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Abstract

This study proposes a chance-constrained adaptive fence operation scheme that differs from conventional fixed resource allocation
methods. In the proposed approach, pulse-level estimation at the first processing layer quantifies target trajectory uncertainty, which is
propagated to the higher layers to estimate the mean azimuth and its variance. Based on a probabilistic constraint, the sector width
is automatically determined, and the resultant saved time is redistributed to additional pulses using a water-filling-based optimization
method. The process is performed recursively across multiple layers, resulting in a reduced sector width and increased pulse allocation
at higher layers. The simulation analysis demonstrates that the proposed scheme achieves a higher cumulative detection probability than
the conventional halving approach while maintaining the same total time budget. Consequently, the proposed adaptive fence operation
enhances the time efficiency and detection reliability, providing a practical solution for early warning radar systems operating under
stringent resource and time constraints.
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Table 1. Summary of analysis scenario.

Category Parameter (unit) Value
Number of layer 3
Elevation of layer-1 (deg) 10
Fence Azimuth coverage of layer-1 (deg) 45
structure Beamwidth (Az/El) (deg) 2/4
Beam overlap (Az/El) 0.2
Pulses per beam 8
Transmit power (MW) 2
Antenna gain (Tx/Rx) (dBi) 40 / 40
Wavelength (m) 0.03
Radar PRI (us) 3300
System loss (dB) 8
Target RCS (m?) 0.5
Pfa 107(—6)
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Category Original Proposed
Detect Layer #1 73.21 73.21
pmbaf)t;ictl‘;“ iy | Laver #2 9163 99.06
Layer #3 - 99.99
Layer #1 0.7733 0.7733
Consumption Layer #2 0.7733 0.3333
time (sec) Layer #3 - 0.24
Total 1.5467 1.3467
Layer #1 8 8
PuLsser(;(;I:nts Layer #2 8 9.8
Layer #3 - 12
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