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A Distributed and Highly Integrated Payload Management
Technology for Deep Space Exploration Missions

TAN Yuyin, XUE Changbin, XU Haitao, ZHAO Xunfeng, SUN Yang

(National Space Science Center, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: Due to the long detection distance and complex space environment, deep-space exploration vehicles are severely

constrained in terms of weight, volume, energy, and data transmission. Moreover, the traditional tightly coupled payload electronics

integration method fails to meet the requirements of deep-space exploration. Against this backdrop, there is an urgent need for

lightweight, miniaturized and highly integrated payload management units to achieve autonomous exploration management and

robust radiation resistance protection. In this paper, a design scheme for a distributed and highly integrated payload management unit

was proposed, which adopts a two-level architecture: the front-end payload signal processing unit is placed in close proximity to the

payload detection front-end, enabling the acquisition and conversion of payload signals; the back-end payload information

management unit, not restricted by installation location, undertakes the responsibilities of complex control and large-capacity storage.

Its key innovative technologies, including distributed design, scalability, high integration, generalization, and intelligent data

processing, provide a multi-dimensional integration solution for payloads. These technologies significantly enhance the adaptability

and integration level of the payload system while making up for the shortcomings of traditional methods. When applied to future

deep-space exploration missions, this unit can help humans deepen their understanding of the universe and provide key technical

support for China’s deep space exploration.

Keywords: deep space exploration; distributed; highly integrated; payload management

Highlights:

e The distributed two-level management design shortens signal transmission path, reduces signal loss, and improves signal quality.

e The front-end signal processing unit efficiently completes the conversion of payload signals into data, reducing the number of
cables used and lightening the weight burden.

e A centralized total ionizing dose protection design has been carried out to ensure the stable operation of the system in a radiation
environment.

e The expandable large-capacity unit can flexibly plan storage capacity, effectively solving the problems of scarcity of Earth data
transmission windows and the narrow downlink bandwidth in deep space exploration.

e Develop an intelligent data processing software and hardware platform for on-orbit operation, build a zero-shot classification

architecture, and achieve accurate cross-modal matching and discrimination of “no-image-sample” categories.
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