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Although the term “maneuvering ballistic missile” seems as an oxymoron, in the recent years the Ballistic Missile Defense community has become familiar in accepting the concept that the last stage of a Tactical Ballistic Missile can be an eventually maneuvering reentry vehicle (RV). Several recent studies addressed the maneuvering potential of RVs, distinguishing between aerodynamical maneuvering in low endoatmospheric interceptions and rocket propulsion for maneuvering in interceptions at higher. In the present paper the attention is focused on aerodynamical maneuvering that can be obtained due to a spinning atmospheric reentry or as a consequence of asymmetries. 

Eventual uncontrolled aerodynamical maneuvers have the feature of spiral motion, motivating to use a pure periodical model for analysis and simulations.  Using such a target model and assuming that the maneuver frequency is known an optimal guidance laws were developed. These guidance laws require the knowledge of the current target acceleration and its derivative, which can be obtained by a Kalman Filter type estimator using in its model the maneuver frequency. The main problem in using these optimal guidance laws is their lack of robustness resulting from the strong reliance on the knowledge of the exact maneuver frequency.


A thorough study showed clearly that the "natural" maneuver of a spinning RV is much more complex. Neither the frequency nor the amplitude of such "natural" maneuver is fixed. The same is true for maneuvers created by structural asymmetries. Therefore, the optimal guidance laws based on the knowledge of the exact maneuver frequency cannot guarantee an effective robust defense against RVs performing such quasi-periodical maneuvers.


Due to the uncertainty about the exact target acceleration model, effective defense needs a robust estimation/guidance combination, emphasized by the fact that in many situations the interceptor maneuvering advantage can be only marginal. A robust estimation/guidance combination can be obtained by an integrated design of a multiple model adaptive estimator (MMAE) and a guidance law derived using a differential game formulation, independent of the target maneuver model. Although such guidance law requires an estimate of the current target acceleration, but it is less sensitive than those based on (one sided) optimal control theory. Extensive simulation results of realistic missile defense scenarios with noise corrupted measurements confirm the effectiveness of such integrated design.
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