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Novel Forward-looking Three-Dimensional Imaging Based on
Vortex Electromagnetic Wave Radar

PAN Haoran MA Hui* HU Dunfa LIU Hongwei
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Abstract: Vortex Electromagnetic Waves (VEMWs) have unique wavefront phase modulation characteristics.
As a new degree of freedom in the diversity of radar transmitters, the VEMW Radar (VEMWR) provides radar
cross-section diversity and improves signal and information processing dimensions and performances. The
detection and imaging performances of VEMWR have been verified in various radar systems. This article
focuses on the applying background of forward-looking radar imaging and proposes a time-division multiple-
mode scanning imaging method based on a Uniform Circular Array (UCA) system with multiple transmitters
and a single receiver at the UCA center. First, we establish the forward-looking VEMWR imaging mode and

corresponding signal mode. Next, an improved three-Dimensional (3D) back-projection and range-Doppler
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algorithm is proposed, which utilizes the magnitude difference at various elevation angles of multimode VEMW,

phase difference at different azimuth angles, and Doppler effect resulting from the relative motion of the radar

and target to achieve 3D imaging of the target. As the elevation angle increases, the beam pattern gain of the

high-mode VEMW decreases sharply due to the energy divergence of the VEMW. The proposed method can

maintain stability at low or high elevation angles using the energy distribution of multiple modes in the spatial

domain. Imaging results of point targets revealed that the normalized gain of target-imaging results is

equivalent either at low or high elevation angles within the multimode VEMW field of view. The proposed

method is validated through experiments with an aircraft target. Based on the imaging results, it is verified

that the proposed method can accurately reconstruct the 3D structure of complex targets.

Key words: Vortex Electromagnetic Wave Radar (VEMWR); Forward looking three-Dimensional imaging;
Time Division Multiple Modes (TDMM); back-projection algorithm (BPA); Range Doppler
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Fig. 1 Geometry of vortex radar forward-looking imaging
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Fig. 2 The coordinate system of vortex radar

forward-looking imaging

TS I RS
BASL | A2 | - |HEEN,| AL | EA2 BN, | o | B | A2 | - [BEEN,
A & 12 FWK,
-] JE Y JEY AWK,
7, |
BARKT

3 I 2R R B OR R
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Tab. 1 Signal processing gain of different elevation

i 560 P u&ﬁﬁ)\ﬁ:‘ fﬁw%: Uﬂ—ﬂgé by
(rad) Mt (dB)  MELL(dB) 25 (dB)
0.00 [0] 12.4140  52.3270 39.9130
0.01w [-2,2] 12.4140  52.3231 39.9091
0.027 [-4.4] 12.4140  52.3115 39.8975
0.03w [-6,6] 12.4140  52.2922 39.8782
0.04w [-8.8] 12.4140  52.2653 39.8513
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0.067 [[12,12]  12.4140  52.1887 39.7747
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0.10% [20,20]  12.4140  51.9482 39.5342
0.11w [2323] 124133  51.8693 51.4341
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