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Moon tracking attitude control experiment of a micro satellite u-LabSat®

Fuyuto Terui *!, Shinichi Kimura *2, Yasufumi Nagai *2, Hiroshi Yamamoto *?,

Keisuke Yoshihara *3, Toru Yamamoto *¢, Shinichi Nakasuka *

Abstract

“y-LabSat”, a micro-piggyback satellite, was launched by an H-IIA rocket on December 14, 2002. One of
its missions was to release truncated cone-shaped targets with representative dimensions of approximately
10 cm and evaluate the use of machine vision to estimate their position and attitude relative to the satellite.
As a follow-on mission using the same camera, an attitude control moon-tracking maneuver was planned
comprising the following steps: (1) recognize the moon in captured images and track it continuously, (2)
calculate the median point of the moon, (3) control the satellite’s attitude to move the moon’s position in
the image to be near the image center, (4) maintain the moon’s position near the center of the image. u-
LabSat is a bias-momentum micro satellite with two wheels, a configuration that is not normally capable of
agile attitude maneuvers. This paper describes an algorithm “Sliding Mode Controller using the Rodriguez
parameter” that has been developed to enable such maneuvers, and presents the results of its evaluation by

numerical simulation and an on-orbit moon tracking experiment.

Key Words : Micro Satellite, Controlled Bias Momentum Satellite, Attitude Control, uncontrollable,
Y s ’ ’
Sliding Mode Control
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1 1EL®HIC

JAXA (FHii2ear B R 4A) . NICT (SHum{Emr7omn) | g K EcEBSE S -/ TUEE “u-
LabSat” (X[ 2 i277% L 512 ADEOS-IT & fHRY T, 2002412 A 14 HIZH-ITA v 4 v  THEE 800 m, {6
FA 98° OEIEIETE LV R ok, BEOZEMZNTE, K2 FOBEARBEROEILTHS
25, TRLACRIE SN2 2 v ia VEBRIIEICKET L, #16 TR, 83 EEREBECIBNVTL
EFICH#ELTWS, [1]E 1 IcEREoNEE, £ 1ICEREOFT—F 2577,

[% 1: p-Lab Sat 78

7% 1: p-LabSat # 7t

Maximum diameter 688 [mm]
Height 515 [mm)]
Mass 70 kg
J1 = 2.86 [kgm?]
Moment of Inertia of the satellite Jy = 2.86 [kgm?]
J3 = 83.15 [kgm?]
Moment of Inertia of each WHL along the rotaional axis 0.00239 [kgm?]
Initial angular momentum of WHL-M 0.934 [Nms]
Initial angular momentum of WHL-R 0.0 [Nms]
Maximum control torque 0.023 [N'm)]
Maximum angular momentum
1.502 [Nms|
of each WHL
Size of the image taken by CMR-2 640 x 480 [pixel]
Angle of view of CMR-2 70 x 90 [deg]
. . 64-bit RISC MPU
Processor for images and attitude control
100MIPS, 10MFLOPS
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HHM, B AT (CMR) D> bHEHF % (MOBC:Mission On Board Computer) ~®E{h7T —# O#zEO 7 o
TR, BLU. BEREFEBNETOA OFRESCEERN TOH O PLEEOHE T 07 A DAHEEICEKRT S
HERAH CORMEBAA TSNS ®, BEMEZO Zh b oBhICkT 5 e A MEORGES A AIR T
Bl

PC simulating
the Ground Station

telemeter, command
Bread Board Model (BBM) of the On-board Computer

CMR @ =T MOBC | ARCNET [ ace | ARCNET [ ccE
0 (BBM) (BBM) (BBM)

n
-----------------------------------------------------------------------------------------------------------------

I /F Box torque attitude rate,
command | wheel angular momentum

TCP/IP

PC TCP/IP | PC for the simulation of
for CG Attitude Dynamics of the Satellite

¥ 10: #i T Hardware in the Loop (HIL) — Dynamic Closed-Loop Test (DCLT)

ARCNET Tt 7= #2156 > BBM(Bread Board Model), # A 7 (CMR), #iROESBEHE S I =
L—¥aL, TORMBIES>TTRINIEFEETROADOEBGEZARK TS CG V7 by 7 BNEET S
PCHRZDT A MIAWHRE, PCTHBEDOX A FI 7 A, 39T 4 7 AERTHOHEAE SR HEE
ACE(Attitude Control Electronics) @ BBM 64564005 b7 a~w o FE AL LTHEG L, 20hEL
THONLWMROESE CG V7 My T PRI, BEIEITRIE L A ORLEE & S S 7o B 4
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