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PRECISION ORBIT COMPUTATIONS FOR AN OPERATIONAL ENVIRONMENT

C. E. Doll, Goddard Space Flight Center
David F. Eggert, Computer Science Corporation
Richard L. Smith, Computer Science Corporation

ABSTRACT

Analyses have been performed at the Goddard Space Fiight Center (GSFC) to
establish the operational procedures that would be required to provide pre-
cision orbit computations to meet current and future operational requirements
set forth by different NASA projects. Taking advantage of the improvements

to the earth's gravitétion field and tracking station coordinates, an orbifal
computational consiétency of the order of 5 meters were achieved for total
position.differences between orbital solutions for the Seasat and GEOS-3.

The main source of error in these solutions has been in the mathematical models
ﬁhat are required to generate these results, i.e., gravitation, athospheric
drag, etc. Different earth's gravitation fields and tracking coordinafes have

been analyzed and evaluated in obtaining these éomputational results,

Comparisons and evaluations of the Seasat resﬁlts have been obtained in terms
of different solution types such as the Doppler only, Laser only, Doppler and
Laser, etc. Other investigation using the Seasat data haye been made in

order to determine their effect on the computational results at this partic-—

ular level of consistency.
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INTRODUCTION

It is expected that in the next few years that NASA missions will require
additional computational:precisiOn in determining spacecraft position in
order to support both project and scienfific requirementéf' In order for the
Goddard Space Flight Cenfer tQ support these NASA missiop in a precision
orbit computétions environment both methods and techniques for computations

and opefational procedures must be established. -

The definitive orbit computations requirements for the Seasat mission'Were

the most accurate in terms of consistency between orbital solutions that had
beenvperformed at the GSFC for any given mission prior.to its léunch in June
1978 by thé Operétions Support Computing Division (OSCD). The computationé
requirements set forth by the Seasat.Project was to maintain a maximum devi-
ation of 65 meters between orbital solutions for the mission lifetime. With
these project requirements, the OSCD established the qompﬁtational techniques,
the operational procedures and the tracking data distribution in order to ful-

fill these commitments.

Due to the amount gnd~distribution of USB/SRE and Laser tracking data required
to support définitive orbit computations and precision orbit computatiéns for
the Seasat'mission; fhe 0SCD has taken the initiative to determine what 1¢vel
of consisteﬁcy between orbital solutions can be reached for an operational

eﬂvironment. The results of these investigations for the Seasat and GEOS-IIIL

missions are based on the mathematical models and station geodetics that have
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Introduction (continued)

been established at GSFC by the Geodynamics Branch. The computational pro—
~ cedures and observational tracking data distributions have been established

through the analyses which have been performed for each of the satellites.

The information in this particular report is presented in three different
areas, the method for precision orbit computations, Seasat precision com-

putations and GEOS-III precision orbit computations.

A



METHODS FOR PRECISION COMPUTATIONS

Orbit Determination Procedure

The computations of the precision orbits for both Seasat and GEQOS-III Qere
performed at the GSFC on the 360 computer complex using the Goddard Tra-
jectory Determination System (GIDS). GIDS has the capability to pérform
orbit determinations and generate spacecraft ephemeris data in the form of
position and velocity to différent levels of conéistency based on force
model represeﬁtations, station geodetics and tracking data distfibﬁtions.
The orbital solutions obtained for Seasat and GEOS-III from GTDS used
Cowell's ﬁethod 6f integration for thg equations of motion and the vari-
ational equations and a least squares adjustment technique for the improve—
ment of orbital parameters. The earth's gravity field, the solar gravita-
tional perturbations, the lunar gravitational perturbations-and the solid
earth tidal perturbations are modeled for these ofbital computations., In
addition, The nonconservative forces of solar radiation pressure and atmos-
pheric drag have been modeled. It should be~sta£ed that the JPL planetary
ephemeris DE-96 was adopted for thése computations along with the BIH polar

motion and the UT1l and A.l corrections.

The Seasat and GEOS-III spacecraft were modeled in the GTDS as specularly
reflecting spheres. In the precision orbit computations for Seasat a drag

coefficient for each data arc was solved for.

In addition, an analysis was performed to determine the best integration step
size for the equations of motion and the variational equations and in obtain-
ing orbital solutions which are consistent in terms of numerical processes.
The integraton step size which was established for Seasat and GEOS-III was

45 seconds.



Physical Parameters, Environmental Parameters and Tracking Station Geodetics
For Precision Orbit Determination '

In obtaining the orbital solutions for the Seasat and GEOS-III in the pre-
cision orbit computations environment different sets of physical and environ-
mental parameters and station geodetics were used and evaluated. .One of the
fundamental capabilities that exist in GIDS is its capabilitybto make use of
different size gravitational models along with other parameters, which is
essential in an operational envifénment. In this investigation the three
earth(s gravitational fields which were used and evaluated were the GEM 9,

GEM 10B, and the PGS 1040. These three gravitational fields were determined

at the GSFC using observational tracking data from both NASA and non-NASA
stations and global gravimefric data while making use of the researcﬁ and
‘development orbit computations system GEODYN. When a specific gfavitational
field is ﬁsed'for orbit computations then the earth's gravitational constant
(GM), the mean equatorial radius of the earth (ag) and the earth's inverse
flattening factor (1/f) must be properly specified. These particular parameters
for each of the fhree gravitational fields are listed in Table 1. The orBital
and physical parameters that were used in this investigation are listed in
Table 2. »It should be understood that in the computations for the noncon-
servative forces of drag and solar radiation that both spacecrafts were assumed

to have a spherical shape, although this is usually an extreme idealization.

Through the analysis and evaluations which have been performed in this invest-

igation for precision orbit computations, it has become apparent that good
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(Physical Parameters, etc., continued)

or precise station geodetics are vefy essential in obtaining specific levels

of consistency between‘orbital solutions. The evaluations which have performed
indicates that the quality of station geodetics are not as important at the 20
to 40 meter level of consistency between orbital solutions as they are at the

5 to 15 meter levél of consistency between solutions. Therefore, the station
\éeodetics which have been used for the precision orbit cqmputations for both
Seasat and GEOS-III are the coordinates which have been derived by J. Marsh

of the GSFC which are givén in Table 3. It should be pointed out that
selected code ietters are assigned to specific stations in order to reﬁresent
that station on the tracking data distribution figures that are presehted in

Figures 1 through 3.
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SEASAT PRECISION ORBIT COMPUTATION

Observational Tracking Data for Seasat

The observational tracking data used for precision orbit computations for
Seasat were a combination of USB/SRE range rate data from STDN and Laser data
from STDN and SAO. The USB/SRE range rate data prov1ded the strong global
coverage both in terms of geographical distribution and in time. The Laser
observational tracking data provided strength in terms of accdracy for the

precision orbit computations.

- An analyses of both the USB/SRE range rate date and the Laser data in terms
of distribution and time provided two specific time intervals, September 19
through September 26, 1978 and August 8,'1978 through August 15, 1978 over
which the precision orbit computations were performed. The amount of obser-
vational tracking data during these two particular time intervals contained
approximately 20 passes of USB/SRE data and 12 passes of Laser data for each
typical twenty—fqur hour interval. Figures 1 and 2 give the station and

data distribution for the September 1978 period and the August 1978 period.

Orbital Analyses for Seasat

In determining the consistency between orbital solutions to the 1 to 5 meter
level for the Seasat spacecraft, a number of gravitational field models,
station geodetics and integration step size were evaluated. Through these
evaluations with the use of GTDS, it has been established that the PGS-1040
gravitational field and the station geodetics, which have been designated Marsh
IT, ﬁave given the best results in terms of consistency between orbital solu-

tions. The PGS-1040 gravitational field and the Marsh II station geodetics
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(OrBital Analysis for Seasat - continued)

have been determined at GSFC through the use of GEODYN. It should be pointed
out that in the determination of the PGS-1040 gravity field that both Laser

and USB/SRE observational tracking data from the Seasat spacecraft were used.

The length of the observational data arc was thirty hoursvfor the orbital
solutions which were determined for this investigation.  In order to aeter~
mine the consistency between successive orbital solutions for the Seasat
spacecraft a six~hour intervai was established as the time.frame.overewhich
the consistency was to be determined. The maximum difference in a given
six-hour overlap interval between two successive orbital solutions in terms
of spacecraft position is the measure of consistency which has been deter-

mined by this process.

The orbital solutions for the Seasat spacecraft using only the USB Doppler
tracking and the additional techniques for computations in the September

and August 1978 time frames are given in Tables 4 and 8. Information per-—
tainingvto the individual solutions are given in these tables including the
rho one solve-for parameter, which is equivalent to a density correction for
each of the Seasat orbital solutions. In addition, fhe maxinum discon-
tinuties between successive solutions for each specific six—heur overlap
interval are presented in terms of radial, cross track and along track dif-
ferences. The results‘of'this analysis indicate that using the Doppler only
that an average 10-meter level of consistency for the September 1978 time
frame. can be obtained while for the August 1978 time frame only a 13-meter
level of consistency was.obtained. These results indicate that the 5-meter
level of consistency between the orbital solutions is difficult to obtain
using only USB Doppler date. ‘An assessment of these results would indicate

that there should be no problem with the number of tracking passes in the

4-11



Orbital Analyses for Seasat (continued)

individual solutions although the distribution of passes within the solutions
could cause problems. It is felt that thevmathematical modeling or the com-—
putational procedufes should not cause problems in achieving the 5-meter level

of consistency.

The next set of orbital solutions for Seasat were coﬁputed based on Laser
trécking data only and the results of these computations are given in Tables
5 and 9. Information pertaining to these computations for the individual
solutions are given in these tables including the rho one solve-for parameters.
The maximum discontinuities between successive orbital solutions for each
spécific six-hour overlap interval ére présented. The results of this analy-
sis indicate that using the Laser tracking data by itself that an average

4.4 meter level of consistency can be obtained for the Septémber 1978 time
frame while for the August 1978 time frame only an 8.8-meter level of
consistency was obtained. These results indicate the 5-meter level of con-
sistency between individual solutions can be obtained when using only Laser
tracking data for certain time frames during the Seasat satellite lifetime.
Again, an assessment bf these results would indicate that since the mathe-
matical modeling and the computational procedures are the same then the
differences in the August and September 1978 time ffames has to be in an-
other area. The only other area where differences can be attributed has to
be in the Laser tracking data, in other words the distribution of the data

or the quality of data.
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Orbital Analyses for Seasat (continued)

Another set of orbital solutions for Seasat:were determined based on Laser
and USB Doppler tracking data and the_results of these computations are
given in Tables 6 and 10. The information pertaining to these computations
are given in these tables, including the rho one solve-for parameters. The
maximum discontinuities between successive orbital solutions for each speci-
fié six-hour overlap interval are also presented in these tables. The
results of this analysis indicate that using bothvthe‘Laéer and USB}Doﬁpler
tracking data that an average 3.6-meter level of consistency was obtained
for the September 1978 time frame while for the August 197é-time frame

only a 7.4-meter level of consistency was obtained. ' These results indicéte
that making use of the combination of Laser and USB Doppler tracking data
gives a little better overall consistency between successive solutions than
when using the Laser observations only. Since the mathematiéal modeling
~and the computational procedures were the same then the slight improvements
comes from the stfength of more comprehensive‘distfibution of observational

tracking data throughout the individual orbital solutions.

Further analyéis was performed to determine the affect of having equal number
of observations per pass for boﬁh the Lasef and USB Doppler trackiqg data in
determining each orbital soiutions and the level of consistency for the
September 1978 time frame. The results of these individual orbit computations
are given in Tables 6 and 7 along with the rho one solve-for parameters. The
maximum discontinuities between successive orbital solutions for each six-hour
overlap interval are also presented in these tables. The results of this
analysis indicate that making use of the observational tracking data in this
manner and uéing the same mathematical modeling and coﬁputational procedures
an average of 4.1 meter level of consistency was obtained. This result of

4o1-meter level of consistency obtained in this process and the other average
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Orbital Analyses for Seasat (continued)

values of 3.7- and 4.4-meter levels of consistency obtained when using Laser
and USB Doppler data in another process of observations selection and usiﬁg
Laser data by itself are bésically the same. 1In other words, at this
particular level of consistency it is difficult to indicate in terms of an

average value, which are the better results.
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GEOS-III PRECISION ORBIT COMPUTATIONS

Observational Tracking Data for GEOS-III

GEOS-IIT orbital solutions were calculated fof avperiod extending from
February 23, 1976, to March 2, 1976. The available unified S-band range

and range-rate data is shown in Figure 3. Only the range-rate data were used
for the»soiutions described here. Unlike fhe tracking data diétribution

for Seasat, the GEOS—III tracking data distribution is not uniform,vhaving
intense tracking about once a day, andvvery little tracking at other times.,
On the average, there is available slightly less than one pass of tracking

per orbital revolution.

Orbital Analysis for GEOS-III

Orbital solﬁtiops for GEOS-III were calculated using GTDS and the Goddafd
Earth Model 10B (GEM1OB) gravity model. This gravity model is based, in part,
on GEOS-3 altimetry data. Since the altitude of GEOS-III is about 50 kilo-
_meters greater than that of Seasat, the orbital effects of atmosphere drag
are significantiy smaller. Unlike Segsat, estimation of the drag parameter
does not sppear to affect thé accuracy of differential correction solutions.
The GEOS-III solutions were calculated by solving only for the spacecraft

state vector at epoch.

The GEOS-III solutions were 30 hours in length, each solution overlapping
neighboring solutions by six hours. Because ephemeris comparisons in the

solution overlap intervals are used for orbital accuracy estimates and because
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Orbital Analysis for GEOS-III (continued)

of the strongly periodic characteristic of the tracking schedule, it might be
expected that the overlap comparisons could be affected by the placement of
the overlap interval felative to the periods of intense tracking. If the
overlap intervals coincidéd with the intense tracking periods it might be
expected that the ephemeris differences would be lower than if the.overlap

intervals were located in periods of little tracking.

In order to examine this possible effect, the solution intervals were placed
in time two different ways. In the first scheme, the epochs of each 30-hour
solution were located at 15D on successive days. This procedure puts the
periods of intense tracking into the six-hour solution overlap intervals,
aﬁd éach soluton has strong tracking at its start and end, but little in
between. The seéond scheme placed the epochs at oh on successive days. This
placed the intense‘tracking in the middle of each solution, with very little

in the overlap intervals.

GEOS-III orbital solutions, along with the'ephemeris ovérlap comparisons that
were calculated using these two approaches are summarized in Tables 11 and 12.
In these tables, the tracking observations for_each solution are separated
into two categories (indicated by the diagonal line) Because of slightly
different tracker types; this is not relevant for this study. The orbital
fits, as indicated by the weighted RMS, (the assigned range—rafe standard
deviation was 2.0 centimeters per second) were about the same,boverall, for
the OD and 15" solutions. Similarly, the standard déviations of the solution

residuals were about one centimeter per second for each set of solutions.
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Orbital Analysis for GEOS-III - continued

The ephemeris overlap differences for both sets of solutions are also quite
similar. The maximum total differences average about 7 meters for both the

ol and 15" solutions. Also the maximum cross-track differences average about

6 meters for both sets of solutions. On the other hand, the radial and along-
track differences for the two‘sets_of solutions are'distinct, For the 150
solutibns, the maximum radial differences and the maximum along-track differ-
ences average to 0.5 and 2.4 meters, respectively. For the OR solutions, the
correéponding averages are i.O and 4.9 meters. Thus, the placement of the
intense tracking at the end of the solution intervals, rather than the middles,

reduced the along-track and radial differences by about a factor of two.

This reduction in along-track and radial differences, and presumably, a
corresponding redugtion in along-track and rédial orbit error may be explained
as follows. It is well known that radial and along-track orbit displacements
are coupled together in. the equations of motion; thus it is ﬁatural that
changes in along-track and radial orbit error should be correlated. Placement
of the intense tracking at the ends of é solution interval causes the orbit
solution to better average out along-track and radial force modeling errors,
leading to smaller peak radial and along-track orbit errors than if ﬁhe
tracking data was concentrated in the middle of each solutidn, leaving both

ends of a solution "floating".
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COMPARISONS OF VARIOUS SETS OF TRACKING STATION COORDINATES

The GEOS-III solutions described in the previous section were calculated
using tracking station coordinates derifed by J. Marsh of GSFC. Corres—
ponding GEOS-III orbital solufions were calculated using three other sets
of tracking station coordinates. These three sets are NASA Spacecraft

.Tracking and Data Network coordinates (STDN), GEM9 coordinates, and World

Geodetic System (Geoceiver) WGS(G) coordinates.

The STDN coordinates are those used for GSFC operational orbit determination
(Reférence A). The GEM9 coordinates were derived as a part of the GEM9

and GEM10 gravity models (Reference B). The WGS(G) coordinates for the NASA
S—-band trackiné stations were specially derived for this study. These

station coordinates were based upon coordinates of nearby geoceivers.

GEOS-IIT orbital solutioné using the STDN, GEM9, and WGS(G) station coordin-
ates are summarized in Tables 13, 14, and 15 respectively. These solutions
were calculated using the same GTDS input parameters, except for station
coordinates as the solutions in Table B (15h epoghs). Thus, comparisons
among the results in these four tableé are a direct comparison of the effect
of various sets of tracking station coordinates. (The value of the semi-

ma jor axis of the earth, used for evaluation of the gravity force was
slightly different for the solutions calculated using Marsh coordinates.
Subsequently, tests showed the effect of this change negligible for these

comparisons.)
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Comparisons of Various Sets of Tracking Station Coordinates (continued)

None of the three additional sets of station coordinates performed as well in
these solutions as the Marsh coordinates. 1In the order of increasing weighted
RMS residuals and increasing overlap differences, these three sets of coor-
dinates are ordered as follows: WGS(G), GEM9, and STDN. In the case of the
STDN coordinates, the maximum radial differences average to 4.2 meters, while
the total differences average to 21 meters. These results‘afe cénsistent

with the position differences of the GEOS-III tracking stations in the Marsh

and STDN coordinates, which are typically 15 to 25 meters.
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CONCLUSIONS

The results of this study have shown that orbital consistency at the five-
meter level can be obtained for Seasat and GEOS-~III using the operational
Goddard Trajectory Determination System. The attainment of this orbitai
consistency level requires the use of the most precise gravity models and
trécking station coordinates that are currently available. For Seasat,

the use of Laser range traéking data was found to increase the level of
orbital consistency when used alone.or in combination with the unified S-
band range-rate tracking data. For GEOS-III, the use of the unified S—-band
tracking data alone produced orbital consistency of the order of five

meters.
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Table 1 Physical, Geophysical, and Astronomical
Parameters Used

QUANTITY VALUE
UNIVERSAL CONSTANT OF GRAVITATION (G). 6.673 x 10723 kv 52k ™!
ASTRONOMICAL UNIT 1.495978930 x 108 KM
SOLAR MOMENTUM FLUX DENSITY 45N KM™2
EARTH GRAVITATIONAL CONSTANT (GM) 3.9860064 x 10% kKM® 572 (GEM 9)

3572 (Gem108)

3.9860062 x 10° kKM 572 (PGS 1040)

3.9860064 x 10° KM

EARTH MEAN EQUATORIAL RADIUS (a,) 6378.140 KM (GEM 9)
* 6378.139 KM (GEM108)
6378.140 KM {PGS 1040)

EARTH INVERSE FLATTENING FACTOR (1/f) 298.250 (GEM 9)
298.257 (GEM108B)
298.257 (PGS 1040)

SPEED OF LIGHT (c) 2.997925 x 10° KM s~
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- TABLE 2. Orbital and Spacecraft Parameters for the Spacecraft Studied

l
NOMINAL ORBIT CHARACTERISTICS | SPACECRAFT CHARACTERISTICS

1

e e e e e e ] e ——

SPACECRAFT | I CROSS-SECTIONAL
| ALTITUDE -(km)|INCLINATION (deg)| MASS (kg) AREA (m2)
GEOS-3 825 to 855 115.0 345.909 1.4365
SEASAT-1 | 770 to 800 108.0 2220.8 25.31

I
|
I I
| |
I I
| I
I I
I |
I I
I |
I |
| I
I |
| I

I
|
l
I
|
I
|
|
l
|
|
|
I
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Table 3. Marsh II Tracking Station Coordinates

STATION GEQDETIC GEQDETIC ”%S%?;?SVE cope
ACN3 ~7%57'17".289 345°40'22".186 534.33 A
AGO3 -33°09'03".946 289°20°00".558 717.59 B
BDA3 32921'04" 533 29592031325 -30.10 c
ETCA 38%59'54".171 283°09'28"".749 12.35 D
GDS3 35°20'31".789 243°07'35".311 919.69 G
GDS8 35920'29.495 243%07'34".792 925.69 H
GWM3 13918'38'°.243 144%44'12".465 133.05 I
HAW3 22°07'34".681 '200920'05".231 1148.56 J
MADS 40°27'19" 553 355%49'53".216 819.66 K
MIL3 28°30'29".250 279°18'23".625 ~38.24 L
ORR3 -35%37°40".410 148°57'25" 169 934.39 N
auis —-0937'18".967 281°925'10".404 3578.86 o}
ULA3 64°58'19.233 212929"13".235 333.90 Q
MAD3 40°27'22".248 355°49'49".163 816.80 R
MILA 28°30'29".318 279°18'25".474 —42.40 s
AREL —1692756".708 288930°24".533 2475.99 “a
BDAL -32°2113".767 295°20'37".890 -36.87 h
GTKL 21°27°37".770 288952'04".972 3236 c
HOPL. 31%41°03".201 249%07'18".798 2334.76 d
KooL 52°10'42".215 52 4835”055 75.0 e
NATL -5%55'40"".145 324%50'07".165 22.70 f
ORRL ~35°37'29".741 148%7°17".133 932.45 g
RAML 28°13'40".630 279°23'39".244 -37.24 h
SNDL 32°36'02".628 243°09°32".737 975.00 i
STAL 39%01'13".359 283°%10'19".751 47.00 j

8223/81

aR'EFEFQENCE SPHEROID: SEMIMAJOR AXIS, 6378.155 km. INVERSE FLATTENING FACTOR, 298.255.
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TABLE 4

SATELLITE AND TIME PERIOD _SEASAT - September 1978 :
MAJOR RUN CHARACTERIsTIcs APProximately 30 Second Data Rate for Both Laser and USB Doppler

: - dosk = s
Geopotential Model PGS-1040 _ Drag Parameters Cp=2.1 Editing Parameters 3 Sigma
Lunar/Solar Gravitation YES Atmospheric Density Modeﬁ' P. 9 F#ISO Other USB—Doppler 9 Earth Tides
Solar Radiation Parameter CR:L 3 Solve-For Parameters State and Rho one Polar h,{[Otlon’ Marsh I1
Geodetics¥**%
Observations Residual Maxnnum (.:OMPARE Solve-For Parameters
Range Range-Rate Statistics . Position (Ilil)fferences and Other Information
Arc Arc No. -
Start Length of Standard ] ‘ Run
Time (rs) tS‘t;; No. No No. Nd wtd Deviations D
1 Avail- °. 1 Avail- y : Range- . Cross- | Along-
able Used able Used | RMS R(z;;l)ge . Radial Track | Track Total RHO
(cm/sec) - ONE PASSEB
780919 30 7% _ 403 | 345 .83 1.68 . -.65} 20%
: 0.9411.76 | 4.66 [12.28
780920 30 9 371 3251 .99 1.98 - 67 17
1.01j11.59 | 2.15 {11.67
780921 30 9 366 310 ] .96 1.93 =53 20
780922 | 30| 10 513 | 426 | .82 1.64 [2+2043.041 7,601 8,374 ) 25
. 1.54] 3.21| 7.62 | 7.70
780923 30 9 444 3921 .82 1.65 . ~.21 21
AVER [10.00

*Number pf StTtions and [Passes - Laser/USB Doppler

*%*Computafion kased,on PGS—-104pD: Grgvitatiional|Constant
GM = 39B600. ‘:/qpoz; Equatorigl Radius Ri= 1140 kg
and Invprse Flattdning Coefficient = 298.257[

$**E1lipsofd Patametdrs for Marsh II |Geodeftics:
Equatoryal R3dius [K.=b3/8.15p km gnd Inverse|[flattening
coefficjent=298.235
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TABLE 5

SATELLITE AND TIME PERIOD SEASAT ~ September 1978

MAJOR RUN CHARACTERISTicS APProximately 30 Second Data Rate for Both Laser and USB Doppler

. - * =9 1.
Geopotential Model PGS—1040% Drag Parameters Cp=2.1 Editing Parameters
Lunar/Solar Gravitation___ YES Atmospheric Density Mode#«P. , F#150 Other Laser Range, Earth
Solar Radiation Parameter CR—1* 2 Solve-For Parameters.__otate and Rho one Tides, rPolar Motion, Marsh II
. Geodetics*%%
Observations Residual ) Max%n'mm‘(.?OMPARE Solve-For Parameters
Range R ange—R ate Statistics Posﬁwn(?:)fferences aud Other Information
No.
Qﬁﬁt I::;th of ' Standard Run
Time (ors) ts‘f;.s No. | oo No. | oo Wtd Deviations D
1 Avail- ° | Avail- ’ ' Range- .7 | Cross- | Along-
able Used able Used | RMS Rg;l)ge Rate Radial Track | Track Total RHO
, (cm/sec) "~ ONE PASSEBS
780919 30| 6% 69| 66 0.16/ 1.48 -.56 15%
- ) ’ v 0.81} 0.83] 3.41 | 3.45
780920 30| 8 79| 77 0.17| 1.67 : -.63 12
) 0.28) 2.16] 1.28 | 2.39
780921 30| 6 89| 85 0.17[ 1.60 ' -.49 14
1.98| 1.52| 7.39 | 7.43
780922 30| 8 791 77 0.12f 1.03 i =55 17
0.80) 3,731} 3,09 ! 4,50
780923 30 5 64| 64 0.12] 1.15 —.11 10
: AVER 4.44
*Number pf Stationg and |Passep - Laser/USB Doppler
**Computaftion pased [on P3S~104D: Gr?vitational Constant

GM = 3%600. h2 _km /qpozl Fqu rial Radiys Rl =6378
and Invprse Flattdning Coefchienﬁ = 298.257

***Ellipéoid Parametdrs for Margh II|Geoddtics:

Equatorfial Radius [R;=6378.155 km and Inverse flattening

coefficlient=098.255
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TABLE 6

SATELLITE AND TIME PERIop SCASAT =  September 1978 .
MAJOR RUN CHARACTERISTIcS APProximately 30 Second Data Rate for Both Laser and USB Doppler

- *% = .
Geopotential Model PGS 1040 Drag Parameters CD 2' 1 Editing Parameters 3 Slgma

Lunar/Solar Gravitation YES Atmospheric Density Mode}{' P., F#150 Other Laser Range and USE-Doppler, Earth
Cr=1.5 State and Rho one Tides, Polar Motion, Marsh II
Solar Radiation Parameter Solve-For Parameters___. . CeodeTics ™
Observations Residual Max?n.lum ?OMPARE Solve-For Parameters
Range ’ Range-Rate Statistics Position (Ilzl)fferences and Other Information
Arc Arc No. ——
Start Length of Standard _ : Run
Time (rs) Sta- No. N No. No. | Wtd Deviations . : D
tions | Ayail- O 1 Avail- o : Range- . Cross- | Along-
able | US| aple | USsed | RMS | Ramge | o o | Radial | pjek | Track | TO! | RHO
‘ ) em/sec) ONE PASSES
780919 1 30 6/74 69 |66 403 345 11,10 1.52| 1.92 : -0.6/4 15/20
' ' 0.67 | 0.40 | 2.22 2,25
780920 30 8/9 79 [ 75 371 325 | 1.15) 1.50} 2.06 -0.71 12/17
: : 0.93}12.02 | 3.25 [3.80
780921 30 6/9 89 | 83 366 310 {1.16] 1.34] 2.08 -0.49 14/20
1.69] 0.91 | 3.95 [4.00
780922 30 8/1q 79 |77 513 427 10.99| 1.10| 1.84 -0.14 17/25
0.66 | 2.72 [ 4.18 |4.69 v
780923 30 5/9 64 | 63 444 392 10.96| 1.11| 1.84 ~-0. 20 10/21
AVER 3.68
*Number ¢f Stdtions| and Passeg — Laser/UBB Doppler '
*%*Computagion Bhased _pn PGP-104(Q: Gravitational |[Constdnt

GM = 12 _km spcz Equdtorial Radfius RI=63781140 kg

and Invérse Hlatteping Coeffilcient] = 29B.257

b3

**E]11lipsoild Panameteks for Margh II |Geodetics
Equatorial Rgdius Ro=63}8.153 km apnd Inyerse |flattening
coefficient=498,258
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TABLE 7

SATELLITE AND TIME PERIOD SEASAT —- September 1978
NMJORRUNCHARACTERmesAPPrOXimately Equal Laser and USB Doppler Observations Per Pass

Geopotential Model PGS—1040%* ‘ brag Parameters CD=2' 1 A Editing Parameters 3 Sigma
Lunar/Solar Gravitation_ YES Atmospheric Density Model Be P« s F#150 %h%r Laser Range and USB-Doppler, Earth
Solar Radiation Parameter Cr=1.5 Solve—For Parameters State and Rho one 11 es, Po%z:u:' Motion, Marsh II
Geodetricohi*
Observations Residual Bgi:%?:mD?f(f)MPARE . Solve-For Parameters
Range Range-Rate Statistics b “(m) erences and Other Information
Arc Arc No.
Start Length s:f ' ' Standard Run
Time (brs) 3= | No. No. Deviations v . , D
tions | Avail- No. Avail- No. wed. R - . Cross- | Along-
able | USed | pje | Used | RMS R(a;;:)ge I:z;g: Radial | . ° Traci Total | RHO
(cm/sec) ONE PAS SES
780919 | 30 |6/7*| 318 | 305 |403 344 | 1.02{ 0.94}2.01 - -.61 15/20
0.43| 0.95| 1.54 | 1.59
780920 30 |8/9 230 | 224 | 371 324 | 1.15] 1.26(2.05 - 71 12/17
0.641 2.59 | 2.57 | 3.15
780921 30 [6/9 305 | 280 | 366 310§ 1.19] 1.25!2.10 -.54 14/20
1.704{ 0.93 .10} 7.11
780922 30 [8/10f 360 | 338 | 513 427 1 1.01} - 0.90|1.90 2 ! -.12 17/25
0.55] 3.11| 2.70 | 3.87 -
780923 30 |5/9 | 200 | 198 | 444 392§ 1.00| 1.02}1.91 -.17 110/21
IAVER 4.05
*Number bf Stationd and {Passes — Laser/USB Doppler
*%*Computation pased lon PGS-1040: Gravitatlional|Constant

and Invprse Flattdning |[Coeff = 298.257[

M - 398600.62 1 _/ce,,z, Equ igl Radius R[=63781140
jcien

*%E]11lipsolfid Patametdrs for Margh II|Geodgtics:

Equatorfial Radius |R,=6378.15b km and Inverse flattening
coefficfient=p98.235




8¢-%

TABLE 8

SATELLITE AND TIME PERIOD SEASAT -  August

1978

MAJOR RUN CHARACTERISTICS Approximately 30 Second Data Rate for USB Doppler

Geopoteﬁtial Model PGS-1040%* Drag Parameters Cp=2.1

Editing Parameters

3 Sigma

Lu_nar/So]_ar Gravitation_ YES Atmospheric Density Model H. P.J F#ISO Other USB-DODpler, Earth TideS
. ; Cr=1.5 State and Rho one Polar Motion, Marsh II
Solar Radiation Parameter Solve-For Parameters :
: Geodetics®*%
Observations Residual Max?n'mm (_:OMPARE Solve-For Parameters
Range Range-Rate Statistics Position (llx)ll)fferences and Other Information
No
Arc Arc ‘
Start Iength of Sta.nd?rd Run
Time (brs) tsiza:s ANo‘.1 No. ANo..l No. Wtd. Deviations . Al D
vail- vail- Range- . TrOoSS~— ong- .
able Used able Used | RMS | Range Rate Radial Track | Track Total RHO
) | em/sec) ONE PASSE
780808 30 | 10% 470 | 400 .88 1.76 4 -.89 22%
_ 0.93| 4.89| 9.78 {10.90
780809 30 10 538 429 | .82 1.65 -.90 26
: 2.88] 3.16 | 9.92 [10.20
780810 30 8 366 317 | .55 1.11 -o11 17
1.41} 6.64 (10.20 11.90
780811 30 8 335 276 | .80 1,61 -.10 16
780812 30 317 | 2691 .83 |1.66 [al3414.2020.20 P1.404 ., 14
AVER 13.60
*Number pf StTtions and [Passeg — Lgser/USB Doppler
*%*Computation asedqon PGS-1040: Gravitafional Constant
GM = 39R600 ‘lsecg rigl Radiius R#;gglg_
and Inverse Flattening Coeff;cient = 298.257 :

¥**Ellipsofd Paiameters for Mar#h I1 |Geodeftics:
Equatorfal i RE_=_§ 78,1558 km dnd TgLer_s,p__ f]atténn’ng

coefficlent=298.295




TABLE 9

SATELLITE AND TIME PERIOD SEASAT -  August 1978
MAJOR RUN CHARACTERISTIcsAPProximately 30 Second Data Rate for Laser

62-%

Geopotential Model PGS-1040%% Drag Parameters p=2.1 Editing Parameters 3 Sigma
Lunar/Solar Gravitation YES Atmospheric Density Model H.P., F#150 %th T Laser Range, . Earth
Cr=l.5 : State and Rho omne 13es, Polar Motion, Marsh II
Solar Radiation Parameter Solve-For Parameters i CoodetiTahik
Observations Residual Max?n.lum C_:OMPARE Solve-For Parameters
Statistics Position Differences and Other Information
Range Range-Rate (m)
Are Arc No. - - i
Start Length of Standard ‘ Run
. Sta- Deviations ) D
Time (hrs) " No. No No. N
tions | Ayail- | Avail- 0- wid. Range- . Cross- | Along- : ]
able Used able Used | RMS | Range Rate Radial Track | Track Total RHO .
) | em/sec) . ONE PASSES
780808 30 | 6% 135 87 2,05| 1.85 -.81 11=*
- - - ; 1.33 2092 i 6.78 7. 19 i
780809 30 6 152 1130 ' 2,03} 2.03 -.64 15
: 0.57 | 3.34 | 6.58| 7.13
780810 30 5 108 | 105 1.56| 1.56 -.77 9
. 1.43 | 3.74 {10.20[10.80 _
780811 30 5 142 1105 2.42| 2.40 —e75 | 9
. 2.1 3.82 [ 10. 10.30
780812 30 4 105 61 1.99§ 1.95 3 8 30 -.72 7
AVER 8.85

*Number ¢f Stdtions! and Passesd - Laser/USB Doppler

*%*Computation Based _pn PGE-104(: Gravitatfonal |Constant
__GM = 398600.62 km3Ysec?] Equdrariall Radfus R|=6378.140

and Inverse HKlatteping foefficient] = 298.257

*%*El1ipsold Panameteks r Mardh II1 (Geodetics:

fo
Equatorial Radius Ro=63y8.153 km and Inyerse |flattening
coefficient=398.25H
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TABLE 10

SATELLITE AND TIME PERIOD _SEASAT - August 1978
MAJOR RUN CHARACTERISTIcS APProximately 30 Second Data for Both Laser and USB Doppler

Geopotential Model PGS-1040%* Drag Parameters Cp=2.1 Editing Parameters 3 Sigma
YES . . . H.P., F#150 Laser Range and USB-Doppler, Earth
Lunar/Solar Gravitati Atmosph Density Model 4 ?
Amar/so'ar Sraviiation Cr=1.5 oS ey e State and Rho one (%Tﬁés, Polar Motion, Marsh Ii
Solar Radiation Parameter . Solve-For Parameters ool R e X 0
Observations Residual Max%n.mm (,:OMPARE Solve-For Parameters
Range Range-Rate Statistics Position (Ilzll)fferences and Other Information
Arc Arc No. ‘ ’
Start  |ILength s‘t’f Sta_mi?rd . Run
Time trs) | 7 a= No. No No. N Wtd Deviations _ D
tions | Ayai)- ‘| Avail-| SO : Range- . Cross- | Along-
able - Used able Used {- RMS R(:::,;;e Rato Radial Track | Track Total RHO I
(cm/sec) ONE PASSEB
780808 30 | 6/10% 135 83 | 470 400| 1.07{ 1.40{1.87 -.82 11/22f
1.53]| 0.911} 8.78 | 8.85
780809 30 |6/10} 152 | 122 | 538 4291 1.02f{ 1.37{1.78 -.83 ~|15/26
- 0.66| 1.70| 2.90 | 3.36
780810 30 | 5/8 108 [ 102 | 366 317 1.01] 1.48|1.61 -.89 9/17
- 1.36| 4.67 | 3.87 | 5.93 ’
780811 30 [5/8 142 | 103 | 335 276 | 1.45 2.2511.99 : -.82 9/16
2.30} 2.91]11.25 11.26
780812 30 |4/7 105 60 | 317 2691 1.15| 1.79(1.87 -.74 7/14
v AVER 7.35
*Number pf Stationd and |[Passes — Laser/USB Doppler
*%Computakion based Jon PES-104D: Gravitatlional|Constant

GM = 39B600.62 knl/sec?, Fquatoridl Radiys R|=6378,140 k
and Invprse Flattdning [Coefficient = 298.257

!

T**Ellipsoid Patametdrs folr Marsh II|Geodeltics:
Equatoriial dius R.=6378.15p km and Tnverseiflattening

coefficlient=£98.235
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TABLE 11

SATELLITE AND TIME PERIOD GEOS-IIT
MAJOR RUN CHARACTERISTICS Approximately 30 Second Data Rate for USB Doppler

Geopotential Model GEM 10B **

February and March 1976

Drag Parameters

Cp=3.09

Editing Parameters

3 Sigma

Lunar/Solar Gravitation YES Atmospheric Density Model H.P., F#75 Other USB—D(?ppler, Earth Tides -
Cr=1.45 State Vector Polar Motion, Marsh IT Geodetics#*¥**
Solar Radiation Parameter Solve~-For Parameters
Observations Residual Max?n‘lum (_:OMPARE Solve-For Parameters
Range Range-Rate Statistics P°S‘t‘°n(:1‘)ffere"°es and Other Information -
Arc Arc No. .
Start I_ength S:f Standard Run
Time (urs) > a- No. : No. Deviations D
tions | Ayai)- Uliz.d Avail- é\; Z’ 4 glf/lds R Range-| po a1 | Cross- | Along- Total i
able able (:ll)ge Rate Track | Track ota PASSES
(cm/sec)
760223 30 | 5% 53(147 40/95| .67 .9/1.5 15%]
- 1.0 1.4 4,7 4,8
760224 30 5 41/79 34/59 | .47 .8/1.0 9
1.0 | 8.0 4.5 4.1
760225 30 5 65/181 34/125 .50 1.0/1.0 19
760226 30 4 347172 28/123 .63 1.5/.2 Q.7 2.4 2.2 2.8 15
0.6 1.9 2.9 3.2
760227 30 4 51167 44/13% .69 1.0/.5 16
' _ ' 0.5 8.5 3.7 8.9
760228 30 5 237115 44/92 | ,53 1.3/.9 \ 13
1.5 110.8 9.8 4.6
760229 30 5 39/109 30/81 |:.61 1.4/1.2 2 12
1.0 | 6.2 4,4 7.4
760301 30 4 116 85 o 45 49 10
1.5 8.5 6.9 0.4
760302 30 5 20/88 8/72 | .52 «6f1.1 10
AVER 7.6
*Number pf Stationg and [Passe$ for |USB Doppler
**Computafion based jon GEM 10Bf GM 4 308600.64]kn3/sdc2,
Re=6378L139 ¥tm and 1/f &= 1/298.257
**E1lipsojd Pafametelrs for Marsh II |[Geodefics: Re=6378.155 lkm
and 1/f|=1/298,2595
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TABLE 12

SATELLITE AND TIME PERIOD GEOS—=II1 February and March 1976
MAJOR RUN CHARACTERISTICS APProximately 30 Second Data Rate for USB Doppler

Géopotential Model GEM 10B ** Drag Parameters Cp=3.09 Editirie Parameters 3 Sigma
H.P., F#/5 %5B-Doppler, Earth Tides
Lunar/Solar Gravitatlon.eowt 45—  Atmospheric Density Modehrya—yarror——  P8¥arMottom, Marsh IT Geoderivsk**
. *
Solar Radiation Parameter Solve-For Parameters
Observations Residual Max?n.)um (,:OMPARE Solve-For Parameters
Range Range-Rate Statistics Position (rlil)fferences and cher Informatiox.l
Arc Arc No.
Start  |Length| o DSta}lfi?rd Run
Time @rs) | P71 No. | o No. | o wid eviations D
t - . i . . - -
Epoch at 1088 | Avail Used Avail-| yooq | RMS Range | Ra%8€| Radial Cross=| Along= | 1.4
able - able Rate Track | Track
15 hrs, (m) :
(om/sec) DASCSES
760223 30 5% 69/159 35/121} .55 048/1.2 | 17%
71 1.1 |10.8 3.5 (1.2
760224 30 5 944187 38/138 .51 140/1.0 21
0.4 5.2 1.2 5.4
760225 30 5 671263 46/193 .60 142/1.2 25
Oo 3 203 ].o 2 2. 5 !
760226 30 4 654251 31/200 .65 141/1.4 ) 23
0.1 6.0 1.1 6.0
760227 30 4 794193 §7/163] .63 1J1/1.3 21
) * 7. '1 Ld 2
760228 30 5 69/203 30/158] .65 147/1.2 0.3 7 3 § 21
L] L d .1 .
760229 “30 5 134154 11/110] .61 049/1.2 -1 > - 2.9 6 1.4 _ 14
0.3 | 2.9 2.2 3.5
760301 30 4 134 114 .57 1.1 _ 12
v 0.2 5.2 0.9 5.3
760302 . 30 5 324134 |8/105 .72 048/1.5 15
AVER 6.7
*Number ¢f Stdtions| and Passeg for |{USB Dppplen
**Computation Based pn GEM 10B{ GM 5 3986(D0.64 km>/sdc?,
| R_=6378{139 Um and| 1/f f 1/248,257
#*x*%E11ipsold Pagametefs for Margh II (Geodefics: |Rg=6378.155 ko
and 1/f{= 1/298,25
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TABLE 13

SATELLITE AND TIME PERIOD _GEQS—]T11 February and March 1976
MAJOR RUN CHARACTERISTICS APProximately 30 Second Data Rate for USB Doppler

2

Geopotential Model CEM 108 ** Drag Parameters Cp=3.09 Editing Parameters 3 Sigma
Lunar,/Solar Gravitati YES Atmospheric Density Mod LH.P., F#75 N USB-Doppler, Earth Tides
tmar/solar Gravitation CR=I.45 ospheric Density Modestate vector PB8Yax Motion, STDN Geodetics¥¥%
Solar Radiation Parameter Solve-For Parameters
Observations Residual Maxin']um ?OMPARE Solve-For Parameters
’ Range Range-Rate Statistics Posm.on (Ilzl)fferences and Other Information
Arc Arc No.
Start Length °f Sta.nd.ard Run
Time. [ (hrs) tsizi-s No. No. No.. No. Wt Deviations v D
Epoch at [:1‘:1::1-_ Used ‘Z‘;‘I;l'_ Used | RMS | Range R;;ie' Radial g:zf; ‘;\lr‘;‘i‘ Total
15 hrs. ™ em/sec) PASSES$
760223 30 5% 69/159 55/123| 1.88 3{1/4.0 17%
. 5.3 (31.9 [11.4 B3.4
760224 30 5 94f187 38/123} 1.08 240/2.2 . 21
_ 10.4 |21.1 K1.9 §2.0
760225 30| 5 67[263 46/186] 1.64 3§2/3.1 25
1.6 ]15.0 | 3.7 [5.3
760226 30 4 65/251 §31/196| 1.90 344/3.5 23
: . . <3 7.5
760227 30 4 79{193 42/157} 1.48 3{2/3.6 3 O- 3a1 z 21
3.2 3.6 10.9 11.2
760228 30 5 69203 48/153] 1.59 347/2.9 21
3.5 4.5 [14.0 17,2
760229 30 5 13(154 11/108} 1.50 045/3.0 14
.2 129.9 16,2 B3.2
760301 30 4 |34 115 { 1.21 2.4 2 2 8 12
, 1.5 | 9.2 3.2 9.5
760302 | 30 5 ' 324134 1{8/98 [ 1.08 148/2.1 15
AVER PR1.2
*Number ¢f Stqtions| and Passeg for |USB Dppplex
**Computaftion Hased bn GEM 10B{ GM = 3986D0.64 km>/sdcZ,
EE=5328 138 KWm andl 1/f & 1/298,257
1pso] ardameteys for STDN Geodeticst Re=6378.139 km
and 1/f|= 1/298.25F
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TABLE 14

SATELLITE AND TIME PERIOD GEQS—I1T

February and March 1976

M[AJORRUNCHARACTERISTICSApproximately 30 Second Data Rate for USB Doppler

GEM 10B ** Cp=3.09

Geopotential Model Drag Parameters

Editing Parameters

3 Sigma

Lunar/Solar Gravitation YES i Atmospheric Density Model H.P., F#75 Other USB-Doppler, Earth Tides
Cr=1.45 State Vector Polar Motion, GEM 9 Geodetics#*%*
Solar Radiation Parameter Solve-For Parameters
Observations Residual Max%n:xum (_:OMPARE Solve-For Parameters
Range - Range-Rate Statistics Posnlon(I]?:)fferences and Other Information
Arc Arc | No-
start  |Length| Of Standard Run
Time (rs) S.t'a- No. No. No. No. Wed Deviations ' D
Epoch at tions ' | Avail- Used Avail- Used RMé Range Range- | pogial Cross- | Along- Total
15 hrs. able able (m) Rate | Track | Track
(om/sec) PAS SE%
760223 30 5% 69/159 35/122) .75 142/1.4 ‘ 17%
_ - 2.4 17.0 9.4 [19.0
760224 30 5 944187 98/138} .71 145/1.4 21
760225 30 | 5 67/263 42/194| .78 14/1.5 Pt 7o 3 1 1.6 25
0.5 0. 1.5 1.5
760226 30 4 654251 §1/202| .94 242/1.7 23
0. 3.4 2.8 be b
760227 30 4 794193 43/163] .77 240/1.3 2 21
: - 1.2 1.2 5.1 5.2
1760228 30 5 694203 47/151] .94 246/1.6 21
2.7 |18.8 10.5 21.0
760229 30 5 13/154 11/103} .74 0.9/1.3 14
2.6 (12.8 10.3 16.0
760301 30 4 34 105 .84 1.7 12
‘ . v 1.1 5.2 4.5 6.4
760302 30 - 5 324134 |8/104] .89 141/1.8 15
AVER 1.8
*Number ¢f Stdtions| and Passeg for {USB Dpppler
**Computation Hased pbn GEM 10B{ GM = 3986{0.64 km3/sdc2,
R_=6378 ]39'ﬁm andl 1/£ = 1/298 257
#*%EJ1ipsold Parlameters foyx GEM (9 Geodetic§: Ro36378. 139 km
and 1/fl= 1/298.25
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TABLE 15

SATELLITE AND TIME PERIOD _GEOS-III __ February and March 1976
MAJOR RUN CHARACTERisSTIcs APProximately 30 Second Data Rate for USB Doppler

* = =
Geopotential Model GEM 10B * Drag Parameters €p=3.09 7 Editing Parameteri 3 Sigma
YES . . H.P., F#75 USB-Doppler, Earth Tides
L Solar Gravitati 2 i
unar/Solar Gravitation Cr=1.45 Atmospheric Density MOdeIState Vector ?g‘far Motion, WGS Geodetics®*¥%
Solar Radiation Parameter Solve-For Parameters.
Observations Residual Max%rflum (_:OMPARE Solve-For Parameters
Range- Range-Rate Statistics Position (z‘)fferences and Other Information
Arc Arc No.
Start Length S?:Z Standard Run
Time (hrs) e No. No. Deviations D
Epoch at Hons | Avail- Ub::d Avail- [i(:ad ;;Vltqu' Range | R208e™| Ragia) | CTOSS- | Along- | .
15 hrs. able able (m)g Rate |. Track | Track g [PASSES
(cm/sec)
760223 30 5% ‘ 69f159 $5/117 .43 .8/0.9 _ _ 17%
, ' 1.2 ]20.8 6.5 Rl.4
760224 30 5 94187 %8/138 .75 1{2/1.5 21
§ 0.4 4,7 1.8 5.0 -
760225 30 5 671263 46/194 .85 1{7/1.6 : 25
1.2 8.0 3.6 8.2
760226 30 4 65{251 31/199 .77 1{5/1.5 23
0.7 9.2 2.8 9.5
760227 30 4 79/193 47/163 .78 1{6/1.4 21
) 0.5 6.0 3.3 6.7
760228 30 5 69f203 31/158 .76 1{9/1.2 21
) 1. 13.4 7.4 4,
760229 30 5 13154 11/110 .84 044/1.5 U 3 8 14
' 1.7 6.1 5.6 7.7
760301 30 4 134 114 §{ .55 1.1 12
' 0.6 [12.6 2,0 12.6
760302 30 5 32/134 |8/105 .68 046/1.4 15
AVER [10.7
*Number ¢of StTtions and Passef for (USB Doppler
**Computafion based jon GEM 10B} GM = 3986/00.64|km3/sgc2,
—R~=6378 and—tiE 12985257 -
1**Ellipsojd Payameters fol WGS|Geoddtics:| R.=6878.139 km
and I/f[= 17/298.235
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