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Effect of SLR Data Obtained at Simosato Hydrographic Observatory
on the Orbit Determination of TOPEX/Poseidon

Toshihiro KUBO-OKA*

Abstract

The effect of SLR data of Simosato Hydrographic Observatory on the orbit determination of

TOPEX/Poseidon (T/P) was investigated by comparing orbits calculated with and without
Simosato data. The orbit of T/P was calculated by using GEODYN-II, which is an orbit analysis
software used for orbit determination of T/P at NASA Goddard Space Flight Center. The
accuracy of resulting orbit solution is about 3 [em] RMS in radial direction. By the presence of
Simosato data, the spheroidal height of T/P differs by 1-4 [cm].The difference becomes largest at
the vicinity of the observation period at Simosato and appears for about one day before and after

it. This result suggests that the effect of Simosato data appears not only above Japan but also on

the whole orbit of T/P.
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Table 1 Number of passes observed by Asian
SLR stations in 1995,

Station Pass

Simosato 133
Communication Resarch Laboratory (Tokyo) 9

Shanghai 61
Beijing 83
Changchun 0
Wuhan 2.
Komsomolsk-na-Amure 89
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Table 2 Adopted force models and measurement models for TOPEX/Poseidon orbit analysis.

item Model and Value Reference
Geopotential JGM-370 %70 Tapley et al. (1996)
Atomospheric density Thermospheric Drag Model Barlier et al. (1978)
Ocean tide TOPEX/Poseidon Bassed Model Ray et al. (1994)
Solid Earth tide IERS Standards Wahr (1981)
Ocean loading IERS Standards McCarthy (1992)
GM 398600.4415 knt /s Ries et al. (1992)
TOPEX/Poseidon Model "Macro Model" Marshall and Luthcke (1992)
Radiation from the Earth Albedo and infrared Knocke et al., (1988)
2nd degree zonal model

N-body Sun, Moon and and Planets except Pluto ~ McCarthy (1992)
Relativistic effect (dynamical) IERS Standards McCarthy (1992)
Laser range correction

Tropospheric delay IERS Standards Marini and Murray (1992)

Relativistic effect (propagation delay) IERS Standards McCarthy (1992)

Center of mass / phase center

TOPEX/Poseidon model

Chinn, private communication, (1996)
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Table 3 Data summary of the cycles. The last column represents the percentage of Simosato data to

total.
Pass at Normal Point
Cycle Period Simosato  Simosato ALL %
103 1995, 7/1 11:05 ~ 7/11 13:03 4 111 5291 2.1
108 8/20 1:05 ~ 8/30'2:58 8 277 3708 75
110 " 9/820:57 ~ 9/18 22:55 2 80 3714 22
111 9/18 18:55 ~ 9/28 20:54 2 73 4064 1.8
114 10/18 12:51 ~ 10/28 14:49 8 306 7515 4.1
116 11/7 8:48 ~ 11/17 10:46 10 403 5170 78
120 12/17 0:42 ~ 12/27 2:41 10 323 2760 117
126 1996, 2/14 12:33 ~ 2/24 14:32 7 181 3921 4.6
128 3/5 8:30 ~ 3/15 10:29 3 48 5410 09
132 4/14 0:24 ~ 424 2:23 1 27 5377 0.5
140 7/2 8:13 ~ 7/12 10:11 1 35 4982 0.7
151 10/19 9:56 ~ 10/29 11:55 2 131 5176 2.5
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Fig.2 TOPEX/Poseidon inertial coordinate sys-
tem (from Perrygo, 1987).
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Table 4 SLR range residuals RMS. A priori
sigma of Simosato is 10 [em], which is the
same as the value applied to the data of the
stations in U. S. A., Europe, and Australia.

Weighted RMS

Cycle All Simosato
103 0.270 0.543
108 0271 0.466
110 0297 0.356
111 0.293 0.314
114 0.270 0.450
116 0.208 0312
126 0.259 0.511
128 0.274 0.444
132 0312 0.523
140 0.328 0.579
151 0.302 0.368
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Fig. 3 Difference of coordinates between the T/P
orbit calculated with and without data of
Simosato (Cycle 103;Jul. 1, 11:05 - Jul. 11,
13:03, 1995). Dashed lines represent the obser-
vation periods at Simosato.
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Fig.4 Same as Fig.3 (Cycle 116;Nov. 7, 8:48 -
Nov. 17, 10: 46, 1995).

TRIZBT 28U 2D WA, $EFITT
BB KB THEIiThbhTv» 8406
Thb, ZNLDRIZBWT, B3 THD b0
KRR, MO S TR CERICEIZ2IT- T3
M W105H) #RLTwab, &8, 777
BifkAgic R 2 2 0ld, GEODYN-II Tliem? A —
F—F CLPEEEEHAL vnieHdHTh b, Z
NoDTZ 755, E—7DMEIXTREOBHE
MBI —BT 2200905, ThHoRKIE
2+ 8 [em] BETHY, Z DI SLR D
T2 BRI AT B & ) R e (B2
EER) 2T, Cycle 2 h b b TITIZ—ET
Hb, Fl, TEHOBN <2ED LR E <,




Effect of SLR Data Obtained at Simosato Hydrographic Observatory on the Orbit Determination of TOPEX/Poseidon

103
[om] Cycle

3.0

1
|
l
20t ‘
i
l
|
|

0.0

Height ditference of T/P
(w/o Simosato Data) - (w/ Simosato Data)

10r !

| LT

| 0o

| nooL
207 i : ool
| oo
! [

n

-3.0 : . :
0 5000 10000 15000

[fmin.}
time

Fig.5 Height difference of TOPEX/Poseidon
between with and without data of Simosato
(Cycle 103). Dashed lines represent the obser-
vation periods at Simosato.
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Fig.6 Same as Fig.5 (Cycle 116).

i1 [em] BEOTAIEL TS, 21U,
TROF—FDAEIC LT, #ELZT/Po
TEHAIC BT B AT LI SR, ZRSTT —
JOBRBETCHITICE -S> TnELDEEL LN
5.

3) BENERBHFENEL

Fig. 5 KUr6iz, TRDT—F 2AWLgHAL
AnZeWigs & ¢, sFHEINL &R D T/P o
EE (EHRE) EN LVDENEL EDN
Y. BEABALFELL, E—7oMERIT

[em) Cycle 103
3.0 z
g 20r1 %
o
&g ror 7
"6% P %’—\
8z ) g
I L &
-2:@ 0.0 ; .
i S
=) — e
28 -0t
£ 7
2 7
7
7
-3.0 . Z -
7150 7200 7250 7300 7350

time [min.]

Fig.7 Height difference of TOPEX/Poseidon
around the observation period at Simosato
(Cycle 103). Hatched region represents the
observation period of Simosato.
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Table 5 Height difference RMS with respect to
NASA POE.
RMS [cm]
Cycle  \/ Simosato w/o Simosato
103 1.76 1.81
108 2.59 2.14
110 2.15 2.19
111 1.95 1.90
114 1.87 1.87
116 1.28 1.31
126 1.92 2.16
128 2.74 2.82
132 2.98 2.98
140 1.31 1.30
151 2.84 2.79
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Fig. 8 Same as Fig. b (Cycle 120;Dec. 17, 0:42 -
Dec. 27, 2:41, 1995).
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Fig.9 Same as Fig.5. (a priori sigma of Simo-
sato is 60 [em]).

lem] Cycle 116
5.0

4.0
3.0

2.0 k

Maximum Height Difference
(w/o Simosato Data) - (w/ Simosato Data)

1.0F 4

0.0 L . L .
] 2 4 6 8 10
Range bias lem}

Fig.10 Maximum height difference of TOPEX/
Poseidon as a function of range bias of
Simosato (Cycle 116).
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Table 6 Range bias of Simosato which mini-
mizes SLR residuals RMS.

Cycle Range Bias of Simosato

[cm]
103 47
108 1.9
110 48
111 6.6
114 5.8
116 6.3
126 22
128 9.6
132 2.1
140 74
151 6.6
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Table 7 Maximum difference in spheroidal
height of TOPEX/Poseidon by use of
Simosato SLR data.

Maximum heihgt difference

Cycle [em]
c=10[cm] o©=60][cm]
103 1.47 0.09
108 3.55 0.18
110 1.57 0.18
111 1.32 0.04
114 1.67 0.11
116 2.32 0.26
120 120 117
126 3.03 0.26
128 2.24 0.25
132 0.34 0.01
140 0.58 0.02
151 2.10 0.18
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