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Analysis of Prediction Sensitivity Differences Between Launch and Impact
Points of Ballistic Weapon Systems Under Radar Performance Variations
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Abstract

This paper analyzes the difference in prediction sensitivity between launch and impact-point estimations for ballistic weapon systems
under varying radar performance conditions. A radar signal-to-noise ratio (SNR) model and SNR-based measurement error model were
employed, and target states were estimated using an extended Kalman filter. A Monte Carlo-based prediction distribution generation
method was applied to estimate the launch and impact points. Simulation results show that the impact-point prediction accuracy
significantly improved as radar performance increased, with CEP90 decreasing from 1.42 to 0.91 km, corresponding to an improvement
of approximately 35.9 %. In contrast, the launch-point CEP90 remained at approximately 4 km and exhibited limited sensitivity to
variations in radar performance. The results indicate that although both predictions are derived from the same state estimation results,
they exhibit different sensitivity characteristics owing to the distinct uncertainty propagation mechanisms associated with the forward
and backward trajectory propagation. These findings suggest that launch- and impact-point predictions should be evaluated separately
when establishing radar performance requirements and prediction performance criteria.
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Table 2. EKF simulation parameters.

Parameter Value

Initial detection time ¢, 6.0 sec

Sampling interval 2.0 sec
Initial position covariance 25007 m?
Initial velocity covariance 5007 (m/s)?

Initial covariance P,

diag (25002, 25002, 25007,
500, 500, 500°)

Process acceleration noise ¢

acc

0.35 ms?

Process noise covariance @

Q( At’ qa,m)

Measurement covariance 2,

: 2 2 2
diag (0, 055 o)
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Fig. 1. True trajectory and EKF-based estimated trajectory
according to radar performance conditions.
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Fig. 2. SNR and measurement errors according to radar per-
formance conditions.
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