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Study on Practical Applicability of Underactuated Attitude Control of Satellites
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This research has focused on 1) underactuated attitude control of satellites
under input directional constraints and 2) optimal fault-tolerant configurations of actuators.
Underactuated control is a possible solution to enhance fault-tolerance of satellites, which enables
driving a satellite state with less number of inputs than the number of state. This research has
proposed magnetic attitude control method for a spinning satellite that uses only a magnetometer
data for the feedback control. Furthermore, optimal fault-tolerant configurations of control moment
gyros and thrusters have been derived. The optimal configurations of the actuators maximize the
controllability of satellites considering underactuated control. The effectiveness of these proposed
methods are numerically verified.



M X CcC—19. F—19—-1., Z2—19,

1. WSO 5
ANTHEE, 7TH REIFBoEHENE L2
W, ZL DT IV F a2z —REWHI L LT
TEMEZHELTWS., —J, RELK LY
DI D ANT)T Y AT A Al 5 % BRE)
HIHOMFZEIL, LERE) ~ =t 2 L — X LHEK
TR &2 RIT 90 FRMBEAIITONRT
Wb, V¥ OT 7 F o —Z TREEOHIEN
FREIZ R NIE, N0 T v T gl 58T

JF a2t —FRe RIFIZHOTZENTEDS.

LN oT, T/ F ax—XOEBKHIZE
D, EEERESR OB EEINSE S Z LA
B2, Sy YarognmbL, £72H
Brliofr o EHmib e 2 v a ViEROEE
MEAEDDLZLENTED.
ZOXIRRERDHDHICHED BT, HER
B D 3 AT A~ OFERRI) 7238 F 13 A
TWRW, ZOHMBE L TEVAT L LHR
BT DROE I BRERNEZ NS, DHE

MR AN B LOCANTHPME S L TN D,

DHNELRE T MALRRZENR BB S TVR .,
INODOMEERIRTDHZ & THEYAT L
25 BREN I A3 3 AT RE I Ze X, AR OEE
M RIEICEDDHZENTE D, ZHITEM
HCTHLAHTHLZ XD AA, HiHHT
LEHHEERE S HZRMEANELND LR
5.

2. WMEOHEM

AL, N LA 2 D 25 BREh S50 4 4 7
WIS AT A~ AT 720, AT
MR T2 2 L BRENHH TIEOEH & 7
JFax—HFDT7+—I/LE LT FNEEED
fittr = B &4 5.
HROEBR 2L EENRE L LT, Hl#EA
Hn—Jimb LITEkT 2 IREEEZ X, £
O RHEE & FEEA LT 5.8 5
W2, HBEENEIE O F I E TEE T H &
T, 77 F a—XHERFICB T H LR
T O AT & B RFRICER D Z E MM TE B,
T =V LT NRT 7V Faxz—HiE
DIRR 2 FTFEERT. 2D DML
K0, WLV nWT I Faz—HHT,
R ERZEDTEMSROHE L AIEICL, 2

D EFAb LEEMEOKIE M EICE#RT 5.

3. WOk

LEROBHNG,

(1) A FF s i & FE oL BRE o 2 7 AT
st 2 HAE TR O fRYT & B

(2) LEEENHIN O A HIEMEEZBE LT 7 F
2T —ZDT7+— )L LT MEREE
PLEDRMT D 2 % FEhi L7-.

(1) HIEFIEO YT &8

EAT ANIEATHEBICE, 2077 F
2 T — A PEFEORERCEFDY Faz— g v
MNEBEII/RD. ZIZTH, R hLHIZEs
T 24 - 7=, Rl NEE CiEEE0 S
WK MV MWL E Z RSN, 2
/N B~ D3 I IRF O R A 0D R A BB

CK—19 (Jtm)

L, MERELIT-7-. G LEHED0f
MEITEE S S 2 b —3 g XV RREELT-.
Q)T Faz—HDT7F—)LE LT b
[N

WL DOWDT 7 F o x— X L7 EE,
FENTT 7 F 2o —H N34T D HEHE
H=emlfs Sy OF LT 7 F 2o — X EE
WLk TIRES., 2079, LHEEHIE % H
WTHZHF S AHIEMEDRLY SLo TV D
PWRTHLERD D, Zhidic, W<
MWOT 7 F 2z —ZEERFIZBNTHEIN
127 7 F ax—2ngAETHAERES - [nlds
RV 2702 X B ATHIEE 23 e RFRIC AR 7200 T
iE, LEEHEEIERA T N TED L
WX D, F T, LHEREhHIE O A ENE A S
BTH5ZLT, WS ONDT 7 Fax—EN
B U 7= B AT A 2 B KBRS AR D T 7 F
2T — BRI L. £ L TCEDOERME
EREY I 2 b—3 3 v L EMEREIC LV i
FEL7-.

4. WFFERRE
(D) ADF DI 2 FEOLRE) > 27 AT
st 2 HAE TR O fRYT & B
INBRIZZF D a Vv R—F 2 FRERDH
WO HEEENNIHINS D, TOl-our
v MBS DT 2T ) TRl TiE R
YRT I Fax—F5%fE>ZLR{EN
W RZTE IR BB T HZ kDL ND.
T ZTARMETIE, MRz by
DI A CHUE HIEZ A B il 1
T LFEEEHLE.
INETRESNTELFTIEILG®SITLD
MEEHSC YA a2 EEMICH VT
FENMZEALEThHo . NIUEENELL
WD KRB EIEEE T, #uEm e 2 A R—L
ETIVE S D RS A EIE M K X 7 fE
EROBRNIEICEBR L. FOMEEL AW
HZET, GPS Vv At E
b, R Y ERR NV O THLGE [
BRI A B dlhbg 0 H|# 2 T RE IS 3 5 Fik
ZEHLZ (K1).

[deg]

xis pointing error [de

Spin-a
N

5000 10000 15000

X 1 A e e ) R I R R T



(2) LERBFHIE O P HIEMEEZBE LT 7 F
2T —X D7 4 —)v ~ T NELEOEHT
WL DMDT I F o —Z PNEkE L7 BRIC
Y, BENTET V7 Fax—ZRNRAEFRERA
VAPV N e ki L i E S N
F o= — Xl & AT L7z
Dzt —LET—RA v N ox A uDimEid
[i=A

IEES B O T J Faz—HX L LTH
bhtTwWwharyhg—LE—RAL %A1

D@7 +—/V ML T2 MREEEZEH L.

EROMEEBEEZ BT H LG, a2 b
0—/LE— A Ty A 1 TR
TIX, b —LET—RA o oy A a i
2 8 B 2 Bl i O fe AL DS AT AR 0D e KAk
LEMTHL. LENR-T, a2 ha—/L%E
— AU NV v A nOMEEREOBRICES & i
KALTHRE~ESE L. S5l
MERTE IS a2 R E % Thomson [HRE &
FEEND b DIIRET HZ & AR LT, CMG D
UV O S iR A & AT T & (K2)
C, Thomson B DfEIED—>TH 5 =R /LF
—RT v v E AW RELFEZREL
72 (M3 EX4). ZOFETIHHEAETIE
VB L, EIAREO AN D B
i, Poe—R % LW E W o 2B A
MT 5 EMESRTFIEER>TND.

2 Thomson R ~D % 1T

20 1 L 1 1 1
-200 -150 -100 -50 0 50 100 150
azimuth, a [deg]

X3 pEaryhg—E—Ar Ny A ulilE

016
s 0.5
oy
-1 - -0.5
’ L

-0.5 0 0.5

I

X 4 ot BR T 42 5 P 1

QAT A K DRl E
ayha—LE—RXA L by A a bR,
AT AR IHEBEEZRF LRNT 7 F 2z
— X ThD. SHICWHEHES & RIS b
WV EIAET D LD, MEONE L BB
DO HFOHIEMNAEETH D, DO b
B ONE - LEHIE O /T HIE M 2 R R kT 5
AT AL AL E & R D 7o

AT ABNTIFDHREIET TR, MELE
LT D, TZTATAXDNE L BB %
fif HIcERLT D2 LN T&E D Dual
Quaternions Z#E AT AHZ & T, AT AX DI
AT DA HERE ) L s hv s ZERE LT
(B15). EHITENN - HOOHENSEFRSN
TWAHZ EIZERL, RS &alEs by
EITNEFNRT LI RAT AXEERDESR
wos LTz,
TRV AT AZ OREEEEDL 2 F R
—ILE— AL MY v A 1 b [RER IS ER T ) S
BOIHATHRS Z LN TX HMEICIES L.
BARENICIE, =R AKX —RT vy LS
< ERm¥FRLE 28I EHT 5. XU
AT AR DERERT I 3 —X =F L DAL
BEEmET 5. oFV, BREHEEERM
AT ARBEDINHOWTHRLS . F LT,
ZTHHDONBEFFEEL, AT AXONEER
TEMEBBNEETSZE T, ATRAXOEK
WEEZ RO EER LT,

b-coordinates

...V T-coordinates

5 Dual Quaternions % i\ 7z 2 F &
2 B H



X 6 fxiii A7 A H PELiE

5. FEeREEmIE

(MEsGEm ) (B 3 1F)

1.

Yasuhiro Yoshimura, Takashi
Matsuno, Shinji Hokamoto, Global
Trajectory Design for Position and
Attitude Control of an
Underactuated Satellite,
Transactions of the Japan Society
for Aeronautical and Space Sciences,
Vol. 59, No. 3, 2016, pp. 107-114.7%
Wt

Yasuhiro  Yoshimura, Optimal
Fault-Tolerant Configurations of
Control Moment Gyros, Journal of
Guidance, Control, and Dynamics,
Vol. 38, No. 12, 2015, pp. 2460-2467
doi: 10.2514/1.G001249. i f
Yasuhiro  Yoshimura, Suboptimal
Formation = Reconfiguration  of
Satellites Under Input Directional
Constraints, Advances 1n Space
Research, Vol. 56, No. 10, 2015, pp.
2130-2140,

doi: 10.1016/§.asr.2015.07.037. 27t
l

(F=yER] Gt 41F)

1.

2.

3.

FAERIR, MR M HICLDAE S
S A, 2 60 (RIS R R
AR, 2J04, EEET U — (L
EHAETT) , 2016 09 6-9.

FA A, &7 4+ —/VENLT
FA T A ZBLE, % 59 [EIFHB
fird & e s, 2J05, I LERER
Rty — (BRERERET)
2015 10 7-9.
EAHEL, B A EE L2 br
—IE—AU DY A 0D fE T A
—/L b b LT > MELIE & 3 i B
18, 55 58 Rl Bl B i G EE 2
2609, 7V v 7 AR —/b - K7
A AR — v (Rl R R IR ), 2014 11.
12-14.

Yasuhiro Yoshimura, Suboptimal
Formation Reconfiguration of

Satellites Under Input
Directional Constraints, 2014
Asia—Pacific International

Symposium on Aerospace Technology,
Shanghai (China), Sep. 24-25 2014.

6. WFIEALRE

(D) e RFTE

Hh BEIA (Yoshimura, Yasuhiro)
HEHKRFZHRE AT AT A CHF5ER
B

W& : 00725624



