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Fig. 1. Measurement system of broadband terahertz one-di-

mensional (1D) range profiles.
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Fig. 2. Reflected signal of gold mirror: (a) Time domain; (b) frequency domain.
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Fig. 3. 1D range profile of step: (a) Time domain; (b) frequency domain.
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Fig. 4. 1D range profiles of different simple objects and their combination: (a) Cylinder; (b) step; (¢) combination; (d) step cone.
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Fig. 5. Comparison of 1D range profile experimental results
with Kirchhoff approximation theoretical results of Al
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quency is 0.9 THz and reflectance of smooth Al surface is

0.995 in theoretical calculation.
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Broadband one-dimensional range profiles characteristic of
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Abstract

The one-dimensional (1D) range profile is an important back scattering characteristic of objective, which
reveals the longitudinal distribution of radar cross section (RCS) along the detection beam. Since the shape and
posture can be reflected by the 1D range profile, it is of great significance in military to determine the target
orientation, velocity and whether it is armed. In this paper, broadband terahertz 1D-range-profile measurement
system is built based on the time-domain spectroscopy (TDS) system. It is in bistatic configuration (bistatic
angle of 9°) and the signal-to-noise ratio (SNR) is 34.5 dB, with a gold mirror used as a reflector. Benefiting
from the ultrashort terahertz pulse width (full pulse width of 0.52 ps), the bandwidth covers the frequency
range from 0.1 THz to 2.5 THz (peaked at 0.9 THz), corresponding to the range resolution on a submillimeter
scale.

Firstly, the 1D range profiles of several objects in different shapes are measured, including the step,
cylinder, step cone and their combination, which indicates that the geometric profile of the target in the
detection direction is adequate to identify the shape feature of the target and proves the reliability of the 1D
range profile measuring system based on TDS. Secondly, aluminum plates with different surface roughness in a
range of 0—25 um are also characterized. The Kirchhoff approximation theory and small perturbation method
(SPM) are introduced to illustrate the characteristics of broadband terahertz 1D range profile related to the
surface roughness of target. It is found that the scattering characteristic of metal object in the terahertz range is
sensitive to surface roughness. If the surface roughness of the object is larger, the peak intensity of the 1D range
profile will be weaker and the echo signal pulse width becomes wider. The rule is also applicable for the cases
with different incident angles. Furthermore, it is revealed that the time delay of the 1D range profile in the
bistatic system is related to the rotation direction of the target, which is useful in estimating the posture of the
target. In summary, the characteristics of 1D range profile for metal objects relating to shape, surface roughness
and posture are studied. The conclusions have certain guiding significance for the target detection and

recognition of terahertz radar.

Keywords: terahertz radar, rough surface scattering characteristic, terahertz time-domain spectroscopy

system, one-dimensional range profile
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Broadband one-dimensional range profiles characteristic of rough surface in terahertz band

Gegen Tana  Zhong Kai  Qiao Hong-Zhan  Zhang Xian-Zhong  LiJi-Ning ~ Xu De-Gang

5 Fi{# B Citation: Acta Physica Sinica, 72, 184101 (2023) DOI: 10.7498/aps.72.20222347
TEZE RT3 View online: https:/doi.org/10.7498/aps.72.20222347
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

o —FUBE AR WOR R 22 WO SE AT T AU B
Experimental study and simulation analysis of terahertz absorption spectra of « —lactose aqueous solution

WAL 2021, 70(24): 243202 https://doi.org/10.7498/aps.70.20211716

IR 2% e 1 IS R ) 7 35 e SO

Simulations and time—domain spectroscopy measurements for terahertz radar—cross section

YIFI44. 2019, 68(16): 168701  https://doi.org/10.7498/aps.68.20190552

IRGIRAEALL S5 B - PR S 7 [ R B A ) e P S B 5
Echo spectrum modulation characteristics of plasma flow field simulated by wind tunnel

PrPezd. 2022, 71(3): 035203 https://doi.org/10.7498/aps.71.20211471

IR ZE O F K oAb 2% 9 2 PR

Holographic detection of pulsed terahertz waves in terahertz time—domain spectroscopy

PyFEEEAR. 2022, 71(18): 188704  https:/doi.org/10.7498/aps.71.20220983

JOL FH R 2 A8~ T SUAR T IS S8 A B A AR R 2% i B A U3 S

Yao Jian-Quan

Birefringence characteristics of magnesium oxide crystal in terahertz frequency region by using terahertz focal plane imaging

YIBR2A4R. 2020, 69(20): 208702  hitps:/doi.org/10.7498/aps.69.20200766

BT A I A LR BRI 4 R 2% T 5 15 5 Ry vk

Adaptive stochastic resonance system in terahertz radar signal detection

YIBR2A 7. 2018, 67(16): 160502  hitps://doi.org/10.7498/aps.67.20172367


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.72.20222347
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.70.20211716
https://doi.org/10.7498/aps.68.20190552
https://doi.org/10.7498/aps.71.20211471
https://doi.org/10.7498/aps.71.20220983
https://doi.org/10.7498/aps.69.20200766
https://doi.org/10.7498/aps.67.20172367

	1 引　言
	2 超宽带太赫兹一维距离成像系统
	3 简单体及其组合的太赫兹脉冲一维距离像
	4 粗糙金属平板的太赫兹脉冲一维距离像
	5 结　论
	参考文献

