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Abstract In the space-borne gravitational wave detection missions, test mass capture is critical for

the spacecraft to enter the super-stable flight state. This process is characterized by large initial errors,
large system uncertainties and strong execution constraints. This paper presents an improved high preci-
sion elastic tube model predictive control of test mass capture. A control structure based on rolling opti-
mization and elastic tube technology is proposed to improve the capture success rate and effectively com-
pensate the satellite coupling interference on test mass. The tiny tolerance active set method is proposed
to improve the accuracy of online calculation and ensure the high control accuracy of test mass. Mean-
while, this paper proposes an offline correction method for the minimum robust positive invariant set
based on feature engineering. It reduces the vertices of the minimum robust positive invariant set based
on the Minkowski summation and reduces the online computational complexity. The proposed method is
verified by simulations on the space-based double test masses full-freedom simulation platform. The re-
sults show that the control performance satisfies the test mass capture accuracy requirement. The con-

troller is robust and the rate of convergence is improved effectively. The effects of platform motion inter-

2025, 45(1)

ference and measurement noise are suppressed.
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Py 59 N +58=3008 19 N +18=968

A (LIBN+118)x (59N +58)= (38N +38) x (19N +18)=
6018 x 3008 1938 x 968
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TC = HK (1),
VT (i,§) € T,T (i.§) > 0;

L-1=1-4d, (33)

LC =C(A+ BK (1)),
{ VL (i,j) € L,L(i,j) > 0.

P (31)~(33) FE N AFX LW, # it 3 MLAL A,
i B LR T IR E . e, oy, nfldiR
PaSCHR [12] B977 s S R B0 TS A 21, TS e
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Table 2 Test mass release initial states and control

error requirements

o 5 T R A IR iR 2z
LAk +200 pm < 25 pm
2R +5%x 107% ms” <1x107% ms"
AN +2 mrad < 100 prad
pipedi +1 x 107* rads ! <1x107° rads”

*3 MEVREREE
Table 3 Random noise amplitudes
EL:E) s PAT IR S IR MR R
T < 4.35 x 107N <2.24x107"m
y <441 x 1078 N <2.38x 107" m
2 <4.68x 10713 N <382x107"m
® <411 x 107 Nem < 2.45 x 107° rad
0 <443 x 107 Nem < 1.59 x 107° rad
P <4.38x 107 Nem < 2.50 x 1077 rad
x4 HUTRED
Table 4 Actuator saturation constraints
Al BRI H/N A BRI/ (N-m)
fa 1.019 x 10~ Tron 1.100 x 1078
fy 1.078 x 10~° Titch 1.660 x 10~8
fz 6.076 x 1077 Tyaw 8.990 x 107°
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Table 5 MPC algorithm controller parameters
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Table 6 ETMPC displacement weight
T Y z
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Table 7 ETMPC pose weight
® 0 »
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Table 8 Average adjustment time comparison
Hk SRR £ /s

SMC 77.8

o MPC 65.3

ETMPC 51.5

SMC 72.3

B MPC 68.3

ETMPC 29.8
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