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Abstract

This paper proposes a hardware-accelerated particle filter architecture for real-time, high-speed target tracking in
on-board system, combining clipping-based symmetric quantization with parallel processing. To overcome the bottlenecks of
conventional sequential methods, we designed custom IP cores on a Zynq FPGA for Model Propagation and Resampling,
optimized with pipelining and unrolling techniques. The proposed architecture achieved a 48% reduction in total execution
time compared to a Processing System (PS) implementation. This work validates our design as an effective solution that
balances real-time performance and precision, showing strong potential for next-generation Al processors.
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Fig. 2. Profiling of the execution time for the Particle Filter
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Input © ind1 array(weight, random)
outout : z,(Update Target State)

1: Quantize to INT16
Array e = clip(round(?my, — 216 916 — 1))
Array
2: Initialize sub array size
3 Merging two adjacent subarrays
4: Compare left and right element
50 0f left element < right element :
copy left element & its index to temporary
storage
Else right element < left element :
copy right element & its index to temporary storage
6: If one group is fully merged:
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Copy merged results from temporary storage back
into the original arrays (values and indices)
7 Compute resampled index
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