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Research Progress of Terahertz Radar Technology
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Abstract Radar in terahertz regime has great advantages compared with microwave radar and infrared detector,
such as high range resolution, strong penetrating ability, low intercept probability and strong anti-interference
ability, etc. On the basis of analysis of characteristics and advantages of terahertz radar, research progress of
terahertz radar systems reported recently is introduced first. Then, study of target scattering characteristics and
radar imaging technologies in terahertz regime is reviewed and commented. Some of the key technologies and main
research directions related to the terahertz radar are pointed out correspondingly. Key parameters of terahertz radar
system are analyzed and simulated concerned with military applications of space target detecting and radar seeker,
which helps to provide reference for the application development of terahertz radar.
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Fig.1 A 225 GHz pulsed radar and measured result. (a) Photo of radar; (b) Doppler return wavefrom a tracked vehicle
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Fig. 2 Block diagram of 675 GHz radar and imaging result. (a) Block diagram; (b) radar images of body with concealed pipes
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Fig. 3 Schematic of 2.4 THz imaging radar and its result. (a) TQCL-based THz transmitter/receiver system;

(b) azimuth/elevation image of the 1/72 scale model tank
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Fig. 4 KOBRA radar and imaging result. (a) Transmitter/receiver {ront-end; (b) data acquisition and control;

(¢) ISAR image of a bicycle
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Fig.5 Linear-array scanning synthetic-aperture imaging system. (a) Experimental setup; (b) schematic of workflow
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Fig. 6 1.56 THz laser-based transceiver and measured results. (a) Schematic of configuration; (b) azimuth/elevation
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Fig. 7 Phase-hologram-based compact range system and measurement result. (a) Structure of the facility; (b) measured
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Fig. 8 Fiber coupled terahertz time-domain spectrometer and its results. (a) Structure of the system;
(b) measured RCS of scale model aircraft Whirlwind 200 and F-117
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Fig. 9 Fast optics scanning system. (a) Schematic of beam scanning path including the critical fast rotating mirror;

(b) photograph of the radar optics along with an inset showing the fast-scanning mirror mounted on rotary stage
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Fig. 10 Synthetic-aperture reconstructed images of a metal block. (a) With BiFFBP algorithm; (b) with GBP algorithm
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Fig. 11 Terahertz array transceiver and imaging result. (a) Sketch of the planar array imaging structure of emitters and

detectors illuminating a target; (b) cross-range slice of 3 simulated point targets reconstructed with back-projection
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Table 1 Power performance of terahertz transmitter at present

Frequency /GHz 220 340 480 550 670 850
Power /W 50 20 10 1 0.108 0.141
Bandwidth /GHz >5 8 10 10 >15 >14
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Table 2 Noise figures and sensitivity of radar receivers
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Noise figure /dB 9.5 10 12.3 13.2 17. 8 34,7
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Fig. 12 Simulated curves of range-detection probability for (a) pulse-compressed radar and (b) pulse-Doppler radar
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