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Abstract
etary space, space radiation has emerged as a fundamental safety issue constraining mission reliability

As human space activities extend from low Earth orbit to the cislunar region and interplan-

and the feasibility of long-term human presence beyond Earth. Characterized by multiple sources, high
particle energies, and strong temporal variability, the space radiation not only affects the reliability of
spacecraft structural materials and electronic systems, but also poses potential risks to the physiological
functions and long-term health of astronauts. In low Earth orbit, the radiation environment is primarily
composed of trapped particle radiation, galactic cosmic rays, and sporadic high-intensity solar particle
events. For deep-space exploration missions beyond the protection of the geomagnetic field, the spa-
tiotemporal behavior and interaction mechanisms of space radiation become increasingly complex, expos-
ing both spacecraft systems and astronauts to elevated radiation levels and cumulative effects. Mean-
while, long-duration missions involving extended habitation within spacecraft or extraterrestrial bases
further amplify the effect of radiation on mission design and feasibility. This necessitates greater rigor in
radiation monitoring, effects analysis, and risk assessment. To address these challenges, a systematic
study integrating environmental characterization, radiation effects, and detection technologies is needed.
This paper reviews the characteristics of the space radiation environment and its effects on both space-
craft systems and biological organisms. It further introduces the principles and current development of
radiation detection technologies, including various dosimetric methods, particle identification techniques,
and energy spectrum measurement approaches. In addition, representative space missions are examined
as case studies to illustrate the evolution of radiation monitoring strategies and in-orbit measurement ca-
pabilities. Overall, this study provides a comprehensive review of the space radiation environment, its ef-
fects, and associated detection technologies in the context of human spaceflight. This study provides a
scientific basis for radiation monitoring and risk assessment in manned spaceflight, and offers important

references for safety analyses and mission design in deep-space exploration.
Key words Space radiation environment, Space radiation effects, Radiation detection,

Manned spaceflight, Deep space exploration
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