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PREFACE

Certain volumes of the TRACE documentation series were published by
The Aerospace Corporation as Technical Operating Reports. Volume III:
Trajectory Generation Equations and Methods was published as
TOR-0066(9320)-2, Vol. III, and Volume V: Differential Correction Pro-
cedure and Techniques was published as TOR-0066(9320)-2, Vol. V.

Volume I: General Program Objectives, Description, and Summary was
published as TR-0059(9320)-1, Vol. I, and Volume X: Lunar Gravity
Analysis was published as TR-0059(9320)-1, Vol. X. Future volumes in

this series will be published as Technical Rerorts.
This report is published in two parts, A and B.

The TRACE Program could not have been developed to its present status
without the assistance of many people working in the fields of astrodynamics
and software design. The authors acknowledge with gratitude the analysis
and/or programnming efforts of A, B. Bierman, R. J. Farrar, W, A, Feess,
E. H. Fletcher, R. B. Freund, T. P. Gabbard, C. G. Gibson, P. T. Gray,
P. T. Guttman, J. A, Pearson, C. M. Price, W. F. Rearick, N. W. Rhodus,
A. J. Rusick, L. J. Tedeschi, L. Wong, and K. R. Young. In addition,
consultations with W, T, Kyner, A, Troesch, and H, H., Wertz have led to
many significant improvements and added capabilities in the program,

This report supersedes TR-0059(9320)-1, Vol. VII, Reissue A, Part A,

15 December 1972. HD?% ;)é&
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PRESET VALUES OF MODEL VARIABLES

Name Value Unit
AC@ON 0 -
ADELT 1, min
AE 1. er
AEXP 1. nmi
AF 5812.705 (ft/sec?)/ (er/min2)
AM 2.72506277E-1 er
CKEP i.E-11 -
CMFSC 0 -
CNT1 1048574, cycle
CRASH 300000. ft
D1 6.83 -
D2 -15,684 -
DCF 3443.9336 nmi/er
DCQ@NV 3280.8399 ft/km
DF 20925738, ft/er
DGREE 57.295779513082 deg/rad
D@PRF 300. -
D@VER 0 er
ELEDD 0 deg
ER 1.E-11 -
ERFT 20925738, ft
ERKM 6378.1649 km
ERNM 3443,9336 nmi
ETTA1 32.15 sec
F 3.352329869E-3 -
FEDIT 0 -
FLUX 0 1022 W /m? /1,



PRESET VALUES OF MODEL VARIABLES (Continued)

Name

F@QVER
FREQ
FTKM
FTNM
GDELT
GM
GMLAT
GMKM
GM17
GMLNG
GPLOT(1)
GPLQT(2)
GSUBO
HO
HEXP
HH69
HMAX
HMIN
HMQ@ON
IR

JMAX
JSGLS(1)
JSGLS(2)
KEDIT
MAXIT
NEDIT
NCOF

Value

1.

1.8E+8
3280.8399
6076.1155

1.
5.5303935E-3
78.3

0

5.530417744E-3

291.

0

4,
32.174
1.

0

50.

64,
1.5625E-2
3000.

8

10

0
350E-6

100

10

Unit
cps
ft/km
ft/nmi
min
er3/min?
deg
km3/sec?
er3/min?

deg

sec
ft/sec?
min
nmi

%

min
min

ft

O
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PRESET VALUES OF MODEL VARIABLES (Continued)

Name

NFORM
NPCMP
NPDOT
NSTEP
NTERM
NTL
O®MEGA
OMEGE
PATA
PEXP
PHO
PHMIN
PH69

Pl
PRHOQ
PRIQR
PTNS
RAREF(1)
RCO®N
RE
REFR(1)
RM

RS
SEPS
SFDBD
SFIBD
SFREQ

Value

O O © O ©

4,3752691E-3
4,3752691E-3
0

0

0.125
19.53125E-4
980
3.1415926535898
0

100

1000

350.E-6
1.E-3

1.

312.E-6
2.725063E-1
109.1218

1.

0.5

1.5

0

11

Unit

rad/min

rad/min

slug/ft3
min
min

mbar

er
er

er

cycle

cps



PRESET VALUES OF MODEL VARIABLES (Continued)

Name

SGM
SLT
SSCL
TBAR
TEST
TFREQ
TH69
TREFD
TRQPH
UuTD
VALT
VCONV
VF
VMIN

Value

6.8023265E-5

2820.1763
1.

0

0

0

15,

0

20.

35,

0
3280.8399
348762.3
0

12

Unit

er3/min

er/min
min

cps
‘C

min

km

sec

nmi

ft/km
(ft/sec)/(er/min)

nmi



Name

ATIME
ATMK
BTIME
DALPH
DAY
DSTOP
DSTRT
EPSDF
FBAR
HDTAB

IDRAG
IFORM
IVGMS
MIN
MNTH
REV
SEC
SORD
SSTEP
THMIN
TZNE
WMIN
WTIMF
WTIMI
WZERO
YEAR, YR

.

PRESET VALUES OF VEHICLE VARIABLES

-0 O O O = = 0O O O O O © © © © O = O

—
(=] 3
o wn

o - O O O O O

Value

13

Unit

MME
deg
day
MME
MME
min

{ 0-22
ft

hr

8sec

deg

1b
MME
MME
1b

yr

W/m

2

/H
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ABIA
AC

ACCT
ACELS

ACl
ACON

ADBI

ADELT
ADWM
ADWT
AE
AEXP
AF

AG
AJN

AL
ALPHA

ALT

GLOSSARY INDEX
A

Atomic time

Parameter name for initial vehicle semimajor
axis a

Parameter name for azimuth measurement bias

Coefficients used to compute temperature
effects (Jacchia 1964 Atmosphere Model)

Input for accelerometer models

Sigmas for accelerometer scale factor
deweighting

Mars-ceniered inertial

{
Absolute convergence criterion for orbit
determination

Parameter name for azimuth rate measurement
bias.

Step size for analytic trajectory generation
Constant portion of additive deweighting matrix
Type of additive deweighting matrix

Mean equatorial earth radius

Constants used in the Exponential Atmosphere
Model {scale height); parameter name for the
earth constant

Input/output acceleration conversion factor;
parameter name for initial condition a,

Parameter name for initial condition a

Coefficients of the polynomial used in the
Jacchia 1964 Atmosphere Model

Right ascension of launch aj; its parameter
name

Parameter name for initial right ascension of
vehicle a

Parameter name for station altitude

15

Page

11-12
11-59

5-3
2-15

11-45
7-4

11-9
2-56

5-3

2-36
7-3
7-3
2-3

2-11;
2-44

2-4;
11-59

1159
2-17
11 -66;
11-67
11-59

5-3

preceding page blank



ALTPR

ATIME

ATMK

AXBI

AXIS
AXM

AYBI

AYM

AZ
AZi

BCDIN

BCI
BEAC

Table of vehicle altitudes at which trajectory
information is printed

Mean equatorial lunar radius

Parameter name for boresight offsets for
x- and y-antenna angle measurements

Indicator that saves the computed a priori
sigmas and bounds

Table of planetary geomagnetic amplitudes
ap or fcn (t) (JKP £ 0)

Time-dependent increments for yaw, pitch,
and roll angles for generating aspect angles

Data Block that contains ATA and (ATA)-!
input

Time bias for accelerometer mod gl
parameter name

Constant scale factor applied to atmospheric
density; its parameter name

Parameter name for x-antenna angle measure-
ment bias

Vehicle roll axis ([PRCDE(B))

Parameter name for x-antenna angle measure-
ment scale factor

Parameter name for y-antenna angle measure-
ment bias

Parameter name for y-antenna angle measure-
ment scale factor

Parameter name for initial vehicle azimuth A

Parameter name for roll axis azimuth for
ith stage

B
Card image observation tape input indicator
Body-centered inertial

Initial time offset for time-of-arrival data; its
parameter name
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Page
11-81

2-4
5-5

2-53
11-24
11-95

6-1

11-45;
11-60

11-.22,
11-60

5-4

11-82
5-5

5-4

11-59
11-67

11-69,
11-99

2-32

2-72;
5-4
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BETA

BETAi

BETAM

BETAS

BR

BRD

BRDD

BT

BTAPE
BTD

BTDD

BTIME

CAPT

cc
CC3B

Page
Parameter name for initial vehicle flight path 11-59
angle g
Paragxeter name for roll axis pitch attitude 11-67
for i stage
Minimum argle between moon and vehicle-to 2-100
vehicle line of sight for angle visibility .
Minimum angle between sun and vehicle-to 2-100
vehnicle line of sight for angle visibility
Parameter name for range bias associated 5-5
with a vehicle receiving from another vehicle
Parameter name for linear range bias drift 5.5
associated with a vehicle receiving from another
vehicle
Parameter name for the second-order range 5-5
bias drift associated with a vehicle receiving
from another vehicle
Parameter name for the range bias associated 5-4
with a vehicle transmitting to another vehicle
Binary observation tape generation indicator 11-93
Parameter name for the linear range bias drift 5.4
associated with a vehicle transmitting to
another vehicle
Parameter name for the second-order range 5-5
bias drift associated with a vehicle transmitting
to another vehicle
Last observation time 11-68,
11-98
C
Inner pulse period for time-of-arrival data; 2-72,
its parameter name 2-99,
2-119;
5-4
Card column 4.3
Parameter name for JPL two- or three-way 5-4

doppler measurement bias

17



CC3S

CDAHT

CLCAS
C,DA Iw
CDCDO

CDFT

CEP
CEPF
CHI
Ci

CKEP
CLASS

CMSFC
CNTH{

CONSTRAINT

covQ
CPAW

CRASH
CRTK

D1 }
D2

Parameter name for JPL two-or-three-way
doppler measurement scale factor

Two-dimensional array showing drag as a
function of height and temperature (Jacchia
1974 Atmosphere Model)

Table showing drag as a function of speed
ratio (Jacchia 1964 Atmosphere Model)

Reciprocal ballistic coefficient

Table of angles of attack and their associated
scale factors used to modify the drag value
obtained frorn CDAHT or CDAS

Time and coefficients for the second-order
polynomial applied to drag acceleration

Circular error probability
CEP-SEP vehicle selection flag
Parameter name for initial condition X

Parameter name for the ith coefficient of the tem-

perature equation (Jacchia 1964 Atmosphere Model)

Kepler equation convergence criterion

Input station location print option

Covariance matrix scale factor indicator

Ny, the number of cycles used with SGLS range
rate measurements

Data Block that contains the input for linear
parameter constraints

Data Block that contains the C(Q) matrix input

Solar radiation pressure coefficient; its
parameter name

ECI vehicle crash altitude

Parameter name for tracking vehicle crosstrack
bias for vehicle-to-vehicle angles

D

Density coefficients used in the Lockheed-Jacchia
Atmosphere Model
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Page
5-4

11-32

11-33

11-37
14-35

11-23

2-107

2-109
11-59

2-44

2-3
2-54,
2-89,
2-107
2-108
2-66.
2-96,
2-114
9-1

8-1

11-21;
11-60

2-36
5-6

2-11
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W 4

DALPH
DATA
GENERATION

DAY
DAYNT

DCF
DCLK
DCONV

DELTA
DEWM

DF
DGBI

DGREE
DIAG
DIVF

DL

DNODE
DOPRF

DPVER
DPBI
DPDH

Correction in right ascension of Greenwich
needed to transform from mean to true equinox

Data Block that contains the input for generating
simulated measurements

Day of epoch date

Table of day and night values (SGLS range rate
measureraents)

Conversion factor for distance output units (data
generation runs)

Direction cosines of roll axis for look angle
generation

Distance conversion factor between the non-
TRACE and TRACE formats

Parameter name for vehicle geocentric latitude

Data Block that contains the deweighting data
input

Input/output distance conversion factor

Parameter name for geocentric declination
measurement bias

Input /output angle conversion factor (degrees
to radians)

Option to compute only the diagonal elements
of the ATA matrix

Termination indicator for diverging orbit
determinations

Declination of launch §y; its parameter name

SLS best-fit ephemeris node times

Index of refraction for JPL two-or-three-way
doppler data

Planetary coordinate system switchover indicator
Parameter name for doppler measurement bias

Table of approximate p' values used when the
specified atmospheric routine cannot compute
p' directly
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Page
11-10
12-1

11-3
2-67

2-86
11-94
2-47

11-59
7-1

2-3

2-65,
2-113

2-57

g%
11-72

2-68,
2-115

2-35
5-4
2-20



DPH
DPi

DRAG

LRAGF

DRAGI

DRIFT

DSTQP
DSTRT
DTAB1

DTAB2
DTBI

DTPLT
DX

DY

DZ

Anomaly step size for SDEWT=1

Parameter name for ballistic coefficient
(CDA/W)i used with segmented drag; pzrameter
name for CpA or A for the ith stage

Variables associated with NANSB; the recipro-
cal ballistic coefficient or its components;
coefficients of CDA/W when it is computed as a
polynomial in time; parameter name tor CphA/W;
table of vehicle drag and lift reference area
coefficients

Theoretical C._A/W used to compute density
ratio at perigee height plus one-half scale height
used with PRCDE(Q) = Xor Y

Parameter name for the coefficient C; used to
compute the ballistic drag coefficient as a
polynomial in time

Oscillator drift rate for time-of-arrival data; its
parameter name

Stop time applied to DRAGF
Start time applied to DRAGF

Table of C.,A/W components as a function
of height or time

Table of CDA/W components as a function
of Mach No.

Parameter name for topocentric declination
measurement bias

Time scale used in TPLOT

Parameter name for initial vehicle velocity
Cartesian coordinate x

Parameter name for initial vehicle velocity
Cartesian coordinate y

Parameter name for initial vehicle velocity
Cartesian coordinate z
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Page

7-5
11-60;
11-67

11-20;
11-39;
11-40;
11-60;
11-65

11-83

11-60

2-72,
2-117;
5.4

11-82

11-82

11-42

11-43

11-88
11-59

11-59

11-59
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EBIA
ECI
EDBI

EF
EF
EJ2

EJ3

EJ4

ER

ERFT
ERKM
ERNM
ERSF

ET
ETAPE

ETTAIL

ETUT

E

Parameter name for initial vehicle eccentricity e
Parameter name for elevation measurement bias
Earth-centered inertial

Parameter name for eleva’ion rate measurement
bias

Earth-fixed instantaneous pole
Earth-fixed mean pole of 1903

Earth zonal harmonic coefficient JZ for
analytic trajectories

Earth zonal harmonic coefficient J3 for
analytic trajectories

Eartn zonal harmonic coefficient .fl'4 for
analytic trajectories

Minimnum geometric elevation angle for
measurement acceptance

The quantity ¢ used for time matching on
reference and difference orbits

Integrator error ratio significant digit
control value

Mean equatorial earth radius, ft
Mean equatorial earth radius, km
Mean equatorial earth radius, nmi

Parameter name for elevation measurement
refraction scale factor (MULTV = 0)

Ephemeris time

Optional card image tape of the observations
generated

Ephemeris time/atomic time correction

Polynomial coefficients for relating atomic
to universal time
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11-59
5-3
2-6
5-3

11-16
11-16
2-9

2-9
2-9
2-69,
2-79

11-87

2-34

11-12
11-93

2-38,
11-12

11-12



FBAR
fcn(h)
fen(t)
FEDIT

FIDAT

FLUX
FOM

FORD
FOVER
FREQ

FTEN

FTKM
FTM

FTNM

GCRB
GDCS

GDELT

Earth ellipticity

The 90-day average of solar flux indices FIO. 7
Function of height

Function of time

Residual editing indicator

Final Julian date for the UBET tape (Lockheed-
Jacchia Atmosphere Model)

The 10, 7-cm solar radiation flux

Parameter name for cumulative doppler
oscillator frequency

Ford Refraction Model factors
Planetary coordinate system switchover indicator

The frequency used with the SGLS range rate
data; its parameter name

Table of solar flux indices FIO 7

Number of feet per kilometer

Parameter name for cumulative doppler
transmission frequency

Number of feet per nautical mile
G

Parameter name for geoceiver range
difference satellite frequency bias

Crosstrack velocity component scale factor
(SDEWT =2)

Time difference between geoceiver observations
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2-3
11-30
11-42

2-16

2"58.
2-80

2-84

2-11
5-4

2-63
2-35

2-66,
2-96,
2-114;
5-4

11-29

2-3
5-4

2-3

5-4
7-6

2-11,
2-116



PEN

r

GDPLT
GDRS

GM17

GM

GMKM
GMLAT
GMLNG
GMT
GPLOT

GPRAM
GSUBO

HO

HABI

HAE
HBIA
HCI
HDTAB
HEXP

HH69

HIGHT

HMAX

Page
Measurement data tape generation indicator 2-88
Radial velocity component scale factor 7-6
(SDEWT = 2)
Earth gravitational constant for analytic 2-3
trajectories
Earth gravitational constant p; its 2-2;
parameter name 2-44
Earth gravitational constant p 2-2
Geodetic latitude of geomagnetic North pole 2-3
East longitude of geomagnetic North pole 2-3
Greenwich Mean Time 11-3
Residual printer plot or special residual plot 2-54,
tape variables (n and time scale) 2-1717
C and S parameter matrix 2-42
Surface gravity 2-3
H
Initial integration step size 2-34
Satellite height 2-20
Parameter name for topocentric hour angle 5-3
measurement bias
Simultaneous-vehicle visibility constraint altitude 2-90
Parameter name for height measurement bias 5-3
Sun-centered inertial - 11-9
Height of the earth above which DTAB1 ;s used 11-42
Constants used in the Exponential Atmosphere 2-12
Model (reference altitude)
1969 Hopfield Tropospheric Model humidity 2-64,
208"
Table of heights associated with CDAHT 11-32
and TINF
Maximum absolute value of the integration 2-34
step size
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HMIN

HMOQN
HOMOG
HR
HTINF

IAPR
IC
ICBF
ICC

ICTYP
IDRAG

IDTAB
IFORM

INTK

IOBSF
IOTPF
IR
ISGLS

IT
ITIN
ITRP

e S T N L, T TR S e Y ST e

Minimum absolute value of the integration
step size

MCI vehicle crash altitude
Dynamic parameter selector flag

Hour of epoch time

Table showing height as a function of temperature

associated with CDAHT and CDAS

Parameter name for initial vehicle inclination i
A priori indicator for ATWB

Initial conditions

Selenographic initial condition indicator

Sinultaneous-vehicle correclated measurement
indicator

Initial condition type

Atmospheric density model indicator

DTAB1 or DTAB2 usage indicator

Special option regarding time as an independent
variable in integration; indicator of analytic
trajectory models

Parameter name for tracking vehicle intrack
bias for vehicle-to-vehicle angles

Input observation format indicator
Initial roll axis orientation alignment type
Ratio of Runge-Kutta to Cowell integration steps

Ionospheric refraction correction constants for
SGLS range rate

Integration time
Itinerary of functions

Interpolation indicator for APTAB, KPTAB,
KCTAB, and FTEN; for ACCT
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2-34

2-36
11-18
11-3
11-36

11-59
2-73

11-4

11-10
2-91

11-5

11-22,
11-65

11-42
11-17

5-6

2-46
11-66
2-34
2-67

11-12
2-1

11-22;
11-46

~



Page

IUTC Print time referenced to UTC indicator 11-75,
11-98
IVGMS Vehicle dependent gravity model indicator 11-19
IVIS Simultaneous-vehicle visibility print indicator 2-90
J

JBCI1 Coordinate frame (central body) in which the 11-9
orbit is initially numerically integrated

JCBDY Central body to which the initial conditions 11-9
refer

JCI1 Jupiter-centered inertial 11-9

ji Parameter name for a coefficient for the ith 2-44
term in the polynomial forcing function

JKP Density modification indicator 2-11

JMAX Maximum number of iterations for computing 2-68,
the JPL two- or three-way doppler measurc- 2-115;
ment; maximum number of iterations used 2-97,
for generating SGLS data 2-115

Jocc Occultation test indicator 2-89

JRIST Rise-set only indicator 11-92

JSGLS Type and index of refractivity for tropospheric 2-67;
refraction to apply to the generated SGLS range 2-81

rate measurement; type and index of refraction
to apply to the range, elevation, and SLGS
measurement (SLS algorithm)

JSORT Data generation output sequence indicator 11-91
JSUM Optional generated data pass summary indicator 2-86
K
KCTAB Table of planetary range indices K. (Cambridge 11-27
Research Laboratory Atmosphere Model)

KD Parameicr name for range rate measurement 5-3

scale factor
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KDCS
KDP
KDRAG
KDRS
KDTS
KEDIT
KFEZ
KFQUR

KINC
Kij

KP
KPD

KPjk
KPTAB

KQ
KQD

KR

Sigmas for crosstrack component of orbit
adjust deweiyhting

Parameter name for doppler measurement
scale factor

Flag signaling the type of angle of attack
computation; drag and lift table indicator

Sigmas for radial component of orbit adjust
deweighting

Sigmas for intrack component of orbit adjust
deweighting

Azimuth and elevation residual editing
criterion for SLS

Parameter name for any range measurement
scale factor (MULTV = 1)

Range rate inclusion indicator for the
non-TRACE observations

Eigenvalue solution print indicator

Parameter name for the accelerometer scale
factor for the jth model

Parameter name for the accelerometer bias
for the jth model

Parameter name for the P measurement scale
factor

Parameter name for the P dot measurement
scale factor

Parameter names for the PKCK components

Table of planetary range indices K (LMSC
1967 Atmosphere Model)

Parameter name for the Q measurement scale
factor

Parameter name for the Q dot measurement
scale factor

Parameter name for the range measurement
scale factor
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7-4

5-4

11-37;

11-66
7-4

2-47

2-52
11-60

11-60

5-3

11-60
11-25

5-3

5-3



KRANK
KSIG
KSRR

KTW

LAT
LATPR

LEMSP
LGA
LGT

LNGRM
L®NG
L®NPR

LPACK
LPAi

LPZi

MASS
MAXA

Rank of the eigenvector analysis solution

List defining sigma set and data type

Parameter name for SGLS range rate scale
factor

Parameter name for two-way doppler measure-
ment scale factor

L

Parameter name for initial condition L
Parameter name for station latitude

Table of vehicle latitudes at which trajectory
information is requested

Trajectory integration print option
The AV accelerometer model flag

Speed-of-light time correction indicator

Normalization flag for MCI coefficients
Parameter name for station longitude

Table of vehicle longitudes at which trajec-
tory information is requested

Timesaving flag (SLS algorithm)

Parameter name for CL A or A for the ith
stage &

Parameter name for CL A or A for the ith
0

stage
M
Data Block that contains the point mass input

Order of the polyromial used in the Jacchia
1964 Atmosphere Model
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2-52

2-60,
2-92,
2-111

5-4

2-74
11-67

11-67

3-1
2-17



MAXIT

MCI

MDRAG

MDWM
MDWT
MEAS

MEE
METE
MIN
MME
MNTH
MODEL
MPRAM
MSGLS

MSYS

MULTV

MVET
MVMAT

NACCT
NANSB

Number of itersiions to be made in a differ-

ential correction run

Moon-centered inertial

Indicator to compute CDA/W as a polynomial

in time
Multiplicitive deweighting matrix
Type of multiplicative deweighting matrix

Data Block that contains signal processing
measurement data

Mean equinox and mean equator

Mean equinox and true equator

Minute of epoch time

Minutes from midnight of epoch

Month of epoch date

Data Block that contains the model input
Point mass parameter matrix

Method indicator for SGLS range rate data

Coordinate system in which the vehicle
ephemerides are printed
Simultaneous-vehicle indicator

Best-fit ephemeris indicator (SLS)

The (8F/8r) matrix indicator
N

Parameter name for initial condition n

Number of sensed accelerometer models used

Specifier of the analytic trajectory model
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2-32,
11-9

11-40

11-59
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TR —

NASA
NATAP
NAVSPASUR
NCDAW
NCL@S
NCQF

NCVEF

NCVQ®B
NDPRT
NEDIT

NF@RM

N@DPR
NQ@ISE
NOM
NPCMP
NPDQT
NPFRP

NPKCK
NSPR
NSTEP
NSYS

NTERM

NTHST
NTL

TRACE reference coordinate system option
Output indicator (error analysis)

U. S. Naval Space Surveillance

Number of entries to the DRAG vector
Automatic closure indicator

Order+1 of the polynomial for local gravity
variations

Earth-fixed variance-covariance matrices
output indicator

Variance-covariance matrices output indicator
The ntP print time for @PBOX(F)

Residual editing indicator for orbit determina-
tion runs

Vector of normalization flags for spherical
harmonic coefficients

Node print output option

Noise data generation indicator

Designator of reference or difference orbit
Recomputation flag during integration
Period decay rate print option

Total number of stages (primary and secondary),
including powered and free flight stages

Number of orbit adjusts in PKCK
The n for the £no residual distributions
Integration step output indicator

User-specified initial conditions coordinate
system flag

Vector of numbers of terms (pairs of C and S
coefficients) in the harmonic expansions

Number of finite thrusts

Number of MCI terms (pairs of C and S
coefficients)
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2-37
2-104
11-19
11-38
2-83
2-24

2-108

2-107
2-104

2-58,
2-80

2«6

2-36
11-92
11-86

2-34

2-39
11-63

11-48
2-56
2-33

11-11

11-53
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NWL
NWTAB
NXE

NXKCK

)

OBS
OBSERVATION

OMEGA

OMEGE
OPBOX

@®PRAM

OPT
OoT

PAE

PANDR

PATA

NWL Atmosphere Model inputs
Number of instantaneous vehicle weight losses

Number of values input for each orbit adjust
in XKCK

Number of orbit adjusts in XKCK

o

Parameter name for initial right ascension of
the ascending nodes Q

Observation

Data Block that contains the observational
measurements

Atmospheric rotation rate w,; its parameter
name

Earth rotation rate

ATa input /output indicator

Matrix that specifies model parameters
other than spherical harmonic and point mass
parameters

Optional

Observation time
p

Vector of mean equatorial radii for solar
system bodies

Input/output option vector for orbit determination
and covariance analysis

ATA, (ATA)'l, and vehicle orbit plane
covariance matrices print indicator

30

Page

11-28
11-56
11-50

l1'50.
11-51

11-59

15-6
15-1

2-3;
2-44

2-3

2-48,
2-76,
2-10¢

2-43

11-13

2-31

2'48.
2-75,
2-104

2-48,
2-76



PBIA
PCA
PCRAS

PDBI
PDIFF

PEPH
PERI
PEXP

PFRP
PHO
PH69

PHASE

PHMIN
Pl
PITCH
PKCK
PLANT

PLNOP
POBS

POLYO

POLY

POMEG
POWER

Parameter name for P measurement bias
Point of closest approach

Vector of crash altitudes for solar system
bodies

Parameter name of P dot measurement bias

Parameter perturbation used for variational
equation verification

Ephemerides print suppression indicator
Period for Vehicle i when SDEWT = 1{

Constant used in Exponential Atmosphere
Model (reference density)

Powered flight staging variables indicator
Powered flight initial step size

1969 Hopfield Tropospheric Model pressure

Coordinate system (ECI, MCI, or BCI)
indicator for vehicle trajectory integration

Powered flight minimum step size

The quantity w

Vehicle pitch angle for aspect angle genecation
Array for instantaneous orbit adjusts

Planetary ephemeris indicators and conversion
factors

Planetary ephemeris print options

Punch indicator for non-TRACE observation
data

The quantities r, and \, for the local gravity
field (or how to compute them)

Matrix for computing coefficients of force
due to local variations

Vector of solar system body rotation rates

Powered flight trajectory generation indicator
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5-3
11-84
2-32

2-39
2-3
11-95
11-49
2-27

11-84
2-47

2-23

2-23,
2-24

2-30
11-63



PRCDE
PRCOV
PRESD

PRHO
PRIQR
PSGLS

PSI
PSTSD

PTAPE
PTIM

PTNS
PUNMS

PWAND
PZERQ

QBIA
QDBI

I~

Special ephemeris generation output options
Variance-covariance matrix print option

Sigmas for pre-update deweighting of drag
or solar radiation pressure parameters

Atmospheric density print option
Maximum a priori RMS for SLS

Partials computation flag for SGLS
measurements

Parameter name for initial condition ¢

Sigmas for post-update deweighting of drag
or solar radiation pressure parameters

Special earth-fixed tape generation indicator

Print time vector

Trajectory equations print option

Updated point mass and state vector punch
indicator; updated state vector punch indicator
Pole -wander coordinates

Vector of P-parameter corrections associated
with IAPR

Q

Parameter name for Q measurement bias

Parameter name for Q dot measurement bias

R

Parameter name for initial vehicle geocentric
radius R

Magnitude of the geocentric position vector
at time t

Position vector at time t
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2-68,
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RBDD

RCON

RDBI

RDMAX

RDMIN

RE
REFR

REJECT

REV
RFNWL

RFSF

RGBI

RHO

Velocity vector at time t
Acceleration due to thrusting

Parametric name for tracking vehicle radial
bias for vehicle-to-vehicle angles

Table of ranges to search for during visibility

Refraction index used with range measurement
data

Parameter name for range bias

Parameter name for linear range bias drift
for a station (MULTV # 0)

Parameter name for the second-order range
bias drift for a station (MULTV # 0)

Relative convergence criterion for orbit
determination

Parameter name for range rate measurement
bias

Maximum line-of-sight rate for vehicle-to-
vehicle angle visibility

Minimum line-of-sight rate for vehicle-to-
vehicle angle visibility

Effective earth radius

Refraction index used with elevation data

Data Block that contains the observational
measurement rejection input

Initial revolution count

Tropospheric refraction correction variables

Parameter name for refraction scale factor
for SGLS range rate and Tranet doppler

Parameter name for geocentric right ascension
measurement bias

Scale factor for eigenvalue analysis
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11-51
11-51
5-6

2-87

2-63,
2-94

5-3
5-4

5.4
2-56
5-3
2-100
2-100
2-21
2-63,
2-94
13-1
11-83
2-64,
2-70,
2-82,
2-95
5.5
5.3

2-52



RIJDAT

RM
R2MU
RND

ROLL
RRATE

RRSF

RS
RSPLT
RTBI

RTC

S
SCI
SDCG

SDEWT
SDRG

SEC
SENSOR

SEP
SEPS

SFDBD

Reference Julian date in the inertial frame
in which the equations of motion are solved

Effective lunar radius (eclipsing calculations)
Criteria for point mass acceleration

Rounding indicator for the seconds field of the
input observation time

Vehicle roll angle for aspect angle generation
Table of range rates to search for during
visibility

Parameter name for range measurement
refraction scale factor (MULTYV = 0)

Effective solar radius

Visibility printer plot time scale

Parameter name for topocentric right
ascension measurement bias

Radial, intrack, crosstrack
S

State vector (x, vy, z, %X, ¥, z)
Saturn-centered inertial

Sigmas for crosstrack velocity perturbation
when SDEWT =1

Type of dynamically cainputed geopotential
additive deweighting factor

Sigmas for radial velocity perturbation when
SDEWT = {

Second of epoch time

Data Block that contains the sensor parameter
input

Spherical error probability ,

Convergence criterion ¢ used when SGLS range
rate data is generated

Scale factor for decreasing parameter bounds
after a diverging iteration
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2-84

2-46

11-95
2-88

5-5

2-21
2-85
5-3

11-90
11-9
7-6

7-5
7-5

11-3
5-1

2-107

2-97,
2-115

2-57



)

A

SFIBD
SFREQ
SGLS
SGM

SGP
SG2R

SG2RD

SIGMA

SLS
SLT
SMALL

SMIN
SPRD

SRCB

SRLB

SRRB
SSCL

SSPR

SSTEP

Page
Scale factor for increasing parameter 2-57
bounds after a converging sclution
Satellite frequency for geoceiver range 2-71,
difference data 2-98,
2-116
Space-ground link subsystem 2-62
Selenog -aphic gravitational constant 2-4
Simplified general perturbations 11-19
The quantity 0_2 associated with range for the 2-52
computation of intrack time bias error
The quantity crz- associated with the SGLS 2-52
range rate forPThe computation of intrack
time bias error
Observational measurement weights or standard 2-60,
deviations 2-92,
2-111
Sequential least squares 2-45
Speed of light 2-3
Auroral bulge conditions 2-13,
2-19
Termination criterion for SLS 2-79
Exponent in the transformation equation for 11-18
the regularized time variable
Sum of squares 2-56
Parameter name for station (C-band) receiver 5«5
range bias
Parameter name for station (L-band) receiver 5-5
range bias
Parameter name for SGLS range rate bias 5-4
Scale factor applied to geoceiver or CCID 2-72,
sigmas input on OBSERVATION cards 2-117
Residual output option 2-55,
2-77
Number of integration steps per revolution 11-18
when the regularized time variable IFORM
is used
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ST
STAGE

START
STATI@N
STCB

STQP

TAMN
TAMX
TAPE?2

TAPES
TAPE”
TAU
TBAR
TBIA
TEE
TELEM
TERMS
TEST
TF

TFi

Sidereal time

Constant update interval for the SLS procedure:
Data Block that contains STAGE input

Time of the first input observation accepted

Data Block that contains the data for the tracking
stations

Parameter name for station (C-band)
transmitter range bias

Time of the last observation accepted

Current time

Minimum local time for vehicle-to-vehicle
angle visibility

Maximum local time for vehicle-to-vehicle
angle visibility

Trajectory tape input option

Orbit determination summary punch option
Planetary ephemeris tape usage indicator
Parameter name for initial time of last perigee 7
Reference time for local gravity variations
Parameter name for measurement time bias
True equator and true equinox

TELEM Program output tape option

Array of spherical harmonic coefficients
Double-group integration mode indicator

Block separator used on flocked observation
cards

Paramet:r name for stop time of the ith

thrust interval from Thrust Model V
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11-12

2-74;
14-1

11-71,
11-100

4-1
5-5

11-71,
11-100

11-22
2-100

2-100

2-35,
2-46

2-54
2-26
11-59
2-24

11-86
2-36
2-8
2-38

15-3

11-61



O

/:ﬂ‘
N

TFREQ

TH69

THMIN

THST

TINF

TMATX
TNTB
TNTD

TNTY
TPji

TPLOT
TREFD

TROPH
TSi

TWBI
TZERD
TZNE

Satellite base frequency for Tranet doppler data
generation; frequency for satellite-tracker
doppler data generation

1969 Hopfield Tropospheric Model temperature

Specifies the minimum angle between the vehicle-
earth vector and the extension of the vehicle-
moon vector [ PRCDE(B) = 2]

Input for finite thrusts

Parameter name for start time for the i':h

stage

Table of temperatures associated with
CDAHT and HIGHT

U and T matrix indicator
Parameter name for Tranet doppler bias

Parameter name for Tranet doppler frequency
drift

Computation method indicator used for Tranet
doppler data

Parameter name for thrust indicator components;
parameter names for primary stages

Plotting options for difference runs

Increment for updating precession, nutation,
and pole-wander matrices

Tropospheric height for the refraction cor-
rection used with Tranet doppler data

Parameter name for start time of ith thrust
interval from Thrust Model V

Parameter name for two-way doppler bias
Parameter name for time at epoch to

Time zone of epoch time
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2-97;
2-98

2-64,
2.82,
2-95

11-82

11-53
11-67

11-32

5-4
5-5

2-69,
2-97

11-61;
11-67

11-88
2-38

2-69
11-61

5-4
11-60
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UBET
UBIA

UTI
uTC
UTD

\4
VALT

VAMP

VBIA

VCl
VCONV

VEHICLE
VEHID
VF

VFAS

vLIM

VMIN
VPER

U

Parame:ter name for initial argument of
perigee w

Requestor of BLAMEX tape interface

Parameter name for argument of latitude
measurement bias

Universal time
Broadcast time

Integration time/ephemeris time conversion
factor

\'4

Parameter name for initial vehicle velocity V

Simultaneous-vehicle visibility constraint
altitude

Parameter name for amplitude of sinusoidal
range bias for station-to-vehicle range leg

Parameter name for crossplane measurement
bias

Venus-centered inertial

Velocity conversion factor between the non-
TRACE and TRACE formats

Data Block that contains the vehicle input
Vehicle identification number
Input/output velocity conversion factor

Parameter name for phase angle of sinusoidal
range bias for station-to-vehicle range leg

Altitude and temperature extremes indicator
(Jacchia 1964 Atmosphere Model)

Control for double-group integration

Parameter name for frequency of sinusoidal
range bias for station-to-vehicle range leg

38

Page

11-59

2-84
5-3

11-12
11-13

2-38
11-12

11-59
2-90

5-6
5-3

11-9
2-47

11-1
11-2
2-4
5-6

2-38
5-6



'

VPRAM
VRCB

VSB

VSBD

VSDD
VTBI
VTCB

VTLB

wWDQT
WIN

WLSDT
WMIN
WM@D

WPi

WRi
WTAB

WTIMF

WTIMI

Vehicle parameter-matrix

Parameter name for vehicle (C-band)
receiver range bias

Parameter name for range bias associated
with a vehicle receiving from a station

Parameter name for linear range bias drift
associated with a vehicle receiving from a
station

Parameter name for the second-order range
bias drift associated with a vehicle receiving
from a station

Parameter name for vehicle transponder bias

Parameter name for vehicle (C-band)
transmitter range bias

Parameter name for vehicle (L-band)
transmitter range bias

w

Rate of vehicle weight decay

Input for the Walker analytic form of the
Jacchia 1964 Atmosphere Model

Intrack time bias error flag
Minimum vehicle weight for weight loss

Atmospheric mocel form indicator (Jacchia
1964 Atmospher Model)

Parameter name for wy or kp for the ith stage

Parameter name for w, or kr for the ith stage

Times and corresponding weight changes;

flow rate and minimum weight for the ith thrust

Time at which the linear weight loss is to be
terminated

Time at which the linear weight loss is to
be initialized
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11-59
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5-5

5-5

5-5

5-5

5-5

11-58
2-19

2-53
11.55
2-15

11-67
11-67
11-56;
11-57
11-57
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WWVET

wYi
WZER®

XBIA
XKCK

XL®C

YAW
YBIA
YEAR

YLOC

ZBIA
ZL9C

Folynomial coefficients relating atomic
time to broadcast time

Parameter name for e or kY for the ith stage

Initial vehicle weight for weight loss

X

Parameter name for initial vehicle position
Cartesian coordinate x

Parameter name for X measurement bias

Array for instantaneous orbit adjusts
Parameter name for % location of stations
Y

Parameter name for initial vehicle position
Cartesian coordinate y

Vehicle yaw angle for aspect angle generation

Parameter name for y measurement bias
Year of epoch date

Parameter name for y location of station
Z

Parameter name for initial vehicle position
Cartesian coordinate z

Parameter name for Z measurement bias

Parameter name for z location of station
GREEK LETTERS

Density
The quantity (3p/3h) (h/p)
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i. INTRODUCTION

1.1 PURPOSE, SCOPE, AND LIMITATIONS

TRACE is The Aerospace Corporation's trajectory analysis and orbit deter-
mination program; its applications encompass a wide range of problems in
orbital mechanics. TRACE is a general-purpose orbital analysis program
used to assist corporate personnel in the analysis of tracking operations and
oibital motion of artificial satellites about the earth, moon, and other bodies
within the solar system. This volume is one in a series of documents
describing the program and its uses. In it are defined all input data required
to perform any of the TRACE functions (Fig. 1-1) associated with the follow-

ing major areas of application:

® Orbit determination and estimation of orbital, model,
and sensor pararaeters

° Vehicle ephemeris generation

° Simulated measurement data generation

[ Orbital statistics via covariance analysis

Each input item is defined, and all basic data deck structures necessary
to execute TRACE are described. This document describes the use of
the production version of the program (Version 7. 27, 2 November 1973).

TRACE is currently used on the following computer systems:

° CDC 3600/3800, 6000, and 7000 series
) IBM 360 and 370 series

Additions and improvements are constantly being made; they will be
described on replacement pages obtainable from the Vehicle Analysis

Programming Department or from Aerospace Reports Control.

1.2 INPUT DATA DECK PHILOSOPHY

Any data deck input to TRACE is partitioned into an ordered set of data

blocks. Each data block is identified by a name punched on a separate
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Fig. 1-1. Schematic of Major Functions

1-2




card, beginning in Column 1. The following names are possible:

MQ@DEL

MASS
STATION
SENSOR

ATA

DEWM

CcovQ
CONSTRAINT
MEAS
VEHICLE
DATA GENERATION
REJECT
STAGE
@BSERVATI®N

Within any input data deck, the relative order of the data blocks is
important; their arrangement must follow the order shown above and in
Fig. 1-2. The structure of a particular input data deck depends on the
function(s) to be performed. Data blocks required for each function are
shown in Table 1-1. Although some data blocks are not used for a particu-
lar function, their presence will not cause a run to fail., The user may,

for example, leave the STATION and SENSOR data blocks in the deck for an

ephemeris generation run after an orbit determination run.

1.3 DATA BLOCK DESCRIPTIONS

Each data block consists of a set of data input cards followed by an "END"
card (punched on a separate card, beginning in Column 1), These cards
are in one of the following formats:

° GAIL1, which is a general-purpose input routine (Appendix A).

The GAIL1 format is used for MODEL, ATA, DEWM, COVQ,
and VEHICLE input data.
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Table 1-1, Data Blocks Required, by Function
Function
Data Block Name Orbit Ephemeris Data Covariance

Determination | Generation | Generation Analysis

ITIN = 2 ITIN = 3 ITIN = 4 ITIN=5

MGQ@DEL Required Required Required Required

MASS Optional Optional Optional Optional

STATION Required Not used Required Optional

SENS®R Optional Not used Optional Optional

ATA Optional Not used Not used Optional

DEWM Optional Not used Not used Optional

covQ Not used Not used Not used Optional

CONSTRAINT Optional Not used Not used Not used

MEAS Optional Not used Optional Optional

VEHICLE Required Required Required Required

DATA Not used Not used Required Optional
GENERATION

REJECT Optional Optional Not used Optional

STAGE Optional Not used Not used Optional

¢BSERVATI®N Required Optional Not used Optional
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° A format unique to the particular input data set. Unique
formats are used for MASS, STATION, SENSOR,
CONSTRAINT, MEAS, DATA GENERATION, REJECT,
STAGE, and OBSERVATION input data.

In th= following subsections, the basic contents of the input set associated

with each particular data block is indicated.

1.3.1 MODEL Input

MODEL input (Sec. 2) consists of:

Function indicator

Simultaneous-vehicle inputs

Physical constants

Force model coefficients and constants

Planetary ephemeris constants

Numerical integration constants and indicators
Model parameter specifications

Model data peculiar to orbit determination runs
Model data peculiar to ephemeris generation runs

Model data peculiar to measurement data generation runs

Model data peculiar to covariance analysis runs

1.3.2 MASS Input

MASS input (Sec. 3) specifies the data necessary to define the point mass

acceleration model used in the equations of motion.

1.3.3 STATION Input

STATION input (Sec. 4) specifies the data associated with the tracking
stations used in orbit determination, data generation, or covariance
analysis runs (e.g., station names, locations, and other items related to

refraction models and measu.ement sigmas),

1.3.4 SENSOR Parameter Input

SENSOR input (Sec. 5) specifies station location, measurement bias, and

measurement scale factor parameters.
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1.3.5 ATA Input
ATA input (Sec. 6) provides the option of specifying the P-parameter portion

of an initial (a priori) ATA matrix for orbit determination or covariance

analysis runs.

1.3.6 DEWM Input

DEWM input (Sec. 7) provides the option of specifying an additive and/or
multiplicative deweighting of the covariance matrix used in an SLS

(sequential least squares) run at prespecified update times.

1.3,7 CcOVQ Input

COVQ input (Sec. 8) provides the option of specifying a Q-parameter

a priori covariance matrix C(Q)o for covariance analysis runs,

1.3.8 CONSTRAINT Input

CONSTRAINT input (Sec. 9) specifies the linear parameter constraints

used in the orbit determination algorithm.

1.3.9 MEAS Input

MEAS input provides a method of symbolically defining measurements that

consist of sums and differences of ranges between stations and vehicles.

1.3.10 VEHICLE Input

VEHICLE input (Sec. 11) consists of:

Epoch date and time of day

Initial state conditions

Coordinate and timekeeping system specifications
Ballistic coefficient

Atmospheric model specifications

Orbit adjust data

Finite thrusting data

Accelerometer model data

Weight losses

Solar radiation pressure coefficient

Vehicle parameter specifications
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Specifications peculiar to powered flight
Vehicle data peculiar to orbit determination runs
Vehicle data peculiar to ephemeris generation runs

Vehicle data peculiar to data generation runs

Vehicle data peculiar to covariance analysis runs

This data block must be provided for each vehicle considered in a given run.
If the run involves more than one vehicle, each corresponding VEHICLE data

block input is followed by an END card.
1.3. 11 DATA GENERATION Input

DATA GENERATION input (Sec. 12) specifies the information required to
generate simulated tracking data for each station (e. g., data rate, visibility

restrictions, start and stop times, and measurement types).

1.3.12 REJECT Input

REJECT input (Sec. 13) specifies the observational measurement editing

information associated with orbit determination or covariance analysis runs.

1.3.13 STAGE Input

STAGE input (Sec. 14) provides the option of separating the observational
data into a sequence of batches (or stages) when the measurement data is
being processed by the SLS algorithm. Update times and specifications
relating to the type of deweighting to apply in SLS runs are also included
in the STAGE input.

1.3.14 OBSERVATION Input

OBSERVATION input (Sec. 15) specifies station, observation time, measure-
ment type(s), and the actual measurements. These data are used (as » whole
or in part) in orbit determination, ephemeris generation, or covariance

analysis runs.

1.3.15 File Usage
The primary files used by the TRACE Program are defined in Sec. 16. A

detailed format is given for each major input/output file.
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1.4 USAGE OVERVIEW

The order of the sections in this document corresponds to the relative
order of the data blocks required to perform a given function. Wherever
appropriate, each section is divided into subsections that define the data

inputs common to the following:

All TRACE functions
Orbit determination runs
Ephemeris generation runs

Measurement data generation runs

Covariance analysis runs

The TRACE user can thus select the necessary inputs for each required

data block, according to the function(s) to be performed.

1.4.1 Important Usage Concepts

Effective use of the TRACE program requires an understanding of a few
of its major concepts and a few important terms. When the program's
ability to execute several functions automatically from the same data
base is exploited, extensive and coherent analyses become routine. This

is discussed in Sec. 1.4.1.1.

It must be understood that input data are logically separated into three

groups (Fig. 1-2) of data blocks:

[ Model group
. MODEL
° MASS
. STATION
. SENSOR

. ATA

o DEWM

o CcovQ

° CONSTRAINT
° MEAS
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[ Vehicle group
o VEHICLE
° DATA GENERATION

° Observation group
° REJECT
° STAGE

. OBSERVATION

As further defined (Sec. 1.4.1.1), a case consists of one set of appropriate
input blocks from the model group plus a set of appropriate blocks from the
vehicle and observation groups for each space vehicle involved. The pri-
mary distinction among the three data block groups is that the model group
data apply to all vehicles of the case, but the vehicle and observation group
inputs apply mainly to one space vehicle (some interactions are described

in subsequent sections).

1.4.1.1 Multiple Function Sequences

In a typical simple case, the program reads all input blocks, generates
the trajectory (vehicle ephemeris) file, and then processes it for the desired
output. This may be a printed ephemeris, simulated tracking data, or a

covariance analysis.

Much more complicated cases, or a series of cases, can also be exe-
cuted. The trajectory file may simply be an integration from given inital
values, or it may be the result of a trajectory reconstruction from obser-
vational measurement data; in fact, both kinds of trajectory generations
may appear in a single case. Several processing functions may be exe-
cuted with each case. Finally, cases may be stacked indefinitely within

a single job on the computer.

This basic sequence of operations is controlled by the MODEL input item
ITIN. Its digits order the performance of the (briefly described) functions

for a single case (Table 1-2),
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Table 1-2. ITIN Functions for a Single Case

\;aTlIll:Ie Function or Itinerary
2 Reconstruct a trajectory from observational measurement
data (i.e., perform an orbit determination)
3 Print vehicle epkemeris information
4 Generate visibility information and simulated tracking data
5 Perform a covariance analysis

A case is defined as all compuations specified by ITIN, The input for a
case starts with MODEL and ends with END @F INPUT. When stacking
cases, remember that no values are saved from case to case; all inputs

must be provided for each case.

The following examples illustrate the power (and limitations) of multiple-

function ITIN sequences:

o Example A: ITIN=323

o A trajectory is generated from input initial con-
ditions, and a printed trajectory is obtained.
Another trajectory is then reconstructed from
observational data, and a comparable trajectory
is printed. This combination might be used to
generate both the nominal and actual ground tracks
for a satellite or missile. The VEHICLE data
specifies the nominal initial conditions for the tra-
jectory, the amount of printed output, and the param-
eters to be differentially corrected in the recon-
struction. An example of the deck setup for this case
is shown in Appendix B (Sec. B.5. 3).

. Note that this ITIN sequence cannot be used to generate
the ground tracks of two different space vehicles. Only
one set of VEHICLE data is input, and it must contain
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the nominal initial conditions for the (one) space ‘}
vehicle. These initial conditions also serve as initial
values for the trajectory reconstruction., Differences
between the nominal and actual trajectories cannot be
plotted within one case because there is no way to
identify one trajectory as a reference and the other as
a variation when only one set of VEHICLE data is input.
However, these differences can be plotted by stacking
cases., With ITIN=3, followed by ITIN=23, the trajec-
tory file for the first case can be identified as the ref-
erence and that for the second as the variation,

The program cannot both predict and backtrack a tra-
jectory within one case because changes in both MODEL
and VEHICLE data are required. Again, the desired
result can be obtained by using stacked cases with identi-
cal initial conditions. However, not even with stacked
cases can a trajectory be both reconstructed and back-
tracked in one job, for there is no way to carry over

tne differentially corrected initial conditions from one
case to another,

Example B: ITIN=3452345

This long but reasonable sequence is intelligible to the

program; the first three digits (3, 4, and 5) cause the

generation of a nominal trajectory, look angles, and a 3 )
covariance analysis, respectively., Starting from the

nominal initial values, an orbit determination (using

actual data) takes place. When the iterative process

terminates, the trajectory corresponding to the con-

verged solution is used to repeat the three processing

functions. See Appendix B (Sec. B.5.2) for an example

of this deck setup.

Example C: ITIN=23

To determine the parameters for five orbital arcs from
multiple-arc tracking data and to generate the resulting
ephemerides, the function indicator ITIN could be
expressed as ITIN=23, This sequence of function code
numbers causes TRACE to iterate with the differential
correction procedure until a minimum RMS solution to
the multiple-arc fit is obtained (or until a prespecified
number of iterations is reached). Then, the ephemeris
generator will produce the printed ephemerides from the
final trajectories used by the orbit determination
function,
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e  Example D: ITIN=3234

o The function indicator ITIN=3234 causes TRACE to
generate a nominal ephemeris file and output, using a
set of orbital initial conditions, and to differentially cor-
rect the sensor and orbital parameters, using a speci-
fied set of tracking data. The program would then
generate ephemeris information, using the determined
orbital conditions, and produce simulated tracking data
with rise/set information, using the derived orbital
and sensor parameter values,

1.4.1,2 Single-Vehicle Mode

In its most elementary mode, TRACE generates or processes data from
a single space vehicle. The input deck contains the appropriate data
blocks from the model group and, at most, one of each of the data blocks
from the vehicle group (VEHICLE and DATA GENERATION) and the
observation group (REJECT, STAGE, and OBSERVATION) for each case.
The observational measurement data pertain only to the space vehicle and

its relationship to the tracking stations or to the earth itself.

1.4.1.3 Multiple-Arc Mode

In the simple multiple-arc mode, TRACE can generate or process data
from several space vehicles, but each item of data is associated with
only one vehicle. In this mode, the vehicles are independent and need
not be in orbit simultaneously. The data may actually be associated with

only one vehicle, yet be processed separately in different arcs.

In this mode, a proper solution for a sensor or model parameter (e.g., a
station location or a gravitational anomaly) can be derived from the data
obtained from several vehicles during different time periods. Normally,
a reconstruction in this mode has common parameters, either naturally
or as the result of an imposed constraint; otherwise, the reconstructions

could be done separately.

The multiple-arc mode is simply an extension of the single-vehicle mode
and requires no specialidentification. The deck consists of the appropriate
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data blocks from the model group, followed by n sets (n equals the
number of arcs) of vehicle group data (VEHICLE and DATA GENERATION)
and n sets of observation group data (REJECT, STAGE, and OBSERVA-
TION). The last card is an END OF INPUT card (see the deck structure
diagrams in Appendix B). Note that in this mode all vehicles are
assumed to be independent, Therefore, complete sets of data blocks
from both the vehicle and observation groups should be provided for each
vehicle. As a matter of input convenience only, input data in the
VEHICLE block not overridden will carry over from one vehicle to the

next,

1.4.1.4 Simultaneous-Vehicle Mode

When data concern the positions or velocities of two or more space vehi-
cles orbiting simultaneously, the program is run in its simultaneous-
vehicle mode. The input deck must then include consecutive VEHICLE
blocks for the various vehicles. The observations are merged and read
in one OBSERVATION block after the last VEHICLE block. Since DATA
GENERATION cards must identify all vehicles involved in the data, their
format is different from that used in the single-vehicle or multiple-arc
modes. These changes in program operation require that a flag be set to
identify this mode (input item MULTYV in the MODEL data block).

1.4.2 Auxiliary Information

To assist the TRACE user, appendices containing discussion and clarifi-
cation of many program details are included in this document (Part B), A
comprehensive description of the general-purpose input processor GAIL{
is given in Appendix A. Examples of typical data deck structures are pre-
sented in Appendix B. Sample TRACE outputs are described in Appen-
dix C. Sample input load sheets and engineering specification forms useful
in expediting the preparation of TRACE input data cards are described in

Appendix D.
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1.5 DOCUMENTATION SERIES

The TRACE documentation series is summarized as follows:

Volume I: General Program Objectives, Description, and Summary is

directed towards the potential user or nonuser interested in obtaining an

overview of TRACE capabilities.

Volume II: Coordinate and Timekeeping Systems with Associated

Transformations (Ref. 1) is a technical reference for the coordinate and

timekeeping systems and related transformations used within TRACE.

Volume III: Trajectory Generation Equations and Methods (Ref. 2) serves as a

technical reference for the trajectory generation function wf TRACE.

Volume IV: Measurement Data Generation and Observational Measure-

ment Partials (Ref. 3) is a technical reference for the measurement data

generation function and associated observational measurement partial
derivatives in TRACE.

Volume V: Differential Correction Procedures and Techniques serves as

a technical reference for the batch differential correction procedure and

associated techniques used with TRACE,

Volume VI: Orbital Statistics via Covariance Analysis is a technical ref-

erence for the orbital statistics generation or covariance analysis function
of TRACE,

Volume VII: Usage Guide serves as a reference defining all input data

required to perform any of the TRACE functions. Each input item is
defined, and all basic data deck structures necessary to execute TRACE
are described. Note that constant changes and improvements are being

made to the program. This volume is published in two parts.
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Volume IX: Detailed Program Structure describes the program structure

to the subroutine level,

Volume X: Lunar Gravity Analysis serves as a technical reference for
the Lunar Gravity Field Analyzer of TRACE.,

Volume XI: LGA Data Processor serves as a technical reference for the
LGA data processing function of TRACE,

Volume XII: Sequential Least Squares Procedures and Techniques (Ref, 4)

is a technical reference for the sequential least squares (SLS) procedures
and associated techniques used within TRACE to perform orbit determina-
tion.
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2.4.5.1 Space-Ground Link Subsystem (SGLS) Range Rate . . . . . .....................
2.4.5.2 Tranet Doppler. . ... ........ D0OO0O00DC000000000000D000000D00000DD0O G
2.4.5.3 GeOCEIVET . . . . . e e e e e e e et e e e e e
2.4.5.4 Satellite-Tracker Doppler . ... ....... 00 0DODO00D00000000Q0000ACGC0D0AD0
2.4.5.5 Time-of-Arrival . . .. . ........... 06000000000 DC0D00000000000000D0aD0
2.4.5.6 Vehicle-to-Vehicle Angles. . - . . ... ... . ... . .y e
DATA FOR COVARIANCE ANALYSISRUNS (ITIN = 5). . . . .. .. ittt it it e e
2.5.1  Input/Output Options . . . . .. vttt ittt e e e e e e
2.5.2 Transit Time Correction Indicator. . . . . .. .. 000D0000DD0O0AODDA000D000A00D00DO0D0AG
2.5.3 Measurement Sigmas . . . ....... e e e e i e s e e e e e e e e
2.5.4 Diagonal Matri Option. . . . . . .. . . i ittt i e e e e e e e
2.5.5 Input for Observational Measurements . . . ... ................ e e e e
2.5.5.1 Space -Ground Link Subsystem (SGLS) Range Rate . . ... ... ... ..., 0.
2.5.5.2 JPL Doppler . . ............... 0DO0OCDO0DOO0DO0DAOD000O00000AD0OE
2.5.5.3 Geoceiveror CCID . . ... .... 000000000000 D00000GC0C00 DOQODAAODADDaQ
2.5.5.4 Time-of -APrival, . . . . . e e e e
TABLES
Measurement Types for Sigmas (Note: Repeated for User's Convenience). . .. ... ......
Variance.Covariance Print Options (PRCOV). . . ., ... ... .. .. .. . .
L]
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2. MODEL INPUT

In this section, all MODEL inputs are defined, and the following categories

are discussed:

] Function indicator (ITIN)

o Physical constants

L Force model coefficients and constants

o Planetary ephemeris constants

o Numerical integration constants and indicators

[ Model parameter specifications

o Simultaneous-vehicle indicators

° Model data peculiar to orbit determination runs

° Model data peculiar to ephemeris generation runs

° Model data peculiar to measurement data generation runs

[ Model data peculiar to covariance analysis runs
2.1 DATA COMMON TO ALL TRACE FUNCTIONS

The values in the following example are not built into TRACE (preset to zero):

t] 2 7
27 |28 33
$3 |54 9
C | LOCATION VALUE
D|ITIN 34
ITIN Selects the functions to be performed according to the code

numbers (2, 3, 4, or 5), which correspond to differential
correction, ephemeris generation, data generation, or

covariance analysis, respectively. Multiple functions are
requested on the saime case by simply sequencing the code

numbers of the desired functions in the ITIN list.
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After completion of the function(s) selected in ITIN, TRACE
resets all standard values and options and prepares to run
another case if input has been supplied. Nothing is retained

between cases; all data must be reinput.

2.1.1 Physical Constants

The following physical constants used in TRACE are preset to the values
shown, but they may be changed by input:

1| 2 ? 11 2 7
27 |28 33 27 |28 33
53 |54 9 33 |84 39
C| LOCATION VALUE C| LOCATION VALUE
GM .55303935E -2 AE 1.
GMKM | 0, | IERFT | 20925738
GMI17 | [ 5530417744E-2 | | IERNM | 3443,9336
OMEGE | . 43752691E -2 ‘ | IERKM | 6378, 1649
OMEGA | . 43752691E-2 FTNM 6076, 1155
F 3352329869E.2 | FTKM | 3280. 8399
SLT 2820, 1763 _[pF 20925738,
CKEP 1. E-1t YE 348762. 3
DGREE | 57,295779513082 AF 5812.708
PI 3.1415926535898 | SGM _68023265E-4 |
GSUBO | 32.174 AM . 272506277
GMLAT]| 78.3
GMLNG]| 291
GM Earth gravitational constant, er3/min2.
GMKM Earth gravitational constant, km3/secz:
=0 GM is used.
%0 GMKM is converted to e1-3/min2 and stored in

GM, replacing any other value.
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GM17

OMEGE

OMEGA

SLT

CKEP

DGREE

PI

GSUBO

GMLAT

GMLNG

AE

ERFT

ERNM

ERKM

FTNM

FTKM

DF

Earth gravitational constant for analytic trajectories,
er3/minz (Sec. 11.1.6).

Earth rotation rate, rad/min.
Atmospheric rotation rate, rad/min.
Earth ellipticity.

Speed of light, er/min.

Kepler equation convergence criterion; used if classical

elements are input for initial conditions.

Angle conversion factor, deg/rad.

The quantity .

Surface gravity, ft/secz.

Geodetic latitude of the geomagnetic North pole, deg.
East longitude of the geomagnetic North pole, deg.
Mean equatorial earth radius, er.

+ Mean equatorial earth radius, fit.

+ Mean equatorial earth radius, nmi,

+ Mean equatorial earth radius, km,

Number of feet per nautical mile.

Number of feet per kilometer.

Input/output distance conversion factor used to convert from
external to internal or from internal to external units (e.g.,

from ft to er or from er to ft).
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VF Input/output velocity conversion factor used to convert
from external to internal or from internal to external
units (e.g., from ft/sec to er/min or from er/min to
ft/sec).

AF Input/output acceleration conversion factor used to con-
vert from external to internal or from internal to external

. - 2 . .
units (e.g., from ft/sec to er/mmZ or from er/mm2 to

ft/ secz) !
SGM Selenographic gravitational constant, er3/min2.
AM Mean equatorial lunar radius, er.

Since all TRACE computations are made in rad, er, er/min, or er/minz;
the values not input in these units are divided by DGREE, DF, VF, or AF,
respectively., If any one earth radius (ERKM, ERFT, or ERNM) is input
negative, all three are recomputed and internally reset, using the absolute
value of the input radius. DF, VF, and AF are also recomputed, assuming

external units of ft, ft/sec, and ft/secz.

2.1.2 Force Models

The following subsections define the inputs for the force models used to

evaluate the equations of motion.

2.1.2.1 Point Mass Model

When point mass accelerations are used (Sec. 3), it is necessary to
provide values for RZMU and MVMAT. These values are preset as

shown:

2
27 |28 33
83 {34 s9

c| Locamion VALUE
ReMU | {. E+10

2 1.E-6
MVMAT o
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a R2MU

Criteria for point mass acceleration:
(1) Distance criterion, km (>0).
(2) Ratio criterion in relative masses such that if

My _» [R2MU(2)]
Ir - 1o [© [R2MU(1)]]
1

the ith point mass isused (i =1, - . ., 20).
MVMAT The (8?_0/8 r) matrix indicator:
=0 This matrix is not included in the

variational equations.

_ #0 This matrix is included.

2-5



2.1.2.2 Central Body Gravity Model

In TRACE, the central body's gravitational potential is represented by a
spherical harmonic expansion with C and S coefficients. The values
shown in the following example are not built into TRACE (if no input is
provided in the MODEL data, spherical bodies are used). This example

contains one spherical harmonic term for the earth and one for the moon:

1] 2 ?
27 |28 33
$3 |54 s9

C|] LOCATION VALUE

I_INF 1
NGRM | 1
1

L INTL 1

MITERMS | 04,350
DIi0{,01 02,00
03,01 -1082,3E-6
04, 01 0.

D 01,02 02.00

03,02 =.2E-3
04, 02 0,

NF@RM Vector of normalization flags for the spherical harmonic
expansion coefficients. Normally, NFQRM(i) is the
normalization flag for the ith sola" system body. When
integration is exclusively in the ECI mode and IVGMS is
nonzero, NFORM(i) is the flag for the vehicle-dependent
gravity model indicated by IVGMS = i, where 1 =i < 7
(Sec. 11.1.6):
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LNQ@RM or

NTERM

(1) Earth or first model }
flag

(2) Sun or second model

flag +1 = No normalization

(3) Moon or third model
flag

(4) Venus or fourth model > +2 = APL normalization

flag

(5) Mars or fifth model

flag +3 = Kaula normalization

(6) Jupiter or sixth model
flag

(7) Saturn or seventh

model flag /

Positive values of NF@RM cause the terms to be sequenced
in the order necessary for the program and then printed.
Negative values cause all terms to be printed before

they are sequenced.

Vector of numbers of terms (pairs of coefficients) in the
spherical harmonic expansions. Normally, NTERM(i)
is the number of terms for the ith solar system body.
When integration is exclusively in the ECI mode and
IVGMS is nonzero, NTERM(i) is the number of terms

in the vehicle-dependent gravity model selected by
IVGMS =i, where 1 <i <7 (Sec. 11.1.6). The sum of
NTERM(1) through NTERM(7) must not exceed 350:
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NTL or

TERMS

(1)

(2)
(3)
(4)
(5)
(6)
(7

Number of terms for the earth or first gravity

model.

Number of terms for the sun or the second model,

Number of terms for the moon or the third model.

Number of terms for Venus or the fourth model.

Number of terms for Mars or the fifth model.

Number of terms for Jupiter or the sixth model.

Number of terms for Saturn or the seventh model.

A 4 X 350 matrix containing in each column the degree

n, the order m, and the C and S coefficients for
nm nn

each term. The inputs for the ECI (or first gravity
model) coefficients must be in the first NTERM(1)

columns of the matrix; the HCI (or second gravity

model) coefficients are in the next NTERM(2) columns
starting at the NTERM(1)+1 column and ending at the

NTERM(1+NTERM(2) column; etc.

The total number

of terms entered in TERMS must not exceed 350.

For analytic trajectory generation (Sec. 11.1.6), it is possible to input

the earth's zonal harmonic coefficients Jz, J3. and J

as shown:

4’

1| 2 7

27 | »

53 [se 59

c | Locamion VALUE
EJ2 1. 082549E-3
EJ3 -2.435E-6
EJ4 -1,232E-6
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EJ2 The earth's zonal harmonic coefficient JZ.
EJ3 The earth's zonal harmonic coefficient J3.
EJ4 The earth's zonal harmonic coefficient J4.

2.1.2.3 Planetary Gravity Model

The inputs for including planetary perturbations in the equations of

motion are described in Sec. 2.1.3

2.1.2. 4 Atmospheric Drag Models

The inputs in the following example are used whenever density is computed.
These values are built into TRACE:

1] 2 7
27 |28 33
53 |54 59
C| LOCATION VALUE
TMATX]| 2
PRH@ 0
TMATX U and T matrix indicator, Indicates w}}ether or not the

U (agz/az) and T (823/85) matrices are| included in the

variational equations:

>0

<0

Both the U and T matrices are included in

the variational equations.

The U matrix is included in the variational

equations, but the T matrix is not.

Neither matrix is included.
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PRHO

2.1.2.4.1

Atmospheric density print option:

=0 The atmospheric density is not printed

during integration.
=0 The density and the vehicle altitude are
printed at every integration step.

ARDC 1959, U.S. Standard 1962, Lockheed-Jacchia,
and Exponential Models

The inputs described in this section are preset to the values shown in the

following example:

1| 2 7
27 | »
83 |84 )
c| rocamon VALUE
D1 6.83
D2 -15, 684
FLUX |0
JKP 0
AEXP i
HEXP |0
PEXP 10




v

|

FLUX

JKP

AEXP

Density coefficients used in the Lockheed-Jacchia Model.

The 10.7-cm solar radiation flux (Lockheed-Jacchia Model):

=0 The 10.7 -cm solar radiation flux is computed,
10'2°W/m2/Hz.
=20 The input FLUX value is used for the 10.7-cm

solar radiatioa flux.

Density modification indicator (ARDC 1959, U.S. Standard
1962, Lockheed-Jacchia, or Exponential Models):

=0 P = Pg (p is the density actually used in the
drag acceleration calculation, and Po is the

density obtained from the atmospheric model).

=0 The computed density is modified by the function
P =P [1 + (JKP) fen(t)]

where fcn(t) is the value obtained from the
APTAB table (Sec. 11.1.8) by using linear
interpolation, with time as the independent

variable,

Vector of scale heights used in the Exponential Model,

nmi:

(1) Scale height for the earth.
(2) Scale height for the sun.
(3) Scale height for the moon.



HEXP

PEXP

(4)
(5)
(6)
(7

Scale height for Venus.
Scale height for Mars.
Scale height for Jupiter.

Scale height for Saturn.

AEXP(2) through AEXP(7) are all preset to 1. and are used
for the central body only when in the interplanetary
mode; i.e., PHASE = 2 (Sec. 11. 1. 6).

Vector of reference altitudes used in the Exponential

Model, nmi:

(1)
(2)
(3)
(4)
(5)
(6)
(7)

Reference altitude for the earth.
Reference altitude for the sun.
Reference altitude for the moon.
Reference altitude for Venus.
Reference altitude for Mars.
Reference altitude for Jupiter.

Reference altitude for Saturn.

Vector of reference densities used in the Exponential
Model, slug/ft3:

(1)
(2)
(3)
(4)
(5)
(6)

Reference density for the earth.
Reference density for the sun.
Reference density for the moon.
Reference density for Venus.
Reference density for Mars.

Reference density for Jupiter.



(7 Reference density for Saturn.

PEXP(2) through PEXP(7) are used only for the central
body when PHASE = 2.

2.1.2. 4.2 LMSC 1967 Model

The values shown in the following example are not built into TRACE:

V[ 2 7
27 |28 3
53 [se 59
¢ | Locamon VALUE
SMALL]| 156
2 30
3 68
4 331

If the auroral zone effect is to be included in the computation of the heating

parameter, it is in the form
as = C cos L(n/2)(y/y)]

SMALL Auroral bulge conditions:

(1) = C If C = 0, the auroral zone effect is not
included; if C #0, the effect is included.

(2) = Yo Half-angle of the bulge, deg; AS - 0 if
Yy > Yo (v is the angle between the bulge
and the vehicle, computed internally).
I (3) Geographic latitude of the bulge, deg.
\ (4) East longitude of the bulge, deg.
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When the LMSC 1967 Model is used, it is necessary to input the SMALL

data and the following VEHICLE input (Sec. 11.1. 8):

2.1.2.4.3 Jacchia 1964 Model

F

F

IDRAG

10.7

10.7

6

FBAR

fen(t) (KPTAB)

fen(t) (FTIIN)

Three forms of the Jacchia 1964 Model are available in TRACE: the log p
polynomial form (Ref. 5), the Walker analytic form, and the Walker form

modified by Bruce.
because certain input components are used differently in the
forms. A planetary ephemeris file is required (Sec. 2.1.3).

common to all three forms is indicated below. Note that the

following examples are built into TRACE:

Only one form can be used in any given TRACE run

different
The input

values in the

11 2 7 1] 2 ?

27 128 » 27 128 33

$) |84 9 $3 i%4 L1

C| LOCATION VALUE Cl LOCATION VALUE
AC .28 16 125
2 2,5 17 08
3 2.5 18 0
4 1 19 0
5 897 20 0
6 3.6 21 0
i 0 22 0
8 1.8 23 0
9 ,37 24 0
10 14 WMQD | 1
11 152 VLIM | 120,
12 60 2 1000,
13 -45 3 650.
14 12 4 2100,
15 45
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VLIM

N

¥

AC

Atmospheric
=0

#0

model form indicator (Jacchia 1964):
The log p polynomial form is used.

The Walker analytic or the Walker-Bruce

form is used.

Altitude and temperature extremes indicator (Jacchia 1964

Model):

(1)

(2)

(3)

(4)

The minimum altitude, km. If the vehicle
altitude is lower than this, the U.S. Standard
1962 Model is used.

The maximum altitude, km (log p form). If
the altitude exceeds this maximum, the

density is set to zero.

The minimum temperature, K (log p form).
If the temperature falls below this minimum,

the density is set to zero,

The maximum temperature, K (log p form).
If the temperature exceeds this maximum, the

density is set to zero,

Coefficients used to compute the indicated effects on

temperature:

(5)
through
(7)

(8)

(9)
through
(12)

The 11-year solar cycle effect.

The 27 -day effect.

The semiannual effect,
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(1)
through
(3)

and

(13)
through
(15)

(4)
(16)
(17)

(18)
through
(20)
and
(22)
through
(24)

The diurnal effect,.

The geomagnetic effect.

The auroral zone effect, where AC(18) = Cl;
AC(19) = CZ; AC(20) = K; AC(22) is the geo-
magnetic latitude of the auroral ring, deg;
AC(23) is the geodetic latitude of the geo-
magnetic pole, deg; and AC(24) is the East

longitude of the geomagnetic pole, deg.

In addition to the WM@D, VLIM, and AC inputs to the MODEL data, the
following VEHICLE data must be provided when the Jacchia 1964 Model is

used (Sec. 11.1.8):

a
P

Fi0.7

Fi0.7

IDRAG

1]

il

fen(t) (APTAB)

fen(t) (FTEN)

FBAR



U

2.1.2.4.3.1

Input for the Log p Polynomial Form

The following inputs are not built into TRACE:

27
53

2
20
54

3
89

LOCATION

VALUE

01,03 [-1,5047684E-4
02,03 |5,0637146E-7
3,03 [(-4,4517023E-10
04,03 {1.7016873E-13
05,03 |-2,3485236E-47 |
01,04 |3,67917641FE-7
02,04 [-1,0840772E-9
03,04 19,9843619E-13
04,04 |-4,0034973E-16
05,04 |5,8649712E-20
01,05 |-2.1168013E-10
02,05 16,1812845E-13
03,05 |-5.8913701E-16
04,05 |2,4350334E-19
05,05 -3,6789750E-23

The order of the polynomial used to compute log p.

1 2 ?
27 {28 33
53 (54 s9
[of LOCATION VALUE
I [MAXA | 4
M| AIN 05.05
01,01 | -6.8421347
02,01 | -2.4345754E-3
03,01 ! 2.1556411E=-6
04,01 | -1.0761995E-9
05,01 |2.2011699E-13
01,02 | -1,7875638E-2
02,02 | -3,6169243E-5
03,02 | 3.2935674E-8
04,02 | -1,1521156E-11
. 05,02 | 1,2048447E-15
o s
MAXA
AJN

The voefficients of the polynomial used.

MAXA and AJN cannot be used when WJIN is input (Sec. 2.1,2.4,3.2).



2.1.2.4.3.2 Input for the Walker Analytic Forms

The values shown in the following example are built into TRACE:

1 2 7
27 |28 33
$3 |S4 39
WIN = A
C | LOCATION VALUE
WIN | 6.0228E+23 ¢ cmy;
3 =
3 ig.o:b mo,
4 = mo
4 16, 5 =mp
5 4003 6 <m
6 1. 008 H
7 = nN
7 4. 0E+11 5 . 2
8 7.5E+10 O,
9 7. 6E+10 9 =n4
10 3, 4E+7 10 =np
11 0 11 =ny
12 Q 12 = QNZ
13 0 13 = Q’oz
14 0 14 = aq
15 -, 38 )
15 EN
He
16 0 6 oa
17 355, H
18 9.43972 17 =Ty,
19 1. 38E.-23 18 =843
20 3, 19 =k
} 2,2 20 = a
22 120, 2 =b
23 2.461070615E -11 22 - H
max
23 = pya



WIN Inputs for the Walker analytic form of the Jacchia 1964
Atmosphere Model.

When Hmax = 120 is input, the Walker analytic form is used. When

Hmax > 120 is input, the Walker-Bruce analytic form is used for all altitudes
between 120 and Hmax km (the Walker form is used for all other altitudes).
If Hmax is input greater than 280 km, it is internally reset to 280 km. WJN
cannot be used when MAXA or AJN is input (Sec. 2.1.2.3.1).

2.1.2.4.4 Cambridge Research Laboratory Model (Champion 1968)

To include the auroral zone effect, the following vector must be input

(the values shown in the example are not built into TRACE):

112 7
27 (28 33
53 {54 89

C | LOCATION VALUE

SMALL
2 30

3 68
4 331

SMALL Auroral bulge conditions:

(2) = Yo Half-angle of the auroral bulge, deg. If
YoS Y the vehicle is considered outside the
zone (y is the angle between the bulge and
the vehicle, computed internally); if Yo >v,

the vehicle is considered inside the zone.
(3) Geographic latitude of the bulge, deg.

(4) East longitude of the bulge, deg.



When the Cambridge Research Laboratory Atmospheric Model is used,
it is necessary to provide the SMALL input data and the following VEHICLE
input (Sec. 11.1. 8):

K_ = fen(t) (KGTAB)
IDRAG = 8

Fyo. 7 = fon(t) (FTEN)
?10.7 = FBAR

The inputs in the following example are built into TRACE:

1] 2 7
27 |28 33
83 |S4 $9
C] LOCATION VALVE
DPDH | -10.5
2 -8.6
3 =5.55
4 0
DPDH Table of approximate p' values used if the atmospheric

density routine is unable to compute p' directly
[p' = (8p/ah)(h/p)], where p is the density and h the
satellite height:

(1) The value of p' used below 76 nmi.

(2) The value of p' used if 76 = h =108 nmi.
(3) The value of p' used if 108 < h < 376 nmi.
(4) The value of p' used if h > 376 nmi.
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2.1.2.5 Thrust Models

The thrust models are defined in Sec. 11.1.12. No MODEL inputs are

necessary.

2.1.2.6 Solar Radiation Pressure Input

The inputs in the following example are built into TRACE:

11 2 7
27 |20 33
$3 |54 59
C LOCATION VALUE
RE i,
RS 109. 1218
/
RE Effedtive earth radius, er (see AE, Sec. 2.1.1 and PAE(1),

Sec. 2.1.3), used when solar radiation effects are in-

cluded in the equations of motion (CPAW, Sec. 1i.1.7).

RS Effective solar radius, er (see PAE(2), Sec. 2.1.3), used

with solar radiation effects.

It is also necessary to input the PLANT array (Sec. 2.1.3).

2.1.2.7 Local Gravity Anomaly Model

There are two methods of using polynomials to express the local variations
in the gravitational attractions experienced by a vehicle. The method used
is determined by the input variable PQLYO0(1). If P@LYO(1) = 0, the local
gravity field is not used. If its value is 10 or 11, Method 2 is used; for

any other value, Method 1 is used.
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2.1.2.7.1 Method |

The local variations in the gravitational attractions experienced by a
synchronous vehicle orbiting the earth are modeled as a polynomial
in the variations of the vehicle in geocentric radius, latitude, and
longitude from some nominal point (ro, $o° )\0), where %o is assumed
to be zero. A total of 30 coefficients can be supplied, 10 each for the

radial, intrack, and crosstrack directions.

following example are not built into TRACE:

1] 2 7

27 |28 3

$3 |S4 59

C| LOCATION VALUE
POLYO |-1
2 0

MlP@LY 10,3
1,04 1.E-8
02,01 1.2-8
03,01 1.E-8
04,01 1. E-8
01,02 1.E-8
02,02 I1.E-8
03,02 !{.E-8
04,02 |1.E-8
01,03 1. E-8
02,03 [1.F-8
03,03 i.E-8
04,03 JE-8
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o

PQLYO The quantities Ty and xo for the local gravity field or

the method of computing them:

(1) =0 The local gravity field is not used.
>0 The geocentric radius of the initial point ro nmi.
<0 The quantities To and 7\0 are computed from

the vehicle initial conditions.

(2) The reference longitude xo, deg, when
PQLYO(1) is input > 0.
PQLY A 10 X 3 matrix containing the radial, intrack, and cross-

track coefficients used to compute the coefficients of force
due to local variations. The coefficients are for the constant
terms in the expansion: 1, A¢, A\, Ar, (A¢)2. (AX)Z.

(Ar)z, A¢AN, A¢Ar, and ArA\; where A¢, A\, and Ar
represent the variations in latitude, longitude, and

radius, respectively.
2.1.2.7.2 Method 2

Local variations in the gravitational attractions are modeled as orthogonal
polynomials in time. If PQLYO(1) = 10, the polynomials give accelerations
in the inertial frame. If PQLYO(1) = 11, the polynomials give accelerations

in the Up-East-North system. In either system, accelerations are given by

Cx

i-1
chzg)r
i.: C P, (v)
1 {3 Yi-q| -1
C

Zi1
9 d
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where
7T =(T - TBAR)
Po =1
1 =7
P. =(7-a,)P. , -b.F, j 22
R Lo TR L T

For this option, PQLY is input as a 10 X 7 matrix defincd as

PQLY 1 2 3
1 Co S50 Cao
e Cxl Cyi czl
3 CxZ CyZ CzZ
4 Cas Cy3 G
2 Cxe Cya  Cu4
< CxS CyS CzS
g Cx6  Sy6  Sie
8 Cx1 S Cu
9 cx8 Cy8 CzB
10 Cr9  Cyg Gy
where Cxi' Cyi'

order of the polynomial + {; TBAR is the reference time, min; PCONV is
the unit conversion factor that converts CxO' CyO' and Cz0 to er/minz; and
the symbol * indicates that the location is used by the program but is not

input. Note that NCQF, which must be input as an integer, and TBAR can

%

NCQF

TBAR

be input under those same names and that PC@NV is never input.
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Czi' a, and bi are polynomial coefficients; NCQF is the

</



The Ci coefficients are acceptable as differentially correctable parameters
and are specified in the same manner as the coefficients of Method 1

(Sec. 2.1.5.3). The umtl of any C are the acceleration units specified
by PC@NV divided by sec’ (neconda raised to the ita power). The values

shown in the following example are not built into TRACE:

sl e ’
27 (28 1R}
51 {54 59

C] rocanon VALJUE

1/PQLYO ;10
M{P@LY 10,7
To1,01 _ [-6,15077
02,01 [1,61100E-2
03,01 [-1.88908E-5 _

| 04,01 |2.155562E-8 __ _
'F__,_os.m 1 260563E-11_

|_{01,02_[-1.67370

02,02 |-6,34375k-4 |
03,02 [2,02923E-5

| loe02 [4.53755E-8_ |
s 1‘;_:.02 9. 74035E-11

02 [-6.64653E-14

01,03 1,000335E1
_j02,03 [.2,84027E-2 |
03,03 H 985092E-5 ]

04,03 -4.001543E-8_ |
Tos,03 . -2.979148E-11_
[ 106,03 I2,527756E-14___

101,04 3,21277E+2.
02,04  3,26452)
03,04 2, 576319

-

1’04,04 |2.257486 ]
|_lo1,05 _ ;z 66086E+5
02,05 _ 1,46705

03,05 Ll:-é_a'sgé'_——_
| 04,05 |1,81499
NC@F or |1 01,06 6
TBARor | 02,06 210,
07,06 1,

i — F —————

== S
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2.1.3 Planetary Ephemeris Constants

TRACE options that require the planetary ephemeris file (Sec. 16.5) and
the use of much of the PLANT array are listed as follows:

o Planetary perturbations in the equations of motion
° Solar radiation pressure in the equations of motion
°

The Jacchia 1964 Atmospheric Model
Planetary print options on ephemeris generation runs

Vehicle eclipsing computations

Lunar and interplanetary integration modes
° NASA # 0 (Sec. 2.1.4)

The value of TAPE7 (preset to zero) indicates how the planetary ephemerides

are made available:

12 ?
a7 (20 3
$3 |s4 59
C | LOCATION VALUE
TAPE?7 |0
TAPE7? Planetary ephemeris tape usage indicator:
=0 A special EPHEM file (Aerospace File Service)

has been linked to TRACE. If cases are being
stacked, the dates used in all cases after the
first must be later than the first date of the
first case and earlier than the last date of the

last case,

<0 A planetary ephemeris tape must be used
for TAPE7,
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TRACE is preset to use either a sun and moon ephemeris file or a special

ephemeris file with sun, moon, nutation, and nutation rate information,

e.g.:
R 7 1] 2 7
27 |28 3 27 |28 »
$3 |54 s $3 |54 L)
C] LOCATION VALUE C|] LOCATION VALVE
PLANT | 0 9 , 0122999
2 1 14 23454. 865
3 i 15 23454, 865
4 0 16 i1,
5 0 17 i,
6 0 18 6.9444444E -4
7 0 23 16.28
8 332951.3 24 6,9444444E -4
PLANT Planetary ephemeris indicators and conversion factors:

(1) =0 Planetary perturbations are not included in

the equations of motion.

40 Planetary perturbations are included;
PLANT(8) through (28) input must
correspond to PLANT(2) through (7) input.

(2) The indicators used to select the bodies to be
(t?;'ough included in the planetary perturbations. If the

indicator is zero, the body is not used; if non-
zero, the body is used. These indicators must
be input in the order in which the bodies appear

on the planetary ephemeris file.



PP E T e —— R
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T AT N R TR e e e

(8)
through
(28)

(8)
through
(13)

(14)

(15)
through
(14+n)

(15+n)
(164n)

(23)
through
(22+n)

AT = - oy == * i R T P Y Y

Constants and scale factors used to convert
the planetary ephemerides to TRACE inte-
gration units. These quantities must be input
in the order in which the bodies appear on

the file.

The relative masses of the planetary bodies
( pB/pe)iin earth masses. For the BCI
integration mode, the gravitational constants
B, for the planetary bodies are internally

computed from the expression

np = Helhp/u,)
i i
The number of earth radii per astronomical
unit.

Distance scale factors used to convert

ephemeris file values to earth radii.

Conversion factor for nutation.
Conversion factor for nutation rate.

Velocity scale factors used to convert

ephemeris file values to er/min,

Note that n is the number of bodies in the file, not including nutation or

nutation rate information.



The following example shows how the entire PLANT array would be input
if sun and moon perturbations were desired and if the planetary ephemeris
file being used contained data for the sun, moon, Venus, Mars, Jupiter,

Saturn, nutation, and nutation rate:

] 2 7 1 2 7
27 |20 3 27 |28 kk]
53 |54 9 $3 | %4 59
C LOCATION VALUE C LOCATION VALUE
PLANT | 1 15 23454, 865
2 ! 16 1.00002516
3 1 17 23454. 865
4 0 18 23454, 865
5 0 19 23454, 865
6 0 20 23454, 865
7 0 21 1,
8 332951, 3 22 6.9444444E -4
9 0122999 23 16, 28810076
10 814979 24 6.9444444E -4
F N 11 . 107821 25 0,
12 317, 887 26 0
i
5 13 95,129 27 0,
;' 14 23454, 865 28 0.
;- -
 §
'
¢
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For interplanetary integration, the following vector of rotation rates

for the solar system bodies is used; the following values are preset,

rad/min:
1] 2 7
27 |28 »
53 (84 1]
¢ | Locamon VALUE
POMEG]| .43752691E-2
L ']
3 .15970197E.-8
4 0.
5 |4z§zaﬂ§LL——- |
6 0.
— 7 0,
POMEG Vector of rotation rates for the solar system bodies:
(1) Earth.
(2) Sun.
(3) Moon.
(4) Venus.
(5 Mars.
(6) Jupiter.
(7) Saturn.
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For interplanetary integration and the eclipsing print option during
interplanetary inegration, the following vector of the mean equatorial

radii for solar system bodies is used; the following values are preset

in er:
HER N I ] ?
27 128 33
53 |54 99
C| LOCATION VALUE
PAE 1.
2 0.
3 . 272506277
4 0.
5 0.
6 0,
7 0.,
I’AE Vector of mean equatorial radii for sclar system bodies:
(1) Earth (see AE, Sec. 2.1.1 and RE, Sec. 2.1.2.6).
(2) Sun (see RS, Sec. 2.1.2.6).
(3) Moon (see AM, Sec. 2.1.1 and RM, Sec. 2.3.2).
(4) Venus.
i
i (5) Mars.
(6) Jupiter.
(7) Saturn.
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For interplanetary integration, crash altitudes for the solar system bodies

must be input (preset value, ft):

2
27 |28 3
$3 |4 9

C] LOCATION VALUE

PCRAS] 300000,
0.
3000,

o~ [V WhN

0.
0.
0
0

The planetary crash altitudes can be input in the PCRAS array in units
consistent with DF (Sec. 2.1.1). PCRAS is used for the BCI integration
mode, whereas CRASH and HMQ@@N are used for the ECI and MCI inte-

gration modes, respectively.

PCRAS Vector of crash altitudes for solar system bodies:
(1) Earth (see CRASH, Sec., 2.1.4).
(2) Sun.
(3) Moon (see HM@QN, Sec. 2.1.4).
(4) Venus.
(5) Mars.
(6) Jupiter.
(7) Saturn.

2-32



p’
\-.-w

Note that for both PAE and PCRAS, the planetary ephemeris file is

assumed to be in the following order:

and Saturn.

2.1.4

Numerical Integration Constants and Indicators

The values shown in the following example are built into TRACE:

sun, moon, Venus, Mars, Jupiter,

142 7 1| 2 ?
27 |28 3 27 |28 3
$3 (54 59 53 |54 59
C| LOCATION VALUE C| LOCATION VALUE
I |NSTEP | 2 ADELT| 1
1 [ NPCMP| 0 CRASH | 300000
I1/IR 8 HMG@@NI| 3000
ER i.E-11 LEMSP| 0
HMIN _|,015625 I|NASA [0
HMAX | 64. RJDAT | 1
HO 1, TREFD! 0
FQVER|1, UTD 35
D@VER|O. ETTA1]32.15
TAPE2 |0 TEST 0
TELEM| 0 VMIN |0
NG@DPRI0 NPDQT| 0
I | PTNS 1000
PHO 0.125
PHMIN | 0.001953125
NSTEP Integration step output indicator:

=0

NSTEP is set to 1.

Every nth

TAPEA40).
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NPCMP

IR

ER

HMIN

HMAX

HO

Recomputation flag during integration:

=0 Only the central term is recomputed during
the corrector step of the Gauss-Jackson
predictor -corrector method used in TRACE.
The accelerations are then formed by using
the recomputed central term and the values
from the predictor step for the perturbing

forces.

#0 The perturbing forces are also recomputed

during the corrector step.

Ratio of Runge-Kutta to Cowell integration steps, where
H (Runge-Kutta) = HO/IR,

Integrator error ratio significant digit control value
1 % lO'S, where S is the approximate number of significant
figures desired for the relative error criterion used within

the integrator.
Minimum absolute value of the integration step size, min.
Maximum absolute value of the integration step size, min.

Initial step size used, min (positive for forward and nega-
tive for backward integration). Note that no accelerometer
models are allowed during a backward integration

(Sec. 11.1.10). Note also that the print intervals must be
in descending order, the print time steps must be negative
in PTIM (Secs. 11.3.1.1 and 11.5.1), the last observation
time, MME, must be input in BTIME (Secs. 11.2.1 and
11.5.2), and the earliest observation time in each flock of

observation data must be later than the latest time in the
next flock (Sec. 15) when backward integration is performed.
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F@VER Coordinate system swi' »>ver indicators. The orbit may

D@VER be integrated in the ECI, MCI, and BCI coordinate systems
(PHASE, Sec. 11.1.6)., When a combination mode is being
run, F@VER and DGVER are available to control the transfer

from one system to the other.

In the lunar mode, FQVER specifies the ratio of the gravita-

tional attractions of the earth and the moon at the time the

transfer orbit is to switch coordinate systems. Thus, if

E

F@VER is input = 1, switchover occurs when the earth's
attraction equals the moon's. DQ@VER specifies the radius of
the sphere of influeuce of the moon, er. If the vehicle enters
this sphere of influence, the orbit is integrated in MCI. If
both F@VER and DQVER are specified, only DQVER is used.

= Fupl R T T T

In the interplanetary mode, the switchover criterion for

. : i
coordinate systems is FGVER(rBCI) vs rBCI' where rBCI

kg is the distance of the satellite from the central body and
rlBCI is the distance of the other bodies from the satellite

: (PLANT(15), (16), etc., Sec. 2.1.3). If F@QVER

i . .
BCI) < rBCI' swnt'chovcr does not occur, and if

1
! (FOVER)(rBCI) 2 roap

(r

switchover occurs.
; TAPE2 Trajectory tape input option:

#0 The vehicle ephemeris file generated by
TRACE has been saved from some previous
run and is being used as an input trajectory
for the current run. If MULTV - 1 or 2
(Sec. 2.1.6), the ephemerides for all vehicles
must be on files resulting from previous
TRACE runs. The numerical integration is

skipped.
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TELEM

N@DPR

ADELT

CRASH

HMGON

LEMSP

T R T P T B S PR T A T T L AR Y ..

TELEM Program output tape option: -y

#0 A special density profile tape for the TELEM
Program is written on TAPE10 (Sec. 16.10).

Node print output option:

#0 The node prints are suppressed during

trajectory integration.

Step size, min, for writing data on the vehicle ephemeris
file when IFQRM = 3 (Sec. 11.1.6).

The altitude for ECI orbits at which numerical integration
is terminated (see PCRAS(1), Sec, 2.1,3), in units
consistent with DF (preset in ft).

The altitude for MCI orbits at which numerical integration
is terminated (see PCRAS(3), Sec. 2.1,3), in units )

consistent with DF (preset in ft).
Trajectory integration print option:

=0 T'rajectory information is printed at initial,

final, and all nodal points during the integration.
=1 All trajectory integration printing is suppressed

=2 All trajectory integration printing is suppressed

except at the initial and final points,

=3 All trajectory integration printing is suppressed

except at the nodes.
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NASA

RIJDAT

TRACE reference coordinate system option:

=0 The reference inertial frame in which the
equations of motion are solved is the TRACE
standard coordinate system (true equator of
instant and mean equinox at midnight day of

epoch).

=1 The effects of precession and nutation are in-
cluded in coordinate frame transformations. In
addition, timing polynomials are used to compute
corrections among Al (atomic time), UT1 (univer-
sal time), and UTC(broadcast time). This option
requires the input of RIDAT, TREFD, ETTA{, an
ephemeris file containing nutation and nutation
rates, and ETUT and WWVET in the VEHICLE
data (Sec. 11.1.5).

=2 Same as NASA = { except that pole -wander
effects are added. This option applies only
to the ECI mode and requires the PWAND table
in the VEHICLE data (Sec. 11.1.5).

The reference Julian date of the inertial frame in which the
equations of motion are solved, i.e., mean equator and

mean equinox of reference Julian date (preset to one):

=0 Julian date of 1950.0 is used.
3 | Julian date of midnight day of epoch is used.
#0or i RIDAT is interpreted as a Julian date and is

used directly,
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TREFD

ETTA1

UTD

Increment for updating precession, nutation, and pole-wander

matrices, min.
The correction that relates ephemeris time to atomic time, sec.

The correction that relates integration time to ephemeris
time, sec. The integration time may be any uniform time

with an arbitrary epoch:

=0 Integration time equals ephemeris time.
= 32.15 Integration time equals atomic time.
=36.6 Integration time equals a uniform time system

that is within two seconds of universal time for
the late 1960s.

Other time relations are discussed in Sec. 11.1.5,

TEST

VMIN

Double-group integration mode indicator. Since the double-
group mode works only in the fixed-step mode, it is sug-
gested that HMIN = HMAX = the desired step size for the

integration of the equations of motion:

22 Variational equations can be integrated at
(TEST-1) . ; .
2 times the step size of the equations
of motion. VMIN input is required, and

TEST < 3 is recommended.
Control for double-group integration:

210 The doubling procedure for the variational
equations can be controlled when TEST 2 2,
A larger VMIN reduces the accuracy require-
ments for the equations and thus allows them to
be integrated at a larger step size
(10 = VMIN = 105 is recommended).
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i; NPDQT

PTNS

PHO
PHMIN

2.1.5

Period decay rate print option:
=0 Period decay is not printed.

= n The period decay rate is printed every

n integration steps.
Trajectory equations print option:
=0 Trajectory information is not printed.

=n The trajectory position, velocity, and
acceleration information is printed every

n integration steps.
Powered flight initial step size, min (Sec. 11.1.15).

Powered flight minimum step size, min,

Parameter Specification

Model-dependent parameters for orbit determination, ephemeris genera-

tion, or error analysis runs are divided into three categories: point mass

parameters, gravity parameters, and other model parameters. They are
specified in the MPRAM, GPRAM, and JPRAM matrices, respectively,

as described in the following subsections.

2-39



2.1.5.1 Point Mass Parameters

If any components of the point masses used (Sec. 3) are selected as

parameters, they must be specified in MPRAM. The values shown in the
following example are not built into TRACE:

2
27 |20 »
$3 [s4 59

C | LOCATION VALUE

M|{MPRAM 04, 60

D [01,01 | Mool @g
03,01 [1.E-5

04, 01 0
D |01, 02 ROOlib)P
03,02 |.005
04, 02 0
D 01,03 [Pool(6)P
03,03 |
04,03 |0
D[01,04 |Lool(6)Q
03, 04 1.
04,04 |0
MPRAM A 4 % 60 matrix specifying up to 60 point mass parameters:
(01, k) The identification for the kth parameter must

be in the form
MPRAM(01, k) - XYYY@P-Q indicator

where X = M indicates the relative mass p, X = R

indicates the radius Le

centric latitude ¢, or X = L indicates the longi-

X = P indicates the geo-
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tude \. YYY is the point mass number (any num-
ber from 001 to 020) corresponding to the relative
position of the point mass card in MASS (Sec. 3),
the symbol @indicates six spaces, and the P-Q
indicator is a P or a blank to indicate a P-param-

eter or a Q to indicate a Q-parameter.

(03, k) The bound for the kth parameter (used only on
orbit determination runs),
(04, k) The a priori sigma for the kth parameter
(QPBOX, Secs. 2.2.1 and 2.5.1).
2.1.5.2 Gravity Parameters

If any of the C and S terms in the gravity model are specified as parameters,

the following input must be provided in GPRAM. The values shown in the

example are not built into TRACE:

27
L3 ]

33
]

LOCATION VALUE

GPRAM 06,60

Dlot, ot [02,00(3 P
03, 01 |1.E-6
04, 0f o
05, 01 |.5E-7
06, 01_|0
D [o1, 02 03,03 (3 @

03, 02 |1.E-6

04, 02 |1.E-6

05, 02 |.5 E-7

06, 02 [.5 E-7
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GPRAM A 6 X 60 matrix containing specifications for each term

selected as a pair of parameters:

(01, i) The identification for the ith parameter in the
format n,m @ P-Q indicator. The degreen
must be of the form XX or 0X and the order m
of the form YY or 0Y. The symbol (5) indicates
five spaces, and the P-Q indicator is a blaak
or a P to indicate a P-parameter or a Q to

indicate a Q-parameter.

(03,1) The bound for Cnm Used only on an orbit

determination run with

(04, 1) The bound for S
nm a P-parameter.

(05,i) The sigma for Cnmw (@PB@X, Secs. 2.2.1 and

(06,i) The sigma for S 2.5.1)
nm

o

When C and S parameters are input, the following relationships exist: If
m =0, only CnO is a parameter; the inputs for S“0 may be ignored., Ifa
corresponding n,m term cannot be found in the TERMS input, an error

message is printed and the run is terminated (Sec. 2.1.2.2),

A run that integrates exclusively in the ECI mode may have only ECI
coefficients specified as parameters, even though both ECI and MCI
coefficients may be input by TERMS. However, a run that integrates
exclusively in the MCI mode may have MCI coefficients specified as
parameters only if there are no ECI coefficients input by TERMS. If
vehicle-dependent gravity models are indicated (IVGMS, Sec. 11.1.6)
during an exclusively ECI integration mode, no coefficients can be

specified as parameters.
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2.1.5.3

Other Model Parameters

The GJPRAM input matrix specifies parameters other than spherical

harmonic and point mass parameters.

The values shown in the following

example are not built into TRACE:

@PRAM

1{ 2 7
27 |28 3
$3 |Se $9
C | LOCATION VALUE
IM [@PRAM 04, 60
01, 04 FM ‘g) P
03, 01 |i.E-
04) oi 1.E-8
o1, 02 [gMEGA (3 Q
03, 02 [{.E-10
04, 02 |0
D [01, 03 [203
03, 03 |1.E-10
04, 02 |0,

A 4 X 60 matrix containing the parameter identification,

P-Q indicator, bound, and sigma for each parameter.

Input for the kth parameter is:

(01, k)

A parameter name from the list below is

specified, and the P-Q indicator is specified
in the eleventh character. Note again that a
P or a blank indicates a P-parameter and a

Q indicates a Q-parameter.
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(03, k) The bound for the parameter (used only for
a P-parameter during an orbit determination

run) is specified.

(04, k) The parameter sigma or a priori information
for orbit determination and covariance analysis
runs is specified (QPB®X, Secs. 2.2.1 and
2.5.1).

The following are acceptable parameter names:

GM

OMEGA

AEXP

ji

The earth gravitational constant u.
The atmospheric rotation rate w,.

The ith coefficient of the temperature equation in the Jacchia
1964 Atmosphere Model (i =1, 2, « « « , 24) (Sec. 2.1.2.4.3).

The scale height used in the Exponential Atmosphere Model
(Sec. 2.1.2.4.1).

In Method { of the polynomial forcing function (Sec. 2.1.2.7.1),
i specifies the coefficient for the ith term (i =01, 02, « . , 10),
The radial, intrack, or crosstrack direction is specified by

j=1, 2, or 3, respectively.

In Method 2 (Sec. 2.1.2.7.2), j =1, 2, or 3 indicates x, vy,
or z, respectively; i = 01, 02, - « .+ , 10 indicates the Ot}'l

through the 9th coefficient, respectively.
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2.1.6 Data Peculiar to Simultaneous-Vehicle Uses

TRACE can consider simultaneous vehicles when it performs its basic
functions. A nonzero input value for the simultaneous-vehicle indicator
MULTYV implies that vehicle ephemeris information is used for more than
one vehicle at some ''time' (e.g., correlated measurement observation

times), The following values are preset:

t|] 2 7
27 |78 kX
$3 |54 $9
C|] LOCATION VALUVE
I/MULTV!O
TAPE2 |0
MULTV Simultaneous-vehicle indicator. In an ephemeris genera-

tion run, the ephemerides are printed sequentially, not
simultaneously. In an orbit determination or covariance
analysis run, the measurement types allowed in this mode
are limited (Sec. 15). The data deck setup for this mode
is illustrated in Appendix B. If the function specified by
ITIN requires the use of an orbit determination algorithm,

the user must select one of the following:

=N Batch differential correction by the weighted

least squares procedure.

=2 The SLS (sequential least squares) procedure

with prespecified update times (Sec. 2.2.11),
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TAPE2

2.1.7

Input option regarding trajectory tape. Input nonzero if
all vehicle ephemeris files generated by TRACE on pre-
vious runs were saved and are being used as trajectories

for the current run. No integration is performed.

Cbservation Input/Output Constants and Indicators

The only values preset in the following examples are DC@NV and VC@NV:

1] 2 7 11 2 7
27 120 3 27 |28 33
$3 |se 59 $3 |%4 s9
C| LOCATION VALUE C | LOCATION VALUE
1|I1Q9BSF |1 DCQNV | 3280. 8399
RND | VC@NV | 3280. 8399
1 [ KFQURI -1 1[P@BS 1
I@BSF Input observation format indicator:
=0 TRACE format (preset value).
=1 KOMPACT format.
=2 DECOR format.
=3 SPADATS format.
RND Rounding indicator for the seconds field of the observation
time:
£0 The seconds field of the observation time is
rounded on KOMPACT and DECOR observations,
KFQ@QUR Range rate inclusion indicator for the KOMPACT and

DECOR formats:

=0 Range rate is not included.



DCONV

VCONV

P@BS

>0 TRACE Type 7 R is included (Table 15-2).
<0 SGLS range rate is included.

Distance conversion factor among thz non- TRACE formats
and the TRACE format, preset to ft/km.

Velocity conversion factor among the non- TRACE formats
and the TRACE format, preset to ft/km.

Punch indicator for non- TRACE observation data:
=0 No TRACE-formatted cards are puached.

# 0 OBSERVATION cards are puuched after they
are converted to the TRACE format.

2.2 DATA FOR ORBIT DETERMINATION RUNS (ITIN = 2)

Input/output options for orbit determination runs are described below.

2.2.1 Input/Output Options

All options except PANDR and @PBQ@X are preset as in the following

examples:

1 2 ? 1| 2 ?
27 |28 L} ] 27 128 33
$3 [S4 9 $3 |54 59
[ LOCATION VALUE C| LOCATION VALUE
PATA |0 PUNMS |0,
D IQPBQX A APSIG |o.
D [PANDR [ABCDEFGHIJKLMNQ® GPLQT | 0,
RANK 10 2 4.
I KINC |2 TAPES |0,
RHQ 1.E-6 CLASS |0,
| _BG2R |0
5G2RD |0
LSDT [0
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PATA

QPB@X

PANDR

The ATA and (ATA)'1 print indicator:

=0

=1

=2

TA and (ATA)-1 matrices are not printed.

The A
These matrices are printed after each iteration.

These matrices are printed only after the last

iteration.

The ATA matrix input indicator:

Position

A=0
or blank

No initial ATA is input.

The diagonal elements of the (ATA)'1 matrix are
input in the sigma of the parameter cards

(variance input).

The square roots of the diagonal elements of the
(ATA)'1 matrix are input in the sigma field of

the parameter cards (standard deviation input).
The AT A matrix is input (Sec. 6.1).

The (ATA)~! matrix is input (Sec. 6.2).

A 20-character vector that controls certain input/output

options.

An X in the proper position, except where other-

wise indicated, results in th¢ following:

Position

A=X

Printing of the measurement residuals is

suppressed.



B

C=X
)

C=Y

D

Residuals are printed only on the first and
last iterations, where the last iteration is
either equal to MAXIT or is anticipated
whenever (RMS/200 + RMS/PRMS) < 2,
whichever occurs first. Note that RMS is the
root mean square of the weighted residuals
for the current solution and PRMS is the
predicted RMS (based on the linearity

assumption) for the predicted solution.
The measurement partials are printed.

Cards with the current and predicted sclutions
for each parameter are punched after the last

iteration. The format is:

Column Description
1-7 Station name or vehicle number
8-15 Parameter name
17-31 Current value

33-47 Predicted value
These cards cannot be used as TRACE input,

Cards with the current solution of initial
conditions (ICTYP = -1), drag (single or
segmented) and finite thrusting (Sec. 11.1.,12),

are punched after the last iteration, The format

is such that the cards may be input to TRACE;
their images are printed at the time they are

punched.

Not used.
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Printing of the input observational measurements

is suppressed.

Cards with the predicted solution for the
sensor parameters are punched after the last
completed iteration. Current values for the
bounds and input sigmas are also punched.

The format is that of the sensor parameter
cards (Sec. 5), which is acceptable as TRACE

input.

The partials of range and SGLS range rate with
respect to radial, intrack, and crosstrack posi-
tions are computed and printed. This is done
for all stations with nonzero sigmas for range

and SGLS range rate measurements.

The Ford refraction model for range and SGLS
range rate is used; normal range refraction
and any SGLS range rate tropospheric refrac-
tion are not used. Scale factors are necessary
in F@RD (Sec. 2.2.7.2), as are range refrac-
tion indices in the STATION cards (Sec. 4).

The ATA matrix is punched on cards after the
last iteration when MULTV = 0. The card
format is that of the ATA input, which is
acceptable as TRACE input (Sec. 6.1).

The ordered correlation matrix, with the
associated parameter names, is printed after
every iteration. The order is by absolute

value, from largest to smallest.

Printing of the correlation matrix is suppressed.
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Same as J = X, but for the last iteration only.

Time-of-arrival errors and residuals for the
range and/or SGLS range rate measurements
are printed in addition to the residuals. In

this case, only one iteration is made.

The least squares process is modified in that
the normal eguations are solved as a system
of rank k, where k may be less than full rank.
The rank k may be specified by inputting
KRANK or from the relationship )‘k < p)\l,
where p is input variable RHQ and where L9
is the largest eigenvalue and )‘k is the smal-
lest eigenvalue satisfying the inequality.

Only the solution for rank k is used to update
the differentially correctable parameters.

For each iteration, the following is output:

o Eigenvalues of the normal matrix
ATwa

= S-matrix (columns of eigenvectors
of ATwa)

° Y -vector (full rank solution in the

eigenvalue space)

o X-vectors (solutions for ranks <-KINC
through k+KINC in the original param-

eter space)

o Predicted RMS for each solution (X-vector).
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KRANK

KINC

RHQ@

SG2R

SG2RD

M An edit summary by vehicle and a total summary

are printed when multiple vehicles (arcs) are run.

N The intrack time bias errors, requested by
PANDR(K) = X, are computed by a weighted
least squares process. When WLSDT =3 or 4,
the related variables 6, At, At, and AN are

also computed.

Q Not used.

The rank k of the solution when PANDR(L) = X.

The solution print indicator for PANDR(L) = X. Solutions
for ranks k-KINC through k+KINC are computed and printed.

The scale factor p for the eigenvalue analysis, used to

determine the rank of the normal matrix.

The quantity Ulzl' associated with the range, for the computa-
tion of the intrack time bias errors requested by PANDR(N) = X,
If this quantity is input zero, the program computes 0'12{,

using the input sigma as o (Sec. 2.2, 6).

The quantityug, associated with the SGLS range rate, for
the computation of the intrack time bias errors requested
by PANDR(N) = X, If this quantity is input zero, the program
computes "%{' using the input SGLS sigma as o (Sec. 2.2.6).
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WILSDT

PUNMS

APSIG

Intrack time bias error computation measurement flag, used
when PANDR(N) = X:

Only nonzero and nonedited range and SGLS

range rate measurements are used.

Only nonzero and nonedited range measure-

ments are used.

Only nonzero and nonedited SGLS range rate

measurements are used.

Only nonzero and nonedited range and SGLS
range rate measurements that occur as pairs

{i.e., at the same time) are used.

Same as WLSDT = 3 except that the variable

At is not computed as a function of 6.

Punch indicator for point masses and the state vector during

orbit determination:

=0

The point masses and the state vector
(Cartesian coordinates) are punched after the
last iteration in format acceptable as TRACE
input if point masses and/or components of

the state vector are specified as parameters.

Indicator that saves the computed a priori sigmas and bounds:

=0

The computed a priori sigmas and bounds are
saved., If PUNMS » 0, the sigmas are also
punched as indicated by PUNMS.
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GPLQT

TAPES

CLASS

Residual printer plot indicator or the special residual plot

tape variables:

(1) =0
(1)=0
(1) = ¢n

(2)

No measurement residual plot tape is generated.

When PANDR(N) = X, a plot tape is generated
for the range and SGLS range rates used in the
weighted least squares computation of the

intrack time bias errors. In this case,
GPLQT(2) is not used.

When PANDR(N) is blank, the n for the #no/2
printer plot of measurement residuals to be
generated on TAPE9 (Sec. 16). If n is positive,
o is the station measurement type RMS, If n is

negative, o is input (Sec. 2.2.6).

When GPLQ@T(1) = n, the At for the printer

plot time scale, in whole seconds,

Orbit determination summary punch option:

=0

A special orbit determination summary is

punched,

Input station location print option:

=0

Station locations and input sensor parameters

are not printed.

After the last iteration is completed, TRACE, on request, prints the

measurement residuals by station, rather than by time (the residuals for

each station are still in time sequence; i.e., all residuals for the firsc

station are printed, then all for the second, etc.). The mean and RMS of

the residuals are also available, as well as the distribution about the mean

and about zero for each measurement data type encountered for each station.
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For this option, input is required to SSPR and NSPR (which are preset blank
and to zero, respectively), e.g.:

SSPR

L)
7
s3

2
2
4

33
9

C

LOCATION VALUVE

DISSPR JABCD

_Fv_sn&_&_

Residual output option (by station, rather than by time).

Four characters control this option:

Position
A=0
or
blank
A=X
B -
or
blank
B =X
CcC=0
or
blank
C =X
D

No data is generated or printed.

The output requested by Positions B, C, and

D is generated,

Station-sorted residuals are printed.

Station-sorted residuals are not printed.

The mean, the RMS, and the distribution about
the mean and about zero for each measurement
data type encountered for each station are com-

puted and printed. Only nonedited data is used.
No output is generated.

Same as Position C except that both edited

and unedited data are used.
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NSPR

2.2.2

MAXIT

P

The n for the £no residual distributions, used if SSPR(C)

or (D), or both, are requested. The sigma used is the

computed RMS for each measurement type for each station.

Termination and Convergence Criteria

27 |28
LXNET)

2

33
s9

[

LOCATION

VALUE

I [MAXIT

10

The number of iterations to be made in a differential

correction run,

is made.

If MAXIT = 0 (preset value), one iteration

The values shown in the following example are built into TRACE:

RCON

ACON

27
L3 ]

2
20
sS4

3
9

c| Locarion VALUE
CON _{.00004
CON 0,
DIVF 0.

Relative convergence criterion for orbit determination.

Absolute convergence criterion for orbit determination.

A differential correction run is considered converged and is terminated

after an iteration in which

(SOS - SOSp)/SOS < RCON

or
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where SOS is the sum of the normalized measurement residuals squared
for the current iteration and SOSp is the predicted sum of the normalized

measurement residuals squared.

DIVF

2.2.3

Termination indicator for diverging orbit determination

solutions:

#0 A differential correction run is terminated when
SOSb/Nb = SOS/N (i.e., diverging)
where SOSb is the sum squared for the hest

iteration, Nb is the number of residuzls in that

sum, and N is the number of residuals in SOS,.

Input for Recomputing Bounds

The following values a.e built into TRACE:

SFIBD

SFDBD

1| 2 7
27 [20 3
53 [se 59
c| Locarion VALUE
SFIBD |1.5
SFDBD | .5

Scale factor for increasing the parameter bounds when a

solution is converging (DIVF, Sec. 2.2.2), i.e.

SOS/N < SOSb/Nb

Scale factor used when the bounds are decreased after a

diverging iteration,
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2.2.4

Residual Editing Indicators

Editing occurs only for each of the first 30 stations input and for the first 6

different measurement types encountered by these stations. NEDIT and

FEDIT are used for the no editor and are internally preset as:

NEDIT

2
20
sS4

3
s9

c| Locarion VALUE
NEDIT |100
FEDIT (0

Residual editing indicator:

=0

<0

>0

No editing takes place.

Editing takes place on all iterations using
n = [NEDIT | and the input sigmas (Sec. 2.2.6)
except vhen FEDIT = 0; in that case, editing

takes piace only on the first iteration,

Editing on the first iteration is performed
using n = FEDIT and input sigmas (no editing
takes place on the first iteravion if FEDIT =<0).
Editing is performed on subsequent iterations
using n = NEDIT and sigmas computed from the
residuals of the previous iteration for the same

station and measurement type.
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2.2.5 Transit Time Correction Indicator

LGT is a transit time correction flag preset as:

11 2 7
27 128 3
53 |54 59
C | LOCATION VALUE |
I [LGT 0
LGT Speed -of-light (transit) time correction indicator:
=0 No change is made to the observation time.
=1 A positive transit time correction is made
to the observation time.
= -1 A rcgative transit time correction is made.

No speed-of-light time correction is made to the observation times of Data

Set Types 3, 5, A, or B (Table 15-2); this correction is applied only to the

satellite (i.e., not to be station) for Data Set Types H and I, Note that if a

nonzero LGT is used to process data generated from an ITIN = 4 run, the

sign convention is opposite to that used for an ITIN = 2 run,
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2.2.6 Measurement Sigmas

For an orbit determination run, sigmas (weights) must be provided for the

measurements. This is accomplished by the SIGMA and KSIG vectors:

11 2 7 1] 2 7
27 |29 3N 27 |20 33
$3 |Se s9 53 |54 9
C| LOCATION VALUE C | LOCATION VALUVE
SIGMA |100 LIKSIG 1
2 541 I{2 2
3 ol I{3 3
4 200 1/4 113
5 205 115 114
6 205 116 us
SIGMA Observational measurement weights.
KSIG List defining sigma set and data type.

For each entry in SIGMA, a corresponding entry defining the measurement

type and sigma set must appear in the KSIG list. The KSIG entries are of

the form 100 I + K, where I is the sigma set and K is the measurement type.

Ten sets, correspondingtol =0, 1, 2, - - - ,9, may be entered. The
selected value of I is the same as the entry in Column 5 of the STATION

cards (Sec. 4). The measurement type K must be one of those listed in
Table 2-1.

In the example shown, the sigmas input in SIGMA(1), (2), and (3) are for
range, azimuth, and elevation and are to be used with all stations with a
zero in Column 5 of the STATION cards. The sigmas input in SIGMA(4),
(5), and (6) are for X, y, and Z and are to be used with all stations with a
one in Column 5 of the STATION cards,

2-60

\ ¥ 4



Table 2-1.

Measurement Types for Sigmas

K Measurement Type K Measurement Type

1 Slant range 37 |SGLS range rate

2 Azimuth 43 |x-antenna

3 Elevation 44 |y-antenna

4 Topocentric right ascension 46 [JPL two- or three-way

5 Topocentric cduclination Aoppler

6 | Topocentric hour angle 49 Tranet doppler frequency

7 Geocentric right ascension 50 |Tranet doppler base

8 Geocentric declination 2 Qeocelver naneetdifficreace

55 |Vehicle-vehicle range

10 u

i1 v 56 |Vehicle-vehicle range rate
12 | h, height 58 [Station-vehicle-vehicle range

~ 59 [Station-vehicle-vehicle range
13 X
rate

U ): SEF A 61 [Station-vehicle-vehicle-

15 | z vehicle range

16 | Slant range 64 [Station-vehicle-vehicle-

17 p vehicle range rate

18 Q 67 |Vehicle-vehicle-vehicle

range

R (NREgES et 70 |Vehicle-vehicle-vehicle
20 P range rate
21 | @ 73 |Observation 1 of Data Set Type P
28 Accelerometer 76 |Observation 1 of Data Set Type Q
29 One-way cumulative doppler 77 |Observation | of Data Set Type R
30 Three-way cumulative doppler 82 [Multipath

31 A, azimuth rate 85 | Two-way r‘ange

32 E, elevation rate 86 |One-way C-band ronge

34 Range rate 87 [One-way L-band range

35 | One-way doppler 88 |Vehicle-vehiclc azimuth

36 | Two-way doppler 89 |Vehicle-vehicle elevation
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If an azimuth sigma is input >0, the azimuth residual and partials for the
corresponding sigma set are scaled by the cosine of the elevation. If the

azimuth sigma is 0, the residual and partials are not corrected.

The maximmum number of entries to each of the SIGMA and KSIG vectors

is 100; both vectors are preset to zero.

2.2.7 Refraction Model Indices

TRACE can make the standard TRACE tropospheric refraction corrections
to all range and elevation measurements. It can also correct any input
range and SGLS range rate data from the Satellite Control Facility tracking
stations by using the Ford refraction model. The standard range refraction
and the SGLS refraction (Sec. 2.2.9.1) corrections are not made if the Ford
model is used. The 1969 Hopfield refraction can be applied to range, eleva-

tion, range rate, SGLS range rate, geoceiver, and Tranet measurements.

2.2.7.1 Standard TRACE Model

If the range and elevation data are corrected for tropospheric refraction,

RAREF and REFR inputs are necessary and are preset as shown:

1t 2 7 1| 2 ?
27 |28 33 27 |28 3
53 |54 59 $3 |84 1]
C| LOCATION VALUE C] LOCATION VALVE
RAREF [350.E-6 REFR [312.E-6
0 2 0
3 0 3 0
4 0 4 0
5 0 5 0
6 0 6 0
vi 0 7 0
8 0 8 0
9 0 9 0
10 0 10 0
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RAREF The refraction indices used with range data. The
refraction correction for a station is determined by
RAREF(R+1), where R is the range refraction type found
in Column 9 of the STATION card for that station (0 < R < 9).

REFR The refraction indices used witi: elevation data. The
refraction correction for a station is determined by
REFR(E+1), where E is the elevation refraction type found
in Column 7 of the STATION card for that station (0 € E < 9).

For both range and elevation, the correction is zero if the index of refrac-

tion selected is zero.
2.2.7.2 Ford Model

When the Ford Tropospheric Refraction Model for range and SLGS range
rate measurements is indicated in PANDR(H) (Sec. 2.2.1), it is possible
to input factors to be used with the correction. These factors are input

in FQRD, which is entirely preset to one:

1/ 2 7
27 |28 33
53 |54 59
C| LOCATION VALUE
F@RD (2
2 2D
FQRD Ford Refraction Model factors:
(j) =0 No correction is made,
. .th X .
(j) = 0 The j  correction factor, where j must be
input in Column 9 of the STATION card (Sec. 4)
(1 = j=<5),
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2.2.7.3 1969 Hopfield Tropospheric Model

When the Hopfield 1969 Tropospheric Model is used, RFNWL, TH69,

PH69, and HH69 must be input. Their values are preset as shown:

1] 2 7
27 128 3
$3 [Sa [ 1]
C| LOCATION VALUE
I [IRENWL]|O0
TH69 15,
PH69 980.
HH69 50,
RFNWL Refraction correction indicator (see Sec. 2.2.9.3 for

additional usage):

=2 The 1969 Hopfield tropospheric refraction

correction is applied to range, elevation,
range rate, SGLS range rate, geoceiver, and
Tranet measurements. No other tropospheric
refraction corrections are applied.

TH69 Model temnerature, °C.

PH69 Model pressure, mbar,

HH69 Model humidity, %.
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2.2.8 Diagonal Matrix Option

The value shown in the following example is preset:

1\ 2 ?
27 (20 33
$3 (54 59
C] LOCATION VALUE
DIAG |0
DIAG Option to compute only the diagonal elements of the

ATA matrix:
=0 All elements of the ATA matrix are computed.

#0 Only the diagonal elements of the ATA matrix
are computed; all off-diagonal elements are

assumed to be zero,

This option shortens the computation time when the normal matrix is

known to be diagonal (e.g., when the only parameters are radar time
biases).

2.2.9 Input for Observational Measurements

Several input observation measurements for an orbit determination run

require special input variables. These variables are described in the

following subsectiors,
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2.2.9.1 Space-Ground Link Subsystem (SGLS) Range Rate

When SGLS range rate measurements are used, the following variables

are required (Ref. 3). All values in the following example are built into

TRACE:
11 2 ? 112 7
27 |20 33 27 {28 3
83 |s4 £3 ] 53 |84 59
C ] LOCATION VALUE C| LOCATION VALUVE
I[MSGLS |1 DAYNT }1.83
FREQ 11800,E6 2 1.37
CNT{ i1048574.0 3 -.732
1JISGLS |0 4 -.305
350,E-6 5 .3281E6
1/ISGLS |0 6 .82E6
2 . 7068 7 . 9843E6
3 1.8E6 8 1.1484E6
IIPSGLS |i

MSGLS Method indicator, used for computing the SGLS count
interval 6t and the residual for the SGLS range rate:
= { AOES 1967 Method
=2 Aerospace 1967 Method.

FREQ The frequency, cps, used for computing the 6t and the
residual unless another value is specified on a sensor
parameter card.

CNT! The quantity N , the number of cycles used to compute

l'
6t and the measurement residual.
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JSGLS

ISGLS

DAYNT

The type and index of refractivity fo: tropospheric

refraction to be applied to the generated SGLS range rate

measurement (see Sec. 2.2.11.4) for additional usage:

(1) =0

(1) =i

(2)

No tropospheric refraction correction is made.

Tropospheric refraction type for the residual
(1 =i=5). Not applicable if PANDR(H) = X.

The index of refractivity used to apply

tropospheric refraction corrections.

Ionospheric refraction correction constants for SGLS

range rate measurements:

(1)

(2)

(3)

Ionospheric refraction correction indicator:

=0 No correction is applied.

H
—

The ionospheric refraction correction

is applied.

The quantity CI used to compute the ionospheric

refraction correction,

The frequency f used to compute the

ionospheric refraction correction, kHz.

Table of day and night values:

(1)

(2)

(3)

(4)

Day B{).
Night B{).
Day Bé.

Night B":.
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(5) Day h‘ .

(6) Night hl .

(7) Day hm.

(8) Night hm.
PSGLS Partials computation flag:

=1 Partials are computed at the final modified time.

=2 Partials are computed at two times dependent

on 6t and then differenced.

2.2.9.2 JPL Doppler

When the JPL two- or three-way doppler data measurements are used,
DQ@PRF and JMAX must be input.

built into TRACE:

The values in the following example are

V)2

27 128 33
$3 (84 s9
C| LOCAT'ON VALUE
D@PRF | 300.
I | JMAX (10
D@PRF Index of refraction for JPL two- or three-way doppler
data.
JMAX The maximum number of iterations for computing the JPL

two- or three-way doppler measurement.

(Sec. 2.4.5.1),
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2.2.9.3

Tranet

The values in the following examples are preset in TRACE;

t| 2 7 1] 2 7
27 |28 3 27 |28 33
53 |54 59 53 |S4 59
C| LOCATION VALUE C| LOCATION VALUE
I|TNTY |0 I|[RFNWLO
TRQPH | 20, 2 . 25525E-2
ELEDDI(0Q | {3 1238
4 L6757E -5
5 L23E-2
6 1.
7 .25
TNTY Computation method indicator used for Tranet doppler data:
=0 The computed frequency contains effects due to
relativity considerations and refraction.
=1 The computed frequency difference contains
no relativity or refraction effects.
TRGPH Tropospheric height for the tropospheric refraction
correction used with Tranet doppler data, km,
ELEDD Minimum geometric elevation for Tranet measurement

acceptance, deg:

40 If the satellite is lower than ELEDD at
observation time, the measurement is not

accepted.
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RFNWL Tropospheric correction indicator (NWL, 1963 Hopfield,
or 1969 Hopfield) for Tranet data and constants:

(1)

(2)
(3)
(4)

(5)

(6)

(7)

Tropospheric correction indicator:

=0

FAC

1963 Hopfield tropospheric refraction

correction,

NWL refraction correction, which

requires the constants in (2) through (7).

1969 Hopfield tropospheric refraction
correction. This option overrides
every other tropospheric refraction

option,

Constants used in the computation

of the NWL refraction correction,

Constants used in the sigma perturbation

computation
(1/6%) = 1/(@? + FAC x REF%)
where o is the input measurement sigma

(Sec. 2,2,6) and REF is the computed

refraction correction,
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U 2.2.9.4 Geoceiver or CCID

GDELT is preset as shown in the following example, and SFREQ is preset

to zero:
1] 2 7
27 |28 3
53 |54 $9
C | LOCATION VALUE
GDELT | 1.
SFREQ | 180,FE8
GDELT The time difference between geoceiver observations, min.
SFREQ The satellite frequency for geoceiver range difference data,

cps.

A nonzero OBSERVATION 3 on the OBSERVATION card (Table 15-2) for
¥ Data Set Type I indicates that CCID, rather than geoceiver, data is used.

lﬂ
\

CCID measurements are computed in the same way as geoceiver measure -
ments except that a variable time step is used. OBSERVATION 1 on the
first OBSERVATION card of each station pass combination must equal zero;
its time is taken as the initial time for this station pass. The time dif-
ference for computation is the difference between the last and the current

observation times.

For either geoceiver or CCID measurements, if the sigmas are input on
OBSERVATION cards (Table 15-2), a scale factor can be applied to the sigmas.

This scale factor is input at SSCL as shown in the example (preset to 1):

1] 2 7

27 |78 (1)

53 |54 59

c| Locarion VALUE
SSCL 1.5
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SSCL Scale factor applied to geoceiver or CCID sigmas
input on OBSERVATION cards (Sec. 15).

2.2.9.5 Time -of-Arrival

Time-of-arrival measurements use the following variables unless other
values are specified on the sensor parameter cards (Sec. 5). The values

shown in the exampl. are not preset:

1] 2 ?
27 {28 3
83 |84 39
C | LOCATION VALUE
DRIFT |2
BEAC |.0001
CAPT 025
DRIFT Oscillator drift rate.
BEAC Initial time offset, sec.
CAPT Inner pulse period, sec.

2,2.10 Right-Hand Side A Priori Input

The following inputs are not preset in TRACE:

1] 2 7
27 |20 1)
53 sa 59
c| Locamon VALUE
I |IAPR 2
PZERQ@] 10.
2 11.
3 12.
4 1.
5 2,
6 3.
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IAPR

PZERQ

2.2. 11

The a priori indicator for ATWB (right-hand side) used
when MULTYV = 0 or 1:

=0- The weighted SOS of the residuals is minimized

(preset value).

=1 The weighted SOS of the residuals plus the SOS
of the total parameter corrections (weighted
by the a priori parameter covariance matrix)

are minimized.

=112 Same as IAPR = 1| except that the total parameter

corrections include the contents of PZERQ.

Vector of P-parameter corrections used when IAPR = 2,
Parameter corrections in this vector must be in the same

order as the parameter list,

Input for the Sequential Least Squares Algorithm

Special emphasis is given to the input items used when the orbit determina-

tion algorithm is the SLS (sequential least squares) process. Those inputs

indicated in the following sections are either not applicable to the weighted

least squares process, or they are used in a different manner. The values

shown in this example are not preset:

MULTYV

1] 2 7
27 |20 3
53 (sa 59
c| Locarion VALUE
I MULTV] 2
I |LPACK |1

STAGE | 20

Simultaneous-vehicle indicator:

=2 The orbit determination is done by the SLS
process. Note that other uses for MULTV

are given in Sec. 2.1. 6.
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LPACK Timesaving flag used when MULTV = 2:

$0 To save running time, LPACK should be input
nonzero if there are ten or fewer vehicles
and if the observations do not contain covariance
codes = 4 or 5,

STAGE Constant update interval for the SLS procedure, min:

=0 Prespecified update intervals are provided
by the STAGE data block (Sec. 14).

#0 The update interval is defined, and the

In addition to the above inputs, an (ATA)°1 matrix (Sec. 6) is required; the

STAGE data block is not used.

DEWM data block (Sec. 7) is optional. At present, only the following

observational measurements (Table 15-2) are acceptable:

Data Set Type

Definition

X w Mmoo NN -

S »D Ve ZZCC

Range, azimuth, and elevation

Topocentric right ascension, declination, and hour angle
Range rate

SGLS range rate

x- and y-antennas

Vehicle-to-vehicle range and range rate

Station-to-vehicle-to-vehicle range sum and range
rate sum

Station-to-vehicle-to-vehicle-to-vehicle range sum
Station-to-vehicle-to-vehicle-to-vehicle range rate sum
Vehicle-to-vehicle-to-vehicle range sum

Vehicle-to-vehicle-to-vehicle range rate sum

User-defined measurements (Sec. 10)

Multipath

Vehicle-to-vehicle azimuth and elevation (or topocentric
vehicle-vehicle right ascension and declination).
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2.2.11.1

Input/Output Options

All options except PANDR and SSPR are preset as shown:

PANDR

1) 2 7
27 |20 3
53 |54 L1

C| LOCATION VALUE

D [PANDR IABCDEFGHIJKI.MNOP}
QPBOX A

ATA O
UNMS
GPLOT
IZ 4.

D SSPR CDE
VET 0

A 20 -character vector used to control certain input and

output options (Sec. 2.2.1):

Position
T,, -1 .
I=X The updated (A" A) ~ matrix is punched after
the last iteration of every stage.
T,, -1 N
I1=Y The updated (A" A) ~ matrix is punched only
after the last iteration of the last stage.
L=X An eigenvalue analysis is performed in con-
junction with the solution of normal equations
at less than full rank. This option requires
KRANK, KINC, and RHQ (Szc. 2.2.1).
¢C=Y Auxiliary least squares data is output.
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OPBQX

PATA

PUNMS

P=X

The predicted residuals are printed on the
first iteration of each svage if PANDR(A)
(Sec. 2.2.1) is blank; i.e., if the residuals

are being printed.

The ATA matrix input indicator:

Position

A=7

The AT

The (ATA)'l matrix is preset from the input
parameter sigmas. Note that QPBQ@X(A) is
internally reset to 4 after the first (ATA)-l
matrix is computed. The ATA and END cards
from the AT A'data block (Sec. 6) must be input.

A and (ATA)'l print indicator:

Neither matrix is printed.
The ATA matrix is printed after every iteration.

The (ATA)'1 matrix is printed after every

iteration,

Both matrices are printed after every iteration.

Punch indicator for the updated state vector:

=0

No punching.

The time (MME) and updated state vector
(Cartesian coordinates) are punched after
the last iteration of each stage in a format

acceptabie as TRACE input.

The time and vector are punched only after

the last stage.
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GPLQT The n and time scale for the ne/2 residual printer plot:
(1) =0 No measurement residual plots are printed.
=n The n for the +no/2 printer plot of the residuals

about the mean at convergence of the last stage.
The quantity ois the standard deviation deter-
mined by SSPR(E) for the station measurement
type. This option also results in a printed

total edit summary.

(2)

At Time scale for the printer plot, sec. If input

is zero, the program computes a At,

SSPR Residual output option:

Position

A=0 There is no additional output.

or

blank

A=X Data is output as rcquested by Positions B
through E.

B = Measurement residuals on the converged

gfank iteration are printed by station; the residuals
from each station are still in time sequence
(all residuals for the first station are printed,
then all those from the second, etc).

B=X Station-sorted residuals are not printed.

C = No edit summary is printed.

or

blank
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A total edit summary is printed.

D Not used.

E=0 The computed sigma is used for the plotting

g{ank requested by GPLQT.

E=X The input sigma is used (Sec. 2. 2. 6) unless
it equals zero; in that case, the computed
sigma is used,

MVET Best-fit ephemeris indicator for SLS:

=0 No action,

=1 A best-fit ephemeris is built over all stages of
Vehicle i and is written on TAPE30+i, where
1 <i=10. This option cannot be used con-
currently with LPACK (Sec. 2.2, 11).

=2 Fit-predict option. At the convergence of each

stage, TRACE uses that vector to predict the
satellite position for N revs (N input at DNQDE,
Sec. 11.2.3)., At the same time, TRACE dif-
ferences the predicted node times with those
input at DN@DE.

2.2.11.2 Termination Criteria

Values shown in the following example are preset:

27
L3 ]

2
20
L 1]

C| LOCATION VALYUE
SMIN |o.
PRIQR (100,
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\ln

SMIN Termination criterion for S