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Abstract; With the continuous increase in the number of space objects in low Earth orbit, close-
approach events involving satellites become more frequent, and collision risk assessment places higher

requirements on orbit prediction accuracy and time-frequency equipment performance. This paper focuses
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on satellite collision risk assessment and analyzes the performance requirements and scenario dependence of
onboard time-frequency equipment. The transfer mechanism from time-frequency performance to time
error,observation and state bias, covariance, and collision probability is analyzed. The roles of frequency
accuracy,frequency stability, frequency drift rate, and timekeeping capability in different stages of risk
assessment are examined,and a time-frequency impact index based on a dimensionless ratio is proposed.
Qualitative analyses are conducted for three typical scenarios, namely routine warning, high-precision
warning, and long-arc autonomous prediction. On this basis, a parametric Monte Carlo simulation
framework is constructed,in which time-frequency errors are injected into a typical two-object conjunction
scenario. The deviations in the time of closest approach, the miss distance, and the relative change in
collision probability are then statistically evaluated. The simulation results show that, in the routine
warning scenario,the effect of time-frequency errors is masked by orbital position uncertainty,and a 1 ms
time error causes an average relative change of only 0. 42% in collision probability. In the high-precision
warning scenario,the same error leads to an average relative change of 41.00% in collision probability,and
88.66% of the samples exceed the 10% threshold. In the long-arc autonomous prediction scenario,
frequency stability at the considered order of magnitude and 24 h of timekeeping are sufficient to produce a
significant effect. A further covariance-scale scan shows that, when the covariance scale decreases below
10 m,time errors at the hundred-microsecond level can already cause clear changes in collision probability.
These results provide a quantitative basis for scenario-specific justification of onboard time-frequency
equipment specifications,in which the long-arc indicators are order-of-magnitude references obtained under
a white-frequency-noise simplification.

Keywords: collision risk assessment; spaceborne time-frequency equipment; time-frequency impact

index; Monte Carlo simulation
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