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An adaptive height measuring method in complex terrain

based on terahertz imaging
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Abstract: In response to the issue of precise altitude measurement in complex terrains where
existing proximity sensors struggle to adapt, a novel imaging—based adaptive ground altitude estimation
method in the image domain is proposed. This method applies the principle of Doppler sharpening
imaging to the forward-looking view scene, taking advantage of the high resolution in the terahertz
frequency band and the short synthetic aperture length. It utilizes terahertz forward-looking imaging for
terrain perception, transforming the one—dimensional distance measurement of traditional proximity
sensors into two—dimensional imaging measurement, thus achieving precise perception of the terrain and
topography directly below the motion trajectory. After obtaining the ground target image, the altitude
estimation is realized by fitting image domain features using the characteristics of the ground image.
Theoretical analysis and simulation verification were conducted on the parameter design and imaging
algorithm of the forward-looking Doppler sharpening imaging. A terahertz proximity detection system
operating at 220 GHz frequency band was developed and unmanned aerial vehicle-mounted tests were
carried out. The tests show that this method can effectively perceive the ground environment, eliminate
interference from corner reflectors, trees, and other targets on ground altitude measurement, and achieve
an altitude measurement accuracy of 0.5 m. This demonstrates the feasibility of the terahertz imaging—
based ground altitude estimation method and lays a foundation for improving the adaptability and

perception capability of proximity sensors to complex terrains based on image domain features.
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Tablel Simulation parameters

center frequency/ band width/  pulse width PRF beam width . fall angle a velocity number of
. . A@) height H/m
GHz MHz /us /kHz (azimuthxpitch)/(°) /(°) /(m-s™") pulse
220 300 2 400 20%60 35 302 45 500 128

range/m

450 500 550 600 650 700 750 800
Doppler frequency/Hz

(a) range—Doppler image
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(b) geometrically corrected image

Fig.5 Simulation imaging results
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Fig.6 Resolution simulation of ideal point target
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Fig.7 Diagram of the experimental system
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Table2 Parameters of the experimental system

center frequency/GHz band width/GHz pulse width/us PRF/kHz beam width/(°) platform height/m  platform velocity/(m-s™")
216 3 80 5 2x20 30 5
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Fig.8 Diagram of the frequency source and its connections
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Fig.10 Photograph of the experimental system mounted on a drone 11 92037 g R IR
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Table3 Comparison between estimations of proposed method and GPS measurements

height/m velocity/(m+s™) fall angle/(°)
estimated by proposed method 353 5.36 -0.57
measured by GPS 35.8 5.67 —0.02
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Fig.15 One—dimensional range profile and two—dimensional range-Doppler image
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