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BUSINESS AND TECHNOLOGICAL SYSTEMS, INC.

1.0  INTRODUCTION

PREFER is a recursive orbit determination program which is used to
refine c¢hie ephemerides produced by a hatch least squares program (e.qg.,
GTDS). It is intended to be used primarily with GTDS and, thus, is com- A
patible with some of the GTDS input/output files. | i

The input to PREFER consists of five disk (or tape) files and the card
input. The satellite Orbit File contains the nominal satellite ephemerides |
and the state transition matrix as generated by GTNS. The ephemerides an ‘
this file should be accurate to within approximately 50 meters (to minimize : }

1
|
!

Tinearization errors). PREFER interpolates from this file at the times
; given on the Measurement Nata File. It processes these measurements in a
‘ Kalman filter to estimatc the corrections to the nominal trajectory. The

filter state also includes other parameters which have an effect upon the
orbit determination (e.g., drag, perturbing gravitational accelerations,
thrust, measurement bigses and refraction parameters, etc.).

The measurement data types which PREFER can process include ground
range and range rate measurements, TDRS relay measurements (range and range
rate), GPSPAC pseudo range and pseudo delta-range measurements, NAVPAC

E
A %
| 1
|

range difference measurements and altimeter measurements. Processing of ?
the ground measurements requires that earth motion be accurately modeled. . \ -é
The Solar/Lunar/Planetary (SLP) File supplies the data which is used in the i i
true of date to 1950 coordinate transformations while a Time Coefficients

File supplies data used for time system transformations and polar motion. 5

: A GPS Trajectory File supplies the ephemerides of the GPS sateilites which
are required to process the GPSPAC or NAVPAC measurements. TDRS ORRIT
Files supply the required TDRS ephemerides.

S A

L TR

After running the Kalman filter forward to the end of the Measurement
Data File, PREFER performs optimal smoothing., A file created by the Kalman
filter is read backward in time and the smoothed estimates are obtained by

using the recursive formulation of Rauch-Tun-Streibel.
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BUSINESS AND TECHNOLOGICAL SYSTEMS, INC.

The combination of a Kalman Tilter and a smoother should result in
greatly improved estimates of satellite ephemerides as compared to batch
estimation., Batch estimation is subject to errors because of errors in the
dynamic models (e.g., gravitational). A filter/smoother which properly
accounts for dynamic (state) noise should weight the data optimally and
reduce the estimation errors. Smoothing will produce better estimates (in
the middle of the data span) than just a forward filter because past and
future data is used to estimate the state at each point in time (a filter
uses only past data). Smoothing also tends to average out any dynamic
modeling errors which remain.

[t is suggested that the user carefully read Section 3.1 of this guide
and the PREFER Mathematical Nescription before attempting to use the
program. An understanding of the dynamic models and correct choice of
state noise are essential to proper functioning of the program.

PREFER requires about 370K (base 10) bytes of storage on the IBM 360/
95 for a run using only ground tracking. Since the core storage is
dynamic, runs u§1ng TDRS or GPS tracking may require as much as 500K,
Execution time will also vary drastically depending upon the data span and
the number of adjusted parameters. It is expected that a one day solution
containing 2200 measurements processed in 120 sec "mini-batches" will take
less than 2 minutes of 360/95 CPU time and 5 minutes of I/0 time. Approxi-
mately 60% of the CFU time is spent in filtering. The I/0 charge will
almost double when the option to output the smoothed covariance is used.
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BUSINESS AND TECHNOLOGICAL SYSTEMS, INC.

2.0 INPUT FILES

The following sections describe the PREFER input files mentioned in
the introduction.

2.1 Satellite ORBIT File (Unit 50)

The satellite ORBIT File is generated by GTDS on unit 21. This file
contains the ephemerides and matrix sums used to compute the state tran-
sition matrix (partials of current cartesian elements with respect to
epoch elements) of the satellite. Although the file may contain partiails
with respect to many paramenters, PREFER only uses the 6x6 matrix corre-
sponding to the epoch orbital elements.

The ORBIT file consists of three types of records: two header records
and the data records. The file is written on a tape (1600 BPI) using a
record format of VS, a logical record length of 6664 bytes and a block size
of 6668 bytes. The format of the individual records is given on the follow-
ing pages.

I S T S L T
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RECORD

RECORD SIZE EYTES NAME, DESCRIPTION, ETC,
1 6660 bytes 1-8 SATNAM: Satellite name in EBCDIC
9-16 AREA: Area of satellite (km?)
17=24 SCMASS: Mass of satellite (kg)
25=32 CSUBR: Satellite reflectivity constant
33-40 CSUBDZ: Drag coefficient
41-48 YMDOUT: YYMMDD. of start date
49=56 HMSOUT:  HHMMS3.SSSS of start date
57=64 YMDFN: YYMMDD. of end date
65=72 HMSFN: HHMMSS.SSSS of end date
73-80 YMDIC: YYMMDD. of epoch date
81-88 HMSIC: HHMMSS .$SSS of epoch date
89-96 YMDREF: YYMMDD. of reference line for time
coordinate system
97-104 ECHA: Greenwich hour angle at epoch (rad)
105=-112 EJED: Julian ephemeris date of epoch
113-16C | AEINT(K): K=1,6
Keplerian elements in coordinate
system of integration
161=-208 | SPINT(L): K=1,6
Spherical elements in coordinate
system of integration
209-256 | PVINT(K): K=1,6
Position and velocity of satellitsg
of integration
4
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RECORD

SYTES

NAME, DESCRIPTION, ETC,

P b
B
,
i
-
/i
Y
[

1

6660 bytcs

257-368

369-376

377-384

385-392

393-400

401-408

499-576

577-584

585-592

593-600

OBLINT(L):

COVMAT(I):

L=1,.14 '
Auxiliary orbital elements in
coordinate system of integration:

L=1, Eccentric anomaly
2, Period
3, Time derivative of period
4, Mean motion
5, True ancmaly
6, Perifocal height
7, Apofocal hei ht
8, Time derivative of argument
of perigee
9, Time derivative of ascending
node
10, Velocity at apogee
11, Velocity at perigee
12, Latitude
13, Longitude
1%, Height

YYMMDD. of start of fitted data
span for element set

HHMMSS.SSSS of start fitted span
for element set

YYMMDD., of end of fitted data
gpan for element

HHMMSS.SSSS of end of fitted data
span for element set

Weighted RMS of fit for element set
I=1,21
Upper triangle of state covariance
matrix

Difference between A.l time and
UTC at epoch

Time from beginning of year in
seconds

Julian date of epoch (A.l system)

- s e o oy
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RECORD

AECCHD SIZE BYTES NAME, DESCRIPTION, ETC,
1 6660 bytes 601-608 | SPARE Spare location
609=-612 | IDSAT: Satellite number
613-615 i NBRRUN: Run number
617-620 | NBRELS: Element set number
621=624 |[I50: Inertial coordinate system
reference indicator. 1=1950, 2=TOD
625~1024 | INDSEC I=1,20; J=1,5
(1,J3): Force model indicators
1025-1048 |MCLWF(K): K=l1,6
Model identifiers
1049-1052 [NBROBS: Number of observations in fitted
data span for elements sets
1053-1056 |NSTATE: Number of state partials
1057-1080 [KSTATE(K): K=l,6
Label numbers of state unknowns
1081-1084 |IPART: Partial indicator
=] partials on data record
=2 no partials on data record
1085-1088 |ICENT Central body indicator
1089-1092 |IND(1) Orbit generator indicator
= ], time-regularized Cowell
orbit generator
= 2, Cowell orbit generator
1093-6660 |[Spare
2 6660 bytes 1-8 DTIM Dummy time word for internal
retrieval use (+ 99999999.0)
9-16 ZERO Zero word for internal retrieval
use
17-104 |GM(I): I=],11
Gravitational constant times the
mass of body (lm3/sec?)
6
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RECORD

RECORD
SIZE

BYTES

NAME, CRSCRIPTION, ETC,

il

St oanadialiibade- 400 i A

ncitreonat e SN st it

T

[N PR

6660 bytes

105~144

145-384

385408

409-608
609-612

613-616

617-620

621-624

625-628

629~-632

633-672

673-676

677-680

SECMOD(36,I):
Jcosn(:,.r):

gAE(I):

SPARE

IND(40)
LND(41)

IND(42)

IND(43)
IND(44)
NTAB

JARGL(I):

KONFIG

NEQ

i=]1,5
Time regularized exponent of
satellite radius for Section I

I=1,10; J=1,3
Time conversion coefficients;
I indicates date interval

I1=1,3

Drag coefficient times area of
spacecraft surfaces

I = |, sphere or end of cylinder
I = 2, sides of c¢ylinder

I = 3, paddles

Spare locations

State partials indicator
l] = yes, 2 = no

Drag partials indicator
l = yes, 2 = no

Solar radiation partials
indicator
l = yes, 2 = no

Potential partials indicator
l = yes, 2 = no

Thrust partials indicator
l = yes, 2 = 1o

Time conversion table index

+

I= 1,10
Julian dates which define date
intervals for time conversion

S/C configuration switch

0 = spherical

1 = cylindrical

2 = cylindrical with paddles

Number of variational equations
to be integrated

L it
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BUSINESS AND TECHNOLOGICAL SYSTEMS, INC.

RECOND
RECORD SIZE sYTEs

NAMZ, DESCRIPTION, ETC,

2 6660 byza2s | 681-684
685-688
689~-768&

769-848

849-868

869-872

873-6660

NCNM
NSNM

NDEG(I):

MORD(I):

INDY(I):

IND(39)

SPARES

Number of CN,M to be estimated

Number of SN;M to be c;cimn:ed

I=1,20
N indices (for Cy , and Sy )

I = 1,20
M indices (for Cy, M and SN,M)

I1=1,5

I = 1, array location for drag
partials in the integrator

I = 2, array location for drag
radiation partials in the
integrator

I = 3, array location for drag
potential partials in the
integrator

I=4, array location for thrust
partials in the integrator
5, spare

Transformation Partials required

1 = Partial of state .with respect to
initial state elements

2 = Partial of state with respect to
Keplerian state elements

3 = Partial of state with respect to
spherical state elements

4 = Partial of state with respect to
DODS state elements

Lihid

e~
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BUSINESS AND TECHNOLOGICAL SYSTEMS, INC

REZOMD RECORD BYTES NAME, DESCRIPTION, ETC.

SIZE
All others | 6660 bytes 1-8 TN Time (from epoch in seconds) of last

acceleration in XDD
9=16 AH: Integrator stepsize, in seciads

¥ ‘ 17-280  XDD(I,J): I=K=10,K; J=1,3
; Satellite acceleration vectors
K = acceleration array indicator

281-368 [TREG(I): I=K-10,K
Time corresponding to acceleration
array

369-392 §x1(1>: I=1.3
First sum vector of satellite
f acceleration

593416  KX2(I):
1d sum vector of satallite
acceleration

417-5696 | XVDD(J1,J2,J3): J1=K-10,K; J2=1,3; J3=1,20
Array of acceleration partials
K = acceleration array indicator

5697=6176 SV1(I,J): I=), 3; JmL,20
1st sum matrices for accaleration
’ partials

6177-6656 SvV2(I1,J): I=1,3; JI=1,20
2nd sum matrices for acceleration
partials

6657--6660 | NSECIN Current section number

| CRIGINAL PAGE IS
. OF POOR QUALITY

RN T
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ORIGINAL PAGE 1S

2.2 GPS Trajectory File (Unit 40)
' OF FGOR QUALITY

The GPS Trajactory File contains the positiens and velocities (in
ECI) of the GPS satellites. The number of satellites on the file is
given on the header record and may vary from 1 to 24.

RECORD ?
RECORD SIZE BYTES NAME, NESCRIPTION, ETC. 1
F 1 180 bytes 1-4 NB: Record Number = 1 ?
.? 5-12 YEAR: Year of epoch of trajectory ‘
: (2 digit) ;
fé 13-20 DAY: Nay of epoch of trajectory ;
i 21-28 SEC: Seconds of epoch of trajectory ;i |
t) (UTC time) £ 1
29-36 (TVE-TO: Time of vernal equinox minus epoch q
3 of the trajectory i
¥ 37-44  |DT: Interval at which trajectory is I
i written (sec.) |
1 45-52 TLST: lLast time on trajectory (sec. from L ‘
epoch) g i
" 53-60 STEP: Integration interval used when 3
¥ creating the trajectory (sec.) :
' | |
E% 61-64 IFLOW:  Kind of trajectory = 4, 5, 6 or 7 | 3
‘ (Not Used) ' i ‘i
i
65-68 150 Indicates if trajectory was made ; j
using epoch of date = 1 or epoch :
of 1950 = 0 § i
: 69-72 ICYC: Improvement cycle number (Not Used) ; i
Fﬁ 73-80 DATE: Time clock valuz when trajectory ; %
Fg was made (A8) ; 1
2 81-84 |NGPS:  number of GPS satellites !
r 35-88 JGPS(1): Satellite number of lst satellite
;| (SV number)
?? 89-92 JGPS(2): Satellite number of 2nd satellite
: :
{ 177-180 |JAPS(24): Satellite number of 24th satellite
Eﬁ 10
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RECORD
RECORD SIZE BYTES NAME, DESCRIPTION, ETC.
A1l others 212 1-4 NB: Consecutive record number = 2, 3, n
to 5-12 TI: Seconds from epoch
1500
13-20 X(1,1): X Inertial components of
21-28 X(2,1): Y satellite #1 position at
29-36 X(3,1): Z time TI (km)
37-44 XD(1,1): X Inertial components of
45-52 XD(2,1): Y satellite #1 velocity at
53-60 XD(3,1): Z time TI (km/sec.)
61-68 TB(1): Timing bias for satellite #1 (secs.)
(TB1 = clock - truth time)
69-76  [X(1,2): X
77-84 X§2,2;: Y Satellite #2 position
85-92 X(3,2): Z
93-106 {XD(1,2): X
101-108 |XD(2,2): Y Satellite #2 velocity
109-116 |{XD(3,2): Z
117-124 |TB(2): Timing bias for satellite #2
XD(1,NGPS): X
XD(2,NGPS): Y ) Satellite # NGPS velocity
AD(3,NGPS): Z
12456+ NGPS|TB(NGPS): Timing bias for satellite # NGPS
ABCD(1,1):
ABCD(2,1): ] Earth Centered Inertial
. (1950) to Earth Centered
. Fixed Transformation
ABCD(3,3):
ABDCD(1,1):
ABDCD(2,1): ) Transformation of Velocities
. T
: (Xgcp = (ABDCD) "+ xgp)
156+56+ NGPS | ABDCD(3,3) :
N

S e
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ORIGIMAL PAGE IS

OF PCOR QU
2.3 Measurement Data File (Unit 9) QUALITY

The measurement data file input to PREFER is created by GTDS as the
Observation Save File (GTDS Unit 46). This file contains all the informa-
tion necessary to process the observations (e.g. station positions, refrac-
tion corrections, etc.).

RECORD e BYTES NAME, DESCRIPTION, ETC, |
1 7200 bytes 1=4 NSET: Number of observation sets %{ ’
contained in data set 3
5-l44 | IPOINT (I,J): I = 1,5; J = 1,7 ?
Pointer array of set related LI
information q o
IPOINT (1,J) = Type indicator for set J ;a :
J = 1, tracking data i
= 2, telemetry data .
= 3, PCE data

= 4, relay data O
= 5, landmark data fﬁ ,
=6 or 7, spare (.
i
IPOINT (2,J) = pointer to seader record for i
. set J 4
IPOINT (3,J) = pointer to starting block for 3
data from set J i
IPOINT (4,J) = pointer to starting record : »1
' within indicated block for o

data from set J !
IPOINT (5,J) = Number of observaticus in set ~
J B
145-164 IPOINT (I,8): I = 1,5 : ;
Pointer array of set related -
information (spare set) ]
165-284 IMTYPE(I): I=1,30 .
Array of external observation Vs
types to be used with input from B
this data set. Internal obser- =
vation types 1-30 correspond :
with IMTYPE(1) to IMTYPE(30). i
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ORIGINAL PAGE IS
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AECORD

RECORD
L 1F4 ]

sYTES

NAME, DESCRIPTION, ETC.

1

B R it a . i s ion o Snt R T

7200

285-288
289~432

433-480

481-576

577-720

721864

865-960

961-1008

1009-1152

1153-1200

1201-1296

1297-1440

1441-7200

Spare

ISPRE (I):

ISPRE (I):

RHDR1

RHDR1

RHDR2

RHDR2

RHDR3

RHDR3

RHDR3

RHDR4

RHDR4

Spare

(I):

(I):

(D

(I):

(1):

(I):

(I):

(T):

(I):

I=2,37
3pare locations

I = 38,49
Spare locations

I= 1,24
Header information for
observarion set

I = 25,420

- Header information for

observation set

I = 1,396
Header infors.:tion for
observation set

I.= 397,420
Header information for
observation set

I=1,12
Hesder information for
observation set

I = 13,408
Header information for
observation set

I = 409,420
Header information for
observation set

I=1,24
Header information for
observation set

I = 25,420
Header information for
observation set

first

first

second

second

third

third

third

fourth

fourth
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AECORD RECORD wTEs NAME, DESCRIPTION, ETC.
2 7200 1=144 RHDRS (I): I= 1,420
RHDR6 (I): I= 1,420
RADR7 (I): I= 1,420
RHDRS (I): I = 1,39
Headers for observation sets 5
through &
145-240 RHDR8 (I) I = 397,420
Header information for observa-
tion set 8 (continued) :
241-7200 | Spare
For a description of header information for an
observation set, see data set layout for GIDS
Observation Tape, FORTRAN logical unit 29({4].
ANOTE: Record 2 exists in this formac
only if there are more than four
observation sets on the file.
If chere are four or less, record
2 1s formatted like records 3-N
(data records).
Gz* 530 P, AGE s
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RECORD
RECORD SIZE BYTES NAME, DESCRIPTION, ETC.
ALL 7200 1-8 TOBYMD:  Corrected observation time tag
(data) (YYMMDD. )
9-16 TOBHMS: Corrected observation time tag
(HHMMSS, SSS)
17-24 OM1: Uncorrected observation
measurement No. 1
25-32 Doppler Count Interval (sec.)
33-40 SIG1: Standard deviation of data
reduction fit
41-48 OM1A: Corrected observation measursment
No. 1
49-.56 IBIT(8): Validity flags
57-64 DMR: Observation refraction correction
65-72 TOBSC: TOBYMD and TOBHMS converted to A.l
seconds from Jan. 1,; NC closes
file zero hour of epoch year
73-80 DAMTD: Sum of antenna mount and
transponder delay correction
81-88  [JBIT(8): Identifiction flags
89-96 TCOR: TOBSC corrected for bias and Tight
or time (in ET seconds from epoch).
FREF: For TDRS data, primary frequency
(MHz).
97-100 ([NOBS: Working file observation number
101-104 | IGATE: Range-Gating indicator
105-108 [MTYPE: Observation type indicator
15
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ORIGINAL PAGE IS
OF POOR QUALITY

RECORD

RECORD SIZE BYTES NAME, DESCRIPTION, ETC.

ALL 7200 105-108* |MTYPE: Packed indicator

(data) (TORS Data = yplink ID * 1000000, + ground

only) transpondar number * 10000,
+ downlink ID * 100. + MTYPE
(ID is 2-digit referenced to
60 byte format)
109-110 |ISOU: Observation source indicator

111 IBF: Doppler Bias Frequency indicator
for SST data. Not used for TDRS
data.

112 IPFO: Primary Frequency Offset indicator
for SST data. Not used for TDRS
data.

113-116 |IEDIT: Edit flag
117-120 |IBIAS: Bias type indicator
121-124 |ISTA: Station geodetic indicator
125-128 |IUPDTE: Record update indicator
or
100*ISTAAT
+ISTAA: (TDRS only)
ISTAAT = Ground transponder
internal index
(1, 2, 3 ...)
ISTAA = Transmit station internal
index (1, 2, 3 ...)
129-132 |IFGP(I): 1I=1,4; FLags indicating
corrections made prior to GTDS/0DS
processing
133-136 |WORD1@: WORD 1@ of 6@ byte record
137-140 |IFGB(I): 1I=1,4; Flags indicating
corrections made during GTDS/0DS
processing
141-144 |WORDY: Word 9 of 60 byte record
145-7200 }49 additional observations containing

duplication of bytes 1-144 definition

16
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BUSINESS AND TECHNOLOGICAL SYSTEMS, INC.

2.4 Solar/Lunar/Planetary (SLP) (Unit 20 and 22)

There are two SLP files available to PREFER on the GSFC 360/95. One

uses mean of 1950.0 coordinates (Unit 20) while the other uses true-of-date

coordinates (Unit 22). PREFER automatically selects the correct file to
match the satellite ORBIT file. The current nam2s of the two SLP files
are: OQRBIT.GTDS.SLP1950.DATA and ORBIT.GTDS.SLPTOD.DATA.

2.5 Time Coefficients File (Unit 21)

The time coefficients file contains information on the time system
transformations and polar motion. The current name of the file on the
GSFC 360/95 is ORBIT.GTDS.TIMCOF.DATA.

2,6 TDRS ORBIT Files (Units 41, 42, 43)

When TDRS relay measurements are processed, the TDRS ephemerides are
obtained from three, direct access, ORBIT files on the GSFC 360/95. The
format of these files is identical to that of the Satellite ORBIT File
(Unit 50) except for the difference between sequential and direct access.
There is no unique relationship between the unit number (41, 42 or 43) and
the individual TDRS: PREFER determines this relationship from the 7-digit

satellite identifier on the header of the TDRS ORBIT files and on the TDRID

cards.

It is important that the TDRS ephemeris coordinate system (1950 or
true-of-date) match the coordinate systam on the Satellite ORBIT file. If
they do not match, the PREFER job will terminate.

PREFER does not actually use the TORS ORBIT files when processing
measurements. At the beginning of the job, PREFER Interpolates the ORBIT

files (at a rate determined by the STEP card) and copies the ephemerides to

a file (also on unit 40) with the same format as a GPS Trajectory file.
This is the file used to process the measurements.

17
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3.0 CARD INPUT
A11 card input to PREFER consists of 72-column keyword cards which
have seven varijables per card and are read using IBM's free form input

(except for the keyword):

Variahie Type

1 Alphanumeric keyword (this must be located in columns
1-8, left justified)

Integer

Integer

Real

Real

Real

Real

N OO O AW N

The last six variables may be located anywhere in columns 9-72
since blanks or commas are used to separate the fields. The order of
the variables is important and thus unused variables must still be input
(a zero or a double comma is suggested). See the IBM Fortran (extended)
manual for further information.

There are two general classifications for card types. Run control
cards are used to input constants required for the run. Run initialization
cards are used to set a priori standard deviations, state noise standard
deviations and time constants of Markov processes. These cards also deter-
mine the parameters to be included in the state vector.

With the exception of the STEP card, any field which is blank will be
read as a zero and will override the default values (if any). There are
no restrictions on the order in which cards are read,

Before describing the format of the individual cards, it is necessary
to discuss the dynamic models and the requirements for the card input.

19 PRECEDING PAGE BLANK NOT. FILMED
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Discussion of Models and Card Input

PREFER has the capability to solve for the following set of parameters

satellite x-position at epoch

satellite y-position at epoch

satellite z-position at epoch

satellite x-velocity at epoch

satellite y-velocity at epoch

satellite z-velocity at epoch

satellite drag coefficient

perturbing gravitational acceleration {vertical)
perturbing gravitational acceleration (cross~track)
perturbing gravitational acceleration (along-track)
acceleration of 1st thrust segment (vertical)
acceleration of 1st thrust segment (cross-track)
acceleration of 1st thrust segment (along-track)
acceleration of 2nd thrust segment (vertical)
acceleration of 2nd thrust segment (cross-track)
acceleration of 2nd thrust segment (along-track)
host satellite clock timing error

host satellite clock drift rate

altimeter bias

ground station measurement bias 1

ground station measurement bias 2

ground station refraction parameter

ground station position error (x)

ground station position error (y)

ground station position error (z)

GPS satellite position error (H)

GPS satellite position error (C)

GPS satellite position error (L)

GPS satellite clock timing error

20
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Al1 the parameters (except the first six) are uvptional. That is,
the user may elect to solve for almost any subset of these parimeters in
a given run. The only restrictions are that parameters which appear in
groups of three (e.g., gravitation, thrust, ground station positions and
GPS positions) will be treated as a groug (all three will be adjusted or
none will be adjusted).

The first nineteen of these parameters are called dynamic parameters
because their values may change with time. This may happen simply because
they have a non-identity transition matrix or because the parameters are
driven by some random process (i.e., they have state noise). Of these
nineteen parameters, six (drag, gravitation, clock drift and altimeter
bias) are assumed to be first order Markov processes; i.e., if X represents
one of these parameters, then

where

the correlation time
zero mean white noise .

]
1]

=
([}

For these six parameters, it is necessary for the user to input three
separate quantities: the standard devietion of the error in the a prior:
parameter estimate, the standard deviation of the process output (cx) and B
the correlation time. For all the other parameters, only the a priort ]

standard deviation and the state noise spectral density are required.

Determination of the appropriate values for the a prior: sigma and
the correlation time is usually not difficult. However, calculation of
the state noise is frequently done with a bit of hand waving. In fact,
the bias that some people have against Kalman filtering is often the result
of their misunderstanding of the meaning of state noise (and, consequently,
their inappropriate choice of values). This is somewhat understandable

AR Do
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since few books elaborate on this subject. The primary purpose of state
noise is to account for errors in the dynamic model.

In the PKEFER program, the spectral density of u 1is computed internally
from the state noise sigma that the user inputs. That is, the user specifies
the standard deviation of x (in the previous equation). The standard
deviation on x that results from integration of the first-order Markov
process is related to o, by the equation

GX-/;.UU .

Therefore, o, = /4% 9y will be computed internally by the program.

u

For the orbital elements and thrust accelerations, (the non-Markov
processes), the input quantity for state noise is the expected standard
deviation of the time derivative of the parameter. In this case, the standard
deviation of the parameter will grow as oqu' where t 1is the integration
time. Since the thrusting times will generally be short, it should not
be necessary to input any state noise for thrust. However, the use of
a very small value may help minimize numerical problems.

A similar situation also exists for the orbital elements. If no other
force model parameters were adjusted, then it would be necessary to include
state noise on the orbital elements (particularly the velocity terms).
However, if the gravitation and/or other parameters are adjusted, then
the state noise on the orbital elements should just be large enough to
alleviate numerical problems.

Notice that no provision was made for specifying state noise on the
host clock timing error. This was done hecause the error is really in
the clock frequency (drift rate) and, thus, errors in the clock time can
be obtained exactly by integrating the drift rate.

A1l the remaining parameters are related to the measuremerits and are
not part of the dynamic model. They are all assumed to be constant (identity

22
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BUSINESS AND TECHNOLOGICAL SYSTEMS, INC.

state transition matrix) and also have no state noise, For these reasons,
they come under the general heading of “measurement biases",

These parameters are treated differently than dynamic parameters in
several aspects but the most significant difference is their use as "pass
parameters”. That is, parameters for a particular station or satellite do
not actually enter the filter until measurements from that station
(satellite) are processed. Once the pass is over, the parameters are
dropped freom the filter, This procedure has been shown to produce the
same results for the common parameters as if all parameters were carried
throughout the run (assuming that all pass parameters are independent
between passes).

In the case of station position errors, pass independence is not a
valid assumption. Thus, the assumption of pass independence means that
some information is not being used and the filter is siightly suboptimal.
However, the filter estimate will not be bjased because of this assumption.

It should be noted that the original design of PREFER did not attempt
to solve for station and GPS position errors and GPS timing errors; they

) were carried as "consider" parameters. However, problems in implementing a
E ! smoother with consider parameters forced their inclusion as adjusted
parameters. At this time., it is not known how severe the numerical
problems are going to be when many pass parameters are simultaneously
adjusted. It was assumed that a maximum ¢f four ground sations and 15 GPS
satellites* could he simultaneously observable., If all possible parameters
were adjusted, this would result in a state dimension of 99 (PREFFR allows
for 100 states). Numerical problems should not be unexpected with a state
vector of this size,

1 The user should also be wary of runs which simultaneously adjust the
Ff drag coefficient and gravitational accelerations. If the orbit is nearly
1 circular, the drag acceleration will probably not be distinguishable from
the along-track gravitational acceleration (unless the correlation times
are significantly different).

¥ PREFER aTso has a total 1imit of 50 ground stations and 24 GPS satellites

23
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The description of the STEP card (Section 3.2.10) uses the expression
"mini-batch measurement processing”. In order to reduce the program
4 running time and disk storage, measurements are processed in small batches,
during which time (typically 120 seconds), the dynamic model errors are
asiumed to be negligible. State noise is included only when the filter
proceeds from one mini-batch to the next.

The processing of TDRS relay measurements is handled somewhat
differently thap that for GPSPAC measurements. First, it is rict possible
to estimate the TDRS ephemeris errors using the current version of PREFER.
Secondly, it is necessary for the user to establish a unique relationship
(using the TDRID card) between the TDRS and ground tracking stations. It
F is assumed that each of these ground stations tracks only one TDRS and

nothing else. Thus the deletion of the station position errors and
! measurement biases (pass parameters) from the state vector is determined by j
| the visibility of the user satellite as viewed from the TPRS (see the ELCUT ;
card description for details). } |

|
M. s s
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3.2 Run Control Cards

A1l the following cards are optional,

3.2.1
3.2.2
3.2.3
3.2.4
3.2.5
3.2.6
3.2.7
3.2.8
3.2.9

Keyword

NEBUG
DRAGCON
EARTH
ELCUT
MEDIT
MSIG
PRINT
SMR
STAPOS

3.2.10 STEP

3.2.11 TORID

3.2.12 THRTIM

Description

Turns on debug print

Coefficients used for atmospheric density modelling
Earth ellipsoid parumeters, B and speed of light
Measurement elevation cutoffs

Editing threshholds

Overrides measurement sigmas on measurement file
Printout options

Satellite area to mass ratio

Ground station positions

Mini-batch step size, stop time and integration step
size

Defines the relationships between TNRS identifiers and
ground tracking stations

Times of thrust events

25
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ORIGINAL PAGE I3
3.2.1 DEBUG OF POOR QUALITY

The DEBUG card turns on the debug printout for specified subroutines.

SNG 1110000
Q00 Q0NGRRN T TaaosaRRRoRRsRRaBORRRRCRSQRBRRRORBRBRRRRRTRBORTORORBRONIITBTOOCQUITSTNTS
TE3 4841 81N NIUUBBINIINIBUINTINIRNINANUARNINNAILQUSRISINNNUBRBRNDINICQUERNNBNIRNNNBRTNNE
IR R SR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R AR AR R R R AR R R R RERRRRRRRE

237°222222222222222212222222222222222222222282222222222222222222222222222222221212122
©:333333333333333335833333333333333333333333333333333333333333333333333333333131
AR AL AMAA 4404484444484 04 0444484044044 0444044044404444404440000440048801044
5 S SS B0 E8558995555556555555955555555555555555555555555555855655555555584938
O N N R A R R A A R R A R M A A A R A R R AR R A AR RN AN R R R RN AR R L
IR RN R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RRRR RN
R R R R R RN R R R R R R R R R R R R RN RN R RN RN R RN R RN RN R RN RN RN R RN RN R NNRRRRNRRRRERRERARE
199999899 89999098999598999999999599999999999999995999999999999999899996939839994948%

11386 T 0 I MUNNUBBNUENGNINBNDBEURNNNDANINNBNGITUUECTENNNINNNBNBUNUTBUORHERRTRUBKIINS

—_ NgIC- 8001 ) . . ——
Variable ngif Typne Description
1 Alphanumeric (A8) Keyword DEBUG.
2 i 7 digit integer 1 in this digit will turn on the debug
print for subroutine FILTER.
2 1 in this digit will turn on the debug
print for subroutine MEAS.
3 1 in this digit will turn on the debug
print for subroutine CARD.
4 1 in this digit will turn on the debug
print for subroutine DYNAM.
5 1 in this digit will turn on the debug
print for subroutine SNOISE.
6 1 in this digit will turn on the debug
print for subroutines GETHDR and INTERG.
7 1 in this digit will turn on the debug

print for subroutine EVAL and EARTH.
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BUSINESS AND TECHNOLOGICAL SYSTEMS, INC. DEB UG

Notes: (1) The default is no debug print.
(2) A brief description of the debug printout is given in the
Appendix. In general, it would be necessary to have a
Fortran 1isting of PREFER to interpret the output.
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BUSINESS AND TECHNOLOGICAL SYSTEMS, INC DRAG CON

ORIGINAL PAGE
3.2.2 DRAGCON OF POOR Qmuﬁ

The DRAGCON card allows the user to input the five coefficients which
are used to model the density of the earth's atmosphere.

SROGCON 810263 0 + 01362 -8.33%9 .a001018 ,,

QONOBONE 0 0 GO0 N ORNRNO N OO RN RereIonaaeaneeeanon e ansnenneososesnrsIen
113435818 ll | IESTELERNEEEE-FEEREEEFEMEREEEP L NDELEYUEEE RREE S BUNUANUROURUUUSAN RN RIS
RN R R R R R R R R R R R AR R AR RN R R R R R R AR R R R R RN R AR R R RN A AR R AR R AR A B

1222222222272222222222222222220222222222222222222222222222222222222222222222112122
3393333333337 33333333333}33733333333333°7°°333333333°3333333333332333333233335833133
TAAARAA A4 44404444004 400440 4420444044444 8404444444 448444044000000000044444
G555557 5555555555565555555555555555555555558 555555555555 599585555955535555958555
BEEEE] SSRGS EEEC0EEEEEEEEEEEEE EEREEERERNEHEROOSORBEEOECGOOCGOOOFEFOCEOHOEEOGEAE0GE
AR R R R R R R R R R R R R R R R R R R R R A R R R R R RO R R R R RN
SABBSERERRIBEBIRRNERNRNY BOUTBRBROLES  BOORSOOONNN BUONOL BOBBROBGRBRBNCGALOLTS

9 1999899980090 992999999839¢98998999959999999y9999998099999998929899999999399939
P13 ES E T 0 MNUBEE RN IBND AT AN U INUBR N UNMN QUM RANN NN MM UMM RIS ANIINNBRTING

— nec-608) R
Jyariable D%git Type Description
1 Alphanumeric (A8) Keyword DRAGCON.
2 1-2  Integer Index (i) of first coefficient on card.
3-4 Integer Index (j) of second coefficient on card.
5-6 Integer Index (k) of third coefficient on card.
3 Integer ‘Not used.
4 Real Coefficient corresponding to number in
digits 1-2 (di) .
5 Real Coefficient corresponding to number in
digits 3-4 (dj) .
6 Real Coefficient corresponding to number in
digits 5-6 (dk) .
28
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BUSINESS AND TECHNOLOGICAL SYSTEMS, INC. DRAGCON

Note: The five coefficients are used in the equation

p = EXP(d-lh - dz - Vd3h + d4h - ds )

where h is the altitude in kilometers and p is density in kg/kms.
The defaults for d1 - dg are shown on the sample card. The numbers in
columns 9-10 and 11-12 should not be zero (or blank).

ORICINAL PAGE |5 |
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BUSINESS AND TECHNOLOGICAL SYSTEMS, INC. EARTH

3.2.3 EARTH CRIGINAL PAGE IS
OF POOR QUALITY

The EARTH card is used to input the Earth's semi-major axis,
eccentricity, gravitational constant and the speed of light.

CRRTH N 0D B3IVS.IER JOELSI3324  3,3080084E5 2, 397524542E7

] (AR R REND ] ]
t WIS n 3 ] IEELT] ] REN R FR
(ERRRRERERREENE 1 1 1111 ! i
222222222222222222222222222222222222222222222222222222222 22222 111 222211222222
333 1333333833333 033 33233333333 331313 3333 333333333333 3333333333333333331333
ARAAA 0480440406444 04040 0044040400000 44 444844434004 44040040444 LHM404004400400 14
F555555555555555555555655555555555555555555555555555  $§555955559 §5  §5555555353

CGUGECEGEE6668666 66666 6C6G6E6666666666666666666 66 G6666666666666 6666666666666

0
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Varjable Type ' Description
Alphanumeric (A8) Keyword EARTH.
2 Integer Polar motion switch: 0 = no polar

motion applied, 1 = polar motion
applied. DNefault = 1.

3 Integer Not used.
Real Earth semi-major axis (km).
Default = 6378.166.
5 Real Earth eccentricity or inverse of

flattening. If value is greater than
1, program assumes 1/f.
Default = .081813334(e) or 298,3(1/f)

6 Real Earth gravitational constant (GM) in
km®/sec?. Default = 3.9860064x10°,
7 Real Speed of light (km/sec). '

Default = 2.997924562x10°.
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BUSINESS AND TECHNOLOGICAL SYSTEMS, INC ELCUT

3.2.4 ELCUT ORICINAL PAGE is
COF PGOR QUALITY

The ELCUT card is used to input the elevation cutoffs for processing
ground measurements and GPS measurements.

ELCUT BN -2 - 0N BT73. 9
.0

senosnoanpcoRsaasenaseaRalaosonesosonetroRoROROOO00?
s BRRUS B NNAN EDN S AN A BANDNUSBN NG IR BUERTLARN AR ENAANRRTUE
1 RRR R R R R R R R R R R R AR R RN R R R R R RN RRR AR RR RN
1222222222222222222222222222222222222222222222222222222222222222222021221221221212

T3 O13333233332333333333333333333T333333333333F333¥I2333IIIIIIIINIAAINAIIB3IIND

)
1
1

(AN ])
Tesw
1111

-

!
3
*
11
]

A0 Q0404044440044 444444840 004404 0404404404444 444084444444400404400000040001044
55555555595 55355595996555595555555655555555555555555555555556555555555559555895553
GGG EROGE e BRI 500 GGG EREOGEEORNE506HG6ROE066666C566G66656666666G66866634
AR ERR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RS

SOOI NBBUBEBIRORBIBRBRRRIICSOIRUISBIIBBROIRIROBROIBORTROERBBERTBRRRRIIOIBBUBORIRIINBNRBEIRILAIIINY
9999990999 98089099989999999999999990999999999999999999999983999999099999999899919%
SRR

11 TAWNNUUBBITRUININIDNDINTINNNNNUNBINABGHACUARIEINNNUUBYEUNIBIRTRBBDEININIRNIBNINNN
JE— e - 6001 - . —
Variable Type Description
1 Alphanumeric (A8) Keyword ELCUT
2 Integer Not used.
3 Integer Not used.
4 Real Elevation cutoff (degrees) for processing

ground tracking measurementsl. A1l
measurements below this cutoff will be
deleted. Default = 5°.

5 Real Elevation cutoff (degrees) as measured
at the host satellite for processing
GPS measurements. All measurements
below this cutoff will be edited.
Default = 0°.
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BUSINESS AND TECHNOLOGICAL SYSTEMS, INC. OF PCOR QUALITY ELCUT
Variable Type Description :
6 Real Radius of sphere surrounding earth which is used to |

determine whether a user satellite is "visible" to a
TDRS (See note 2).

- Default = 6778.0 km. This visibility test determines
, when pass parameters associated with TDRS tracking

ﬁ (e.g. station biases, position errors, etc.) are
deleted from the filter state.

Notes: 1) The formula for computing refraction effects will hlow up if
elevation is less than or equal to zero. Therefore, the
elevation cut-off should be greater than zero.

2) The shaded area in the figure is not "visihle" from the TDRS.
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BUSINESS AND TECHNOLOGICAL SYSTEMS, INC. MEDIT

CRIGINAL PAGE Is

OF PGOR QUALITY
3.2.5 MEDIT

The MEDIT card is used to set the editing and printing thresholds
for outlying measurements.

#EDIT 0 0  2o. 10, -

Q000 Q080 00 COBR0 DOoRROODERROO000 BORODOGOOOOO0D000C0O0GOOO00CO0A00C000CRC0AC0NDNY
IEENENEBENEE RNV R NARNEMFEEEEREEEEEREEERERFEF NNV NNEE NEEERE BE ML NN N I B RN R N
IR R R R R RN R R R R R AR R R R R R R R R R R R R R R R R AR R R R R R RERERERER!

222227222222722222 212222222222222222222222222222122222222222222222222222222222222
3333 33333333333333 03333333333333333 03333333333333333333333333333333333333333333
4444444444444 4444448 448440 8844444444444444404444444000000 0080400000000 14
§ 5955555535965 6555565555959585555555555555555559555655555555655595356565555055585%§
AR A A R R A R R N R R R R A A R R R R R R R A R N A A A AR A R A R A R N R R A R R R A N R A RN R R N R RN AR RN
NI I I
SOBBOBRINERNB O3S JOOROBRBBOUERBNY SRRRBOARBRABRRBEENADBIROTROIOACBENILASTRIIILIILIILL

999 9999499897 599909999999999999999999999999999998899999999898999999999998999998
llllll-l_- lllll’:l.;:iilol.l'lllll UNBDRBRA NN IIIIN NI 4424340 0006470003081 52503455 30573058 00 61 Q203648508 ll.._):ll-ﬂn LRIRIRIN
Variable Type Description

1 A6 Keyword MEDIT

2 Integer Not used

3 Integer Not used

4 Real Measurement editing threshold. Default = 20

Measurement is also printed.
5 Real Measurement printing threshold. Default = 10

Measurement is printed but not edited.

NOTE: (1) Editing or printing of outlying measurements will occur when
the ratio 22/022 (where z 1is the measurement residual and o,
is the residual variance computed by the filter) exceeds the threshold.
Note that unlike most batch processors, the procedure includes the
uncertainty in the state estimate as well as the measurement noise.

2
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BUSINESS AND TECHNOLOGICAL SYSTEMS, INC. MSIG

ORIGINAL PAGE IS
3.2.6 MSI OF POOR QUALITY

The MSIG card is used to override the measurement standard deviations
(as given on the measurement tape) for particular stations, GPS satellites
or satellite altimetry.

ASlG 10t 2 9.004 0.0 395

O Q0000000 GOBOORBERO0N & o00OCOONE00 O OOCONRROUNBBOROROORORORRONOORRONERRIONY
T2 I NI EAN InNANT BN NN ABHER ISR NG URN NN UNA S SN RSN N T OU KNI UNI IR AN
2R R R R R R R R R R R R R R R R R R R R R R R AR R R R R R R ERR R RN

I 2222222222222 22222222222222222222222222222222222222222222222222222222222222122
$3333313333333333333333333 33333333333333°333333333333333333333333333333333333133
TAGAAA A 4400044044000 0000040040400 4040 044004400400 04 4000000000000 14
§85.5555555595585955535559935553555555555555555555556555565595555555565555555555555¢8
TR SR B BB BB BB E BB E BB BB CEEEECEEEEEEEEEEECECEEECEEE8CCECE0CECCEEECsEacEatEsstE
IR R R R R R R R R R R R R R R R R R R R R R R R R R R R R DR R R R RN
N AR R R R NN RN RN R RN ERRRY SURSOORRIBNNG sRRBBRBIBRNIIBRIGABBIIBIRIRIINIIINIIIITIINTL

$9 $999999009099099999099999999999999899999999999999999999899990998999999857379949
1138 ll—_.l L A1) um:mvuununuununnnnnnnu:-ullumnuuumuuuuuulnnns-nlnullunu_ﬂnnnnun':m-
Variable Type Description
1 Alphanumeric (A8) Keyword MSIG.
2 Integer Station or satellite number (maximum of
5 digits and must be positive).
3 Integer Source of measurement.
1 = GPS satellite
2 = Ground station
3 = Altimeter
4 Real Measurement standard deviation (kilometers

or dimensionless) for the first measure-
ment from a station, satellite or alti-
meter. Default = SIGl on Measurement
Data File (see page 15).
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BUSINESS AND TECHNOLOGICAL SYSTEMS, INC.

Description

Measurement standard deviation (kilometer or km/sec) for
the second measurement from a satellite which has a pair
of measurements. This only applies to the psuedo-delta
range from GPS satellites and range rate for ground
stations (including TDRS relay measurements).

Nefault = SIGl on Measurement Data File.

Measurements processed in pairs are:

Measurement 1: Measurement 2
Ground range and range rate: range range rate
psuedo range psuedo delta-range
range range rate

W TR wRTW T

OLIGIAL PAGE 1S
OF PGOR QUALITY
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BUSINESS AND TECHNOLOGICAL SYSTEMS, INC. PRINT

3.2.7 PRINT ORIGINAL PAGE IS
OF POOR QUALITY

The PRINT card defines the printout options.

R"W ¢200 [ EEEXE]

Q000 B0RUO D" qnENoNsRRRRRRERRNRRBRROIRRBRRRNRRROIRRBIBBNIBIRBRAIERRNRRRIRRIBOINIINY
IREEENEEEE NE R R WHNNRUAONARNY AN ABUABINNONROUSBTEORIRUUNNNNUNBIRUNBSNEQNINIINENITINNS
(S R R R R R AR RN R RN R R R R R R R RN R R R R R R R R R R R R R R AR R R RN AR R R R R RN R R RE R RN R RRRRRR RN
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CUUAAAA 404004044 00400000008800400000004000004444500000000 00000 000K
R I N RN R R R R R R R R R R R R R R R R R R R R R R R R R R RN RN R R R R R R R N R R R AR R RN RRRRRRRRRRZRRRRRRRE
CEEBEEE BB b EEEEEEEEEBEEEEEEEESEEEROEEEREEBERSEEEEOOOOUEEEEGEEEOOEREOCEOOEEEOEES
l AR R R R R R R R R A R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R AR R AR ERRRRRRRE]
l R RN R AR R RN R R R RN RN RN RN RN R R RN RN RN RN NN N RN N RN R RRN RN NN RNRNNRNNERNRRNRNNRNR!

%:,%%%’,%’.?.;.,’,ﬁf.if.?..’..".f’,3.,’..'.:3.,’,,’..’.1.’..',,’,3.::.’.1:.’.:31.’.::3.’.1.’..’..’.1.’.:.’.‘.’. M HHHHH
Variable Digit Type NDescription

1 Alphanumeric (A8) Keyword PRINT.
2 Integer 5 digit integer.

1 Defines coordinate system of printed and

| plotted output: 0 = HCL, 1 = FCI.
Default = 0.
2 Controls filter print: 0 = no state

output, 1 = orbital elements only,
2 = full printout. nNefault = 2.
3 Controls smoother print: 0 = no state
output, 1 = orbital elements only,
2 = full printout. Default = 2,
4 Controls generation of the smoother
covariance (ECI coordinates) on unit 71.
0 = no output, 1 = output. Default = 0.
NOTE: The computer I/0 charges will
approximately double when using
this cption.
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BUSINESS AND TECHNOLOGICAL SYSTEMS, INC PRINT i
Variable Digit Type Description
/
2 5 Integer Controls plotting of filter/smoother :
standard deviations on position. |
0 = no plots, 1 = fiiter plot only,

2 = smoother piot only, 3 = filter and , :
smoother plots. Default = 0. , §
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BUSINESS AND TECHNOLOGICAL SYSTEMS, ING. OF POOR QUALITY SMR
3.2.8 SMR

The SMR card is used to input the satellite area to mass ratio.

SHR 5 0 0.311E-8 s

SORNNN0R  BOTRRo RO THROABRBOBROBADROBIROOOOQOCOREBOCORORRRBORRORIRNNRTNPNREOUORINIORINNY
SRS E NI NN N YNNI RNUBAANANGRRUBRTANNNLNNSENUIRRONERNOINIIRN AR NN
IARARRE R R R AR R R R R R R R R R R R R R R R R R RN R S R R R R R R AR R R R R R R R R R R R R R R R R R

2122222222222222222222222222222222222222222222222222222222222222222222220222122
33333233333333333333 3333333333333333333333333333333532333333033080313 1330008
G LAIE30 4040440440444 0004040448004044000040044440404440404044000000000 48000044045 0
SISy SIS sG55 9505595558955 55555555555555555 5555595585555 55595955058%
A N A A R A A R R R A R I A R A A R R R NN A R A NN R RN R MR RN NAERE
(AR RN R R R R R R R R R R R R R R R R R R R R R R R R R R R R RN

§9 909999893890 99999809990998099999998099909989999998999992999988999089999999983898
t2348808 000 url‘m_s“l:ol‘luuminnannnnnnnunu-nnnnmmauummuun NUHNBHDAGORCBUEHTNBXNEANANTINDS
Variable Type , Description
1 Alphanumeric (A8) Keyword SMR.
2 Integer Not used.
3 Integer Not used.
4 Real The satel11te area to mass ratio in

kilometers /k?]ogram. Default is the
ratin of area ¢o mass on the ORBIT
file.
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BUSINESS AND TECHNOLOGICAL SYSTEMS, INC. STAPOS

T UGINAL PAGE 18
3.2.9 STAPOS CF POOR QUALITY

The STAPOS card is used to input the positions of the ground tracking
stations.
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] ¢ s 08
IREEEN NEANBENN a

LA 1 IR R R R b 1 1 | 1
2222 2212722222222222222222222221222222222222222222222222122222222222222222222212
$ 033733333332 3333333333 1 133333333333 333333333333 3333333333333333033333333303
COLAMEAAAAAAA 440004404000 4400 04000880 44444444444 44444404044000040 0000000045 14
IS5 5 5555 55555555555555555555555555555555555555555555555555555555855555495355588353
GEESE SOEEEEEECEEEOEOEEEEEGERbEbECRECEEEERGREEOETEOOUEEROEECECEUGEETREOEERRRERST
(AR R R R R R R R R R R A R R R R R R R R R R R R R R A R R R R R R R R AR R R R R R R R R R R R R R R R R R R R R R R RER R R R R AR R RN/
OGSO BOROEBINUNBOBRUSEY SORRBORUONTE SUOEBBOUNROL ROBOROCOBROOICGEOREROORANNINNNLGY

009009090990 080999998999995999998999999999999998598999998992°9999999999998899¢8¢82827
P21 48010 NN EnURI NN EONSRTIANATIUARINNNILANGNI NN REUNNISNNURANNRND unnnnununnn

(I RNRRRNRANN )
NEuuERTanRY u
frrrenn e

= -
—_—a -

= -
— -

-— e @R
-— - -
— -
— e

1"
nn
1

— e G
-— - .
e J
-— .

te
o%
11

-— g -
- -

t R AR AR RRRNN NN
M SuenuBUeRUNANITD
1 (AR REERREERRERE

-— .
- -
-_— -

[T - N

L )
nunn
1181

-ty -
- -
— -

ERRNENRREN.
ANTIAUBND NN
mrerr 1

—
—

-

]
»
!
1

e NG - $00¢ en—
Variable Type Description
1 Alphanumeric (A8) Keyword STAPOS.
2 Integer Station number (maximum of 5 digits).
3 Integer Not used.
4 Real Station geodetic latitude (degrees). ¢
5 Real Station East longitude (degrees). A
6 Real Station height above ellipsoid (kilometers).

NOTE: (1) It should not be necessary to input any station positions using
the STAPOS card; the header record on the Observation Save File
(Unit 9) contains all the station positions. However, if the
user wanted to intentionally change station positions, this can
be done by using the STAPQS card.
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BUSINESS AND TECHNOLOGICAL SYSTEMS, INC. ST APOS

q

(2) The conversion of geodetic position to earth-fixed cartesian
coordinates is

GRIZINAL, PAGE IS
OF POCR QUALITY
X = (pg+h) cos ¢ cos A
y = (pq+h) cos ¢ sin A

z = ((1-e2) pg+h) sin ¢

where

©
[}

a//inez 371712 ¢

earth's semi-major axis

1]
n

(1]
u

earth's eccentricity
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BUSINESS AND TECHNOLOGICAL SYSTEMS, INC. STEP

3.2.10 STEP OR'CINAL PAGE IS
OF POOR QUALITY

The STEP card controls the step size used for filter/smoother output
and also controls the stop time of the run.

STEP o0 129.0 25400, 0 120, 1D
CeeentaesatnteR0OBNNOS O BCORRBERSORY foaoneonnes sosacocuBssosentsRNINY
PSS B L YNNI NNSIRTSIENADNUNRIUNANABEHARTUEANLUNRSNUBRUUETHENTBBININNSENIINAN
RERRRRRRRRER RN R AR R R R R R RRER R R R R R R R RN R R R R R RN RN R AR RN R R R AR RNRRRRRRRRRRER RS

1r2222222222222222222 22222121222222222222022222220 1122222222222222222222222 2
30 3333333333333333333333 333333333333333°73333333333333°333333337323333333313331 1
AL 400444044004 40040040400000 408 ° 44044040 00040404 4404000000004 040000010004 00
$9 5555555555555 555596559555595595955555555555555565855555955555555555565555955535
OGO EEEOEEOCEEGEEONEEEEEOOEEEREERE FoEE0ERCOERCEOECECHOCREOGECEGOCE66GGCCEEENE
(AR R R R R R R R R R R R R R R R R R DR R R R R R R R R R R RN
SURSORROBURRATaUEBRUBit QRUOBRRRNY SOO0 QBOORORBEBNRROL BRAERBLIRRRIABBLNNNQINICINTY

99999908999 0909999999999999999899999999859999996998999999999995859999999999999998
R R T N TR R R R N P N T P IR T R DTN MR R BT

Variabie Type Description
1 A6 Keyword STEP.
2 Integer Not used.
3 Integer Not used.
4 Real Step size (seconds) for mini-batch

measurement processing. All filter/

smoother output will use this interval (see note 1)

Defauit is 120 sec.

5 Real Stop time (seconds) from epoch of host
trajectory tape. The default is 86400
seconds but the program will stop at the
end of either the host trajectory tape or
the measurement tape.

4

P P R P T o

e S e T

7 —

T




BUSINESS AND TECHNOLOGICAL SYSTEMS, INC. STEp
Variable Type Nescription
6 Real Maximum step size for use in the Taylor series
integrator.

7

Notes: (1)

(2)

Nefault = 120 sec.

Real Step size used in copying TPDRS ORBIT files to a

TDRS trajectory file,
Default = 600 sec.

This step size should be chosen so that dynamic modelling

errors are negligible during the interval because the filter
assumes that state noise is zero.

If zeroes or blanks are input on this card, the program will

use the default value.

There is an additional restriction that the stop time divided

by the mini-batch step size is less than 999. This restric-
tion is imposed because PREFER must have sufficient core storage
to store the pointers used in the random-access disk I/0.
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BUSINESS AND TECHNOLOGICAL SYSTEMS, INC.

ORIGINAL PAGE IS

3.2.11 TDRID OF POOR QUALITY

TORID cards are used to define the relationships between the
seven-digit and two-digit TDRS identifiers and ground tracking stations.
These cards must be input when TDRS relay tracking is processed.

iDRID 2N 3. HIKHKHERE, 19

/
Q00000000000 QCCGRORBRO00000C0DC2100 o genqgoedoccasnnennadnassoRiRetNY
PIIAS T NN NN RN AT ANRN AU S RN HAMN AU U AN TOUS RN IMN IO CUTRR NN DR BT .
AR RN R R R R R R R R R R R R R R R R R R R AR R R R R R R R R R R R R R R R R R R R RN

2222222222222222222222222222222222222222222222222222%2222222222222222222222222122
33333333 313333333333 0173333333313333333 3 333333333333333333333333333313333323
WA A4 4040004444448 4 044844484 44084 48404400440 4004444040400010 4844

BB EECEGEEOE666CCEGEGE66E6GC666F6665666C6666E666C666G666C6EE6EGE66666666
TIT1T110010 1117111177117 1117117111117 TTT1T1111 1191110111111 111111111111711111
SoBsseonaasRcIORRBONY QUBOARBRBROBOCEORILIETSY B R R RN NN R R RN RN RN R RN NRRENRRERRNENE

99 9999839060999 9999999999999999999999989999999995599899999989959999999985989999989
RN R N N O T T L RN R R BT

—_— NeLe-iGal —
Variable Type Description

1 A5 Keyword TDRID.

2 Integer Tracking station number (two-digit).
This number must match the station
number on the header of the Measurement
Data File.

3 Integer Not used.

Real Two-digit TDRS identifier. This number

must match the TDRS number on the
Measurement Data File.

5 Real Seven-digit TDRS identifier. This
number must match the TDRS number on
the TDRS ORBIT file.
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BUSINESS AND TECHNOLOGICAL SYSTEMS, INC THRT IM
ORIGINAL pa
3.2.12 THRTIM GE IS
: | OF POOR QUALITY
& The THRTIM card is used to inpput the start and stop times for two
thrusting periods. If omitted, no thrusting will be used.
HRTIN 0 9 Sv00. 5760, 10500, 10%99,
i
i $0 00000 00 Q0000000 OCOSOO0GTO00GN OO00O00GO00080 O 0000000000 00 GoOEOO0NO00
! P20 a8 0 T N anusIlaNNNRARNURRTUINIRRUSM0R8BNTUUNBININORBUBBUURRINNININNINNIINN
: RN R R AR R R R R R R R R AR R AR R R AR AR RN R RN AR R AR R AR R RN R AR R RN AR R RR R AR R RRRRRRRE!

FW2222222222222222222222222222222228222222222222222222222222222222222222222222122
33 3233333333333333333 3333333333333 3333333333333333 3333333333333 73333333330
QAL 44444444444 40404404000000444000000000440400044444040404404044040000408048840 414
§54%5555555559555555 5555555555555 §5555555655555665555 6555555555955 5 '555555555555¢§
8RS8 6G 66656660 E666656666666666666 6666656 666666666605666666666666FGGE6E6GG6666
l T111111719190170011090 1119111171110 11111111111t iiiiiiniiiiigigg
l O SOBERBOBIBOBINUBUNOES UORRGINONBUNY SUUBOUBUOUUNRENE BOUOONUBANNNNT BONBORRINS

99 9 999900099996999999999999999999999999959999999998999999999898899 939999999988
et ll!l!lll:;!}g.:)lll'n!ﬂ NABUAANIRNUBBIABLOQTUBUOURNINUNBLNUNNHRBU (Hlllllll_ nunsnninn
Variable Type Description
1 A6 Keyword THRTIM.
2 Integer Not used.
3 Integer Not used.
4 Real Start time (seconds from epoch)
of first thrust segment.
5 " Real Stop time (seconds from epoch) of
: first thrust segment.
6 Real Start time (seconds from epoch) of
| second thrust segment. Default = O.
g, ‘ 7 Real Stop time (seconds from epoch) of

second thrust segment. Default =
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BUSINESS AND TECHNOLOGICAL SYSTEMS, INC.

3.3 Run Initialization Cards

ORIGINAL PAGE |g

OF POOR QuALITY

A11 the following cards are optional but it may be unreasonable to
make runs without initializing certain parameters.

Because the cards may be read in any order, it is important that the
CLOCK and CLOCKQ cards have the same number for variable 3.

(%3]
w
e e s e
SN~

0 N O

1
.12
.13

W W W W W W w w
e 8 & & & & & e
W W wwwwww
« & = s s
o
o

.16
17
.18
.19
.20
.21

W W W W w w
. . ¢ . . .
W W w w w w

Keyword

ALTIM
ALTIMQ

ALTIMT
CLOCK

CLOCKQ

CLOCKT
CSTA
DRAG
DRAGQ
DRAGT
GPSP
GPST
GRAV

GRAVQ

GRAVT

MBIAS
REFRAC
STATE1
STATETQ
STATE2
STATE2Q

Description

a priori o for altimeter bias

state noise for altimeter bias

de-correlation time for altimeter bias

a priori o for host clock timing bias and
clock drift rate

state noise for host clock timing bias and clock
drift rate ’

de-correlation time for clock drift rate

a priori o for station position errors

a priort o for drag coefficient

state noise for drag coefficient
de-correlation time for drag coefficient

a priori o for GPS position errors

a priori o for GPS timing errors

a priori o for perturbing gravitational
accelerations

state noise for perturbing gravitational
accelerations

de-correlation time for perturbing gravitational
accelerations

a priori o for station biases

a priori o for refraction parameters

a priori o for first three orbital elements
state noise for first three orbital elements
a priori o for orbital elements 4-6

state noise for orbital elements 4-6
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BUSINESS AND TECHNOLOGICAL SYSTEMS, INC

3.3,22

3.3.23

3.3.24

3.3.25

Keyword
THRUST1
THRUST1Q
THRUST2

THRUST2Q

Description

a priori o for acceleration of first thrust

segment

state noise for acceleration of first thrust
segment

a priort o for acceleration of second thrust
segment

state noise for acceleration of secona thrust
segment.

Because certain parameters require more than one input card (e.g.,
} GRAV, GRAVQ, GRAVT), it is possible to have unusual errors occur if the
' deck is not correctly set up. For example, suppose that the GRAVQ card was
input byt no GRAV card was provided. The presence of the GRAVQ card tells

PREFER that gravitational parameters are to be adjusted. However, the
a priori variances will default to zero because no GRAV card was supplied.
This will obviously result in problems for the filter.
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BUSINESS AND TECHNOLOGICAL SYSTEMS, INC ALTIM
3.3.1 ALTIM ORIGINAL PAGE IS

OF POOR QUALITY
The ALTIM card is used to initialize the standard deviation for the
altimeter bias. If omitted, the altimeter bias is not adjusted.

. .- N

ALTIM D 0 0. 005 s
BO R QRN 00 (BO 00 0L00 (0 0000000000000 D0RC0000O0000000C000R000000000000C0000GAININI
11345l annn l‘llll THUANRDUBINNANNNLDRIBTHNONLBUBBTANRNUNUBRINRBYERHESNUANNIIRHNINN NN
SRR R R R R AR R R R AR R R R R R R R R R R AR R R R R AR R R R R R AR R R R AR R R R R R R R R RR R RN

2222222222222222222222222222222222222222222222222222222222222222222222222221221212
$0:33333333333333333:333333333333333333333333333333333333333333333333333333333 0
A4 H 4444444404444 04480400004340844400000040 004084000000 040000 040000000 100004
5555555555 5555555555585 5955955555 555955555555555555555555555555555555955585549535
B BGE G RCCGaOERNERG ORI Eab ORI TEO IO EG0B060008600066066008686600600G666G8G6G06¢
7111771771117177117711]1111111777771711117177771111771771177!1171711111111771717

9991 9999995399990999989898989899999999999999999998939999999989999999889999999934¢
txxaslllounnuunuuuunnnux BNBNRNDUANNNR t P I T T CE R SRR
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Variable Type Description _
1 Alphanumeric (A8) Keyword ALTIM.
2 Integer Not used.
3 Integer Not used.
4 Real A priori standard deviation for the

altimeter bias (km). No default.
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BUSINESS AND TECHNOLOGICAL SYSTEMS, INC. ALTIMQ

Q ORIGINAL PAGE IS
3.2 AT OF POOR QUALITY

The ALTIMQ card is used to input the state noise on the altimeter
bias.
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Variable Type Description
1 Alphanumeric (A8) Keyword ALTIMQ.
2 Integer Not used.
3 Integer ‘ Not used.
4 - Real Steady sigma of the altimeter bias

Markov process (in km). Default = 0.
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BUSINESS AND TECHNOLOGICAL SYSTEMS, INC. ALTIMT
CRIGINAL PA ‘
3.3.3 ALTIMT OF PooRr ng,i)ff

The ALTIMT card is used to input the time constant of the first-order
Markov process for the altimeter bias.
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Variable Type Description

1 Alphanumeric (A8) Keyword ALTIMT.

2 Integer Not used.

3 Integer Not used.

4 Real Correlation time (seconds) for changes
in the altimeter bias. Default = 1.0
seconds.
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BUSINESS AND TECHNOLOGICAL SYSTEMS, INC.

CRIGINAL PAGE IS
3.3.4 CLOCK CF POTR QUALITY

The CLOCK card is used to initialize the standard deviations for the

host clock timing error and drift rate. It omitted, the :lock errors
will not be adjusted.
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Variable Type Description
1 Alphanumeric (A8) Keyword CLOCK.
2 Integer Not used.
3 Integer Number of parameters:
1 = adjust clock drift rate only
(e.g. NAVPAC).
2 = adjust clock timing error plus drift rate
(e.g. GPSPAC rate).
4 Real A priori standard deviation for host clock
drift rate (milliseconds/second). No
default.
5 Real A pricri standard deviation for host clock

timing bias (milliseconds). No default, but
this number {is not used if column 15 is 1.
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BUSINESS AND TECENILOGICAL SYSTEMS, INC, CLOCKQ
ORIGINAL pag
3.3.5 ; Els
ShoLkg OF POOR QUALITY
The €. 2KQ card is used to input the state noise for the clock drift
rate.
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Variable ___ Type Description
1 Alphanumeric (A8) Keyword CLOCKQ.
2 Integer Net used. )
3 Integer Number of parameters:

1 = adjust clock drift rate only
2 = adjust clock timing error plus
drift rate.
4 Real Steady state sigma of the host clock
drift rate, Markov process] (in mi1li-
seconds/sec). Default = 0.

Note: (1) The Markov process only applies to the clock drift rate. The
ciock timing error is obtained by integrating the rate.

(2) This number should match the number on the CLOCK card.
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BUSINESS AND TECHNOLOGICAL SYSTEMS, INC. CLOCKT
PAGE 18
3.3.6  CLOCKT %?GP‘SA QUALITY

The CLOCKT card is used to input the time constant of the first order
Markov process for the host clock drift rate,
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Variable Type Description
1 Alphanumeric (A8) Keyword CLOCKT.
2 Integer Not used.
3 Integer Number of parameters:

1 = adjust clock drift rate only
2 = adjust clock timing error plus
drift rate.
4 Real Correlation time (seconds) for changes
in the host clock drift rate. Default =
1.0 seconds.

Note: The Markov process only applies to the clock drift rate. The
clock timing error is obtained by integrating the rate.
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BUSINESS AND TECHNOLOGICAL SYSTEMS, INC . CSTA
3.3.7 CSTA ORIGINAL PAGE 15

OF POOR QUALITY
The CSTA card is used to initialize the standard deviation for the
ground station position errors (in earth-centered fixed Cartesion
coordinates). If omitted, ground station position errors will not be

adjusted.
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Variable Type Description
1 Alphanumeric (A8) Keyword CSTA.
2 Integer Station number (if 0, this card will
apply to all stations).
3 Integer Not used.
4 Real A priori standard deviation for the x

component of station position error (km).
No default.

5 Real A priori standard deviation for the vy
component of station position error (km).
No default.

6 Real A priori standard deviation for the z

| component of station position error (km).
No default.
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BUSINESS AND TECHNOLOGICAL SYSTEMS, INC. DRAG

CRIGINAL PAGE 18
3.3.8 DRAG OF POOR QUALITY

The DRAG card is used to initialize the standard deviations for the
drag coefficient. If omitted, the drag coefficient is not adjusted.
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Variable Type Description
1 Alphanumeric (A8) Keyword DRAG.
2 Integer Not used.
3 Integer Not used.
4 Real A priori standard deviation for the
satellite drag coefficient (dimensionless).
No default.
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BUSINESS AND TECHNOLOGICAL SYSTEMS, INC. DRAGQ ]

CRIGINAL pack (.
3.3.9 DRAGQ OF PooOR QUf;LiTi? ‘

The DRAGQ card is used to input the state noise for the drag coefficient. 0o
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5 Variable Type Description .
1 Alphanumeric (A8) Keyword DRAGQ. 1
2 Integer Not used.

3 Integer Not used. .

. 4 Real Steady state sigma of the drag
coefficient Markov process (dimension- 1

less). Default = 0.
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BUSINESS AND TECHNOLOGICAL SYSTEMS, ING. DRAGT

CUCINAL PAGE 1o
3.3.10 DRAGT OF POOR QUALITY

The DRAGT card is used to input the time constant of the first-order
Markov process for the drag coefficient.
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Variable Type Description
1 Alphanumeric (A8) Keyword DRAGT.
2 Integer Not used.
3 Integer Not used.
4 Real Correlation time (seconds) for changes

in the drag coefficient. Default =
1.0 seconds.
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BUSINESS AND TECHNOLOGICAL SYSTEMS, INC. GPSP

ORIGINAL Prcg |g
3.3.11 GPSP OF POOR QUALITY

The GPSP card is used to initialize the standard deviations for the
GPS position errors (in earth-centered local corrdinates). If omitted,
GPS position errors will not be adjusted.
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Variable Type Description
1 Alphanumeric (A8) Keyword GPSP.
2 Integer GPS satellite number (if O, this card will
apply to all satellites).
3 Integer Not used.
Real A priori standard deviation for the

H (vertical) component of GPS position
error (km). No default.

5 Reat A priori standard deviation for the C
(crosstrack) component of GPS position
error (km). No default.

6 Real A priori standard deviation for the L
(alongtrack) component of GPS position
error (km). No default.
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BUSINESS AND TECHNOLOGICAL SYSTEMS, INC.

GPSP

Note: (1) Note (1) on the CSTA card also applies.
(2) GPS position errors are treated as "pass" parameters.
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BUSINESS AND TECHNOLOGICAL SYSTEMS, INC. GPST

3.3.12 GPST ORIGINAL PAGE IS
OF POOR QUALITY

The GPST card is used to initialize the standard deviations for GPS
timing error. If omitted, GPS timing errors will not be adjusted.
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1
- Variable Type Description
1 Alphanumeric (A8) Keyword GPST.
2 Integer GPS satellite number (if 0, this card o
= will apply to all satellites). ' .
| 3 Integer Not used. o
E i 4 Real A priori standard deviation for the GPS
- timing error (milliseconds). No default. 3 :
B
{i Note: (1) Note (1) on the CSTA card also applies.
V; (2) GPS position errors are treated as "pass" parameters. : }
3
P{(
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BUSINESS AND TECHNOLOGICAL SYSTEMS, INC. GRAV

CRIONAL PAGE IS
3.3.13 gRrAv Ov ~GOR QUALITY

The GRAV card is used to initialize the standard deviations for the
perturbing gravitational accelerations. If omitted, the perturbing
gravitational accelerations are not adjusted.
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IANEERR R R AR R AR R R R R R AR R AR R R R R R R R R R R R S R R R R R R R R R R R R R R R RN

'122222222222222222222222222222222222222222222222222222222222222222222222222222122
33333333333333333333337°3333333333°333333333333333333333333333333333333333333333
BAAAAAAAAAA A A A AL G R A
S58) 5555555555555555565555554555555555555555555555 §555655555555555555555555655655
666 6666 GGE6666666GGE606666d6G666666666656666666666G666666666G6666666666666666666
AR R R R R AR R R R R R R R R AR R R R A R R R R R R R R R R R R R R R R R R R R R R R R R R AR R RN R RRARRRRRRAERE]
PRS00 EBB000008838 88808 SIOBENOROND SO UOENBNEBOB0UBUBBONOUUGEROOBBOBRUEEBOROARSRE

. 999888006899899434 99999999999999999989999999999999999999999999939999999998933399
11 sE1 Ill!lllliil"llll NRDBUBHDADIRNRIUBIBYUNISAQBHBGNHEHNN QBB UIBIBUQOUBEQOQEIRNINNIINNNK
— NECC- 308} —_—
Variable Type Description

1 Alphanumeric (A8) Keyword GRAV.

2 Integer Not used.

3 Integer Mot used.

4 Real A priori standard deviation for the

vertical component of gravitational
acceleration (km/secz). No default.

5 Real A priori standard deviation for the cross-
track (perpendicular to the orbit plane)
component of gravitational acceleration
(km/secz). No default.

6 Real A priori standard deviation for the along
track component of gravitational accelera-
tion (km/secz). No default.
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3.3.14 GRAVQ Ov 1'SOR QUALITY

The GRAVQ card is used to input the state noise for the perturbing
gravity accelerations.

DREAVE n o0 2.4E-9 D.7E-9 L DE~S 'y

P Ty

P |t
Co0-00000g004000000080600000000000000000000000€00000000000CGT00000000000000006C00060
PRI R NN RNBEEInNNRnNNN NSRRI USE ISR AOUSRTBNN IR NNANIRNOBI RGN INRIS NN
SRR R R AR R R R R R R R R R R R R AR R R R RN R A R AR R R R R AR RN

r172122222222022222222222222222222222222222222222222222222222222227222222222122122
FPII333333333333333333933333333333333333323333333333333333333733333833333333333333
BERAAAAA 444430444444 04 4444440440444 4844048440440 48 004444884044 04448 4400000484454
TS By55555559553555555565 55555565555 5555555555555555565555555565555555555565555535
665060000666 6600U6666G66G6008066666686G65G66660866666G66G5G6G6¢6
(R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RRRRRE R R
B800y008828280080008838 38888883008 (8888800880880 108088800 1805008838888 0883888280808¢8°¢

z 99999999996299999999999¢9999999999949999999999999¢9999999989999999999939938839
114458 :l!uun'z:‘us::a:vulmnnnunmm uunuuunnnu|muuuuuusmsmuusuml TR NIEN
Variable Type Description
1 Alphanumeric (A8) Keyword GRAVQ.
2 Integer Not used.
3 Integer Not used.
4 Real Steady state sigmas of the vertical

gravitational acceleration Markov
process (km/secz). Default =

5 Real Steady state sigmas of the cross-
track gravitational acceTeration
Markov process (km/sec ). Default =

6 Real Steady state of the along-track
gravitational acceleration Markov
process (km/secz). Default =
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3.3. e
15 GRAVT o POOR QuALITY

The GRAVT card is used to input the time constants for the first-order
Markov processes of the perturbing gravitational accelerations.

GRENT DN 1enn, 20N, 200, 'y

’ ’

goo "HMMHMHMMM 1800000000008 000000000000 ™ '00006000000000000000000000¢29
PrIAS eI N RRNERIRNY unununnnunnnunuuuuuuu:uuunuuu|uuauuuuuannnuuuuununununnuunn
R R R R R R R R R R R R R R R R AR R R R R R R R A R R R R R R R R AR RN R R R R R

222222222222222222222222222222222222222222222222222222222222222222222222222222122
1333°333333333333332333333333333333333333333333333333:33333333333333333333333323133
AAAAA4A0AA4A M40 004444444404 44 4400040804444 044444444444 0044 444444440044 440444444
5557 5558555555555555585555555555555555555555555555555955855559955550955555555535455§
$0GGE666666666666666666666G66666666G66666666666666666666G66666666666666666G66666G66663
MR R R R R R R R R R R R R R R R R R R R R R R R R RN
tysseaeaagessagenaenaaagsosossasaoapase0 808088 s00g808008000800200880¢C08¢88¢8

9' 99999999699999999999999999999899999959999999999999999999899999998999999993985499
|1Il!l1llll1’:19;4cl°|l"|l' ' nunsyseRNn nununnnuntxuauuuuusm'uusuuumanun HUudgguuInNRINIID NN
Variable Type Description
1 Alphanumeric (A8) Keyword GRAVT.
2 Integer Not used.
3 Integer Not used.
4 Real Correlation time (seconds) for changes

in the vertical gravitational accelera-
tions. Default = 1.0 seconds.

5 Real Correlation time (seconds) for changes
in the cross-track gravitational
accelerations. Default = 1.0 seconds.

6 Real Correlation time (seconds) for changes
in the along-track gravitational
accelerations. Default = 1.0 seconds.
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3.3.16 MBIAS o P@@R Qd/, bR T

The MBIAS card is used to initialize the standard deviations for station
measurement biases. If omitted, no biases will be adjusted.

MBIAS 10l 0 n. o0l 0. 000004 )39

[] - ’

08G9j0000070007000000F0YY00000000°0"  "0000000000000000000800000020005000000080
PLI ST s uuuunupuAnRaNsNnNsINRNNRUERNUBULTQUBBLUIYNNSUSRNSNBIRCHOSOBBRIRBNBNNNNN
ER SRR R AR AR R R R R AR R R R R RN R R R R R RN AR A R R AR R R RN R R AR RRRRRRE

27 02°2222222222222222222222222222222212222222222222222222222222222221222222221211212
ITTIIIIIIZIALLIIIINIINY 3II3I3IIIIL 3IIIINIINIINIII33IIII3I3I3I3I333333333333333
AAAARAR AR A AR A AR 4444444440040 8 0080040404884 44 4448444484444 8444044448 0444444444
555555555555969555555555658365565905555556556555565555555556556555585595556555858545§
GGE0G66666666666666666666666606G6666666A6666666666RG66666666G6666G6666G666666G66666
IR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R AR RN
Bo8882888088888080808088 208088088088 S088088888 8880888000808 8888800 00B08R0R0R0Y

89 99999999899899989999999995933999899993998499
RN R P P I R N

11734 in ny 588 SHI “1 Iltl IH l 5 niw
— Jeecc - 5084 —
Variable Type Description
1 Alphanumeric (A8) Keyword MBIAS.
2 Integer Station number (if 0, this card will
apply to all stations).
3 Integer Number of biases (1 or 2). Default=l.
Real A priori standard deviation for the

first measurement bias (kilometers for
range). No default.

5 Real A priori standard deviation for the
second measurement bias (km/sec for
range rate). No default.

Note: Note (1) on the CSTA card also applies. See also note on MSIG card.
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3.3.17 REFRAC

The REFRAC card is used to initialize the standard deviations for station
refraction parameters. If omitted, no refraction parameters will be adjusted.

REFRALC 19t 0 N, NONS 9939

saf00000Q00 000 000GE ¢ oseoooedco0ns0go00cacEO0NGBORO00000CBQO0KO0CR000000D0000RC
RN R R NI N R N R R e R P I N e P RV S TR PRI NSNS VR T
L R R R R R R R R R R R R AR R R R R R R R R R R R R R R R R R R R A RN R R R R RRR R

7222222222222222222222222222222222222222222222292222222222222222222232222222222121
33333 333333333333333 3333333333333333333333333333333333332333333333335333333333
B A AR A AR Aty
.5 55EG5555555555555555555 555555555555555555555555555555555555555556555555555585
6 GGEEEGEGE6GEEGE66666666666665666666666566666666666C5GFGEE6G666C66666666666606

| ERRERRRRRRRR AR R RN R RN R R RN R RN AR R R R R RRR R RRRR i RR R RRR R R R RRRRRRRRRRRERAS
LI T R R R RN R R RN R RN ERRRRRRNER AR SARNARERRRY

99 999899998999999999899398339 1999598999944300449088438994849 999999999899
trdds IR Hl l! R RN F N NG IR AR R R R NiRr L l illll l NIIPHO'
— HELC-308¢ —
Variable _ Type Description
1 Alphanumeric (A8) Keyword REFRAC.
2 Integer Station number (if 0, this card will
apply to all stations).
3 Integer If this number is greater than O on

any REFRAC card, then the program
will use the refraction correction
on the measurement tape as the

multiplier of the refraction parameter.

Default =

4 Real A priori standard deviation for the
measurement refraction parameter (see
Note 2). No default.
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Note: (1)
(2)

Note (1) on the CSTA card also applies.
If variable 3 is zero for all REFRAC cards, then the
residual refraction error is assumed to be of the form:

K/einE (range)

K( 3i;51 - 8i;Ei-1)/DT (range rate)

where K is the refraction parameter and E is the
elevation of the ray, Thus the q priori sigma on K has
units of kilometers. If variable 3 is greater than zero
for any REFRAC card, then K will be treated as the multi-
plier of the total refraction correction which is available
on the measurement tape for each measurement. Thus K is
dimensionless.
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ORIGINAL PAGE IS

3.3.18  STATE OF POOR QUALITY

The STATE1 card is used to initialize the standard deviations for
the first three orbijtal states.

STRTEL 1 9 +040 0L <010 )

O GONOBOD0 QO0RUONNE 0 DODBONN0 0TON000D000000 0 Q00000 NNR0000000000000C00ISY
113688 0lunuunlmuunnnnnnnnnnnnmnu:gnuuauunuuuuu«uuslnnuaunuuum:uuuunuunnnnunnnnn-
R R R R R R R RN AR R R R R R R R RN R R R R AR AR AR R R R AR AR RN RRRRRRN

222222221222222222222222222222462222222222222222222222222222222222222222222212122
303 333333333333 33333 0333T3333T V233333333333 0333333533333333333332333333333

AAEAA 44440400040 4440 4004044844000 0040000008404 40000084400404440040004400000004 04
$I8 S5SN80 5555558555555555565559555555955855855555558559558555585498§

GO E b B IB O EEBEaEOEG66666666C606666666666666666666666665666668§666666666666
l IRRRRRER R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R ERARRRN]
SOUBSUBUORBROBURBRENE BUSRROTGRE O BOORONBOUBOIOL SOOBBOBOBOOBRIBSOOQOBROINENIRBRUIRLININYL
’lg!’i!ll!ll!l!lll!!l!ll!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!l!!!g!

134 THIIRNNANBUHUIRHADNDBENIINNNAUBENDINANRUVMSBEENNNNUNVNUNIRRITURY Ilazlsﬂgll’ll,ﬂ’ll’ﬂ,”’ll’n'l:
. _— MEetom —
: Variable Type , Description
1 Alphanumeric (A8) Keyword STATET.
2 Integer Defines type of orbital elements: 1 =
cartesian elements; 2 = Keplerian elements;
3 = spherical elements. Note, this must
| match type on ORBIT file. Default =1
: 3 Integer Not used.
1 4 Rez1 A prieri standard deviation for satellite
state 1 (km). Default = .01(]).
§ 5 Real A priori standard deviation for satellite
state 2. Default = .01(1),
6 Real A priori standard deviation for satellite

state 3. Default = .01(1).

Note: (1) Unrits are kilometers, radians or dimensionless.
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OF POOR QUALITY

3.3.19 STATE1Q

The STATE1Q card is used to input the state noise on the satellite
position in earth-centered inertial cartesian coordinates (the program
makes the transformation to other types of orbital elements).

STATEIR 0 0 . 000032 . 500032 Lo00032

coae0age a0 00800008 geouas0eeR ) Q0008000000 bcegoosouosoodaoaococsenese
P23 E I NN NN DN BN ARNTDUS AN RABAOUGR TR AN SUTUARN AR BRN RN I NS ETIIN.
AR R R R R R R R R R R AR R R AR R R R R R R R R R R R R R R R AR R R R AR AR R R R R R R R

~12222122222222222222222221 2222222222222 22222222222222} 2222222222222222222222227
%, 7°333333333333333) 33331 33333333;3333;333333333/°33233)333333333333333333333333233
S A A A A A baa by
99855 555555595555555555555555555555555555555565555555555555555555555555555555555
GBS GEGEEEEEGGEEEEGEGEE6G666GE0666666666566666665686666666666566666666666G666656¢
1111111111111 1111 0TI 11 i1 111 81191111111 11117111111711711711111711111111
llllllilllllllllll!;lllllllllllllllcllllllllllllrlllllllllBllllllll!llalllllllll

9999999999999989998999899999988995099539999999990999999999999896999937999989898¢
123480 l— n'l.lut,c:it“l'l.l'nmnnunuuununsnuuuxsunumuumuauncmsmunuuusmuuuu luunuunﬂnnunnnum&
Variable Type Description
1 Alphanumeric (A8) Keyword STATE1Q.
2 Integer Not used.
3 Integer Not used.
4 Real Square root of state noise spectral

density for the x component of satel-

lite position (in km/sec]/z). Default = 0.
5 Real Square root of state noise spectral

density for the y component of satel-

Tite position (in km/sec1/2). Default = 0.

6 Real Square root of state noise spectral
density for the z component of satel-
Tite position (in km/sec]/z). Default = 0.
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ORIGINAL PAGE IS
3.3.20 STATE2 OF POOR QUALITY

The STATE2 card is used to initialize the r%itlard deviations for
orbital states four, five and six.

STRTER 0 0 . 0001 «0Nol 0001 ’s

000088 o0 000000 geosco0nn ERRRRNRRARNT ‘oso0000co0000000000600C00000000
LI O T NN NN NN U N AT NN AN ABUBRT BRI NA USRI D USRI NN RN RBUIRTRANNI NN
AN R R R R R R R R R R R R R AR R R R R R R R AR R R AR R R R RRR RN R

2222 222222222222222222222222222222222222222222222222222222222222222222222222122
303 03333333333333333 33333333333 0333333333333337 03333333333333333333333333333333
QA4 4044444040444 400040444400444444444484044444444444044440444400444 0004004804814

H555 555058555555 55559955595555555555555555555555555555555555555555555555565565148
AL E RGO OG oGO GO 6G666666666666666666666666G6666666666666G66665666666666¢6

IR R R R R R AR R R R R R R R R R R R R R R R R R R R R R R R DR RN
SORQQBUBRRRUIBRRBENY BOOOROBUNNN B8R URORORONO0Y SOSOOBRRBONAGERIONUOBOIBEBORAICIETNTY

HHHHHH T A S A B A L L H
P NEoC- 6084 —
Variable Type Description

1 Alphanumeric (A8) Keyword STATE2.

2 Integer Not used.

3 Integey Not used.

4 Real A priori standard deviation for satellite
state four. Default = .0001(1).

5 Real A priori standard deviation for satellite
state five. Default = .0001(]).

6 Real A priori standard deviation for satellite

state six. Default = .0001¢1).

Note: (1) Units are km/sec or radians.
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ORIGINAL:
3.3.21 STATE2Q OF POOR ggﬁfwg

The STATE2Q card is used to input the state noise on the satellite
velocity in earth-centered inertial cartesian coordinates (the program
makes the transformation to other types of orbital elements).

STATEZ2 0 0  3.25-8 3.26-9 3.8
: v - > o »
;
:'l'llllll ¢4 gRoRsaoRostRdd OO RRCCORRROBOORRICRBOROOBOODDOCBGOONRONCO0O0OORNOCROCOSERY
VI3 T I AN NBUBISITUNRNABHNABNBINNINAUBRNTUMSNLCUSATUANTAUNUISIVIRAUEBCHENNNIINNNNTENN
(N R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RN RN RN R !

JA212°°2222222222222227222222222222 2222222222222 222222222222222222222212222121

e 3 33333333333333377333333233333 333333333TIIIATIIIFIILNNANNAININIIGINIINNINLING

QAR 4 444444844404 4444 448000840408 00000444004444 404444404484 00404000048404040 0814
$555 5655555585555 53857 595555585988 8895355559 5555595 5555555555555 055558595359535¢%¢

+ BEBBEEE RGBS EO O R EECECOEEO PO OGO REEEEOOGEEECECECEEOFO0CEOCERGOREEOOEE

IRRR AR R SRR R R R R R R R R R R R R R R R R R R R AR R R R R R RN R RERE R B
SEOONE BOBRRORDRORER BEY SORRBOBY BON BRUBOOBBOGNE Mt BRBANBGBOLOANGNOLNICLONCRNONGSGOEOGOOMYG

99999999989958999099999899909998999999999999999998999999990999999989999898988999984
1234860700000 umlm:ummnunumunuuulnnulmmuauaaunumnunnnuuusvnuunnuuunuu-rznnunnnunl
Variable Type Description
1 Alphanumeric (A8) Keyword STATE2Q.
2 Integer Not used.
3 Integer Not used.
4§ Real Square root of state noise spectral

density for the x component of satel-

lite velocity (in km/sec3/2). Default = 0.
5 Real Square root of state necise spectral

density for the y component of satel-

lite velocity (in km/sec3/2). Default = 0.

6 Real Square root of state noise spectral
density for the z component of satel-

lite velocity (in km/sec3/2). Default = 0.
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ORIGINAL PAGE
3.3.22 THRUSTI OF POOR QUALITI$

The THRUST1 card is used to initialize the standard deviation for
the perturbing components of the first thrust segment. If omitted, the
perturbing thrusts will not be adjusted.

fHRUST, 0 ¢ 1. 0E-6 1.0E-6 1.0E-6 ’s

THOC O NR00 0 00000000 RSO RRIRRONY SO0 EOR00RUNN0000-0000C0AB0RREN0NER00BNRIRINIY
IR EEEEEENE IR SRR R R lnmunuuuunnlnunannnnsmmuuuau mmunuauunu-nnna-anunnnunununun-
SRR R R R R R RN R NN R R R R RN R R RN AR R R R A R R A R AR RN AR ERRRRRRERRRY

2212°222222222222222222222222222222222222222222222222222222222222222122212221222121212
"3333 33383333333233337333333333330333333333333333F 3333333333331
$44 $4440 4440040404400 40400004440 484444880 408440440044 444444840400044 0004484000004
FES55555555555558255555 55555955555 555555555555555% §555555555955595555555555583§
GOREECETCEEECECOERE0EGBCE SE6CEGE6656C BGEECCEEEEEEEOEOC00 CGESECEEEOEOEOEEOEORORERNT
IRA AR RR AR ERRERR R R R R R R R RN R R R R R R R R R R R R R R R R R R R R R R R RRRRE RN
O BBONBOBaBROINORNENT SSBSANNNUY SONORSORREUNRNON BORBOONBRIERAICGOINOGOIRORIIANIOLENTY

99 9999989999089 80099399989999999999989999989999999999999999999998899998998913899

T2 345670 INUNRNUBBINUNNADRNBADNANRANDRAUBIBIRNAUAVUSRIRABNUBNURINNNITRUSRIUANIIRNIRNENG

—_ Naoc-8081 ——
Variable Type Description

1 Alphanumeric (A8) Keyword THRUST1.

2 Integer Not used.

3 Integer Not used.

4 Real 4 priori standard de.iation for the

vertical component of thrust acceleration
(km/secz). No default.

5 Real A priori standard deviation for the cross-
track component of thrust acceleration
(km/secz). No default.

6 Real A priori standard deviation for the along
track component of thrust acceleration
(km/secz). No default.
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ORIGINAL PAGE IS
3.3.23 THRUST1 OF PCOR QUALITY

The THRUST1Q card is used to input the state noise for the perturbing
components of the first thrust segment.

MRUSTIO o0 9O 1.E-? 1.E=? 1.8-7

!

I .
lll}" SO00° 00 BocasosatRcocOsRREBROBORNOODROROCEOOCOOCURBROCODRTESEO0OO0O0RRROCROCTRORUOTSTE
12343 07 8 00T IN BB UANNBNSIRTANNIANUNRASNUQCUIRHUERTRUVRNUURINIBIRRUSEY daunnnInInIUIRINNR
(ANRERRRRERRRE R lllllllII!lllllllllll BRREREERE R R R R R A R R R R R R R ERR R R R RN R R R R B

2222022222222222222222222222222222222222222222222222222222222222222222222222121122
(3333 33333333333233333373R33333333333 3333333333333 °333333333333333333333333333 0
AAAT 4400404044400 00 80000 0000008000088 0 0480404040444 40440445440440 0400000440040
§855555555555555558555557 555555555555 5585555699559 5955555855555 55955355555933885
CBEEEE G EEbGEEEEEECEEER T ENEECEEETEREECREEEROEEEEOGCOENEOEEAOONOERCCEFEEEORREEES
TI17111 7011090000090 01000 100000070971 1117111111111 1111111111111
00000 BRRNOBORBONNTNY BOROORUOERES WBBONNRBABUND BROBGRROOGGRABGRICELIQNBBAIRBRLILOL

09 £99999999995999999999999099599998599999999999899999988398800903983889999999319%
R R R R R R R P R T I R P R P I DL BN R A MR L T

Variable Type Description

Alphanumeric (A8) Keyword THRUST1Q.

Integer Not used.

Integer Not used.

Real Square root of state noise spectral
density for the vertical component of
thrust acceleration (km/secs/z)
Default = 0.

5 Real Square root of state noise spectral
density for the cross-track component
of thrust acce1erat1on (km/secs/z)
Default =

6 Real Square root of state noise spectral

density for the along-track component

of thrust acceleration (km/sec5/2).

Default = Q.
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3.3.24 THRUST2 QRIQINAL PRaT 18
- OF PCOR QUALITY
The THRUST2 card is used to initialize the standard deviations for
the perturbing components of the second thrust segment. If omitted,
the perturbing thrusts will not be adjusted.

MMRUST2 © 0 1.0E-6 1.0E-6 1.0E-6 vy,
i N s

: i
P00 L0008 00 DORRRENRN o naanaoueoosy 0000000000080 0000800000000000008080000800
T2 34T E NI HEINDNESNENNANTNINNNNAUNBNUIANEQUEATNANNNUUSANIANNRUURRI RN IR
SRR RN RN R RN E R AR RN R AN R R R R RN R RN R R R R R RN RN RN AR AR AR

22%2°7 12222222222222222222222222222222222222222222222222222222222222222222222121
3933 333333333333333373393333333333 333333333333 IIIIIIINIIIIANNININNNIINAGG
Shd AAAAAAAAMNNAAMA4CAALAMAAAA441A444444444484 444440000444 0444408 0000008000014
SIS sG55 " I555555555555 5555555555585 5999555559 955559955555535535
COEEECEEOEBEEEOCEEEOEBEEG6G EEEOGCEEEEEGS GEGECEREOCEEE BOOFOEOCGREEEECGEEEOOEEEEESE
1111111171119 1 1111111111111 1111111111111ttt 111111111111111111111111
G SRR BBIBOUBEINTRERENS OIS SRNROUNNS SOBOOORARBUNY QOBUCOOISBB OB BBROBBONBORRNNAGEY

49 §99999999999999999999989898999899999999999999999999999999899099999988598899993
123vs8t0 unu:;::?uunnnnxnnvn BUARBUBRIRABNGQAUHUBNUNINTRBINABNSENBURUUBETERRNIIRNAENIANS
Variable Type Description
1 Alphanumeric (A3) Keyword THRUSTZ.
2 Integer Not used.
3 Integer Not used.
4 Real A priori standard deviation for the

vertical component of thrust acceleration
(km/secz). No default.

5 Real A priori standard deviation for the cross-
track component of thrust acceleration
(km/secz). No default.

6 Real A priori standard deviation for the along
track component of thrust acceleration
(km/secz). No default.
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ORIGINAL PAGE IS
3.3.25 THRUST2 OF POOR QUALITY

The THRUST2Q card is used to input the state noise for the perturbing
components of the second thrust segment.

MRUST2S 0 0 1.E-7 1.E-? 1.8-7 .,
, - &

! ;
HEL M 'Illl SO sasoBoosnaaRRnsORRRBERGRROOROOBIDROORRRRORORROURTBOQBOOROEORRNNNGN
L1 34 ST S INRUBHUIBNERINADUNNAVANRYANUBBIYBNANAUUSETEERNUINVUNUINRBTOUBUOUNAIRIDUNBNTINE
R R AR R AR R R R R R R R R ARG RN R R R R R R A R R R R R R R R R R R R R R R R R R R R R AR AR R RN R R R R RN

2222°2°2222222222222222222222222222222222222222222222222222272222210222221212212122111 :
J3333°33333323333333333733323333333333 3333333333 33TCIIIII333I333IINAIIIAN33 y
AR AAAAA AR A A4 4440040440448 44 044444444000 44 0044450000000 004
555595555555 555555555579555555555555 5555555555555 5555555555956599958555595495% ‘
N R R R R R R R R R R A R R A RN R R A AN N R NN R AR AR R R RN -
1111971003003 01700000000 1900003001010 1291000107097 111111111111 11111111111111 l |
§ st llllll!lllllll.lllllllllllll SHOBORBABRESY SSsseBRBBERBOOISBORECOROIOINY t 1
19 99999899998999990899953899893999999999899999999999899989899899 zz! 9899899898914

INEEENERERR MR EEE-EEEEEREFESEEFRERERNENLEY UEELE RS ER SR ELLNE flaenpnnnnuBpRnIRne r &;}
— - 5081 i
Variable Type Description ; 4
1 Alphanumeric (A8) Keyword THRUST2Q. |
2 Integer Not used. (
3 Integer Not used. %
4 Real Square root of state noise spectral ;

density for the vertical component of :
thrust acceleration (km/sec5/2). Default = 0. .
5 Real Square root of state noise spectral ? :

density for the cross-track component of

thrust acceleration (km/secs/z). Default = Q.
6 Real Square root of state noise spectral
density for the along-track component of
thrust acceleration (km/secslz). Default = 0. %
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when pass parameters are added or removed. Also, any measurement residuals

4.0 PROGRAM QUTPUT

The printed output from PREFER consists of the filter estimates at
the end of each mini-batch, a summary of the measurement residual statis-
tics for each mini-batch, the smoother estimates at the corresponding times,
and optional printer plots of the filter and smoother position standard
deviations. PREFER also produces an ORB1 File (smoother output) on unit
70 and an optional file (unit 71) containing the smoother covariance matrix
in ECI coordinates.

The filter summary includes output in both earth-centered inertial
or local coordinates at the current time and epoch elements (cartesian,
Keplerian or spherical). The ECI/HCL output consists of the nominal
trajectory, the estimated correction and the estimated total. The fil-
ter output for the epoch elements is the estimated correction to the
nominal elements. Also printed are the estimates for the remaining state

parameters and the computed standard deviation for the estimate. -

The measurement residual statistics for each mini-batch are printed
before the corresponding filter summary. Two lines are printed for measure-
ments which occur in pairs (e.g., GPSPAC, or ground range and range rate).
The first line for each GPS satellite lists the statistics for the pseudo
range measurements while the second line corresponds to the pseudo delta-
range measurements. Ground tracking can be easily distinguished from satellite-
to-satellite tracking because GPS satellite numbers are printed as negative.
Included in the residual statistics is the "WEIGHTED SIGMA". This is computed

n
as //%g(zf/ci.))/n where a, is the residual sigma (oz; = v HPH T +R )
i i j

as computed by the filter. If all the filter models are correct, the expected
value of the WEIGHTED SIGMA should be approximately equal to 1 and the
deviation from 1 should be approximately 1/v/2n .

Between the filter summaries may be other messages which indicate

which exceed the editing or printing thresholds will be printed.

RS ST iy e
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A summary of the measurement residual statistics is printed at the
end of the filter printout. The following five quantities are printed:

(a) Total number of measurements: n

ORIGINAL PAGE 13

n
. , 2,2
(b) Weighted sigma: '/(?(zilc’zi))/" OF POOR OUIALITY

n
2,2
(¢) & 25/0
ja1 1 %

ja] 24
(&) -1 & (22762 +an o2 )
[ L 2 24

The sum of weighted residuals (quantity c) should be chi-square
distributed with a mean of n and a standard deviation of v2n . If the
value printed deviates greatly from n % v2n , then modeling errors are
suspected. Quantity d 1is the sum of the natural logarithm of the
analytically computed residual variances. Quantity e is the log likeli-
hood function (plus a bias) and is computed as the negative of one-half
the sum of quantities ¢ and d . This is the quantity which would be
maximized in a maximum likelihood estimation program [3]. Thus, the log
likelihood can be used as a metric to compare runs made with different
mode] assumptions. Notice that this procedure attempts to minimize the
sum of weighted residuals and the residual variances: it is not acceptable
to minimize just the sum of weighted residuals since this can be done by

making a, large.
i
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The smoother output is printed backward in time after the filtering is
completed. The smoother summary is very similar to the filter summary and
also includes the filter estimate at each point.

A11 output is in units of kilometers, km/sec, km/sec2

milliseconds, Hz/megahertz or dimensionless.

, radians,

4.1 Format of ORBY File (Unit 70)

The smoothed ECI positions and velocities are written on Unit 70 in
the format of a GTDS ORB1 File. This will be generated in the same

coordinate system (TOD or 1950) as the input ORBIT file. The starred

quantities are not actually written on the file.

ASCORD oo SYTES NAME, CESCRIPTION, ETC.
1 2500 bytes 1-3 TITLE(1): ORBl identifier = 76796291.
ORB1
header Y=16 IDSAT: Satellites ID number

17=24 Not used

25=32 STORBL(1): Start time of ephemeris (YYMMDD.)

33=40 TITLE(S): Day count of year for start of

: ephemeris

41-48 TITLE(6): Seconds of day for start of
ephemaris

49=56 ETORB1(1l): End tims of ephemeris (YYMMLD.)

57=64 TITLE(8): Day count of year for end of
aphemeris

65=72 TITLE(9): Seconds of day for end of
aphemeris

73=30 TITLE(L0): Time interval between ephemeris

points (sec.)

81-152 HEADER (I,1): I=1,9
Title of current run

153=-160 ICENT: Central body indicator
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ORIGINAL PAGE IS
OF POOR QUALITY

RECORD Ao sYTES NAME, DESCRIPTION, ETC.
1 2800 bytes | 161-208 Spares
ORBl1
header 209-216 YMDREF: Year, month, and day of referenced
time of true system
217-224 TITLE(28): Day count of year for reference
date
225=232 GHA: Greenwich hour angle at epoch
233-632 Spares
633=640 CSUBDZ: Drag coefficient
641-643 AREA; Area of spacecraft in cm?
649=656 SCMASS: Mass of spacecraft in grams
657=800 | Spares
801-808 | TITLE(10l): Time of epoch from refarence date
in seconds/806.81242
809=816* | TITLE(102): Ratio of semimajor axis to mean
equatorial radius
817-824 % | AEINT(2): Eccentricity
825-832* | OBLINT(S): True anomaly at €y rad.
833=-880 | PVINT(I): I=1l,6
Cartzsian elements for integratios:
initialization
881<888 | SPINT(S): ?ag?itude of radius vector
' km
889=4896 | SPINT(6): Magnitude of velocity vector
(km/sec)
897-904 % | TITLE(113): Sum of mean anomaly and argument
of perifocus
905=912* | AEINT{(6) : Mean anomaly
913-920 | Spare
921-923*:LAEINI(5): Augment of perifocus
929-936 % | AEINT(3): Inclination
AEINT(4): Longitude of ascending node

937=944 %

MMMMMMM
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ORIGINAL PAGE |
OF POOR QuALITY

AECORD

RECCRD
SIZE

sYTEs

NAME, DESCRIPTION, ETC,

1
ORB1L
header

2800 bytes

945-952*

953=460*
961-968 *
969=-976*

977=484%

9435=-992*

DBLINT(8):

DBLINT(9):

OBLINT(2):

993~100040BLINT(6) :

1001-1008 JOBLINT(7):

1009=1520
1521-1528
1529-1536

Spare

EY s

LM;

1537=-1544 E

1545=1552
1553-1560
1561~1568
1569-1592
1593-1600

1601-2800

ESC:

pare

Spare

TITLE(119):

OBLINT(4):

OBLINT(1):

Vertical f£flight path angle minus

x/2

Mean motion ac to:

Eccentric anomaly at to

Time rate of change of argument of

perigee at t.: rad./DUT sac.

0

Time rate of change of right ascen-
sion of ascending node ac tj: rad./

DUT sec.

P;riod at t.: DUT sac.

0
Perigee height ac to: km

Apogee height at €y¢ kam,

Year of elements epoch
Month of elemants epoch
Day of Qlcmcn:s eﬁoch
Hour of elements epoch
Minute of elemencs epoch

Seconds of elements epoch

TITLE (200): Orbit theory indicator

= 2, Cowell or time-regularized
Cowell
= 3, all others

rad./DUT sec.

¢ rad.
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RECORD . aYTES NAME, DESCRIPTION, ETC,
All except | 2800 bytes 1-8 DATA(1): Date. of first ephemeris point
first and (YYMMDD.)
last two
9=-16 DATA(2) Day count of year for first
ephemeris point
17=24 DATA(3): Seconds of day for first ephemeris
point
'ORBl data 25=32 DATA(4) : Time interval between data points
(sec.)
33-40 DATA(S): Day count of year for epoch
41-86 PYINT(I): I =1,6; first position vector
(lm) and velocity vector (km/sec)
87=2440 |PVINT(I): I=1,6; J= 2,50
Position and velocity vector sets
for data points 2-50. For less
than 50 points, the first invalid
set is .9999999999999999 x 1016
- (units km and km/sec)
2441-2800 |Spares
Last two 2800 bytes 1-2800 [ESNINE(I) I=1,350
ORB1 end End of file sentinels, with the
sentinels value 0.9999999999999999 x 1016
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ORIGINAL PASE s

4.2 Format of Smoother ECI Covariance File (Unit 71) OF Pcop Q&Tﬂ(‘;ljs“"x'

T S

If requested, the entire smoother:covariance matrix is written on 3
unit 71 where the entries corresponding to the orbital elements are
transformed from epoch osculating elements to current ECI cartesian

' elements. This file consists of two types of records which are repeated / i

until the end of the trajectory is reached. Notice that the first g |
1 record (in a pair) contains a variable which defines the length of the 3 ;
! second record. i

Record Type 1 |

Word
! No. Type Nascription :
1-2 Nouble Precision Time from epoch (sec). C
3 Integer Number of adjusted states (n) at current time. Lo
4 Integer Length of covariance matrix ’
(n- n+l ) 1
Integer Numeric label of 1lst state. S
Integer Numeric label of 2nd state. ¢ ]
. . . . * '}g
; . . . . v j
L] [ [ ] L : \;
» [ . . . E
| 104 Integer Numeric label of 100th state. - %
- co
: d
| i
§
b
B
:{é
-
§
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OF POOR QUALITY

Record Type 2

This contains the ECI smoother covariance matrix stored as upper
triangular by columns.

Word
No.

Type

1-2
3-4

(ne (n+1)-1)
5 ~(ne (n+1))

Notes: (1)

(2)

Double Precision
Double Precision

Double Precision

Description

Variance of lst state.
Covariance between 1lst and 2nd states.

Variance of nth state.

Because of numerical problems, it is possible for the state
variances to become negative.
The numeric labels of the states are defined as:

Label Description
1-6 state orbital elements (ECI)
7 diag coefficient
8 perturbing gravitational accelerations (HCL)
9 acceleration of first thrust segment (HCL)
10 acceleration of second thrust segment (HCL)
11 host clock timing error (msec)
12 host clock drift rate (msec/sec)
13 altimeter bias
100000 station bias
200000 station refraction parameter
300000 station position error (EC!)
400000 GPS position error (HCL)
500000 GPS timing error (msec)

The last 5 digits in each number are reserved for the
station or satellite number.
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5.0 EXAMPLE (LANDSAT)

Orbit - 700 km altitude, e = ,0001, 98.3° inclination, 720 minutes
(7.3 revolutions)

Simulated Tracking Data - 5 ground stations measuring range and
integrated range rate. See Table 5.1 for error parameters.

Nominal Trajectory - Obtained by using GTDS to least squares fit the
simulated tracking data over 12 hours. See Table 5.1 for
dirferences between models used in simulating data and models
used in batch orbit determination.

Table 5.1 Error Parameters of Example

I T e, T

T

B ’ .
T T T SR = S

Model Description
Parameter
Simulated Data Batch Orbit Determination
data noise (range) 1 meter 1 meter (weighting)
data noise (range rate) 0.1 cm/sec 0.1 cm/sec (weighting)
gravitational field GEM9 (20,20) WGS72 (16,16)
measurement bias (R) 5 meters .-
measurement bias (R) 0.1 cm/sec ---
station position errors [+5m each component ---
drag coefficient 2.0 1.5
density model Flux table #150 Flux table #150
solar radiation pressure yes no
refraction-tropospheric yes yes
refraction-ionospheric ~ yes yes
polar motion modeled no yes
83
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A priori standard deviations used in PREFER

X,¥ 52 - 20 meters §

X,¥52 - 2 cm/sec :

gravitational acceleration - 2.4XI0'6(H), 0.7x10'6(C), 1.0x10'6(L) S
m/sec2

station measuremant biases
station refraction
station position errors

5 meter (range), 0.1 cm/sec (range rate)
50 ¢m @ zenith
5 maters (each component)

Markov process standard deviations

gravitational accelerations - 2.4x10'6(H), 0.7x10
2

-5(

} State noise spectral density - none on orbital elements )
: -6

| ), 1.0x107°(L)
}

m/sec

Time constants of Markov processes
gravitational acceleration - 1200 (H), 200 (C), 200 (L) seconds

N N T P

Results - See Figure 5.1 and Table 5.2

g S L A i T 4 S

| Table 5.2 Position Errors for Smoothed Trajectory ;
component RMS maximum g
radial 3.8 8.1 i
crosstrack 7.0 13.1 f 4
alongtrack 11.4 24.9
total 13.9 26.0

The nominal trajectory has large errors (e.g. 89 meters) in the data
gaps hear the end of the orbit. This occurs when only one station (#31) is
tracking. In the periods when two or more stations are tracking, the error
in the nominal trajectory is less than 32 meters.

o 4 b 2t e sb et o
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The smoothed output of PREFER has errors which are less than 21
meters during the period when two or more stations are tracking. In the
last data gap at the end of the trajectory, the peak error is 26 meters
(mostly alongtrack). Notice that the total error in the PREFER output
tends to be relatively smooth while the error in the nominal trajectory
(GTDS output) fluctuates wildly; there are 4 short periods of time when
the nominal trajectory is more accurate than the PREFER output but the
PREFER output is generally much superior,

These results for PREFER were obtained from one of the best runs in
a series of runs in which a prior:< variances, state noise variances, time
constants, and the selection of adjusted parameters were varied. Several
other runs yielded likelihood functions and ephemeris errors similar to
those of the run listed. It was found that the results are not very
sensitive to the exact form of the gravitational acceleration model if
the parameters of that model are reasonable. Maximization of the likeli-
hood function can generally be relied upon to select the run with the
2otimum model.
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THE PRECISION RECURSIVE ESTIMATOR FOR EPHEMERIS REFINEMENT (PREFER) VERSION (1BM) 82.001

OUTPUT FROM ORBIT FILE FOR SATELLITE LS-D

EPOCH DATE/TIME = 811001. 195500.0000

START DATE/TIME = 811001. 195500.0000 END DATE/TIME = 811002. 200000.0000C

SATELLITE AREA = 20.000 M**2, MASS = 1700.00 K;. ch ~ 1.500

ORBIT FILE WAS CREATED USING 1950 COORDINATES

EPOCH KEPLERIAN ELEMENTS = 7078.032 0.000039 1.714872 5.846084 0.520692 2.620901

EPOCH CARTESIAN ELEMENTS = -6413.078 2996 .587 -0.687 G.45640 0.97591 ~7.42596
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LISTING OF CARD INPUT g:
PRINT 2203 o .o .0 .Q (o] %
EARTH o] 0 6378._1660 298 .30000 398600.64 .2997980+06 <]
STEP o] 0O 120.00000 43209.000 120.00000 .0 .i
€LCuUY (¢} 0 2.0000000 .0 .0 .0 oy
STATE Y [s] 0 . 200000000-01 . 20000000D-01 . 200000000-01 [+ o
STATE2 [+] O .200000000-04 .20Q000000D-04 . 200000000 - 04 o =
GRAV 4] 0O .240000000-08 .70000000D-09 . 100000000-08 [¢] g
' GRAVQ [+ O .24000000D-08 .700000C0D-09 . 100000000D-08 04 ~
i GRAVT (] 0 1200.0000 200.00000 200.00000 (o] 8
MBIAS (4] 2 .500C20000-02 105000000-05 .0 [+] u
i REFRAC (4] 0 .5000020000-03 .0 .0 (¢} g
; CSTA 0 O .S3000000D-02 .500000000-02 .S000000080-02 o
WSIG 4 2 - 100000000 -02 . 100000000 -05 .0 [¢] ™~
nsiG 193 2 .100000000-02 . 1000000CD-05 .O o w
MSIG 30 2 . 100000000-02 . 10000000D-05 .0 [o] "m(
MusiG an 2 100000008~02 . 100000000-05 .0 o -3
MSiG 32 2 . 100000000-02 . 100CO000D-05 .0 .0 ;
@
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SUMMARY OF CARD INPUT
NUMBER OF DYNAMIC PARAMETERS= 9 (ALSO EQUALS INITIAL NUMBER OF STATES)

MINI-BATCH STEP SIZE= 120.00 SECONDS
MAXIMUM INTEGRATION STEP SIZE=- 120.90 SECONDS
FNPUT RUN STOP TIME= 43200.00 SECONDS ACTUAL STOP TIME MAY BE LESS THAN THIS

STEP SIZE FOR CREATING TDRS TRAJECTORY FILE = 600 .00

SATELLITE AREA TO MASS RATIO= . 1176D-07 KM**2/KG
CONSTANTS USED IN THE ATMOSPHERIC DENSITY MODELING= .136200-0% -8 3355 - 101800-03
EARTH SEMI-MAJOR AXIS = 6378. 166 EARTH ECCENTRICITY SQUARED = .66934220-02

EARTH GRAVITATIONAL CONSTANT = 398600.64 KM**J/SEC.*"2

SPEED OF LIGHT = 299792.4562 KM/SEC

MEASURZMENT ELEVATION CUTOFFS GROUND MEASUREMENTS: 2.000 DEGREES
GPS MEASUREMENTS: 0.0  DEGREES
TDRS MEASUREMENTS: 0.0 KILOMEYERS

PRINTOUT OPTIONS
1) FILVER/SMOOTHER OUTPUT AND PLOTS WILL BE IN HCL COORDINATES
2) FILVER OUTPUT -~ ALL
3) SMOOTHER OUTPUT - ALL
5) PLOTS OF POSITION SIGMAS - FELTER¢SMODTHER
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SUMMARY OF STATE PARAMETERS
LABEL LABEL UNITS A PRIORI SIGMA SQRY(SPECTRAL DEN.) TIME CONSTANT NOISE SIGMA

1 1 X KM, <20000-01 N
2 2 Y XM, -20000-01 .0
3 3 2 KN. .20000-01 .0
4 4 XDOTY KM/SEC .2000D0-04 .0
. S S vDor KM/SEC .2000D-04 -0
[ € 20017 KM/SEC .20000+-04 -Q
7 8 GRAV KM/S®e2 .24000-08 -9798D- 10 1200. '24000-08
[ ] 8 GRav KM/S**2 . 70000-09 -70000-10 200.0 7000D-09
9 8 GRAV KN/Se2 . 1000D-08 - 10000-09 200.0 . 10000 -08
10 100000 MBIAS 1§ KN, .5000D-02 -0
t1 200000 MBIAS 2 KM/S . 10000-0% -0
i 12 300000 REFRACT KM, - .50000-03 .0
13 400000 STA POS KM, -S000D-02 .0
14 400000 STA POS KM, -5000D0~02 .0
f 15 400000 STa POS L -50000-02 -0

NOTE: FOR A FIRST ORUDER MARKOV PROCESS. OUTPUT SIGMA = SQRT{ENPUT SPECTRAL DENSITY*TIME CONSTANY/2)
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SUNMARY OF GROUND STATIONS ( 5)

R WN =™

STATION NO.

STATION POSITION(EFC)
Y 2

x
4 4847.8243 -353.3178 4117.1445
31 ~2282.4858 -1453.3850 5756.7222
30 ~4447 .4906 2676 .8624 -3595.2795
13 1129.8038 -4833. 1548 3992.2086
32 1263.4446 -6255.0397 -68.8004

AT TSRS ST Z I T T b AR s S bR ke s

INPUT MEASUREMENT SIGMAS
SIGRA Y SIGMA2

. 10000-02 . 10000-05

. 1000D-02 . 10000~-05

- 1000D-02 . 1000D-05

- 1000D-02 . 10000-05

- 10000-02 . 10000-05
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NOTES ON RESIDUAL STATISTICS
! t) IF ALL MODELS ARE CORRECY, THE WEIGHTED RESIDUAL RMS SHOULD EQUAL 1. WITit A SIGMA OF 1./SORT(2°N)
2) UNITS OF RESIDUALS ARE KM. (ALL TYPES EXCEPT DOPPLER) OR DIMENSIONLESS (DOFPLER)
APPRDXIMATE REGION SIZE = 383216 BYTES (ASSUMING TWO 7294-BYTE BUFFERS ARE USED FOR UNITS 70 AND 71)

REGION SPECIF1ED FOR THIS JOB = 405504 ARRAYS REQUIRE 26360 BYTES

NOTE: PREFER WILL USE ALL THE CORE ALLOCATED FOR THE JOB. IGNORE REGION PRINTED IN SYSTEM MESSAGES
5288 4496 6030 5288 5288 79683 78351 76429 75081 73545

i 80 IRNEE00E00EE Ittt etitsstttittntitttiseietetrtititetstaorosritsesttorttioterstsdnetsnternitscerioredrsoctaitotssiintsssscinnerssasvnce

FILTER OUTPUT AT TINE 120.00

NOMIWNAL TRAJECTYORY (ECI)= -6306.569t 3089.1352 -885.3853 1.31634 0.56448 -7.36562

{ ESYIM. TOTAL (ECI) = -6306.5691 3J08S.1352 -B889.3853 1.31634 0.56448 -7 36562

' ESTIM. CORRECTION (HCL) = 0.0 0.0 0.0 0.0 0.0 .0

: ESTIM, SIGMA {(HCL) = 0.0204% 0.01998 0.02061 0.00002 0.00002 €. 00002
PARAMEVER LABELS = X v z x0or YDoOoT 2007 GRAV GRAV GRAV
STATION/SATELLITE - o] o o [¢] o o] o 0 o
FILTER STATE (EPOCH) = 0.0 0.0 a.0 0.0 [0 4] 0.0 0.0 0.0 0.0

NI ‘SWIISLE TYHOOTONHDIIL, NV SS

¢ FILTER SIGMAS (EPOCH)= 0.02000001 0.02000000 0.02000000 0.00002000 ©.00002000 ©.00002000 0.00000000 0.00000000 0.0000000C

BRG0P e s tAsREestatedasinetintttanatatteateteetetotisticttstttotesdutitesistincneivitesitnrttodstooestonstinsstensestssssscseacse

; taecisetscstscaseacaciesesatetacccersrasesesattrsettsnnnocssinacattetattttecattttatessettracssncettteascrstotatscsran sessorastns o Yo
FILTER OUTPUT AT TIME  240.00 = T
NOMINAL TRAJECTORY (ECI)= -6098.0154 3131.6999 -1763.6533  2.15483 0 14339 -7 18580 3
ESTIM. TOTAL (ECI) = -6098.0154 3131.6999 -1763.6533  2.15483  0.14093  -7.18580 g
ESTIM. CORRECTION (HCL) = 0.0 0.0 0.0 0.0 0.0 ao o]
ESTIM. SIGMA (HCL) = 0.02161  ©0.01983  ©0.02021  0.00002 O 00002  ©1.00002 o5 ;
PARAMETER LABELS - x v z xooT Yoot 7007 GRAV GRaV GRAV A~
O STATION/SATELLITE = o o o o o o o o ] O |
FILTER STATE (EPOCH) = 0.0 c.0 0.0 0.0 o0 0.0 0.0 0.0 0.0 ) 3
FILTER SIGMAS (EPOCH)= 0.02000008 0.02000003 0.0203000% 0.00002001 0.00002000 0.0000:000 O.00000000 O.00000000 0. f g
S .o-.nc..‘-o-.--onot.ncooo..n-..-.o'uooooot‘noooo‘-..ooo---.oo..-..qun‘thAo-oo.-o--o«ooo..---.ao-..-..----.o..-o.eoo--.o.oo.o.o... b m
LM
e e At eaR At I e et seEsnasttcesatsststactnetihiidttetriectesetistrtitrtitcteesattatntsietteesensestesasoissiscotnsnssanssissosssacen | oy
FILTER OUTPUT AT TIME  360.00 < & |
NOMINAL TRAJECTORY (ECI)= -5790.8142 3123.6042 -2609.3150  2.95823 -0.27871 -6 88950 1
ESTIM. TOVAL (ECI) * -5790.8142 3123 6042 -2609.3150  2.95823 -0.27871 -G 88950 |
ESTIM. CORRECTION (HCL) = 0.0 0.0 0.0 0.0 00 0o
ESTIM. SIGMA (HCL) = 0.02313  0.01985  0.02107 0.00003  0.00002  ©.00002
PARAMETER LABELS = X A { z X0OT Yoot 20071 GRAV GRAV GRAV
STATION/SATELLITE b o o L] (] o o o o o
FILTER STATE (EPOCH) = 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 "
FILTER SIGMAS (EPOCH)= 0.02000044 0.02000013 ©0.020000067 0.00002001 O 00002000 0.00002000 0.0GD00000 0.00000000" 0.00000000 |
.I‘..'t....“l‘t‘0...l'.'.t'..'.l...'..ll‘l.-..I.‘.......I‘.....‘.O..'..-l.""."QQu'Q.....‘!.“...'..‘...........’.....‘........ 1
..Q.-......-...I...l‘-......‘l‘a...lli...‘.-'“.....‘......‘l..-..O...l.l'-........Oh.'..‘.'...‘..-..-‘.......‘......‘......‘.....r
FILTER DUTPUT AT TIME 480,00 »
NOMINAL TRAJECTORY (ECI)= -5389.8667 3064.9966 -3412.6691  3.71348  -0.69674 -6.48164 | i
ESTIM. TOTAL (€CI) = -5389.9667 3G54.9966 -3412.6691  3.71349 -0 63674 -G 48164 i 1
ESTIM. CORRECTION (HCL) = 0.0 0.0 0.0 0.0 0.0 0.0 ‘
ESTIM. SIGMA {HCL) =  0.02456  ©0.01975  0.02313  0.00003 0 00002  ©.00003 i
PARAMETER LABELS = X Y 2z X007 Yoor 2007 GRAV GRAV GRAV i
STATION/SATELLITE = ° ° ° o o o o o o
FILTER STATE (EPOCH) = 0.0 0.0 0.0 0.0 0.0 o0 0.0 0.0 0.0

FILTER SIGMAS (EPOCH)= 0.02000135 0,.02000041 0.02000027 0.00002003 0.0000200% 0.00002000 G.00000000 O.00000000 0.00C0000C

..o-...-......0‘....0..‘-‘-.o..--to.-..'---l-oo'-‘.-'....lo.'-'.‘..“.‘.--t'0..to-'ow-....o.t..-........o-.........t..‘Q.....!..Qo
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FILTER SIGMAS (EPOCH)= 0.02026998 0.02022877 0.02228970 O 00002219 O.00002064 O OOOO2038 O.000000G0 O,

B e aE st seee st e Nt et N et teitnttactintetestentattesortieitottetineciiosetetoentciositateantntcsstatotonetsntadiassqttosonstseneess

0 S ae AR R Rl r e st eIt RaNe0tattttlact st ties e titttattnitatts e et tat ot ettt ttenitelittisttsttetattiosdsdtotisacettonesnsassne

FILTER OUTPUT AT TIME 2880.00
NOMINAL TRAJECTORY (ECI)= 6421.1216 -2899.1272 -601 B3I6) 0.1308% -1 24688 7 40645

ESTIM. TovaL (EcCI) = 6421.1218 -2889.1272 -601.8361 0.13085 =1.245688 7.40648%

ESTIM. CORRECTION {HCL) = 0.0 0.0 0.0 0.0 0.0 0.0

ESTIM. SIGMA (HCL) = 0.07318 0.03457 0.26920 0.00018 0.00018 0 00013

PARAMETER LABELS = X Y y 4 XDO¥ YDOT 007 GRAV GRAV GRAV
STATION/SATELLITE = o o o [+] o o o o] 0
FILTER STATE (EPOCH) = 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

FILTER SIGMAS (EPOCH)= 0.02028040 0.02025262 0.02271158 0.00002243 0.00002073 ©.COC02040 0.00000000 O.00000000 O,00000000

B R RE R i ettt s ettt s tene s ittt rtetlial ettt talatentetiastintlNteertteloiateltienrectettenicsatstaorstettittiartisitseladiaitndesstentessssss

RS PRt a st e sttt el Nt IRttt T tate st leleatitouttsatorlotileretttstneEtinsin itctiuitseesttondesrantneacenctanssctonsestsstnstnsse

FILTER DUTPUT AT YIME 3000.00
! NOMINAL TRAJECTIORY {ECI)= 6384.6691 -3024.8148 283 .4234 ~0.73767 ~0.84507 7.42769

! ESVIM. TOTAL (ECI) = 6384.6691 -3024.8148 289 .4234 -0.73767 -0 84507 7.42769
: ESTIM. CORRECTION (HCL) = 0.0 0.0 0.0 0.0 0.0 0.0
ESTIM. SIGMA (HCL}) = 0. 12520 0.0370& 0.26953 0.00020 0.00021 0 00007
! PARAMETER LABELS = x A § 2z X0oT Yyoas 007 GRAV GRAV GRAY
: STATION/SATELLITE = o] o o] [+] [¢] o o o o
) FILTER STATE (EPOCH) = 0.0 0.0 0.0 0.0 0.0 [} 0.0 0.0 0.0

FILTER SIGMAS (EPOCH)= 0.02028880 0.02027626 0.02316704 0.00002280 0.00002081 O,00002041 '0.000GO000 0.003000000 O.00000000

D R L T T L L R R T S Y Y Y T TR Y 7

9 e Rt R st Ntar it et et aat ettt el e E NG tlat st e s at Rt et lettett et ten it el N e lesteer it tliont st sntattestnttotrnsteesestsnse

FILTER OUTPUT AT TIME 3120.00

KILSAS THIIDOIONHIZL ANV SSANISIE
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© NOMINAL TRAJECTORY (ECI)= 6244.5604 -3101.3354 1175.9793 -1.59428 -0 42955 7.32253
ESTIM. YOTAL (ECI) = 6244 .5604 -3101.3954 1175.9713  =1.59423 -0.#2855 7 .32¢03
ESTIM. CORRECTION (HCL) = 0.0 0.0 0.0 0.0 e oT
ESYIM. SIGMA (HCL) = 0.17765 0.07287 0.25298 0.00020 0 0024 Q. D003
PARAMETER LABELS = X Y z x0oT Yoot zo00v SRAV GRAV GRAV
STATION/SATELLITE = o o o o [ n o o o
FILTER STATE (EPOCH) = 0.0 0.0 0.0 o.0 0.0 0. ¢.0 0.0 0.0
FILTER SIGMAS (EPOCH)= 0.02029544 0.02029841 0.02365182 0.00002312 0.00092090 O.CC002042 0.00000000 0.00000000 ‘O, 0000000
P OB GRS P E NN AR RO AT SSRGS NN RN ARSI P At e et iRttt at Rttt ettt tetnesletslieocdastndiadteteatsttdinteosslitetRladdntrdnongndanny
PR AR N AR R N AR Rl R R R Y A L A R R R R A R Y N P R Y Y R Y R N A R R A L e R N AR N R S N A RS R A RS R RS RS R T 2 2 23
FILTER OUTPUT AT TIME  3240.00
NOMINAL TRAJECTORY (ECI)= 6003.0835 -3127.6322 2043.3798 -2.42483 -0.00716 7.10915
ESTIM. TOTAL (ECI) = 6003.0835 -3127.6322 2033.3798 -2 42483 -0 00716 7.10915
ESTIM. CORRECTION (HCL) = 0.0 0.0 o0 0.0 oo [ X3
ESTIM, SIGMA (HCL) = 0.22597 0. 11701 0.21887 0.00013 0.00026 © 00010
PARAMETER LABELS = X Y z X00v ¥poTr v GRAV GRAV GRAV
STATION/SATELLITE - o o o o o o ] o 0
FILTER STATE (EPOCH) = 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
FILTER SIGMAS (EPOCH)= 0.02030071 0.02032182 0.02416100 0.00002347 ©0.00002039 0.00002043 0.00000000 0.00000N00 O
8 aesestastesaastes s satetstseeistortattttnestettstteetetesstetnttnertertttatttestceteresteteteiteNtenetETertITRIcSITERTSERERIR SRS
NEW PASS PARAMETERS ADDED AT TIME  23420.0D. STATION/SAT 4, N = 15
$8%3 RESIDUAL STATISTICS FOR TIME 3300.00 TO 3420.00
(R R N R L R R R R R L R L R L A Y R R R AL R e R AR R S A Y R RS N N R L R R A A S R A R A A A R SRR 2 A Z A AN 2 R S AL AR N2 A2 s
FILTER QUTPUT AT TINME 3360.00

e SR Iad . N
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NOMINAL TRAJECTORY (ECI)= 5664.1891 -3103.1151 2877.5419 -3,21570 0 .41519 6.77470

ESTIM. TOTAL (ECI) = 5664. 1860 -3103, 1131 2877.5292 ~3,21570 0.41519 6.77471

ESTIM. CORRECTION (MHCL) = 0.003%> 0.00244 -0.01243 ~0.00000 =G .00000 0.00001

ESTIM. SIGHA {HCL) = 0.00989 0.019514 0.0106S 0.00001 0. 00002 0 00002

PARAMETER LABELS = X b4 z xooT YDOT ZD07 GRAV GRAV GRAV MBIAS 1
STATION/SATELLITE = (] 0 G 4] o] o

o o 9 4
FILTER STATE (EPOCH) = 0.00053431 0.00150118-0,00377666-0.00000354 0.00000254 00000017 1-0.00000003-0 . 66600006 ©.00000000-0.00002852
FILTER SIGMAS (EPOCH)= 0.01611228 0.01301381 0.02153840 0.00002093 O_.00001928 0.0000$360 ©.00000000 0.00000C00 G.00000000 ©,00493854

PARAMETER LABELS - MBIAS 2 REFRACT STA POS STA POS STA POS
STATION/SATELLITE - 4 4 4 4 4
FILTER STATE =-0.00000000 0.00002852-0.00001858 0.00002447 0.00014427
FILTER SIGMAS = 0.00000100 0.00049182 0.004999€65 0.00493940 0.004979%7

G Rt ettt 0t ritanar et st to it It at st s tacrenttotretttnttanetiitcientatacecitseteloantsestsensistsssdtviosetesresssseioss

$83%8 RESIDUAL STATISTICS FOR TIME 3420.00 TO 3540.00
STATION 4 TYPE 10 N= 12. MEAN~ .7496D-07 SIGMA= .2206D-05 WEIGHTED SIGMA= 1.044
STATION 4 TYPE 13 N= 3. MEAN= -, 1770D-03 SIGMA= .7836D-03 WEIGHIED SIGMA= L6928

L L L L e R YT T YT Y T PT PRI PEs PIap e
FILTER OUTPUT AT TIME 3480.00
NOMINAL TRAJECTORY (ECl)= 5233.4212 -3(G73.2663 3664.9082 -3.95398 0 83056 § 33031

R L R AL L Y Y Y Y T Y Y TP Py

ESTIM. TOTAL (ECH) = 5233.4172 ~3»28.2577 3664.898S -3.95398 0.83056 6.3303¢
ESTIM. CORRECTION (HCL) = 0.00160 ~0.20063 -0.037052 ~3.0000% 0. 00000 0. 00000
ESTIM. SIGMA (HCL) = 0.00833 £.2:371 0.00528 0.00001 0.00Q01 0.00002
PARAMETER LABELS = X Y k4 xpov ¥oorv 2007 GRAV GRAV GRAV MBIAS ¥
STATION/SATELLITE = [+] o o o o] Lo ] 4

0 o o
FILTER STATE {EPOCH) = 0.00338635 0.0027874% 3 £2288501-0.00000241 0.00000423-0 00000008 0.00000000-0,00000000 0. 00000000 0.00125162
FILTER SIGMAS (EPOCH)= 0.01444120 0.01652¢7G 00153933 0.00002060 0.00001751 0.00001337 0,00000000 0.00000000 0.00000000 O.00401236

PARAMETER LABELS =  MBIAS 2 REFRACY STA POS STA POS STA POS
STATION/SATELLITE = 4 4 a4 4 4
FILTER STATE = 0.00000011 0.00006394 -1, 00011810 0.00015171 0.00C 18930
FILTER SIGMAS = 0.00000099 0.0000SE%%, X). 00498380 0.004566892 0.00434967

G ettt et ottt st r R PRt Rt R It as NAl e NP P ettt rt e 0 eIt att el el Isruttenisetventatttnistorttotesittatotntsnttstoccstatennsnen

$8$8$ RESIDUAL STATISTICS FOR TIME 3540.005 (& 3660.00
STATION 4 TYPE 10 N= 12 MEZN= ,.44700-06 SIGMA= . ¥2700-05 WEIGHTED SIGMA= .B684
STATION 4 TYPE 13 N= 12, MESR~ .2795D-03 SIGMA= .$1250-02 WEIGHTED SIGMA= 1.046

A L L L O R R L L E T R N A S

FILTER DUTPUT AT TIME  360G.00

NOMINAL TRAJECTORY (ECI)> 4717.8187 -2904.3301 4392.7114 -4.62769 1 23220 5.70336

ESTIM, TOTAL (ECI) = 4717.8106 -2804.3358 4332 7041 ~4.62770 1.23220 5.78336

ESYIM. CORRECTION (MCL) = -0.00329 -0 .00302 -0.01130 ~0 . 00000 0.00001 =0. 00000

ESTIN, SIGMA (HCL) = 0.00496 0.00877 0.00377 0.0000 0.00001 0.00002

PARAMETER LABELS = x ¥ z xDOT yDor Z007 GRAV GRav GRAV MBIAS 3
STATION/SAYELLITE = (] 1] o [} [¢] o (] (]

0 4
FILTER STATE (EPOCH) = 0.00926432 0.00488634-0.00270946-0.00000097 O.00000750-0 000003ST 0.00000000-0 . 00000000 C.00000000 O .00566759
FILTER SIGMAS (EPOCH)= 0.01290821 0.01530341 0.02207023 0.00002C83 0.00001696 G 00001296 0.00000000 G.00000000 0.00000000 0.00136934

PARAMEYER LABELS = MBIAS 2 REFRACT STA POS STA POS STA POS
STATION/SATELLITE = 4 4 4 4 L]
FILTER STATE =-0.00000011 0.00002659-0.00029671 0.00037350 0.00026544
FILTER SIGMAS = 0.00000093 0.00007315 0.00297750 Q.00495770 0.00484365
§ s e et aarEm e ettt tentesattar e tataseraslettatieetetcnitineldetranssesanassatesettonstectotansrertastnastsstonsnnntsatbssnsen
$338% RESIDUAL STATISTICS FOR TIME 3660.00 TO 3780.00 M
STATION 4 TYPE 10 N« 12. MEAN= . 1336D-06 SIGMA= . 1081D-05 WEIGHTED SIGMA= 0436
STATION 4 TYPE 13 N= 12. MEAN=~ .3965D0-03 SIGMA=> .11920-02 WEIGHTED SIGMA= 1,113
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FILTER OUTPUT AT TIME  3720.00 - =
$:DRINAL TRAJECTORY (ECI)= 4125.7936 -2733.3490 5049.1735 -5.22598 1 61358 5 14293 2
ESTIN. TOTAL (ECI) =  4125.7045 -2733,3557 5049.1667  ~5.22596 161359 5.14293 S
ESTIM. CORRECTION (HCL) = -0.00334 -0.00397 -0.01213 -0.00000  0.0000%t -0.00UO01 -
ESTIM. SIGMA (HCL) = 0.00425 0.00675 0.00284  D.00001 0 00001 0.00001 g
——y
PARAMETER LABELS = X v 2 xD0T voot 2001 GRAV GRAV GRAV MBIAS 1 5
STATION/SATELLITE - o o o o () 0 o o o . &
FILTER STATE (EPOCH) = 0.01062383 0.00554910-0.00243980-0 00000C32 0.00000829-0.00000442 0.00000000-0.00000000 0.00000000 0.0062 1968 =
FILTER SIGMAS (EPOCH)= 0.00847158 0.01395348 0.02186394 0.00002117 0.00001695 0.00000756 0.00000000 O.00000000 0.00000000 O.000R0044 g
by
PARAMETER LABELS = WBIAS 2 REFRACT STa pos STA POS STA POS e
STATION/SATELLITE = a a 4 a 4 =
FILTER STATE =-0.00000071 0.00003685-0.000346G57 O.00C42868 0.00030179 w
FILTER SIGMAS = 0.00000078 0.00006413 0.00497634 0.00495532 0.00491235 bt
PPN e 0000 ranstnitstttnttiniclniitecrttedettttiteanteteretitnesttninteenesansstitsesnessineiotettnosscstotslosdsenioswtecsestssesnss w
5‘
;1
$3$8 RESIDUAL STATISTICS FOR TIME a780.00 TO  3500.00 3
STATION 4 TYPE 10 N= 11 MEAN=  .26350-06 SIGMA= .8715D-06 WEIGHIED SIGMA=  .3014 —
STATION 4 TYPE 13 N=  1f. MEAN= -.3911D-03 SIGMA= .1004D-02 WEIGHIED SIGMA=  .935€ 1,%
LA A A A A R A A A A S Y R R Y R R Y R N R R A R L R R R A R A R R A R R L R Y R L A R A R A R R R R R R R T E RS R R SR RS R Y )
FILTER OUTPUT AT TIME  3840.00
NOMINAL TRAJECTORY (ECI)= 3466.9873 -2518.1269 5623.696% -5.73923 126856 4. 41958
ESTIM. TOTAL (ECI) = 3466.9770 -2518.1306 5623.G885 -5.73924 1 96857 4.41957
ESTIM. CORRECTION (HCL) = -0.00080 -0.00167 -0.01326 0.00000 O DOOO1  -0.000Ct
ESTIM. SIGMA (HCL) = 0.00454 0.00665 0.00310  0.00001 0 00001 0.00201
PARAMETER LABELS = x Y Y4 xbar ¥YDOT 2007 CRAV GRAV GRAV MBIAS 1
STATION/SATELLITE = o o o o o ] 0 ] o 7]
FILTER STATE (EPOCH) = 0.01119814 0.00. 0.00: 0.00000085 0.00000747-0 00000547 -0.00000000-0 .00000000) ©.00300000 0.0057 1648
FILTER SIGMAS (EPOCH)= 0.00707678 0.01360885 0.02231765 0.00002163 0.0000$703 0.0000058¢ 0.00000000 0.00000000 0.00000000 O.00062654
‘PARAMETER LABELS = KBIAS 2 REFRACT STA POS  STA POS STA POS
STATION/SATELLITE = 4 4 4 4 4
FILTER STATE =-0.00000031 0.00003789-0.00030894 0.00136995 0.00020514
FILTER SIGMAS = 0.00000067 0.00005586 0.0G437663 0.00435474 O.004807 4% (o Re)
cteenserectasceavastaseaseonettsnitscestttecssttacitenccatsosancsarentetriescirnantcesessaceterasscantsecisctssantancsosrsnsnsess T )
=
o &
$3$% RESIDUAL STATISTICS FOR TIME  3900.00 70  4030.00 - (o 2]
STATION 4 TYPE S0 N 3. MEAN= -_1283D-05 SIGMA=  .210CD-05 WEIGHTED SIGMA=  1.455 o>
STATION 4 TYPE 13 N= 3. NEAN= .29592D-03 SIGMA= 82312 G5 WEIGHTED SIGwA= 6633 w r_
LR R R R Y Y R L Y N R Y PR N R Y Y R R L P R R R LS R RS Y ) o 1
FILTER OUTPUT AT TIME  3960.00 . cC P
NOMINAL TRAJECTORY (ECI)= 2752.1069 -2262 i794 6107 0271  -6.15931 2 29143 3.62514 >0
ESTIM. TOTAL (ECI) = 2752.0951 -2262.1790 6107.0187 -6.15932 2.29144 3.62514 .
ESTIM. CORRECTION (HCL) = 0.00244 ©0.00151 -0.01410  0.00000 000001 -0.0000t i
ESTIM. SIGME (HCL) . 0.00488  ©.00728  0.02438  ©,00001 0.00001 0.00001 1 —
PARAMETER LABELS = X Y 2 XDOTY YDOV 2007 GRAV GRAV GRAV MBIAS ¢ m
STATION/SATELLITE = 0 o o [ "} o o o o
FILTER STATE (EPOCH) = 0.00747069 0.00299253-0.00381G94-0.00000222 0.00000586-0,00000280 G.00000000 0.00000000 0.00000000 O.00515358
FILTER SIGMAS (EPOCH)= 0.00664277 0.01362552 0.02221802 0.00002210 0.00001714 G,00000548 0.00000000 0.00000000 0.00000000 O.00054260
PARAMETER LABELS = MBIAS 2 REFRACY STA POS STA POS STA POS
STATION/SATELLITE = 4 4 4 4 4
FILTER STATE ==-0.00000023-0 00003459-0.00018796 O 00022862 C.00020588
FILTER SIGMAS = 0.00000064 0.00003997 0.00437624 0.00495414 0.00430696
0090000 ETIRSRLISIPIN Rt IRORattt et tactn el titstestt sttt eevittierotaiettticacsvelttdncesatstIserseaistettteteoooisneeesstieosovsscsecvssceene
n . s e o o e Ve R—————— A e AP R O ARSI o 4 e
v e T I AR € e ML S i s i i o B a & a AT s R T ..‘-u._.:. L amadeamani iy




AT TIME 4080.0C, PARAMETER 10. LABEL 100004 DELETED FROM STATE
AT TIME 4080 .00. PARAMETER 10, LABUL 200004 DELETED FROM STATE
AT TIME 40B0.00, PARAMETER 10, LABEL 300004 DELEVED FROM STATE
AT TIME 4080.00. PARAMETER 10, LABEL 400004 DELEVED FROM STATE
AT TIME 4080.00, PARAMETER 10, LABEL 400004 DELETED FROM STATC
AT TIME 4080.00, PARAMETER 0. LABEL 400004 DELETZD FROM STATE

e P08 00000003Rttatle s riatt e rtrenalin e tectsttorttttreratsttststretecrneionssNioncsctssenttecsnceteessaancsronsssasssnsasassasse
FILTER ODUTPUT AT TIME 4080.00
NOMINAL TRAJECTORY (ECI)= 1992.7473 -~1969.6734 6491.4027 -6.47558 2.57706 2.77256

i ESTIM. 70TAL (ECI) = 1992.7342 -1969.6718 5431.3937 ~6.47959 2.57707 2.7725%

[ ESTIM. CORRECTION (HCL) = 0.00480 0.00193 ~0.01516 0.00001 0.00001 ~-0. 00001

- . ESTIM. SIGMA (HCL) - 0.00511 0.00829 0.00592 0.0000¢ 0.00001 0.00001

V: PARAMETER LABELS = X v 2z xpoT Yoot 2DoT GRAV GRAV GRAV
STATION/SATELLITE = 1] 2] o o] (] o] ]

FILTER STATE (EPOCH) = 0.00746728 0.00299403-0.00380972-0.05000223 0.00000586-0.00000280 O. oooooooo o. oooooooo 0.00200000
FILTER SIGMAS (EPOCH)= 0.00654855 0.01365153 0.02351438 0.00002257 0.00001727 0.00000548 ©.00000000 0.00000000 O,00000000

-t-.‘.-‘..o.--‘no-..l..O‘...a......c..00.0-0.-t....-'O..-‘-.QOQOQOOQQOOGD-..oo-.Uo-.O.-‘.......n.....o........'....o........-....'

ONJ ‘SWALSAS TFIIDOTONHIAL, GNY SSANISNG

B e a0 00000rsrtt et et tatntattiteneetet tteettsntetrneiicecstsntesestnetisianesecserasrttunteetsssssassessncstssonensosasens
FILTER OUTPUT AT TIME 4200.00
NOMINAL TRAJECTORY (ECI)= 1201.2029 -1645.3574 6770.6657 -6.62503 2 82030 1.87562

ESTIM. TOTAL (ECI) = 1201.1884 -1645.3545 6770.6555 -6.69504  2.82091 1.87561
ESTIM. CORRECTION (fiCL) =  0.00783  0.00213 -0.01558  0.00001  ©.00001 ~-0.00001 00
ESTIM. SIGMA (HCL) =  0.00525 0.00949 ©.00734  0.00001 O 0000t  ©.00001 o i
=
PARAMETER LABELS £ X Y 2 XPpOT YpoT 2007 GRAV GRAV GRAV -U _c?_
\Q  STATION/SATELLITE - 0 [ o [ o o o o o 0=
*  FILTER STATE (EPOCH) = 0.00746450 0.00299476-0.00380600-0.00000223 O.00000586-0.C0000280 0.00000000 O.00000000 O.0OD0000C Q=
FILTER SIGMAS (EPOCH)= 0.00665892 0.01367380 0.02409553 0.00002303 0.0000t733 0.C0000549 0.00000000 0.00000000 O.00000000 0 -
...C‘...".“.......l....‘...'..l...-‘Q.....'.....'.‘.........l.............-.O.-....‘......."....‘.I’O.......I.O.......l...."..
. Q
i P R e N a st E e IRt NNt NN N N tE 000ttt el innNelasceict e r s tsedttstttntitenttcentsintoninitetscaditonssstoroesersntttessniasniasaetonsens. c J-'
FILTER OUTPUT AT TIME  4320.00 2 0
MOMINAL TRAJECTORY (ECI)= 390 2692 -1294.4844 €940.3567 -6.80232 3.01903  O.94881 I~ ny
: ESTIM. TOTAL (ECI) = 390.2535 -1204.4801 €940.3448 -6.80233  3.01911  0.94879 :
ESTIM. CORRECTION (HCL) =  0.01166  ©.00203 -0.01625 0.00002 0.00001 -0.00001 :\3 2]
ESTIM. SIGMA (HCL) =  0.00544 0.01081 ©0.00843 0.0000¢ 0.00001  O.0000%

PARAMEER LABELS x \] z xpaT yoor 20T GRAV GRAV GRAV

STAVION/SATELLITE o o o o o ] o o o
FILTER STATE (EPOCH) = 0.00746213 0.00299513-0.00380134-0,00070223 0.00000586-0.00000279 0.00000000 0.00000000 O.00000000
FILTER SIGMAS (EPOCH)= O.00667S557 0.01369326 O 02465691 0.00002343 .00001751 0.00000550 0.00000000 0.00000000 O.00000000

B A B IR e NI e NNl PR taC ettt inatttttnastncccRtnciIntraeteersiteinserasttacateatfioeeosestastneesioetenetiacstsstosnsss

Yo

S BNt 000 00 R0t i tn et tat ittt teiiacaititittaottdtiessert ot tensetiddtonetlisrasntsiinautitsntttantenestedttaivtsRNeacnatnodtnsasotossess
FILYER OUTPUT AT Ti4E 4440.00
NOMINAL TRAJECTORY (ECI)= -426.9611 -922.7269 6997.7791 -6.79984 3.16852 0.00699

ESTIM. TOTAL (€ECI) = -426.,9777 -922.7210 6937.7653 ~6.79985 3.1685) 0.00697

ESTEM. CORRECTION (MCL) = 0.01598 0.00160 ~0.01567 0.00002 0.00000 -0 .00001

ESTIM. SIGMA (HCL) = 0.00583 0.01220 0.00926 0.00001 0, 00001 0.00001¢

PARAMETER LABELS = X ¥ z xoov yoovT zboy GRAV GRAV GRAV
STATION/SATELLITE = o] [¢] [+] [+] 0 o o

FILTER STATE (EPOCH) = 0.00746004 0.00299535-0.00379656-0.00000224 0.00000587-0.0D000279 O. 0000@00 0. O‘X)OOWO ©0.00000000
FILTER SIGMAS (EPOCH)= 0.00669897 0.01371054 0.0251951t 0.00002394 0.000017€4 0.00000552 0.00000000 O.00000000 O.

B A e e e e P m st er st ra R ettt R NP et ttototisrintattledrcttatienettteseocnatdio inenocelatitntrteatoeredescttoceoanetettsesdtivsttnensnsens
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FILYER STATE (EPOCH) =-0.01196459 0.00155851 0.01372915-0.00001392 0.00000734 0.00001233-0.1 VO0000-0.00000000 0.00000000-0.00572779
FILTER SIGMAS (EPOCH)=* 0.00709953 0.02355629 O.16470665 0.00015902 0.00007499 0.00000475 0.0 000000 O.00000000 0.00000000 0.00051518

PARAMETER LABELS

= MBIAS 2 REFRACT STA POS STA POS STA POS
STATION/SATELLITE = N 31 n s 3t
FILTER STATE = 0.00000134-0.00009733% 0.0G337072-0.00143922-0.00383002
FILTER SIGMAS = 0.00000068 0.00004192 0.00389016 0.00481491 0.00419323

B P e a e e rn st reeat it ettt Peerneer et atate st latetititaesicersetersttteretnasr iaNetsastetotscdeantattetacetonntonsssscedssecdacsntanes

$888 RESIDUAL STATISTICS FOR TIME 39660.00 10  39780.00
STATION 31 TYPE 10 N= 12. MEAN= ~_.1380D0-06 SIGHMa= -82170-06 WEIGHTED SIGMA= .a94t
STATION 31 TYPE 13 N= 12. MEAN= .2509D-03 SIGMA= . 4266D-02 WEIGHIED SIGMA= 1.189

P e E RN n et ettt sttt el rtPrErEteltartstetovste s toteriTarsstelesstottoteitonsertgsitiotetenisstatodtssosstosesstotsntacscetosscosesee

FILTER OUTPUT AT TIME 39720.00

NOWIMAL TRAJECTORY (ECI)= 1289.7008 -1658.016% §£748.8733 -6.69912 2.75112 1.96254

ESTIM, TOTAL (£21) = 1289.7066 -1668.0199 6748.8689 -6.69912 2 IS5t14t 1.96256

ESTIM, CORRECTION (HCL) = 0.00341 -0.00637 0.00379 ~0.00002 0.00000 0. 00000

ESTIR. SIGMA (HCL} = 0.0022s5 0.0025% 0.00216 0.00000 0.00000 0. 00000

PARAMETER LABELS = x \ z xpov ybor zpov GRAV GRAV GRAV MBIAS §
STATION/SATELLITE - (+] o = o o [} o o o n

FILYER STATE (EPOCH) =-0.01189212 0.00135711 0.01112740-0.00001062 0.00000559 0.00001239 0.00000000-0.00000000 0.00000000-0.0053956%
FILTER SIGMAS (EPOCH)= 0.00724170 0.02345464 0.16543332 0.00015942 0.00007507 0.00000398 0.00000000 0.0C000000 ©.00000000 O.00036306

PARAMETER LABELS = MBIAS 2 ‘REFRACY STA POS STA POS STA POS
STAVION/SATELLITE = 31 3 k1] n n
FILTER STATE = 0.00000090-0.00009307 0.00256003-0.00112262-0.00340266
FILTER SIGMAS = 0.00000057 0.00004095 0.00368938 0.00479503 0.00412870

P T T N Ny D R N R Y T Ry R R S R R A T Y R Y R Y TP Y YT Y

END OF HMEASUREMENT DATA TAPE

$3$88 RESIDUAL STATISYICS FOR TIME 39780.00 TO 39900.00
STATION 31 TYPE 10 N= 7. MEAN= .56920-06 SIGMA= - 1101D-0S WEIGHTED SIGMA= .9007
STATION 31 TYPE 13 N= 7. MEAN= .4666D-03 SIGMA= .15010-02 WEIGHTED SIGMA= 1.365

8RN AN tac it et I1800eetitttinciatittstettttcitttitcslotatitestetittetsonieaistitetaitetacstertsntsonstetstastesetensiessetssstsce’asss

FILTER QUTPUT AY TIME 239840.00
NOMINAL TRAJECTORY (ECI)= 477.5626 -1325.3116 6929.1433 -6.81828 2.95292 1.03798

ESTIM. TOVAL {ECI) = 477.5681 -1325.3157 6€929. 1406 ~-G.81828 2 95291 1.03799

ESTIM. CORRECTION (HCL) = 0.00114 -0.00575 0.00442 -0.00002 0.00000 0.00000

ESTIM. SIGMA (HCL) = 0.00220 0.00265 0.00228 0.00000 0 00000 0 .00000

PARAMETER LABELS = X Y z xpot Yot 0071 GRAV GRAV GRAV MBIAS 1
STATION/SATELLITE = o o o 0 o] (] (] o o n

FILTER STATE (EPOCH) =-0.01028879-0.00360944 0.04112749-0,00004005 0.00001375 0.00000865-0.00000000+-0 . 00000000 0 .00000000-0.00524538
FILTER SIGMAS (EPOCH)= 0.00739320 0.02360592 0. 16738533 0.00016126 0.00007591 0.00000342 C.00000000 0.00000000 0.00000000 0.00032576

PARAMETER LABELS = MBI1AS 2 REFRACT STAa POS STa POS STA POS
STATION/SATELLITE = i <} | 3t 31 31
FILTER STATE = 0.00000052-0.00005719 0.00221876-C.00090583-0.00338876
FILTER SIGMAS = 0.00000052 0.00002683 0.00363468 0.00478666 0.00412166

B PP eIt e NIl N IR NNCAtE eIt et 000 Et TRttt titetntotottstntieietetscii ncetttodiErorsrtelniossensostecenstsdissranssness

SUMNARY OF RESIDUAL STATISTICS FOR 1082, MEASUREMNENTS -
WEIGHTED SIGMA = 1.0160 . SUM{RES**2/RVAR) = 1116.8 . SUM(ALOG(RVAR}) = ~-21929. . ALOG LIKELIHOOD = 10406 .
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SMOOTHER OUTPUT AT TIME 39720.00

PARAMETER LABELS = x v z XDOT voor 2007 GRAV GRAV GRAV MBIAS 1
STATION/SATELLITE = [ 0o o o ] ] o o o 31
FILTER STATE (EPOCH) =-0.01191212 0.00135711 0.01112740-0.00001062 0.00000559 O.00001239 Q.00000000-0.000000CC O .00000000-0.00539SEE
SMOOTHER STATE(EPOCH)=-0.01039022-0.00384667 0.04291335-0.00004176 0.00062055 O.00000865-0.00000000-0.00000000 O .00000000-0. 00524538
SMOOTHER SIGMAS{EPOCH) 0.00719136 0.02323254 O.16449102 C.00015650 0.00007463 0,00000339 0.00000000 0.00000000 0.00000000 0.00032576

PARAMETER LABELS = MB1AS 2 REFRACT STA POS STa POS STA POS
STATION/SATELLIVE = <]} 31 n 3t 31

: FILTER STAYE = 0.00000090-0.00009307 0.00256003-0.00112262-0.00340266

b SMOOTHER STAT: = 0.00000052-0.000057 19 0.00221876-0.00030383-0.00338876

E; SMOOTHER SIGMAS 0.00000052 0.00002683 0.00363468 0.00478666 0.00412166

% NOMINAL TRAJECTORY (ECI)= 1289.7009 -1668.0161 6748.8733 -6.69912 2.75112 1.96254
SMOOTHER TOTAL (ECl) = £209.7065 -1668.0197 6€748.8687 -6.69912 2.75111 1.962%¢
FILTER ESTIM. (HCL) = 0.0034109 -0.0063667 0.0037916 -0.0000196 ©.00000:7 0.0000045

SMOOTHER ESTIM. (HCL) = 0.0036475 -0.0061407 0.0036228 -0.0000162 0.0000013 0.C000032
SMOOTHER STIGMA (HCL) = 0022143 0.0025912 0.0021084 0.0000040 0.0000030 0.000002S

B e e s a P a ottt tirttnat o tir et tititteritiraciatesti ettt aniesinitteieitascsttsnttonencstntssnestsasenintsssesncsenene

ONJ ‘SKALSAS TVIIOOTONIIDI], GNV SSANISNY

O e st Rttt n et ot ettt on ottt tilrtinssaaetas ittt r ettt ne euts t10iettancettaeneionssnssnaesttetneasansessttnnsssesssd

SMOOTHER OQUTPUT XT TIME 39500.00

PARAMETER LAGELS = X A 4 xpar yoay 2007 GRAV GRAV GRAV MBIAS 1 ,
STATION/SATELLITE = o] [¢] o o o ] o [¢] ] 3t ‘
FILTER STATE (EPOCH) =-0.01196459 0.00155258 G.01372915-0.00001392 0,00000734 0.00001233-0.00000000-0.00000000 0O.00000000-0.00572779
SMOOTHER STATE(EPOCH)=-0.01048145-0.22504558 0.03432501-0.00004320 0.00002122 0.00000866-0.00000000-0 . 00000000 0. 00000000-0.00524538
SMOQTHER SIGMAS(EPOCH) 0.00699729 G.0283163 0.16142531 0.00015558 0.00007327 0.00006337 0.00000000 O.00000000 O.CO000000 0.00032576

8 PARAMETER LABELS = MBIAS 2 REFRACTY SVA POS STA POS STa POS ,
STATION/SATELLITE = N n 3t 31 3t
FILTER STATE = 0.00000134-0.00009739 0.00337072-0.00143922-0,00383002
SMOOTHER STATE = 0.00000052-0.000057 13 0.00221876-0.00090583-0.00338876 ,
SMOQTHER SIGMAS 0.00000052 0.00002683 0.00363468 0.00478666 0.00412168
l
NOMINAL TRAJECTORY (ECI)= 2081.0206 -1983.7978 6459.3856 -6.47175 2.50479 2.85583 9’ g |
SMODTHER TOTAL (EC1) = 208%1.0262 -1983.8006 €459.3781 -6.47175 2.50479 2.85584 — *
FILTER ESTIM. (HCL) = 0.0068244 -0.0065368 0.0014804 -0.000G193 0.0000007 ©.0000069 - o)
SMOOTHER ESTIM. (HCL) *= 0.0060435 -0.0062858 0.0021863 -0.0000161 -0.0000000 ©. 0000061 o — !
SMOOTHER STGMA (HCL) = 0.0024619 0.0025332 0.0018484 0.0000133 0.0000030 O 0000028 z ;
B s e N a sttt et 0tatttt i ts s et oratt ettt aetttitraatindctitstitteesteterteetenssrstnnisntestiseninacestesitsstseassasno etnttens o b }
o |
At a it e i ot a e T r ot e tt et et ntncretoraaaencerteeetstnssonssvecssinstsrsssansesvesncacnssonstsansancnensssacanasnsssns o 0 ‘
SMOOTHER GUTPUT AT TINE 39480.00 < > ‘i
PARAMETER LABELS = x A z psls] YDOov 2001 GRAV GRAV GRAV MBI1AS r>- % i
STATION/SATELLITE = o o [¢] o o o o o o Nn - 1
: FILTER STATE (EPOCH) =-0.01230410 0.00525684-0.00826364 0.00000937-0.00000419 0,000013.9 0O,00000000 0.00000000-0 . 00000000-0. 00506 149 o
: SMOOTHER STATE(EPOCH)=-0.01056495-0.00422756 0.04581033-0.00004452 0.00002183 O.000008E7~0.00000000-0.00000000 0.00000300-0.00524538 <, -]

SMOOTHER SIGMAS(EPOCH) O.006B0871 0.02241107 0. 15823161 0.00015255 0.00007 185 0.00000336 O.00000000 O.00000000 0.0000000C 0.00032576

T S

PARAMETER LABELS = MBIAS 2 REFRACT S5TYA POS STA POS STa POS
STATIOR/SATELLITE = n 31 1 31
FILTER STATE = 0.00000017-0.00010301 0.00162578-0.000794¢1-0.002867 10
SMOOGTHER STATE = 0.00000052-0.000057138 0.00221876-0.00090583-0.00338876
SMOOTHER SIGMAS 0.00000052 0.00002683 0.00363468. 0.00478666 ©.00412166

NOMINAL TRAJECTORY {ECI)= 2838.7295 -2267.5407 6065.3029 -6.139617 2.21784 3.70344
SMOOTHER TOTAL (ECK) = 2B838.7348 -2267.5428 6€065.2944 ~6. 13966 2.21783 3.70345
FILTER ESTIM. (HCL) = 0.00B1388 -0.0064660 0.0006029 -0.0000132 -0.0000025 0.0000130
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SMOOTHER ESTIM. €HCL) = 0.0081972 -0.C061156 0.0001315% -0 0000155 -0 0000017 O.0C00091
SMOOTHER SIGMA (HCL) = 0.0028091 0.0024538 O 0015978 O©0.0000037 O VOOOO23 O 0000032

I R T I I T I Y I T o S Y Y T R e R T N Y L L L P PR R P RS Y 2 4
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SMOOTHER OUTPUT AT TIME 39360.00

PARAMETER LABELS - x L 4 xparv yDaor 2007 GRAV GRAV GRAV MBIAS

STATION/SATELLITE - o [¢] (<] o o o 3
FILTER STATE (EPOCH) =-0.01410669 O 00027669 0.02892465-0.00002710 0.00001280 0.0000:384 O. oooooooo (] oooooooo g¢] W'O 00017022
SMOQOTHER STATE(EPOCH)=-0.01063542-0.00427357 O.04693069-0.00004558 0. 00002233 0.0000086R -0 .00000000-0 0C000000 O 00000000-0.00524538
SMOOTHER SIGMAS({EPOCH) 0.00662439 0.02197792 0.1549523%5 0.00014944 0.00007040 ©.00000336 0.00000000 C.00000000 G.0GOCGO000 O.0003Z576

PARAMETER LABELS = MBIAS 2 REFRACT STA POS STA POS STA POS

STATION/SATELLETE - I a1 31 31 3t
FILIER STATE = 0.00000000-C. 00019862 0.00135943-0.00064712-0. 00243527
SMDOTHER STATE = ©.00000052-0.006057 18 0.00221876-0 000S0583-0 00338876
SMODTHER SIGMAS 0.00000052 O 00002683 0.00363468 0 .004TREGE O (32166

NOMINAL TRAJECTORY (ECI)= 3550 S578 -2514 6368 5572 8383 ~-5.70807 3 B94&3 4 49164
SMOOTHER TOTAL (ECI) = 3550.56208 -2514,6380 5572.9278 ~5.708G7 1 B3482 4 49165
FILTER ESTIM. (HCL) = 0.0081577 -0.0025187 -0 0048125 -0.0000160 -0 0000025 O 0GVO120
SMOOTHER ESTIM. (HCL) = 0.0099533 -0.005559%5 -0.0C24915 -0.00C0141 -C 0OOUO3R 0.00)Y0121
SMOOTHER SIGMA (HCL) = 0.0039416 0.0023383 0.0015530 0.0000034 O 0000023 O OOK0036

000 EEn s el E0reaasenessstenttnats it ienEans ettaer it el e el it e laNt et i ealetnereesd| loErerrsettetoinsnacrasetrinsosntssssnnores
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SMOOTHER OUTPUT AT TIME 39240 00

PARAMETER LABELS - x v 1 xuos YOGT D07% GRAV GRAV GRAV

STATION/SATELLITE = o o [¢] o o [+ o [+
FILTER STATE (EPOCH) =-0.01265382 0.00701380-0 01826674 0.00001396-0.00000672 0 00001497 -0 oooooooo 0 000000000 . 00000000
SMOOTHER STATE(EPOCH)=-0.01067324-0.00442226 0 .04734736-0 00004596 0.00002250 C:.COO00870-C 00000000-C 00000000-0 . 00000000
SMOOTHER SIGMAS{EPOCH) 0.00644052 0.02155520 0. 15172483 0.00014638 O.00006838 (' 00CIC337 0.00000000 O.00000000 O. 00000000

HOMINAL TRAJECTORY (ECI)> 4204.9572 -2721. 0618 4990 2020 ~5.18379 1 540490 5. 20758
SMOOTHER TOTAL (ECI) = 4204 8617 -272% 0621 4990 1855 -5.18378 1 54089 S 207153
FILTER ESTIM. (MCL) = 0.0282220 -0 0128232 -0 D101672 -0.0000233 -0 0000122 © GOOCIIB
SMOGTHER ESTIM. (HCL) = 0 0111706 -0 0045501 -0 OO558E%8 -0.0000120 -0 OCO00E3 O 0000147
SMOOTHER SIGMA (HCL) * 0 0033816 O 0021811 O GOI87R4 0.0000030 O OGGGGCIC O 0000040

R L N T T T T R T A R e T e LR L T T R P L RPN R T A L R R L 2 g
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SMOOTHER OUTPUT AT TIME 33120 00

PARAMETER LABELS - x Y z xpor YDOT 2D07F GRAV GRAV GRAV

STATION/SATELLITE = 0 (4] 3 o o o 0
FILTER STATE (EPOCH) =-0 01265457 O 00701294-0 01825817 O oooos:ss 0 00000672 € 00033497-0 O0000000-0. oooooooo-o 0G00C000
SMOOTHER STATE{EPOCH)=-0.01068227-0 00438753 O 04715851-0.00004577 0 .0000224% .0 00000872 0 00000000-0 . $OCO0000 -0 00000000
SMOOTHER SIGMAS{EPOCH) O 00625964 O.02114227 O. 14855694 0. 00034341 0.00006753 € 00000340 0. 00000GD00 O 00000000 O. 0O0O0CO00

NOMINAL TRAJECTORY (ECI)= 4791.2309 -288) 4429 4326 4809 ~4.57516 1 163175 S 83353
SMOOTHER TOTAL (EC1) = 4791.2945 -2883 4422 432§ 4663 -4.57515 116174 5. 833855
FILTER ESTIM. {HCL] = 0.0291€01 -0 01074151 -0 0184331 -0 0000157 -0 00COI184 O 0000373
SMOOTHER ESTIM (HCL} = 0.0116737 -0 (030324 -0 0090038 -0.0000030 -0 0000042 O COGOIEd
SMOOTHER STGMA (HCL) = ©.0034737 O 0G18370 O 0025013 0 0000028 O 000002 O DOCOO44s

S T Yy T T R R Y L X R T R e S X R R LA e
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SMOOTHER DUTPUT AT TIME 39000 OO

PARAMETER LABELS = x k4 z xDaY y0OT1 2007 GRAV GRav GRAV

(]! ]

]
[t

DAL, NV SSAN

AS TFUDOTONH

INT 'SWALS!

-
™

FRURINT]

avd

i

ALNYRD MoOod 40

<

)

L

T e e T oy - e
=z

B . Y T o -




001

SMOOTHER OUTPUT AT TIME 34320.00 g
&
PARAMETER LABELS = x ¥ YA xXDOT YDOT 2007 GRAV GRAV GRAV S
STATION/SATELLITE = o [ o o 0 o [ o [\ 5]
FILTER STATE (EPDCH) =-0.01288091 O.00667978-0.01551303 0.00001107-0 00000539 O.00001506-0,00000000-0 .00000000-0 .00000000 &
SMOOTHER STATE(EPOCH)=-0.01392362-0.00775946 0.07764766-0.00007636 O 00003731 O.00001060-0.00000000 0.00000000-0.00000000 a
SMOOTHER SIGMAS(EPOCH) 0.00433206 O 01242826 0.08335511 0.00008583 0.00004028 0.00000221 O.00000000 O.00000000 O ,.00000000 2
-~
-
NOMINAL TRAJECTORY (ECI)= -2223.5573 -52.8471 6713.8066 -6.41486  3.27666 -2 09260 ~
SMOOTHER TOTAL (ECH) = -2223,5492 -52.8539 6713.9084 -6.41486 3.27666 -2.09258 ™~
FILTER ESTIM. (HCL) = -0.0089958 -0.0045663 0.005751% -0.0000201 © 0000038 -0.0G" 0152 =]
SMGOTHER ESTIM, (HCL) = -0.0068559 -0.005309% 0.0062154 -0.0000153 0.0000082 -0.00:0134 5
SMODTHER SIGMA (HCL) = ©.0031333 0.0028263 0.0014741 0.0000037 0.0000026 0.0000015 )
00000000 encerttscersttstesseteteosanteansstenaesaseisieasntectecntetracesanttactsciacteacttsetsectseratttesntasseacetasassnsssran =
AECOASN P SEIRIC TN 3000 ORI RE Rt NSt 00t itt it ttttat aatitttatditinivltlintd st RientditsdesotlordlactttttttstPivnadetdntedanssdsdedsesososn §
SMOOTHER OUTPUT AT TIME 34200.00 =
PARAMETER LESELS = X Y 2z X0OT YDOv zooT GRAV GRAV GRAV »
STATION/SATELLITE = o o [ o o =
FILTER STATE (EPOCH) =-0.01292766 0.00666988-0.01531427 O. ooomon 0.00000530 O. oooms'o 0. oooooooo 0. oooooooo 0.00000C00 ~
SMOOTHER STATE(EPOCH)=-0.01410321-0.00762877 0.07735176-0.00007815 0.00003717 0.00001082-0.00000000 ©.00000000-0.00000000 ]
SMODTHER SIGMAS(EPOCH) 0.00480205 0.0124460¢ 0.08908353 0.00008555 0.00004017 0.00C00222 0.00000000 0.00000000 ©.00000000 5
NOMINAL TRAJECTORY (ECI)= -1437.9158 -444.5628 6910.0647 -6.66154 3.24315  -1.17230 =
SMOOTHER TOTAL (ECI) = -1437_.S068 -444.5693 6910.0639 -6.661SS 3.24314 -1.17227 2]
FILFER ESTIM, (HCL) = -0.0055320 -0.0062105 0.0078319 -0.0000227 ©.0000093 -0.0000112
SMOOTHER ESTIM. (HCL) = -0.0038383 -0.0067623 0.0079470 -0.0000188 0.0000081 -0.0000104 00
SMOOTHER SIGMA (HCL) = 0.0027318 0.0026833 0.0014850 0.0000034 0.0000027 0.0000058 "1
a0 Pttt it ter ittt toet ittt ettt iutitttednttinienesttotestnetevttnctettsoncersslteticrniietosedosnndtteditanacissrsconedoss -G G)
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SMOOTHER OUTPUT AT TIME 34080.00 > Bl
PARAMETER LABELS = X v 2 X007 vpov 00T GRAV GRAV GRAV Ve Y1
STATION/SATELLITE = o [ o [ o o 0 o () >
FILTER STATE (EPOCH) =-0.01297605 0.00667141-0.01518205 0.00001073-0.00000524 0.0000 (5 15-0.00000000-0, 000000000 .00000000 =0
SMOOTHER STATE(EPOCH)=-0.01425524-0.00742048 0.07648873-0.00007737 0.00003677 0.00001105-0.00000000 0O.00000000-0.0G000000 ]
SMOOTHER SIGMAS{EPOCH) 0.00467837 0.01246169 0.08881470 0.00008530 0.00004007 0.00000223 0.00000000 0.00000000 O.000J0000 5
NOMINAL TRAJECTORY (ECI)= -629.0865 -829.1093 6994.4987 -6.80080 3.15733  -0.23302 < &5
SWMOOTHER TOTAL (ECI) = -629.0767 -829.1155 6994.4953 -6.80081 3.15733  -0.23300 :
FILTER ESTiM. (HCL) = -0.0015608 -0.0078040 O©.0090308 -0.0000250 0.00C0086 -0 0000070
SMOOTHER ESTIM. (HCL) = -0.0003099 -0.0081892 0.0088358 -0.0000215 0.0000076 ~0.0000069
SMOOTHER SIGMA (HCL) = 0.0023868 0.0025538 0.0014495 0.0000031 0.0000027 0.0000022
AR ORBRCEEICRREIRR PRSI0 0000 RSP0 CR0000000000CtRRestsER AT Rttt Itette P ttnNttdeNo I1RCRtit ttnitinied ittt toiooentlietetanstorndsssonense
PARAMETER RECONSTRUCTION. NO = 9 N = 15
OLD LABELS = 1 2 3 a 5 € 8 8 8
NEW LABELS = 1 2 3 4 5 6 -8 a 8 100031 200031 300031 4050 400031 400031
£0000000000090000000000000080000080000000000080060008000000000000080000at0a0etcrrensesatstnans uNciisitinctetesectosaceesetasceses
SMOOTHER OUTPUT AT TIME 33960.00
PARAMETER LABELS = X ¥ z X007 Yoot 001 GRAY GRiV GRAV MBIAS 1
STATION/SATELLITE - o o a1
FILTER STATE (EPGCH) =-O. 01302252 0. 00669649-0 otszoza: 0.C0001074-0.00000526 O. 00001520 0. oooooooo-o oooooooo 0. oooooooo~o 00516155
SMODTHER STATE(EPOCH)=-0.01436812-0.00710705 0.07485697-9.00007583 0.00003601 O.0D001128-0 00000000-0 0O00OCN0-0 . 00000000~0 . 00505704
SMODTHER SIGMAS(EPOCH) 0.00456801 0.01247485 0.08856003 0.00008S07 0.00003987 0.00000226 0.00000000 0.00000000 0O.00000000 O.00047 105
PARAMETER LABELS = MBIAS 2 REFRACY STA POS STA POS STA POS
STATION/SATELLITE = 31 ] 3
FILTER STATE = 0.00000097-0.00013497-0.00657306 0.00014390-0,00368113
o i . i . o - e . - D P T U e - Sy o e ik e 'f
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SMOOTHER STATE = ©.00000058-0.00012990-0.00740535 0.00008527-0.00344118

SMOOTHER SIGMAS

0.00000050 0.00003847 0.C0411089 0,.00499719 0.003383917

(0]

NOMINAL TRAJECTORY (ECl1)= 189.8874 -1200.2040 6965.8235 -6.83039 3.02058 0.7t017
SMOOTHER TOTAL (ECI) = 189.8978 -1200.2098 6965.8272 -6.83039 3.02057 0.71020
FILTER ESTIM. (HCL) = 0.0027560 -0.0082531 0.0090843 -0.0000268 0©0.0000076 -0.0000024
SMOOTHER ESTIM,. (HCL) = 0.0035%06 -0.0094970 O©0.0087669 -0.0000238 O0.0000068 -0.0000027
SMOOTHER SIGMA (HCL) = 0.0021466 0.0024374 0.0013534 0.0000028 0.0000028 O 000002S
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SMOOTHER OUTPUY 27 TIME 33840.00

PARAMETER LABELS = x ¥ Y 4 XDoT YDOT 2007 GRAV GRAV GRAV MBIAS 1
STATION/SATELLITE = (] (] (] (] o o 0o N
FILTER STATE (EPDCH) =-0.01025805-0.00352851 0.03989700-0.000C3869 0.00002027 O.00000879-0.00000000 O.00000000 O ,00000000-0.00420297
SMOOTHER STATE(EPOCH)=-0.01443920-0.00670008 0.07251688-0.00007359 0.00003493 0.00001150-0.00000000 0.00000000-0.00000G0-0 00505704
SMOOTHER SIGMAS(EPOCH) 0.00447487 0.01248474 0.08833056 0.00002487 0.00003989 0.00000230 0.00000000 0.00000000 0.00000000 O.00047 105

PARAMETER LABELS = MBIAS 2 REFRACT STA POS STA POS STA POS
STATION/SATELLITE = n a N 31 31
FILTER STATE = 0.00000099 0.00008011-0.00238554 0.00012084-0.0011176S
SMOOTHER STATE = 0.00000058-0.00012990-0.00740535 0.00008527-0.00344118

‘SMOOTHER SIGMAS 0.00000050 0.00003847 0.00411089 0.00499719 0.00338917

NOMEINAL TRAJECTORY (ECI)= 1005.7S64 -1552.0961 6824 5052 -6.74978 2.83505 1 64218
SMOOTHER TOTAL (ECI) = 1005.8072 -1552.1013 6824.4359 ~6.74978 2.83504 1.6422¢%
FILYER ESTIM. (HCL) = 0.0035039 -0.0096903 0.0069416 -0.0000208 ©0.0000023 0 0000033

SMOOTHER ESTIM. (HCL) = 0.007691% -0.0105755 0.0076408 -0.0000255 0.0000055 0.0000020
SMOOTHER SIGMA (HCL) = G.C020373 0.0023340 0.0012256 0.0000027 0.0000029 O.0000026

B ettt s et Rt ARSI NNl et Nt ar st lrtal it rta et st et ettt eltteslttscrereiocttssntoiscaceteteneeincancnnttencsaretencssstones
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SMOOTHER QUTPUT AT TIME 33720.00

PARAMETER LABELS = x Y rd p{tv) § yoarv 20071 GRAV GRAV GRAV MBIAS 1
STATION/SATELLITE = ] o o [} o [} L] L] [+] 3t

FILTER STATE (EPOCH) =-0.01173550-0.00031796 0.02422561-0.00002062 0.00001225 0.00001148 Q.00000000-0.00000000-0 ., 00000000-0.00317798
SMOOTHER STATE(EPOCH)=-0.01454938-0.00648348 0.07147197-0.000072%7 0.00003443 0.00001169-0.00000000-0 . 000000000 .00000000-0 . 00505704
SMOOTHER SIGMAS{EPOCH) 0.00339642 0.01248467 0.08806834 0.00008454 0.00003980 0.00000234 0.00000000 0.00000000 0.00000000 O.00047105

PARAMETER LABELS = MBIAS 2 REFRACT STA POS STA POS STA POS

ALIYNO ¥00d 40
¢l 30Vd TTYNIDIRIO

STATION/SATELLITE = 3t 3t 3

N

<k}

FILTER STATE
SMOOTHER STATE
SMOOTHER SIGMAS

=-0.00000033 0.00007278-0.00028536-0.00002773 0.00050737
= 0.00000058-0.00012830-0.00740535 0.00008527-0.00344118
0.00000050 0.00003847 0.00411082 0.00499719 0.00338917

NCMINAL TRAJECTORY (ECI)= 1805.4718 -1878.8608 IGiz. 7555 ~-6.56017 2 160367 2.54806
SMOOTHER TOTAL (EC1) = 1805 4829 -1878 8654 6572.7431 -6.56017 2.60367 2.54809
FILTER ESTIM, (HCL) = 0.0041293 -0.0097481 0.0052776 -0.0000215 -0 0000013 O.DOCO0094
SMOOTHER ESTIM. (HCL) = 0.0117773 -0.0112352 O0.0053870 -0.0000264 0.Q000035 0.0000074
SMOOTHER SIGMA (HCL) = 0.0020560 0.0022404 0O 0011324 0.0000028 0.0000630 0.0000026
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SMOOTHER OUTPUT AT TIME 33600.00

PARAMETER LABFLS = x \ z XDoy¥ yborv 2001 GRAV GRAV GRAV MBIAS

STATION/SATELLITE = (4] Q o] o o o o a o 31
FILTER STATE (EPOCH) =-0.010534261-0.00333562 0.04032661-0.00003641 0.00001992 0.00000948-0.00000000-0.00000000 O0.00000000-0.0032G 249
SMOOTHER STATE(EPQCH)=-0 01464689-0.00625672 0.07034010-0.00007 145 0.00003387 0.00001 187-0,00000000-0.00000000-0 . 00000000-0 .005057C4
SMOODTHER SIGMAS{EPOCH) 0.00432628 0.01246784 0.0B77067% 0.00008433 0.00003966 0.00000233 0.00000000 0.00000000 O.00000000 O.00047105
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PARAMETER LABELS = MBIAS 2 REFRACT STA POS STA POS STA POS
STATION/SATELLITE - N 3 N n N
FILTER STATE = 0.00000001 0.00010116-0.00022424 0.00001401 0.00047121
SMOOTHER STATE = 0.00000058-0.00012990-0, 00740533 0.00008527-0.00344118
SMOOTHER SIGMAS 0.00000080 0.00003847 0.SG411088 0.00499719 0.00338917
NOMINAL TRAJECTORY (ECI)= 2575.9927 -2175.2889 §6214.6000 -6.264%0 2.33011 3.41322
SMOOTHER TOTAL (ECI) = 2676.0037 -2175.2926 6214.5843 - -6.26449 2.33010 3.41325
FILVER ESTIM. (HCL) = 0.0071108 -0.0094802 G.0028559 -0.0000184 -0.0000036G 0.000011S

SMOOTHER ESTIM. {HCL) = 0.0155920 -0.0115129 G.0019852 -0.0000262 0.0000C08 ©.0000131
SMOOTHER SIGMA (HCL) = 0.0021656 0.0021503 G.0011745 0.0000030 0.0000029 ©O.0000027

B G R e E 00 Es it n ittt et Rt At ettt st art ittt ittt c ittt i intcin ettt it tiloentitvatetnecaitoattttatsenatettecnntosidiottaassnedsdansndsne

0000000800000t ta000t0t sttt r o s Eiita o v ivetitsnuriItsttteltttrtittotttesistoinitscntosssttacstsceonietncsetetacssneeoasesessnssee

SMOOTHER OUTPUT AT TIME 33480.00

PARAMETER LABELS = X Y z xXpov YDOY 2907 GRAV GRAV GRAV MBIAS ¢

STATION/SATELLITE = o (] o (] o o o (4] n
FILTER STAYTE (£POCH) =-0.01185935-0.00676767 0.06460779-0.00006069 0.00003149 O 00000323-0.GI000000-0.0000000G O, W 0.00015798
SMOOTHER STATE(EPDCH)=-0.01469780-0.00593218 0.06844481-0.00006959 0.00003298 O.00001204-0.00000000 O.00000000-0 .00000000-0.00505704
SMOOTHER SIGMAS(EPOCH) 0.00425662 0.01243498 0.08722282 0.00008390 0.00003947 0.00000245 0.00000000 O.00000000 0.00000000 0.00047 105

PARAMETER LABELS =  MBIAS 2 REFRACY STA POS STA POS S5Ta POS
STATION/SATELLITE - 3t a1 3t 31 31
FILTER STATE =-0.00000002-0.0000%351 0.00020439 0.00002857 0.00137975
SMOOTHER STATE = 0.00000058-0.00012990-0.00740535 0.00008527-0.001344118
SMOGTHER SIGMAS 0.00000050 0.00003947 0.004 11089 0.00493719 0.00338817
NOMINAL TRAJECTORY (ECI)= 3304.8902 -2436.5711 S755.7709 -5.86736 2.0:868 4 22368
SMOOTHER TOTAL (ECI) > 3304.9008 -2436.5736 S5755.7518 ~5.86735 2.01867 4.22371
FILTER ESTIN. (HCL) = 0.0084838 -0.0069912 -0.0018416 -0.0000154 -0 .00C004T 0.000011S

SMOOTHER ESTIM. (#HCL) = 0.0188414 -0.0110819 -0.0025097 -0.0000246 -0.0000027 ©0.0000183
SMOOTHER SIGMA (HCL) = 0.0023157 0.0020543 C©€.0014257 0.0000031 ©.000002& 0.00C0029
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SMOOTHER OUTPUT AT TIME 33360.00

PARAMETER LABELS L ¢ v 2 xDO¥ YDO1 zpav GRAV GRAV GRAV

STATION/SATELLITE = ] ] o o o o o o
FILTER STATE (EPOCH) =-0.00809563 0.00226557-0.00263560 O. ooooosn 0.00000016 G 00000884 -0.00000000 0.00000000 ©.00000000
SMOOTHER STATE(EPOCH)=-0.02478549-G.00580487 0.06738934-0.00006899 0.00003268 O.00001217-0.000C000 O.00000000-0.00000000
SMOOTHER SIGMAS(EPOCH) 0.00418174 0.01238971 0.08662333 0.00008338 0.00003924 0,00000252 0.00000000 0.00000000 0.0C000000

NOMINAL TRAJECTORY (ECI)= 3980.348% -2558.4563 $S203.6326 ~5.37501 1.674a36 4.96626
SMOOTVHER TOTAL (ECI) = 3980.3581 -2658.4575 5203.6099 -5.37501% 1.67435 4.96629
FILTER ESTIM. (HCL) = 0.0175172 -0.0141730 ~0.0011385 -0.0000156 -0.0000136 0.0000245
SMOOTHER ESTIM. (HCL) > 0.0Z12109 -6.0098€31 -0.0079489 -0.0000213 -0 000007 0.0000240
SMOOTHER SIGMA (HCL) = 0.0024536 0.0019452 0.0018710 0.0000031 0.0000027 O0.0G00032

S 000000300ttt att It e it s ntltries sl et rttsetitttaistattetetins teteor iedniticeatossnenteseenerteassninetontscsnenndsaeionssesd

LR L L R Y S N I IO

SMODTHER QUTPUT AT TIME 33240.00

PARAMETER LABELS = X v z xoar Yoov 2007 GRAV GRAV GRAV

STATION/SATELLIYE = o [¢] o o o o o o
FILTER STATE (EPOCH) =-0.00809529 0.00226591-0.00269871 O. 00000623 0.00000016 0.00000824 0.0000000C 0.00000000 ©.00000000
SWOOTHER STATE(EPOCH)=-0.01489570-0.00581037 0.05823271-0.00006924 0.00003278 0.00001227-0.00000000 0O.00000000-0 00000000
SMOOTHER SIGMAS(EPOCH) ©.00410578 0.01233420 0.08594364 0.00008279 0.0C003898 0.00000260 0.00000000 0.00000000 0.00000000

NOMINAL TRAJECTORY (ECI)= 4591,3958 -2837.3228 4567.0704 -4.79528 1.30267 S 62882
SMOOTHER TOTAL (€Cl) = 4591.4044 -2837.3225 4567.0442 ~4.79526 1 3026% 5.62885
FILTER ESTIM. (HCL) = 0.0188522 -~0.0117729 -0.0069333 -0.0000103 -0.0000173 O 0000255
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SMOOTHER ESTIM. (HCL) = 0.0223922 ~0.0077422 -0.014076%1 -0.0000164 -0.0000121 0.0000282
SMODTHER SIGMA (HCL) = 0.0025325 0.0018270 0.00244939 0.000002% 0.000002 0.0000036
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SMOOTHER OUTPUT AT TIME 33120.00

PARAMETER LABELS = X \ k4 x0av Yporv <007 GRAV GRAV GRAV
STATION/SATELLITE = o o (] o o o o (] o -
FILTER STATE (EPOCH) =-0.0080394SS 0.00226631-0.00270220 0.00000623 0.00000015 0.00000884 0.00000000 0.00000000 0.00000000
SMOOTHER STATE{EPOCH)=-0.01501208-0.00589059 0.06906281-0.00006995 0.00003310 0.000C 1235-1D.00000000 @ .00000000-0.00000000
SMOOTHER SIGMAS(EPOCH) 0.004N3126 0.01226886 0.08520073 0.00008214 0.00003EC 0.00000267 10.00000000 G.5A00CC00 O.00CDOO0D0

; NOMINAL TRAJECTORY (ECi)= S5128.0876 -2970.2404 3856.3545 -4.13741% 0.90958 6.20046
§ SMOOTHER TaTAL (ECI) = 5128.0944 -2970.2384 3856.3248 ~4.13740 0.80957 6.20048
E FILTER ESTIM. (HCL) = 0.0188020 -0.0086115 -0.0126916 -0.0000045 -0.00002C3 0.000025t¢
SMOOTHER ESTIM. (HCL) = 0.0221167 -0.0D46484 -0.0205240 -0.0000099 -0.000017S 0.0000307
SMOOTHER SIGMA (HCL) = 0.0025182 0.0017283 0.0230397 0.0000025 ©.0000028 0.0000040

8000000ttt tttisssatetstitetsetitetetodtoteinttsstetettntsoseotinisessestotstsstitelisttinttetistacsnacistssaiturosnltevsonsssses
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SMOOTHER DUTPUT AT TIME 3300G.00

PARAMETER LABELS = x Y z Xxpot ycov 2007 GRAV GRAV GRAV

STATION/SATELLITE = o o (] b [} o ] ] (]
FILYER STATE (EPOCH) =-0.00809462 0.00226678-0.00270609 0.00000624 -0.0000001S 0.00000884 0.00000000 O,00000000 O.00D00000
SMOOTHER STATE(EPOCH)=-0.01512492-0.00601130 0.07013741-0.00007087 0.00003353 0.00001241-0.00000000 0O.00000C000-0 .00000000
SMOOTHER SIGMAS(EPOCH) 0.00395969 0.01219362 0.08440394 0.00008146 0.00003836 0.00000273 0.00000000 0.00000000 O.00000000

NOMINAL TRAJECTORY (ECI)= S5581.6721 -23055.0214 3082.8785 -3.41202 0.50148 6 67171
SMOOTHER TOTAL (ECI) = 65581.6766 -3055.0174 3082.9354 ~3.41200 0.50146 €.67174
FILTER ESTIM. (HCL) = 0.0173428 -0.0047515 -0).0180432 G.0000014 -0.00002¢T 0.0000232
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— SMOOTHER ESTIM. (HCL) =  0.0201933 -0.0005754 -0.0268249 -0.0000023 -0.000023% 0.0000309 o
8 SMOOTHER SIGMA (HCL) = 0.D023%36 0©.0017192 0.003756% 0.0000022 0©0.00000333 0.0000041
P02 000000020804 0008RCRE Y TwetRCltetn ot dPdatNtsdintdecastsvidtaded ettt ttniatadiiretdetioeteotedntonstditoRndtonrstnosnototasanoe m
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SMOOTHER OUTPUY AT TIME 32880.00 > [&]
. | oy
PARAMETER LABELS = X Y 2z X007 YOOV 2007 GRAV GRAV GRAV e m
STATION/SATELLITE = o [] (o] 5] [¢] a 0 (] (4] ~4 Do
FILTER STATE (EPOCH) =-0.00809429 0.00226731-0.0027104% 0.00000624 0.00000015 0.000: 334 0. 00000000 O.00000000 O,00000000 ~ m
SMODTHER STATE{EPOCH)=-0.01522786-0.00615128 0.07130482-0.00007188 0.00003400 0.0000124%~-0.00000000 O.00000000-0.00000000
SMOOTHER SIGMAS(EPOCH) 0.00389226 0.01210838 0.08356013 O.0C008074 0.00003805 0.00000279 C.00000000 0.0000000G3 O . 000000
NOMINAL TRAJECTORY (EC1)= 5944.7403 -3090.2596 2259.4758 -2.63086 C.08S00 7.02474
SMOOTHER TOTAL (ECI) = 5944.7419 -3090.2535 2259.4397 ~2.63083 0.08498 7.03476
FILTER ESTIM. (HCL) = O 0145296 -0.0002952 -0.022€102 0.0000072 -0.0000271 O 2000197
SMODTHER ESTIM. (MCL) = 0.0165448 0.0044148 -0.0324387 0.0000058 -0.0000283 O0.0000285
SMOOTHER SIGMA (HCL) = 0.0022083 0.0018824 0.0043501 0.0000022 ©0.0000028 0.00003040
AN O AN e AR e ettt tatterettateietineetintosdstiatottsterniedtttotitieiIrsituEtaledsivnielsstuseiacsilietsotnittatodnitdssasonscrtstssates
098 EsEAteNEsa0stacsteasnnnteteacststentetetensi 00000ttt etntettotetstotcaletetectosataetctetitcterticaietntettetItensEtotetones
SMODTHER OUTPUT AT TIME 32760.00
PARAMETER LABELS = X Y z xpav Yoov ZD0Y GRAV GRAV av
STATION/SATELLITE = o L] o L] o o [+] [¢] o
FILTER STYAYE (EPOCH) =-0.00803398 O 00226794-0..027152% 0.00000625 0.00000015 0.000008E4 O 0000000C 0.00000000 O.0000DOOO
SMOGTHER STATE(EPOCH)=-0.01531631-0.00629638 0.07246483-0.00007287 ©.00003446 0.00001248-0.00000000 O,00000000-{.00000000
SMODTHER SIGMAS{EPOCH) 0.00383015 0.01201316 0.08267572 0.00007899 0.0000377% 0.00000283 ©.00000000 0.00G000000 €. 000OCO00
NOMINAL TRAJECTORY (€ECI)= 6211.3546 -3075.3575 1399.2162 ~%.80665 ~0.33305 7 ie347
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SMOOTHER OUTPUT AT TIME o0

PARAMETER LABELS = x Y 2 xpar Yoot o007 Grav GRAV GRAV
STATION/SATELLITE = ] o] o o L¢] [¢] (¢} o L+]
FILTER STATE (£POCH) = 0.0 0.0 0.0 0.0 0.0 0.0 0.0 c.0 0.0

SMOOTHER STATE(EPOCH)=-0.00181402 0.00199352-0.00173660-0.00000111 0.00000421 0.00000391-0.00000000 0.0000000)-0.00000000
SMOOTHER SIGMAS(EPOSH) 0.0039C116 0.00372853 0.01237418 0.00001099 G.00000587 0.00000394 3.00000000 ©.000CIC00 O.00000000

NOMINAL TRAJECTORY (ECI)= -6413.0778 2996.5868 ~0.6872 0.45640 0 97591 ~7.42596
SMDOTHER TOTAL (ECI) = -6413.0796 2996.5888 -0 6850 0.45640 0 97592 ~7.42596
FILTER ESTIM. (HCL) = 0.0 0.0 0.0 0.0 c.0 0.0

SMOOTHER ESTIM. (HCL) = 0,0023729 ©.0007836 0.0020050 0.0000030 O©0.0000038 -0.0000033
SWOOTHER STGMA (HCL) = 0.004097% 0.0027577 0.0125615 0.000Q120 0©0.0000023 0.0000043
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FILTER POSITION SIGMA (MHCH.)
¢ REPRESENTS x IN (ECI). H IN {HCL)
- REPRESENTS Y IN (ECI), © IN {HCL)
+ REPRESEN'S 7 IN (EC:), L IN (HCL}
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FILIER POSITION SIGMA (HCL)

« REPRESENIS X IN (ECI). H IN (HCL)
- REPRESENTS Y IN (ECI). T IN (HCL)
+ REPRFSENTS Z IN (ECI), L IN (HCL)
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FILTER POSITION SIGMA (HCL) %
- REPRESENTS X IN (ECI). H IN (1CL) Y
- REPRESENTS Y IN (ECI), C IN (WCL) 2
+ REPRESENIS Z IN (ECI) t IN (iKL) i~
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_36083471E-01, RMS= _39807796E-01
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FILTER POSITION SIGMA (NCL) g |
* REPRESENTIS X IN (ECI). H IN (HCL) g
~ RESRESENTS ¥ IN (ECI). C IN (oL} g
+ REPRESENTS Z IN (ECI). L IN (HCL) -
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SMOOTHER POSITION SIGMAS (HCL)

* REPRESENTS X IN (ECI), H IN (HCL)
- REPRESENTS Y IN (ECI). C IN (HCL)
+ REPRESENTS 2 IN (ECI), L IN (MCL)
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SMOOTHER POSITION SIGMAS (HCL) é |
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SMOOTHER POSITION SIGMAS (HCL)

¢ REPRESENTS X IN (ECI). H IN (HCL)
- REPRESENTS ¥ IN (EC1), C IN (HCL)
+ REPRFSENTS Z IN (ECI). L IN (HCL)
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SMOOTHER POSITION SIGMAS (HCL)

* REPRESENTS X IN (ECI), ® IN (HCL)
-~ REPRESENTS Y IN (ECI). C IN (HCL)
+ REPRESENTS 2 IN (ECI). L IN (HCL)
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BUSINESS AND TECHNOLOGICAL SYSTEMS, INC

6.0 JOB CONTROL LANGUAGE ORIGINAL PAGE IS
OF POOR QUALITY

The 1isting following this paragraph is an example of the JCL required
to run PREFER on the IBM 360/95., The core required to run PREFER (without
overlays) using the loader is approximately 370K, This will vary somewhat
depending upon the program options (e.g. GPSPAC/TDRS measurements, plots,
smoothed covariance file) and number of /0 buffers. The use of overlays
would only reduce the storage by approximately 50K. When tracking from
many GPS satellites is processed, it may be necessary to increase the
region to 500K. Printout from the job will define (approximately) the
actual region used by PREFER.

// EXEC LIJADER,REISIDN.30=370K, FARM="SIZE=270000, EFsMAIN
//3¥3SLIN DD

/7 DD DiEN=%%0B.J, DISF=(OLD, DELETE)
// DO DSN=YCBPG. 33PACE, OB DISP=EHR '
// DD DiSNsYCBPG. CDCID. DBJ, DISP=5HR k

//GR.FTOPFOOL DD UNIT=Z2400-7, VOL=SER=2464%2, LABEL=(3,NL,» IN),

// DCBm=(RECFM=VBS, LRECL=7204, BLKSIZE=7203, BUFND=1) , DI3F= (LI, KEEF)
//G0.FTLIOFOOL DD UNIT=DISK, DEN=YXYMEAS, DISP=(NEW, DELETE) ,

// DCB=(RECFM=VESZ, LRECL=72C4, BLKSIZE=720:3, BLIFNO=1), SFACE=(CYL, (2,1))
//GR,FTL1IFOO1 DD DUMMY, DCB=BLKSIZE=100

//G0.FTZOFO0O1 DD DSN=QRBIT.GTDS. SLF1950. DATA, DISF=3HR, DCE=BIUFNO=1
//GR.FT21IFOO1 DD DSN=ORBIT.GTDS. TIMCOF. DATA, DISF=3HR

//GO.FTZ2FO0L DD DSN-DRBIT.GTDG.SLPTDD.DQTAvUIBP-QHR,UCBSBUFNGSI 1
//GC.FTZOF0O1 DD LUNIT=DISK, DSN=&4%ILIZ0, DISP= (NEW. DELETE) » i
// DCB=(RECFMm=VBS, RECL=103, BLKEIZE=3244, BUFNO=1) , SPACE=(TRK, (10,2))
//G3,FT4OFO0O1 DD DIUMMY, DCB=BLESIZE=100

//GRN.FT41FOO1 DD DIJMMY, DCB=. _KZIZE=100

//G.FT4ZFO0O1 DD DUMMY, DCB=BLKSIZE=100 3
//30,FT43F001 DD DUMMY, DCE=BLKSIZE=100 3
//GD.FTSOFOO1 DD UNIT=AFFsFTOPFOOL, LABEL=(4,NL,, IN), VOL=ZER=2447Z,
// DCB=(RECFM=VBZ, LRECL=4A44, BLKSIZE=AAAS) , DISP=(0LD, KEEF)

/ /30, MASSTORE DD UNIT=DISK, DEN=&%II60, DISF=(NEW, DELETE)

// SPACE=(CYL, (Z,Z))

//GR.FT70F001 0D UNIT=DIZK, DSN=LLRORBL, SPACE=(TRK, (10,2)),

// DCB=(RECFM=VE3X, LRECL=X, ELh’IZE=7ﬁ”4vEHFND=1)1DI‘P=(NEN FASES)
//GD.FT71FO0L DD UNIT=DIZK, DEN=LSTPLL, SPACE=(CYL, (2,2) ),

/7 DCE-(REDFM-VBSvLREEL-X-“LKPIZE'7”Q4> DIZF=(NEW, DELETE)
//G0.DATAS DO »

Figure 7.1 Example of PREFER JCL for Processing Ground Tracking
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Notice that Fortran units 9 and 50 use the same tape and tape drive.
Unit 9 refers to file 1 (the observation file) and unit 50 refers to file 2
(the ORBIT file). PREFER internally copies unit 9 to unit 10 (disk) so
that the input files from the GTDS run may be placed on the same tape.

Fortran unit MASSTORE is the scratch disk used by the filter and
smoother to store the intermediate covariance matrices and other arrays.
The DCB information is internal to PREFER. The space allocation of (5,2)
cylinders should be adequate for most jobs. Unfortunately, it is very
difficult to compute the storage required in a given run, It depends upon
the number of states adjusted at each point in time. Since the number of
states varies greatly during the run (as ground stations and GPS satellites
change visibility to the satellite), the storage requirements can also vary
grestiy. In general, it should not be necessary to change the space
allocation unless many GPS satellites are included.

Fortran unit 30 is also scratch storage. However, the storage
requirements are modest since only the filtered and smoothed state vectors
are stored here,

Units 70 and 71 are used for temporary storage of plotting variables
and thus they carinot be ignored (e.g., "DUMMY") if plots are requested.
Again the storage requirements are modest. !nit 71 is also used to output
the smoothed covariance when this option is requested. The storage
requirements for the smoothed covariance can be as large as 50 megabytes
although 5 megabytes is a more typical number,
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APPENDIX A
PREFER Debug Printout

FILTER (IBUG(1))

ND - number of dynamic parameters
TL - time of last entry to FILTER (sec)
T - current time (epoch of mini-batch) (sec)

X - state vector at epoch time of mini-batch
PHI - state transition matrix (TL to T)

X - state vector (at time T) is printed after each measurement

MEAS  (IBUG(2))

Tl - time of measurement (referenced to epoch of Host Trajectory)
ISTA - station/satellite number

MTYPE - measurement type

Y - measurement

YD - measurement residual

SIGM - input o of measurement

PY - partial derivatives of measurement WRT state

SNOISE (1BUG(S)

T - current time (sec)
OLDT - time of last entry to SNOISE (sec)
ND - number of dynamic parameters
X - state vector at time T (only dynamic states are printed)
PHI - state transition matrix (OLDT to T)
F - 6 x NP6 partial array (current cartesian
elements WRT state vector) multiplied by DT

A=F . QA where QA is spectral density matrix (state noise)
Q = ND x ND state noise matrix in ECI coordinates
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After transformation to epoch osculating elements, Q is printed
again along with PHI4 (the transition matrix from epoch osculating
elements to current cartesian elements)

DYNAM  (IBUG(4))

TSTART - reference time (start of integration)

TEND - end time of integration

OT = TEND-TSTART

STMAX - maximum allowed step size (with sign) for Taylor series
integration

HSTEP - current step size «of interated integration

HLFSTP =+ HSTEP/2

TK - current time of iterated integration

OLDTK - Tast TK

PHIT1 - 6x6 transition matrix - cartesian (OLDTK) to cartesian (TK)

PHI4 - 6x€ transition matrix - epoch osculating to cartesian (TEND)

PHI - NDxND output state transition matrix

X1 - nominalcartesian elements at TEND

XOUT - filter estimate of dynamic states at TEND

CARD (IBUG(3)

NUMCDS - number of adjusted parameters initialized
LAB - parameter labels as read in

SIG -a priori o's as read in

QN - state spectral density as read in

STAVAR - station measurement variances as read in

NDRAG - number of drag parameters

NGRAV - number of gravitational parameters
NTHRST - number of thrust parameters
NCLOCK - number of clock parameters

NALT - number of altimeter parameters
NPARM = NDRAG+3(NTHRST+NGRAV)

A-2
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NP6 = 6 + NPARM

ND = number of dynamic parameters (NP6+NCLOCK+NALT)

NBIAS - 0 or 1 (1 indicates that biases are adjusted)

NREFR - 0 or 1 (1 indicates that refraction parameters are adjusted)

INTERG (IBUG(6))

NSAT - satellite number (1-24)

TK1 - current time in seconds from epoch of host tape
TK = current time in seconds from epoch of GPS tape

E - interpolated position and velocity at TK

GETVEC (IBUG(6))

REQTIM - interpolation time
XTO - interpolated satellite position and velocity at REQTIM

EARTH (IBUG(7))

T - time from epoch
STAPOS - station positions (Earth Centered Fixed)
XSTA - station positions and velocities (Earth Centered Inertial)

EVAL (IBUG(7))

CETOL - time tolerance for ephemeris computation

NWSLP - Fortran unit number for SLP file

REFDA2 modified Julian date corresponding to January 1950.0
REFDA4 modified Julian date corresponding to initial conditions
NCFDAY - number of days per curve fit

TSEC - time in seconds from start of year to midpoint of this record time

interval
PDELH - polynomial coefficients for delta H
IDAY - beginning day of current record
IND13 - polar motion switch (1 - compute polar motion)

A-3
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USUN(3) - sun vector

A - transformation matrix: selenocentric to selenographic

ADOT - A

B - transformation matrix: earth inertial (TOD) to earth fixed
¢ - transformation matrix: mean of 1950.0 to true of date

GHA - Greenwich hour angle

XP - X polar motion angle

YP - Y polar motion angle

TZERO - number of A.1 seconds from 1950 to epoch

TZERO1 - time in seconds from beginnning of ephemeris year to epoch
DEPOCH - Julian date of epoch

AZERO - difference between A.1 and UTC time at epoch
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APPENDIX B
Guidelines for Setting Up GTDS Runs

Since PREFER must use files created by GTDS, it is important that the
GTDS run be set up correctly. The following guidelines are given.

1)

2)

3)

4)

5)

The GTDS run must create an Observation Savi File (Unit 46) and
an ORBIT file with partial derivatives (Unit 21) on magnetic tape.
The input cards required to do this are:

1-8 9-11 12-14 15-17 18 - 38 39 -59 60 - 80
SAVE 1 time
QUTOPT 0 1 0 start time end time interval

[t is suggested that a time interval of 30 seconds be used.

It is stronaly recommended that the Observation Save File and the
Orbit File be placed on the same tape (with the Qbservation file
first) and tape drive (use UNIT=AFF). This will minimize the num-

ber of tapes and drives required for both the GTDS and PREFER runs.

Time regularized integration must not be used.

Partial derivatives for the ORBIT file should be cartesian orbital
elements with respect to epoch orbital elements. The epoch ele-
ments may be cartesian, Keplerian or spherical, but cartesian are
preferred. ‘

Since PREFER is intended to produce accurate ephemerides, it is
important that the best models available be used in GTDS. 1In
particular, the refraction corrections should be made in GTDS even
though this increases the computer costs of a differential correc-
tion run. This is done using an OBSCORR card.

B-1
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APPENDIX C
Subroutine GSPACE

The subroutine GSPACE gives the user the capability to dynamically
aliocate core, that is, to allocate core for an array or a number of arrays
during the execution of the program. This frees the user from hard-coding
the dimension of arrays which will vary in size from run to run.

GSPACE works by taking the amount of core (in bytes) requested by the
user, incrementing it up to the next multiple of 8, and then issues a
‘ GETMAIN instruction for that amount of core. GSPACE then calculates the
% offset, in numbers of 4 byte words, from some specific (hard) dimensioned
variable to the first location of the space obtained. The user may then
access this space by specifying the offset as an index to the (hard)

dimension variable.
Beneral Format

CALL GSPACE (N, NA, NB, &Y, &Z)

where

N = the number of arrays for which core is being requested
(INPUT TO GSPACE)

NA = an 1ntéger array of dimension M: the lst element of A is set
equal to the amount of core (bytes) requested for the lst
array, the 2nd element is set equal to the amount of core
requested for the second array, etc. (INPUT TN GSPACE)

NB = an integer array of dimension N: the 1lst element is set
equal to the offset in 4 byte words from NA(1l) to the
storage area for the first array, the 2nd element is set
equal to the offset in 4 byte words from NA(1l) to the
storage area for the second array, etc. (OUTPUT FROM GSPACE)
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P

Y = the 1ine to which control is transferred if the amount of
core requested by the user is not available. (NUTPUT FROM
GSPACE)

Z = the 1ine to which control is transferred if the call format
is incorrect or the input variables contain invalid values
(negative or real numbers) (OUTPUT FROM GSPACE)

Example:
ORIGINAL PAGE 1S
DIMENSION NA(2), NB(2) OF POOR QUAHTY
NA(1) = NPARMS * 4
NA(2) = NDEV * 8
CAL. GSPACE (2, NA, NB, & 100, & 200)

To access the storage area for the lst array, specify NA(NB(1) + I), I
= 1, NPARMS. NPARMS 4-byte words can be stored in this space. To access
the storage area for the 2nd array, specify NA(NB(2)+I), I = 1, NDEV*2,
Either NDEV*2 4-byte words or NDEV 8-byte words can be stored in this
area. Note that the offset to the 2nd storage area will be calculated from
NA(1) and not NA(2).

How GSPACE works:

GSPACE first takes the input array NA values and checks to see if they
are valid numbers. If they are, it then rounds them up to the next
multiple of eight, even if they are already a multiple of eight. GSPACE
then calls a routine which issues a separate GETMAIN instruction for each
array requested. This will not necessarily result in the different array
storage areas (within the same call to GSPACE) being contiguous (if the
user has indeed fequested multiple array storage areas). I[f the core is
not available for any one of the GETMAIN requests, control is transferred
to the line specified for Y. If all the core requested is avajlable,
GSPACE then enters a Toop to calculate the offsets by the following
algorithm:
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(Storage address of first 1ocat1on> (storage addrejf)
NB(1) = \in_array I storage area - \of NA(1) .1

When the loop is complete, control returns to the calling program. Because
the GETMAIN always gets core in the highest location (within the region)
that is possible, subsequent GETMAIN's will likely get core closer to the
load module (stored in the lowest region locations of core), and therefore
the increments will decrease, i.e., NR(1)>NR(2)>NB(3). . . This will not
necessarily be true if less core is requested by the subsequent GETMAIN's,
i.2., NA(1)>NA(2)>NA(3). . .

REGION AVAILABLE

NA(I NA(2)
AK7 ARRAY 1/0 &1 ARRAY
VA 2 BLOCKS S 2
ﬂ/ /) g
4ﬁ' NB(2) Offset
Load Module NB(1) Offset
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(Other Entry Points

CALL RELESE (N, NA, NB) - releases core allocated in a previous cal)
to GSPACE. N, NA and NB have the same definitions as for GSPACE.

CALL REGION - computes IREG in common block CORESS.

CALL GCORE - computes MCOR and ICORE in common block CORESS.
Note: GCORE will allocate the entire region specified on
the EXEC statement. Thus the user should ignore
the SIZE listed in the job system messages.,

Common_B1ock/CORESS/

IREG - allocated region (in bytes) of current job step (from REGION
parameter on EXEC statement).

MCOR - maximum unused region (bytes) in any previous call to GCORE
(including the current call).

ICORE - unused region (bytes) at the current call to GCORE.

ﬂ
i
14
i

R

o I

B e R

S R oy St

AR




T
et e

it it e

BUSINESS AND TECHNOLOGICAL SYSTEMS, INC

APPENDIX D

Description of "CNC Type" Nisk
Random Access I/0 Package

PREFER uses an assembly language subroutine which simulates "CDG type"
random access disk I/0 on an IBM 360). This subroutine has several
advantages compared to standard IBM random access (or DAIO) in that the
length and number of records can be variable. In fact, it is possible to
write over existing records with a different length as long as that length
is less than or equal to the old length. Although this routine is not
suitable for use with permanent data sets, it is very useful for scratch
storage within a program. This routine is documented here since it is
general purpose and may be useful for a variety of other applications.

The subroutine has six entry points: 0OPENMS, ENNMS, WRITSS, WRITMS,
READMS ANN CLOSMS. A description of each of these functions is given below,

1) CALL OPENMS(IX) - Opens mass storage (NONAME=MASSTNRE) for write/
print/sequential access and saves the address of the record index for
use by the routines WRITSS, READMS, and WRITMS, 1X is an integer
array which must be dimensioned as large as the number of records to
be written. Note that the NCB information for MASSTORE is obtained
internally in the routine. The user need only specify UNIT, NISP and
SPACE.

2) CALL WRITSS(IA,IR) - Writes a record to the next availahle space and
stores the relative address in the index. If the entire record will
not fit on the currant track, then the remainder of the record is
segmented and written to subsequent tracks. IA is the data array to
be written to disk and IR is the record number. Note: The first
4-byte integer of IA must contain the length of the record in words
(4-bytes). The example at the end demonstrates the use of WRITSS and
READMS for writing and reading double precision words.
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3)

4)

6)

CALL ENDMS - closes the mass storage data set for sequential access,
alters the macro form of the DCB to read/point and reopens the data
set for update.

CALL READMS(IA,IR) - reads a record from mass storage. If the record
spans several tracks then it will be brought in segment by segment.
The point macro is used to position the disk at the beginning of the
records. Each read attempts to read an entire track of data
(incorrect length is ignored). The actual length of segments read in
is computed from the residual count in the CSW, and segments are read
in until the total number of bytes read equals the record length. It
is assumed that the record length is stored in the 1lst fullword of the
record. IA is the array to which data will be retrieved from the disk
and IR is the record number.

CALL WRITMS(IA,IR) - writes an updated record hack to mass storage.

If the record spans several tracks, then it will be rewritten in
segments. The point macro is used to specify the disk address of each
segment. 0On each write, a length of one track is specified, and
incorrect length errors are intercepted hy the SYNAD routine 'EX'.

The actual length of a written segment is determined from the residual
count in the CSW. Segments are written until the total number of
bytes written equals the record length. The definitions of IA and IR
are the same as for WRITSS. Note that the length of the updated
record must be less than or equal to the length of the old record.

CALL CLOSMS - closes the mass storage dataset.

ERROR CODES

The routines can abend with 5 different error codes. Cure dumps are

produced by these abends.
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1

103 - error in WRITSS: too many bytes have been written.

1
104 - error in READMS: too many bytes have been read., Record length j
was probably incorrect. |

105 - error in WRITMS: too many bytes have been written. 1

106 - error in WRITMS: I/0 error other than incorrect length.

999 - error in READMS: ENDMS was not called prior to first call to
READMS. :
|
|
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