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Abstract— In radar data processing systems, determining the representative value of a detection cluster is a crucial step following
the clustering process. Most existing systems employ the centroid-based method to compute the cluster representative. However, field
evaluations on operational multi-beam air-defence surveillance radars have revealed several limitations of this approach, particularly
in estimating the elevation angle of clustered detections. This paper presents a comprehensive analysis and evaluation of multiple
alternative solutions for determining the representative elevation angle of clusters in multi-beam radar systems. A three-step
clustering-based framework is introduced, encompassing hit-level, plot-level, and group-level processing to improve the stability and
accuracy of elevation estimation. A total of 32 method configurations are systematically examined using real-world data collected from
a 3D air-defence surveillance radar. Experimental results demonstrate that the proposed method achieves up to 47% improvement in
Root Mean Square Error (RMSE) and 45% enhancement in trajectory smoothness (Roughness) compared with the conventional
centroid-based approach. The findings provide practical insights and an effective framework for enhancing elevation-angle
representation in multi-beam radar data processing, thereby contributing to more accurate and reliable 3D target tracking.
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