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Abstract

Process of precise orbit determination of Earth observing satellite, ADEQS-1I was simulated

by use of orbit analysis software, GEODYN-II. To improve orbit determination accuracy of

ADEQOS-II compoesed of box-like main body and a large solar panel, non-gravitational force model

was developed. The shape of the satellite was assumed to be a combination of fourteen flat plates

including two movable plates which corresponds to the rotating solar panel. Area and refelectivity

of each plate were determined from the engineering specifications of ADEOS-II. The non-gravita-

tional forces acting on each plate, such as atmospheric drag, solar radiation pressure, and albedo

from the Earth, were computed independently and summed vectorially to get acceleration on the

center of mass of the satellite. This model improves the orbit accuracy compared to “cannonball

model”, a conventional non-gravitational force model used for orbit determination,
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Satellite body—-fixed coordinate system adopted in this paper. Its

origin is satellite center of mass. The 2z axis is taken to be nadir

pointing, xp axis to bealong-track, and the y; axis to form right hand
system. The unit vector in the direction to the Sun and its projection
to the orbital are denoted by s and s’, respectively. Orbit angle 2 is

meastred from the point “Orbit 6AM” where the satellite goes into

“day” side from “night”side.
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Fig. 2  Shape of ADEOS-IL. The spacecraft consists of a main body with various

sensors, a large solar array panel, and movable antennae (AMSR and
I0CS). Corner cube reflector (CCR) is attached to the plate which supports

AMSR.
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Fig.3 Three view drawing of the Box-Wing model approximation of
ADEOQS-IL. Fourteen flat plates are used to approximate the shape of
the spacecraft. Properties of the plates (area, reflectivity) are sum-

marized in Table 1.

Table 1 Plate properties of ADEOS-II BOX-
Wing model. These values were determined

from the engineering specifications of
ADEOS-II (Uchimura, private communica-
tion).
Plate No. Arcalm] RN Rifaotivity
1 13.4 0.47 0.24
2 13.4 (.50 0.18
3 14.8 (.55 0.16
4 14.8 ¢.61 0.14
5 19.3 0.57 0.16
6 19.3 0.563 0.17
7 1.129 0.26 0.47
8 1.129 0.26 0.47
9 1.129 (.26 0.47
10 1.129 0.26 0.47
11 3.133 0.02 0.75
12 3.133 0.50 0.18
13 50.0 0.05 0.22
14 50.0 0.17 0.66
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Table 3 Initial orbital elements of ADEOS-II
at epoch August 1, 1999 (Uchimura, private
communication).

Semimajor Axis 7178.82%kn

Eccentricity 0.0017

Inclination 98.69deg

Argument of Perigee 120.38deg

Longitude of Ascending Node 286.67deg

Mean Anomaly 187.07deg

Table 2  Adopted force models and measurement models for the simulation of ADEOS-II orbit

determination.

Item Model and value Reference
Gravity field JGM-3(70x70) Tapley et al.(1994)
Planetary ephemeris DE403 Standish et al, (1995}
GM 308600 4415 [ket/s%] Ries et al.(1992)

Solar flux, ®

Radiation pressure model
Relativistic corrections
Earth’s Albedo
Atmospheric drag

Solid Earth Tide

Ocean Tide

1372.5398[W /]
"Box and Wing” model
IERS Standards

IERS Standards
French Drag Model
IERS Standards

IERS Standards

McCarthy (1992)
This paper
McCarthy (1992)
Knocke et al.(1988)
Barlier et al.(1978)
Wahr {1986)
McCarthy (1992)
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Table 4 Summary of the simulation of ADEOS-II orbit determination. Each case is specified by
adopted non-conservative force model, number of observation sites, and estimation of
empirical accelerations. In the right column, post-fit RMS of the observation residuals is

shown.
Simiion Mocel Nowberof | Empiical | Redual £
A Box and wing 4 - 0.255
B Box and wing 1 — 0.261
C Box and wing {with error) 4 — 0.331
D Box and wing (with error) 1 — 0.421
E Connonball 4 — 1.028
F Connonball 4 estimated 0.270
G Cannonball 1 ~— 0.988
H Cannonball I estimated 0.286
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Variation of non-gravitational accelera-

tion acting on ADEQOS-II during one revolu-
tion  (2) Atmospheric Drag, () Solar radia-
tion acceleration, and (¢) Albedo acceleration.
Acceleration is computed by use of Box-Wing
model. Solar radiation acceleration becomes
zero when the sarellite goes into the Earth’s

shadow.
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Fig.5 Same as Fig. 4, but for non-gravitational

acceleration computed by use of Cannonball

model.
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Table 5 RMS of error in position and height of
ADEQS-II determined by the simulations
with respect the reference orbit.

Simulation Ax A};I\’IS{CHQZ Al
A 0.568 0.404 0.435 0.295
B 0.618 0.811 0.783 0.682
C 6.061 4.417 3.540 0.688
D 6.364 7.208 6.087 1.585
E 32,10 34.33 16.56 12.78
F 4.405 2.262 1.709 1.231
G 1168 424.5 276.8 52.95
H 34.81 69.60 69.20 27.92
T—F #HwizgaRRK Toen, 1 RDHDT—

F e vz A AT 3en iz e > T v b, Box
-Wing model @340, B OFEH DL 2 L
Lo CTHERE NIRRT 2 2 L3 dew, &
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LichrFEZ bNb, 12771, EETIE CCR Ml
NPT EDHETE 7 v X 7hYT2 HIREIC
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model DG EHANL EEFICHN TS, F

7z, Case H{BEHR % 17, SEmEEHE)
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