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Abstract

In this study, a fixed-point-based beamforming coefficient calculator is proposed for the beamforming of a digital active array radar.
Floating-point-based calculations enable precise calculations but have the disadvantages of high computational complexity and latency.
To complement this, the proposed fixed-point-based beamforming coefficient calculation had a high signal to quantization noise ratio
(SQNR) of 51.35 dB and the beam steering angle error was between —0.05° and 0.05° when compared with those of the floating-point
calculation; these satisfied the system requirements. The proposed fixed-point-based beamforming coefficient calculator was implemented
on a Xilinx Kintex UltraScale FPGA. It could reduce 54.94 % CLB register, 44.33 % CLB LUT, 60 % DSP slice, and —58.16 %
latency than the floating-point calculator. Furthermore, at small beam pattern powers, the performance degradation of the calculator was

less compared with previous research.
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Table 1. Configuring floating-point fields.

Precision | Total bit Sign Exponent | Mantissa
Half 16 1 5 10
Single 32 1 8 23

Double 64 1 11 52
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Table 2. 18-bit fixed-point input SQNR compared to FP32.

18-bit u v B z,
Format Q (18.16) | Q (18.16) | Q (18.17) | Q (18.6)
SQNR [dB] 93.94 94.18 89.5 106.56

H 3. FP32 tiH] 16-H]E X G4FH Y49 SQNR
Table 3. 16-bit fixed-point input SQNR compared to FP32.

16-bit u v B z,
Format Q (16.14) | Q (16.14) | Q (16.15) | Q (16.4)
SQNR [dB] 81.99 82.21 7738 94.52
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Table 4. 16-bit fixed-point input SQNR.
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