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Optimized tracking-control for attitude and orbit of
satellite formation flying using dual quaternion

WU Jin-jief, LIU Kun, HAN Da-peng, ZHANG Feng
(College of Aerospace Science and Engineering, National University of Defense Technology, Changsha Hunan 410073, China)

Abstract: This paper investigates the optimized tracking-control problem of the relative attitude and relative position
between two satellites of a leader-follower satellite formation, in the framework of dual quaternion. First, a six degrees-
of-freedom relative motion model of satellite formation flying (SFF) is introduced with dual quaternion. Then, the system
model is divided into the nominal part and the disturbed part. For the nominal part, the Lyapunov optimizing control
technique and the trajectory-following optimization are utilized to obtain a sub-optimal result of the nonlinear system. For
the disturbed part, the sliding-mode control is adopted to ensure the robustness of the closed-loop system. Thus, an opti-
mized integral sliding-mode controller that combines optimal control and sliding-mode control is developed. The resulting
closed-loop system is proved to be globally asymptotically stable by using Lyapunov method. Numerical simulations are
performed to demonstrate the effectiveness and validity of the proposed controller; the results indicate that the proposed
controller can realize accurate tracking-control of the relative attitude and relative position for SFF with fast convergence
rate, small performance indices, and robustness to model uncertainties and bounded external disturbances.
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Table 2 Initial relative errors 5 002F N\ ¥sTesxir Gur. -
HIXHL T /m HIRH /) S
(305 —15.2 20.8]T [20.6 62.7 — 79.8]T N% 002 |
S 004 .
HAREE S/ (m - s71) XL/ () - s71) & _gosl: |
[0.085 —0.039 0.158]T  [0.001 —0.004 — 0.003]" -0.08 L L ' . L
0 50 100 150 200 250 300

NP RN i E e E

ayp = 253, b1 = 1.5, C1 = 03, r = 001,
ag = 600, bg = 20, Cy = 0.2, r = 0.01,

p1 =5, po =0.01, p3 =1, py =0.01, (62)
a = diag{0.1,0.1,0.1},
B = diag{1,1,1}, v =0.8.
AADMKA2)FQ1, Q2, Ry, RyIHAE N
Q1 = Qy =diag{1,1,1,1,1,1}, (63)
R = diag{10,10,10}, R, = diag{15, 15, 15}.
(64)
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(160 IR TE) 2R b T 28, Pl S oAy A o 3 i MR B i3 222 1 B[]
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Fig. 2 Tracking errors of relative attitude
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Fig. 3 Tracking errors of relative angular velocity
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Fig. 4 Tracking errors of relative position
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Fig. 5 Tracking errors of relative velocity
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5 458 (Conclusions)
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fisx (Appendix)
A 1) XHEE
) E R
Z=a+eb, (A1)

Hor: a?Flei’ﬁJJ\%& a ARSI SEGT Y, 024 E R
4. cififie? = 0,e # ORIZAE. XHMBERUIRIAIZ SN

21+ 22 = a1 + a2 + (b1 + b2),

2122 = ajag + £(a1by + a2by), (A2)
AZ = Aa + eAb.
JEHOX A5 XY
2" =a—eb. (A3)
XA 1) 2R SRR 4 A 1) e (R B
Z=a+e¢b. (Ad)

2) XHEPYIGEL.
SHB I CHUE —2e R R HREUR U TeEk, & X oh
G =[8 9], (AS)
HorP 8R4 5 R S HE BRI B ) B I EAIE 5 A
G =18 —9), g1+ G2 =[5+ 32 b1+ D2),
AG = [A& A,
G10Go=[8182—101 - B2 §1D2+8201 401 X V2],
(A6)

Forfrs G* A GILE, M —ANSE SRR DU TR i
SEGN? = 1+ OZsRxHE I AL,

XD e AT LU DY s xR ok

Gg=q+eq, (A7)
o g g’ 24 DU THL.
3) BRI AR
WISl & Xh
h=Mo, (A8)

Herh VT g p S T AN A5
L5y

M:miEJreJ:
de

H RO RS 7, e A

4) BT PUTCHAN AR DY CR R RO e 5
B DY CRUR I Bos S SO

g =(0,n), 0< 6 <om (A1)
A LUK R A R
(ng) = I, 0< o <o (A12)
AR P ST BaE S A
Ing=1In(go eaq_loq/) =1Ingq + ¢(0, %p), (A13)
X R, A AT EAfRTAG A .
(Ing)v = §(¢n + ept), (A14)

Hrbp=|pll, t =p/p.

M%B It(16)EP’ f1n7f27f3’f4adT$“dFﬂg%j£K
VapilL I

fln =

T = (wh + Chwiy) I (wh + Crwly)] —

Cawl; + w})“ Cno; — o q, (A15)
f2=

1 llesll . lles]|

— 1-— t
ew+2e(;><ew+ H€5||[( 5 cot Jes X
(€5 X ew)], (A16)
f3=

1 pf 1 1 £
—2Cpwy; X Py — Cflwu (Cnwy; x Ppy) —
Cnwl; x P+ P HSCHPu wiy x P —
f £ 1 f f

wfl x ((wh x Ph) — 2Cnw; x (wh x Ph) —
P ||3Pf1 — (P q +wha x Pa), (A17)
f4—ev—ew X ep, (A18)
dp = Af1 + AJTE + g7 TS =
fJf;llufZX AJf(-Ufl Ajfwffix anwgi —
Adiwl X Adiwf; + ATTE + (Jp" + AJy)TS,  (A19)
. 1
dp = —F}, (A20)
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P
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CHUBEEYV (2) : U — R(U C R"), V(z )Efﬁ 32 1E 58 Y.
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