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Monopulse Forward-looking Imaging Based on Doppler Estimation
Using Fast Iterative Interpolated Beamforming Algorithm

LIU Ke LI Yueli* DAI Yongpeng JIN Tian

(College of Electronic Science and Technology, National University of Defense Technology,
Changsha 410073, China)

Abstract: Distinguishing multiple targets in the same resolution cell is an important and challenging task in the
forward-looking imaging process of monopulse radar. Although Doppler processing can improve the recognition
performance for multiple targets at high squint angles, the precise estimation of Doppler frequency remains
challenging under conditions with unknown target numbers and energy leakage from strong point targets. To
address these issues, this paper proposes a Fast Iterative Interpolated Beamforming (FIIB) algorithm with
model order estimation and single snapshot processing for monopulse forward-looking imaging, which combines
information theory to unbiasedly estimate the number of targets and Doppler frequencies. The simulation
results show the superiority of the proposed FIIB algorithm over the Chirp-Z Transform (CZT) algorithm for
estimating target numbers and Doppler frequencies within the same resolution cell in the presence of multiple
point targets. In addition, the proposed FIIB algorithm can accurately estimate point targets beyond a +5°

azimuth angle in monopulse angle measurement tasks. Real-data experiments also reveal that FIIB-based
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monopulse forward-looking imaging has high focusing capability and imaging contrast and can effectively

suppress background clutter.

Key words: Monopulse radar; Forward-looking imaging; Doppler frequency estimation; Fast Iterative

Interpolated Beamforming (FIIB) algorithm
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Fig. 1 Geometry for forward-looking imaging of a scanning radar
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Tab. 1 Simulation parameters of point targets
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Tab. 2 Estimation result of strong point targets (W,;/ W,=20 dB)

24 WAL H#r1 H#r2 (=R 15 H (G=ERD 15 H
True 0.2687 0.3000 / / / /
FIIB 0.2687 0.3000 / / / /
CZT 0.2689 0.2737 0.2578 0.2912 0.3063 0.3232
FFT 0.2656 / / / / /
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iz}
czZT 4.9230+3.1262j 4.6314-1.8004;j —-1.876740.8188;j 1.0581-0.5353 0.5413-0.8405j 0.3429-0.4851j
FFT  2.2325+5.0000j / / / / /
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Fig. 3 Simulation result of neighboring point targets (Af = 1/N)
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Tab. 3 Estimation result of neighboring point targets (Af = 1/N)

24 T H#71 H#52 (EEER & H % & H#x B H %
True 0.2844 0.3000 / / / /
i FIIB 0.2844 0.3000 / / / /
CzZT 0.2828 0.3021 0.3049 0.2734 0.3227 0.2550
FFT 0.2813 0.2969 / / / /
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. FIOB  4.9852+43.0081)  4.9980-3.0238] / / / /
SR CZT  4.108544.3364)  4.1257-4.3441j  1.5993-5.3751j  -1.91134+1.6013j  0.2152-1.7055]  —0.5516+0.9638;
FFT  3.08124+5.0246)  4.9664-0.8527j / / / /
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Fig. 5 Simulation results of FIIB for two targets situated in a Doppler bin by different iterations
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Tab. 4 Estimation result of FIIB for two targets situated in a Doppler bin by different iterations

ERIREQ f1 f2 Ay A
50 0.2899 0.2980 2.4221+2.4827j 7.3413-2.0001j
100 0.2915 0.2994 4.0880+-2.9784j 5.9220-2.9249j
200 0.2920 0.2999 4.7896-+2.9998j 5.2107-2.9917j
300 0.2922 0.3000 4.961742.9887j 5.0442-2.9834j
(HSH) 0.2922 0.3000 5.0000-3.0000j 5.0000-3.0000j

® 5 AMIEEBGESERTES K

Tab. 5 Simulation parameters of a forward-looking scanning radar
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155 Bk 58 (us) 1 WA (°) ~15~15
Jikh E S AEPRE (Hz) 2000 REAARELE(°/s) 30
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Fig. 6 Comparison of forward-looking imaging performance
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Fig. 8 Comparison of simulation results in forward-looking imaging
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