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Three-Dimensional Guidance Accuracy Evaluation of Air-to-Air Missiles under
Small Sample Conditions Based on Bayesian Theory
NING Xiao-lei*
(Unit 63870 of the PLA, Huayin 714200, Shaanxi, China)

Abstract: Missile accuracy qualification tests are often constrained by high costs, resulting in small sample sizes of
live-fire tests and low estimation accuracy of classical statistical methods. Moreover, existing studies are mostly
confined to two-dimensional plane analysis, which fails to meet the practical requirements of three-dimensional
combat evaluation for helicopter-borne air-to-air missiles. To address this issue, based on the general assumption that
the three-dimensional position error components are independent and identically normally distributed, a Bayesian
method for evaluating the three-dimensional guidance accuracy of air-to-air missiles under small sample conditions is
proposed. First, the three-dimensional miss distance, which reflects the actual spatial miss characteristics in air-to-air
combat, is defined, and its statistical distribution model is theoretically confirmed; on this basis, the functional
relationship between the three-dimensional miss distance » and the position dispersion parameter ¢ is established.
Then, the inverse gamma distribution is selected as the conjugate prior for the accuracy characteristic parameters. By
integrating prior information with field live-fire miss distance test data, the posterior distribution of the dispersion
parameter is obtained, thereby achieving Bayesian point estimation and interval estimation of the three-dimensional
guidance accuracy of missiles. The example verification results show that the proposed method significantly improves
the accuracy and robustness of guidance accuracy estimation, providing a reference for calculating the three-
dimensional guidance accuracy of helicopter-borne air-to-air missiles under small sample conditions.
Keywords: helicopter-borne air-to-air missile; small sample; three-dimensional miss distance; Maxwell-
Boltzmann distribution; Bayesian method
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