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17 System Level Radar Search Optimization

Ms. Ayala Gur and Dr. Navot Israeli
WALES, Ltd., Israel
Reliable and timely detection of attacking TBMs is a prerequisite for effective missile defense. This mission is usually assigned to the defense radars which execute pre-planned search patterns in the sky. In most realistic scenarios, searching the sky for incoming threats requires a significant portion of the defense radar resources. The exact amount of search resources depends on the detection requirements. Namely, on how reliable we require the detection to be and on how early on the threat trajectory we require the detection to occur. Larger detection probabilities and/or larger detection ranges increase the required resources and vice versa.  

The tradeoffs between detection probabilities, detection ranges and radar resources are very important for the overall defense system performance. On the one hand, larger detection ranges mean more interception timeline and therefore more opportunities for intercepting the threat. Similarly, larger detection probabilities imply smaller leakage rate. On the other hand, lower search resources allow the system to allocate more radar resources to other missions (e.g. fire control) which in turn results with an increased interception capacity. 

The above system level tradeoffs present an opportunity for optimization. Namely, for tailoring the detection mission in order to maximize defense performance. By tailoring the detection mission we mean specifying detection criteria (time and probability of detection) for each possible attacking TBM. A prerequisite for such an approach is the ability to plan efficient search patterns that fulfill the tailored search mission. 

To this end we developed a novel radar search planning and optimization tool which we term "BeamCover". The tool designs search patterns for a set of possible threat trajectories and their detection requirements. Patterns are optimized to achieve the requirements using the minimal amount of radar resources. The tool is not restricted in terms of the number of sensors participating in the search mission. It can design search patterns for mutual detection by several radars in arbitrary geometries.
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Having a search planning and optimization tool we can now attempt system level optimization of the detection requirements themselves. For example, we can design a search pattern that provides the maximal interception time window with fixed search resources. Or we can design a search pattern that maximizes the probability of detection at a given range. Alternatively, we can attempt to optimize a combination of the two. When optimizing the detection requirements we account for system constraints such as interceptors' deployment, interceptors' flight time, track time required for accuracy convergence, etc. We will demonstrate the tool's capabilities and the resulting optimization benefits in selected realistic example scenarios.
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