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Fig. 1

nate systems for the spacecraft attitude modeling

On-orbit control system and dynamics modeling: (a) block diagram of the on-orbit precise-pointing control; (b) coordi-
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Fig. 4 Laser pointing control system: (a) schematic of the laser pointing control system; (b) hybrid sensitivity and complementa-

ry sensitivity of the controller; (¢) numerical simulation results of the controller and disturbance models
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Fig. 5

ultra-stable laser pointing control: two payload simulation

Ground hardware-in-the-loop experimental setup for

units (OB1 and OB2) are symmetrically mounted on an air-
bearing optical table, each comprising a hexapod stage for
spacecraft attitude disturbance emulation, a piezoelectric plat-
form for fine pointing adjustment, and a QPD detector for
DWS; the DWS signals are demodulated by a phasemeter and
fed back to the host computer to close the pointing control

loop.
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Device Parameter Value
Angular range of 0,0, ,0, axes/mrad +191.9
Hexapod ’ i
Minimum angular increment /prad 5
(PUNA - S/N 23024-7)
Payload/kg 25
Angular range of 6,,0,,6, axes/mrad +1
Piezoelectric Platform (H64. XYZTR2S-C) Minimum angular increment /nrad 80
Step response time (1/10 stroke)/ms 40
Operating wavelength /nm 1064
Diameter of photosensitive surface/mm 1.2
QPD Detector(GD4542-20M ) Quadrant gap /pm <40
3 dB bandwidth/MHz =20

Noise equivalent power density at 20 MHz /(W - Hz'*) <4.5x10™"
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Fig. 6 Calibration results of QPD angle-to-piezoelectric stage conversion coefficients: (a) conversion coefficient between the

QPD pitch direction and 6, of the piezoelectric stage on the OB1 platform; (b) conversion coefficient between the QPD yaw direc-

tion and 6, of the piezoelectric stage on the OB1 platform; (c¢) conversion coefficient between the QPD pitch direction and 6, of the

piezoelectric stage on the OB2 platform; (d) conversion coefficient between the QPD yaw direction and 0, of the piezoelectric

stage on the OB2 platform
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Table 2 Calibration results of QPD angle—to—piezoelec-

tric stage rotation conversion coefficients
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Fig. 7 Experimental results of laser pointing jitter suppression: (a) ASD plot of laser pointing jitter suppression in the pitch direc-

tion of OB1 platform; (b) ASD plot of laser pointing jitter suppression in the yaw direction of OB1 platform; (c) ASD plot of laser

pointing jitter suppression in the pitch direction of OB2 platform; (d) ASD plot of laser pointing jitter suppression in the yaw direc-

tion of OB2 platform
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Research on ground verification technology for precision-pointing
control of laser interferometry links

Zhang Ding—YiS‘6 , Wang Peng—Chengz‘z'6 ,

Yang Jin-Ke**,
Jian-Jun**, Zhang Yong—Hel‘“'G*

(1. School of Fundamental Physics and Mathematical Sciences , Hangzhou Institute for Advanced Study, University
of Chinese Academy of Sciences, Hangzhou 310024, China;

2. Innovation Academy for Microsatellites , Chinese Academy of Science , Shanghai 201304, China;

3. Key Laboratory of Satellite Digitization , Chinese Academy of Science, Shanghai 201210, China;

4. Shanghai Institute of Technical Physics, Chinese Academy of Science , Shanghai 200083, China;
5. School of Physics and Optoelectronic Engineering , Hangzhou Institute for Advanced Study, University of Chinese

Academy of Sciences, Hangzhou 310024, China;
6. University of Chinese Academy of Sciences , Beijing 100049, China)

Li Jin-Wei®, AnKe”", Xu Wei—Ming4'6, Jia

Abstract: Laser interferometry is widely used in space-borne gravitational wave detection missions. Precision pointing
control of inter-satellite laser links is a key technology to ensure measurement accuracy. Due to complex ground environ-
ments and dynamic simulation conditions, achieving on-orbit equivalent verification of pointing jitter suppression meth-
ods presents significant challenges. To address this issue, we propose a ground-based semi-physical experiment method
based on real-time hybrid simulation (RTHS). The physical system, spacecraft dynamics, payload models, and space
environmental disturbances are integrated into a unified framework for consideration. Furthermore, a pointing control-
ler is designed using the H robust control, and a semi-physical experimental system is developed for validation. Experi-
mental results demonstrate that under dynamic simulation conditions, the system achieves effective suppression of laser
pointing jitter by up to three orders of magnitude within the frequency range of 1 mHz - 0. 1 Hz. In an atmospheric envi-
ronment, the control accuracy of the laser pointing jitter reaches 3 nrad/ V'Hz. This work validates the proposed techni-
cal approach of dynamic equivalent simulation and provides an extensible architecture to further support the research of
the entire process of laser link construction in the future.

Key words: space-borne gravitational wave detection, precision-pointing control, H control algorithm, semi-physical

simulation



