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Fig. 2 Block diagram of integrated data process and transmission equipment system
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Research and Implementation of Key Technologies for Integrated Data Processing

and Transmission of Queqiao-2 Relay Satellite

LEI Weining', QU Zexu"’, WANG Qiuping', XIONG Liang’, XU Jin', DANG Ni',
DAI Ziyi', WANG Hongze', ZHANG Chao'

(1. Xi’an Institute of Space Radio Technology of Space Technology, Xi’an 710000, China;
2. School of Aerospace Science and Technology, Xidian University, Xi’an 710126, China; 3. DFH Satellite Co., Ltd., Beijing 100094, China;
4. Xi’an Microelectronic Technology Institute, Xi’an 710054, China)

Abstract: As To meet the requirements of the Queqiao-2 relay communication payload for multiple deep-space exploration
missions and relay communication services, a design method for comprehensive data processing and transmission with high
performance, high integration, and high reliability was proposed. he research and development of key technologies such as front-end
multi-source data scheduling and management, on-board reconfiguration and minimal system design, and wear leveling of large-
capacity solid-state storage have been mainly completed. Through ground testing and on-orbit verification, this system has realized
relay communication services between multiple lunar mission spacecraft and ground stations, as well as deep space exploration
storage-computing-control integrated technology exceeding 8 Gb/s. It supports software on-orbit reconfiguration, and for the first
time achieves a downlink data rate to Earth covering the range of 1-500 Mb/s. Moreover, it effectively supported the successful
implementation of the world's first sampling return mission from the far side of the Moon—China's Chang'e-6 mission. This work
can provide a reference for data processing and transmission design in future deep space exploration missions.

Keywords: Queqiao-2 relay satellite; integrated data processing; integration; reconfigurable; minimum system

Highlights:

e A hardware-based priority chain round-robin scheduling method with triple modular redundancy (TMR) is proposed for multi-

source heterogeneous data transmission in deep space relay satellites.

e A reconfigurable system architecture with multi-level fault tolerance and an adaptive failover mechanism is designed to ensure

reliable on-orbit software reconfiguration under single-event upset (SEU) conditions.

e A multi-threshold wear leveling (MTWL) algorithm is developed to extend NAND flash lifetime, achieving a 4.386-fold

endurance improvement with only 14.05% additional erase cost.

e An integrated data processing and transmission system supporting over 8 Gb/s storage-calculation-control capability and 1-

500 Mb/s downlink rates is implemented and validated in orbit.

e The proposed solutions have been successfully applied in the Queqiao-2 relay satellite, providing reliable communication support

for the Chang’E-6 mission and offering a reference for future deep space exploration data systems.
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