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Abstract To satisfy the needs of novel imaging modes for at-
titude rapid maneuver and high precision tracking control, a
control strategy combining feedforward and feedback control is
proposed for flexible satellite with hybrid actuator (pyramid con-
figuration control moment gyroscopes (CMG) and reaction fly-
wheel). In the design of feedforward control, to fully consider
the constraints, such as torque output capacity of CMG group,
singularity and vibration suppression performance, a Legendre
pseudospectral method which could plan the optimal satellite at-
titude and frame angle rate of CMG group is presented. In the
design of feedback control, with the torque capacity of flywheel,
attitude rapid maneuver and energy constraints being the cost
function, a tracking control algorithm based on nonlinear model
predictive control (NMPC) is given to compensate the error of
initial state and rotational inertia. The results show that, in the
case of inertia error, the proposed control method is effective
and shows a strong robustness.
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Fig.1 Diagram of multi-target rapid maneuvering imaging
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(37)
Np—1
> u(k+m)" Ru(k +m) + e(N,) " Pe(N,)
m=0
K, e(k +n) FORMREAPUE ST IRERE, uw(k +m) &
ANTFBROTH RE AR UM, Q, R, P Ay R ERERRZE | i &
A S AR, N S TN s .
T bR AN R RE A AR R B 15X H A 1) ft
P FEARSCHFFE AR, R R o D0 A e PRk B 2 1
FIbR, PRI AR ST R B3 22 14 TIASURE I MU 2 0 B RE B P
AU A EBUAE AT X A 000 Al Jm ) 3 B 5 2 3 S 1 o
R P e R A O ER T SRR . A T I ASE R i
e BECERE RS DL, FT DATE 214 B 500 e dm DA 5 51
TEEST, AR T4 = 2R el B MR AR

L BESIREM AL SR AR E L v AR ZFME R, HH
32 R SR A e IS AR A B w(k + m). FEARSCR Y
BEHF e, BAER IR AOIEH R B MRS 1TE E
SEPUT LR e U RS PO A oS R IR B R, BREE RGP
V5 THFERY E B R AR SCRFE AR, FAth A Ak 1 Rt mT DA
NSRS AR T, W R aE . T A A ARRIER
AR, A Sc4s R T NMPC i T8 S5 #il
TSR Y.

5.2 DEZESHT

MO I B PR b N2 DEESER o(k), T
FLRIFRAG A5 CMG BEME S 4 A Al B2 4R, ) B itk G
Ptk DR ESsh 1% Kissh= 5 %, il Sk, wsRE
Kk N, AN EREESER, UE:

gk +1) = fa(z(k)) + BiTcme (k) + BaT r (k)

y(k+2) = fa(@(k + 1)) + BaTcma(k + 1)+

BdTF(k + 1)

y(k+ Np) = fa(@(k+ Np — 1))+
BiTcomc(k+ Np — 1) + BiTr(k + Np — 1)

o, TNk A ) CMG R 0 A i ) CMG i ESE
R BT I I 220 ) AL S T R

MEALE Ny 25 5000 I35 A ) 28 GEPRAS R, 00 v o
T B AR Np B izl & {Tr(k), Tr(k +
1), Tr(k+ Np — 1)}, RISAER WA FE ST 40
u(k +m). TP Ny 8 4 H R N 1, B kg
il S HAER ] [N, Np] EARFEAAZ, R (38) W7

Tr(k+Nu—1) =Tp(k+N,) =+ = Tr(k+N,—1) (38)

5.3 RAER XERIRERZHIERAISLIN

O b, ERRIRAG D R R R SHE BRI, SR
BEASHR B ) DA T

min J(z(k),T%) (39)

Uk

FL 2 R PRAT AR B4 BE 7717 R A ISR 2R 4

TFmin S TF(k + m) S TFmaX7O S m < Nu —1 (40&)
AT‘Fmin S ATF(k + m) S A,IYFmax (40b)
ATr(k+m) =Tr(k+m) —Tr(k+m —1) (40c)

E':F, TFmin %u TFmax %%K%ﬁ%ﬁé@?ﬁ%iﬁ, AT‘Fmin
AT pmax 7 KA RAY NS L5
FIAReR % J (x(k), Tr) $HH

Np—1

J(@(k),Te) = Y |Gk +n) —r(k+n)lg+

Ny—1

Y Tk +m)lg + gk + Np) = r(k+Np)lp - (41)

m=0
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r(k +n) NHHIEA AR, Hm e 4 Wi U kR
. Tr(k+m) ARG EES A, BRI R
il A

K (42):

Tr(k+m)=Trp,

A, Tro, Try, -+ Trn, —1) R BAHMSL R AL
LA

m=0,1,--N,—1 (42

Ty = [ Tro Tr TiF(Nufn ]T (43)
B AR ER AR S AR 2 (44):
Triven | (49)

AR T 42 o DB, e AR — AN TT R, RIS BT 20/ %
e U T HDREAE I T R SR R . s SCS AT %)
1R A L A

Ti=| Ty T

Tr(k) = Try (45)

TETN—REERZ, ARE N ESER, EEA LRI,
SEENAEHE R S IR B A TR B el

E 2. ARSCH T IERE m R AR, DA 2 A
RN Ko A7 4R 7 Bh BR B XS B s MR RE S, A b I S
AERETE, AR SCHR HH I s 1 SR s T I SR R S
18 5F B R RO B T BRI T s R A Ak ) g
SRARGE L Je 785 R AERE T IR 1T Sk, — ] 47 i hif
s 25T FPGA (Field programmable gate array)
M9 FE 2 5t (System-on-a-programmable-chip, SoPC) ]
NMPC (Nonlinear model predictive control) # il #3[1) SZ K.
T e A% B A T AR bR B R R TR A B I R HE FPGA
MR IHEAT IR ) R R R T B N AT IR AR AL
AVERRE AT, Sh B B4 5 JE L.

E 3. FEASCRE Ry B, A S T S
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6 MEMREDH

PAKERY e bE e TR 6, (B H I 5 % sh R R
= (46) FiR:
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I=| —-185 10638 —155 |kg-m”>  (46)
—0.2  —1.55 146.82

BB PO 53 660 km K FH [R5 R IE, 25 8T P 7R
H

Mgy, = 1075 (1.5 sin(wot) + 3 cos(wot)) (47)

Mgz = 107° (3 cos(wot) + 1)
Mg, = 107° (3sin(wot) + 1)
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Table 1 Attitude angle and angular velocity constraints in staring imaging

R A (s) Bt  (°) fdE we (°/s) Wihith y (°) fHEJE wy (°/s) Wiehifh z (°) fdE w. (°/s)
2 1 250 160.50 0.0297 66.27 —0.4677 163.00 0.0174
2y 2 260 155.91 0.0350 70.75 -0.5141 157.61 0.0137
215 3 270 147.50 0.0377 75.40 ~0.5590 148.50 0.0135
255t 4 280 130.22 0.0391 79.71 ~0.5952 130.40 0.0070
HH 5 290 94.33 0.0376 82.07 —0.6304 93.91 0.0073
2 6 300 54.46 0.0380 80.19 —0.6499 53.12 0.0060
2 7 310 33.72 0.0351 75.39 —0.6599 31.53 0.0004
2 8 320 23.99 0.0385 69.64 —0.6493 20.96 -0.0015
2k 9 330 18.81 0.0373 63.69 ~0.6297 14.91 -0.0075
259 10 340 15.77 0.0326 57.87 ~0.5962 11.02 —0.0070
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Fig. 12 Comparison of planed trajectory and actual trajectory for staring imaging with inertia 10 % deviation
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