VNRMOQO08
VNRMO009
VNRMOO10
VNRMOO11

Space & Re-entry
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Subroutine: VIRN

rpose Computes the matrix product of a 3X3 and a 3X1.

Caliing Sequence: CALL VIRN(A,B,C)

Input and Output
o 1/é ;y:o::c m:::ﬁ: Sy:‘;;ll‘. Din]:::;m Definition
location ~_or Units
I A 3,3) |Multiplier.
I B ) ‘ Input vector,
5 6| ¢ @) | AB

Common storages used: None

Subroutines required: None

VIRN-1

PHILCO | Space & Re-entry
Systems Division
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$SIBFTC VTRN XR3,M94,NODD

SUBROUTINE VTRN(A»BsC) VTRNOOO1
DIMENSION A(353) sB(3) »+C(3) VTRNO0O2
DO 1 I=1,3 VTRNOO0O3
C{I) = O, VTRNOOO4
DO 1 K=193 VTRNOOOQS
1 CUI) = CULIN+A(TsK)*B(K) : . VTRNOOOQS
RETURN VTRNCOO7

END VTRNOOOS

e e
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Subroutine: VIRT
Purpose: Computes the matrix product of a 3x3 and a 3xl.

Calling Sequence: CALL VIRT(A,B +C)

Input and Output

Symbolic Data
1/¢ | Name or Dg:ﬁ; s ;::2 Dimensions| Definition
Location or Units
} I A 3,3) . Multiplier.
oy 1 B 3) Input vector.
o) é c 3 AT

Common storages used: None

Subroutines required: None

VIRT-1

PHILCO l Space & Re-entry
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$SIBFTC VTRT XR34M94 9y NODD

PHILCO I

PHILCO-FORD CORPORATION

SUBROUTINE VTRT(A»BsC)

DIMENSION A(393) #B(3)
DO 1 I=1s3

Ctl) = 0.

DO 1 K=1,3

ClI) = CLII+A(K»I)%#B(K)
RETURN

END

sC(3)

VTRT0001
VIRT0002
VTRTO0003
VIRTO0004
VTRTQ005
VTRT0006
VIRTO007
VTRT0008

Space & Re-entry
Systems Division




Subroutine:

Purpose:

Calling Sequence:

X20RBD

To compute orbital elements from Cartesian
position and velocity.

Call X2¢RDB (XI,Xd,GM)

Input and Output

Symbolic Data
1/¢ | Name or D§;:§::2ns S M:;? Dimensions Definition
Location ym or Units
I X1 d(6) R,V |km,km/sec Cartesian position (1-3)
and velocity (4-6).
1 M d n km:;/sec2 Central body gravitaﬁional
constant. '
) Xé d(9) Orbital elements.
Common storates used: 32 cells.
Subroutines required: DCR@SS,DD@T ,DVN@RM

I=F“L£H3liiﬁi
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Discussion:

The nine components of the output vector, X¢, are the orbital elements

X#1) = a = semi-major axis (km)
X¢$(2) = e = eccentricity
X¢(3) = 1 = inclination (rad), with the xy-plane
X¢(4) =N = longitude (rad) of the ascending node
on the xy-plane, from the x-axis.
X¢(5) = w = argument of periapsis (rad)
X¢(6) = € = true anomaly (rad)
X¢(7) = p = semi latus-rectum (km) .
X¢(8) = vy = hyperbolic excess velocity (km/sec) “
X¢(9) = rp = radius of closest approach (km). o

They are computed from the Cartesian position (R) and velocity (V), using

the equations below. Note that a < 0 when e > 1 and vy < 0 when e < 1, :

H = RXV = col(h,, h, h,)
d = R*V/p N
2

= 2_¥ |
a=1/|Z u.> o

e =/1 - h%/ya

i = tan’l( h o+ hz/h)
x y z)
0 = tan (b /(-h ))
0 « By
- -1
w = tan (zh/(yhx xhy)) -8

X206RBD-2 }

PHILCO l Space & Re-entry
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8 = tan-l(dh/(p - 1))

P = h2/u

v, = J p,/la‘

rp = p/(1l + e)

X2@RBD-3

PHILCO l Space & Re-entry
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SIBFTC MC13ZR XR3,M94sNODDsLIST
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SUBROUTINE X20RBD {XI»XOsGM)
COMPUTES ORBITAL ELEMENTS FROM CARTESIAN STATE
X1 = INPUT CARTESIAN STATE WRT CENTRAL BODY
X0 = OUTPUT ORBITAL ELEMENTS
1 - SEMI-MAJOR AXIS
- ECCENTRICITY
- INCLINATION
- LONGITUDE OF ASCENDING NODE
ARGUMENT OF PERIAPSIS
- TRUE ANOMALY
~ SEMI-LATUS RECTUM
- HYPERBOLIC EXCESS VELOCITY
- RADIUS OF CLOSEST APPROACH
GM = GRAVITATLONAL CONSTANT OF CENTRAL BODY

WOV PN
[}

DOUBLE PRECISION XI1(6) sX0(9) »GM

1 s TPI 2EPS

2 sDATAN2sDDOT  »DMOD sDSGRT »DVNORM
3 2D(16)

COMMON ' D

DATA TPIsEPS/6.28318530717958649140~13/

CONTINUE

D(3) = GM

CALL DCROSS (XIsXIf(4)sD(1C))
D(4) DVNORM(XIsDI(13))

D1} DDOT(XI(4)sXI(4))
D(16) = DDOT(XI»X1{4))

i ou

D(1) = 2.D0/D(4)-D(19/0(3)
D(7) = DDOT(D(10)sD(1C))/D(3)
D(8) = DSQRT(D(3)*DABS(D(1)}))

IF {(D(1)sGTe0.D0) D(8) = =D(8B)

D{2) = DSQRT(1D0~D(T7)%D (1))

D(9) = DSQRT(D(3)*D{7))

D(5) = 0.D0

D{6) = U.DO

D(6) = DATAN2(D(15)¥p(9),(D(14)*¥D{10)-D(13)%D(11)))

IF (D(2)sLT+EPS) GO 7C 5
NON~CIRCULAR
D{5) = D(6)

D(6) = DATANZ2(D{16)%¥D(9)sD(3)¥(D(7)-D(4)})

D(5) = DMOD(D(5})-D(6)sTPI?}

CONTINUE

D{3) = DATANZ(DSQRT(D(10)1*D(101+D(111%*D(11))sD(12))
Di{4) = 0l.DC

IF (D(3)eLT<EPS) GO TO 6
D{4) = DATAN2(D(10)s-D(11))

CONTINUE

D(1) = 1.DO/D(1)

DI9) = D(T)/(1D0+D(2))
DO 7 I=1,9

X0(Iy) = D(I)

RETURN

END

20RBO0O1
20RB0002
20RB0003
20RB0004
20RB0O0O05
20RB00O06
20RB0O0O7
20RB0O008
20RB0O009
20RB0O0O10
20RBOO11
20RBOO12
20RB0O013
20RBOO14
20RBOO15
20RB0OO16
20RB0017
20RB0O0O18
20RB0OO19
20RB0020
20RB0021
20RB0022
20RB00O23
20RB0024
20RB00O25
20RB0026
20RB0O0O27
20RBO0O28
20RB0O029
20R80030
20RB0O31
20RB0032
20RB0033
20RB003¢
20RBO035
20R30036
20RB0O037
20RB0O038
20RB0039
20RB0O040
20RB0O0O41
20RB00O42
20RB0043
20RB0044
20RB0045
20RBO0O46
20RB0047
20RB0O0O48
20RBOO49
20RBO0O50
20RB0O051
20RB00O52
20RBO053
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