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Design and Verification of TT&C System for Queqiao-2 Relay Satellite

SHI Lei', CAO Xiaoping’, MAN Haijun"', XU Dezhen’, SUN Ji'

(1. DFH Satellite Co., Ltd., Beijing 100094, China; 2. Academy of Space Information Systems, Xi’an 710100, China;
3. Beijing Aerospace Control Center, Beijing 100094, China; 4. Science and Technology on Aerospace Flight Dynamics Laboratory,
Beijing 100094, China; 5. Beijing Institute of Tracking and Telecommunications Technology, Beijing 100094, China)

Abstract: Based on the situations where ground stations can’t directly measure hunar far-side or polar regions, and where
current tracking and control systems face limitations in improving telemetry rates and measurement accuracy dueto the Earth-Moon
distance, the Queqiao-2 relay satellite’s TT&C system is designed to achieve a four-way measurement chain-Earth-satellite-probe-
satellite-Earth-enabling real-time tracking and measurement of lunar spacecraft that are not directly visible from Earth. Additionally
this system serves to validate a GMSK+PN-based tracking and control communication scheme. Since the in-orbit launch of the
Quegqiao-2 relay satellite, the TT&C syatem has consistently and stably perfomed TT&C tasks. Simulation results of the four-way
meaurement demonstrate that it can achieve meter-level positioning accuracy for the lander. Calculation of the new TT&C scheme
indicates that it can achieve centineter-level ranging accuracy at the Earth-Moon distance. The actual operational perfomance and
simulation verification results demonstrate that the Queqiao-2 relay satellite’s TT&C system design meets the mission requirements
and can provide reference for the design of TT&C systems for future deep space exploration and lunar exploration missions.

Keywords: Queqiao-2; TT&C system; unified carrier system; four-way measurement; GMSK + PN

Highlights:

e The Quegiao-2 relay satellite TT&C system has successfully completed over 630 d of on-orbit tracking and control tasks with the

S-band tracking and control link.

e The lunar four-way measurement system has been validated through simulation to achieve a positioning and orbit determination

accuracy of meter-level for lunar probes.

o The GMSK+PN telemetry and command system is adopted to achieve a transmission rate of 100 kb/s and a measurement accuracy

of centimeter-level at the Earth-Moon distance.
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