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1. Introduction

This documentation describes the information about QZS-4 satellite properties which need
to be known in order to properly implement advanced processing algorithms for precise orbit
determination (POD) and precise point positioning (PPP) etc.

2. Reference Frame

The QZS-4 satellite coordinate system is aligned with the main body axes and originates at
the center of the launch adapter plane. The individual axes of QZS-4 satellite coordinate
system are aligned in the following way: (see Figure 1)

- origin : Center of the launch adapter plane

- The +Z-axis is oriented to the bore sight direction of the L-ANT antenna.

- The +Y-axis is parallel to the rotation axis of the solar panels.

- The +X-axis is constituted by a right handed system with +Y/+Z axis.

L1S-ANT

Satellite Coordinate System
Zs
i

Xs— “vs

Figure 1 Reference Frame
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3. Attitude Law
QZS-4 takes always attitude of the yaw steering mode except the period that the orbit
control maneuver is conducted.

@ Yaw steering mode (see Figure 2)
The +z-axis is pointing to the Earth.
The y-axis is oriented perpendicular to the plane made up by the Sun, Earth and satellite.
The x-axis is oriented within the plane made up by the Sun, Earth and satellite. The Sun
is located in the negative hemisphere.

Sun

Figure 2 Yaw Steering mode

The nominal yaw angle i is expressed as
P = atan2(tanf ,—sinp ) ,
where B and u denote the sun elevation angle from the orbital plane and the orbital
latitude of the satellite position from the midnight point, respectively.
If the nominal yaw rate at the midnight or noon time # exceeds w.= 0.055°/s, the pseudo-
yaw-steering yaw motion around £ is obtained as follows.
The yaw angle ¥ at & is given by
+90° (B >0)
= { o0 ooy
The rotational direction Ris given by
R={ 11 thov>0
-1 -9 <0)”
The yaw rate keeps R-w. during this motion, and the yaw angle coincides with the
nominal at the beginning and the end.
This motion can occur while |8] < 5°. In the case of |8] < 0.03°, the rotational direction

cannot be predicted because of estimation errors.
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The transition history of the rotational direction in the case of |$]| < 0.03° might be
published by operational history information (OHI-QZSS).

@ Orbit normal mode
When QZS-4 conducts the orbit control, the attitude mode takes orbit normal mode.
The +z-axis is pointing to the Earth.
The -y-axis is perpendicular to the orbital plane in the direction of the orbital angular
momentum vector.
The +x-axis completes the right hand system with the y and z axes (roughly oriented in
the flight direction).

Sun

Figure 3 Orbit normal mode
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4. Mass and Center Of Mass
The spacecraft mass and the center of mass with respect to the satellite reference frame are

provided in Table 1.

Table 1 Mass and center of mass

Mass [kg] CoM (w.r.t. origin) [mm]
Xs Ys Zs
BOL 2360.0 3.3 -1.4 1768.1
MOL 2125.9 3.6 -1.5 1800.0
EOL 1891.9 4.1 -1.7 1849.3

BOL : Completion of IOT(In Orbit Test) (Estimation)
MOL : 7.5 years after launch (Prediction)
EOL : 15 years after launch  (Prediction)

5. Navigation Antenna Phase Center Corrections *

The phase center offsets of the navigation antenna are provided in Table 2. The offsets from
the center of mass are obtained by subtracting the X/Y/Z coordinates in Table 1 from those
in Table 2.

Table 2 Phase center location

) Coordinates (w.r.t. origin) [mm]
Signal
X Y z
L1 0.00 0.00 4155.49
L2 0.00 0.00 5010.49
L5 0.00 0.00 4955.49
L6 0.00 0.00 5075.49

The phase center variations of the navigation antenna are provided in Table 3, imitating the
ANTEX format. The first column shows azimuth angles followed by PCVs at nadir angles
from Odeg to 10deg at 0.5deg intervals. The azimuth angles count in the GNSS standard
coordinate system, of which x and y axes are opposite to those of the QZS-4 satellite

coordinate system respectively.

T PCO/PCV data are contained in the IGS ANTEX file:
ftp://ftp.igs.org/pub/station/general/igs14.atx
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Table 3 Phase center variations
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6. Geometry

The spacecraft dimensions are described in Figure 4.
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Figure 4 Satellite dimensions
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The optical properties of surfaces at BOL are provided in Table 4.

Table 4 Optical properties(?

Location(® Material Area [m?] | Absorption | Specular Diffuse
+X MLI 10.1 0.926 0.035 0.039
-X MLI 10.1 0.926 0.035 0.039
+Y MLI 6.2 0.926 0.035 0.039

Radiator 3.9 0.026 0.954 0.020
SAP 14.9 0.923 0.068 0.009
-Y MLI 5.7 0.926 0.035 0.039
Radiator 4.4 0.026 0.954 0.020
SAP 14.9 0.923 0.068 0.009
+Z MLI 2.7 0.926 0.035 0.039
L-ANT Cover (*1) 0.553 0.100 0.347
L1S/L5S-ANT Covers 0.3 0.553 0.100 0.347
-Z MLI 5.6 0.926 0.035 0.039

*1 . L-ANT shape is approximately depicted as a truncated circular cone comprised of @1.5m and
@1.8m circles 0.8m apart.

*2 : Regarding the acquisition of these data, we received significant support from the assistant
professor “ Dr. Satoshi Ikari ” of University of Tokyo.

*3 : “Location” indicates the face of the satellite body where the components and materials are attached.
Note that it doesn’t necessarily indicate the direction normal to them.

For more accurate analytical solar radiation pressure model of QZS-1 satellite, the box-wing-
hat model has been proposed in Ref. [3]. You can use the shape information of L-ANT shown

in Figure 5 to implement the box-wing-hat model for QZS-4 satellite.
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Figure 5 Approximated shape of L-ANT cover for box-wing-hat model
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7. Laser Retro Reflector Location
The location of the optical center of the laser retro-reflector array (LRA) with respect to the

satellite reference frame is provided in Table 5.

Table 5 Location of LRA optical center

Coordinates (w.r.t. origin) [mm]
X Y VA
Optical Center -988.2 -860.8 +4373.3

8. Satellite Group Delay
8.1 Satellite Group Delay
N/A

8.2 Differential Code Bias
The differential code bias (DCB) between L1, L2, and L5 signals are provided in Table 7.

Table 7 Differential code bias

Signal DCB [ns]
L1-L2 1.55
L1-L5 1.98

9. Antenna Transmit Power

Total transmit power is approximately 500W.
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