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Fig. 1. Program tree of adaptive SR system.
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Fig. 2. Processing chart of terahertz signal detection with adaptive SR system.
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Fig. 3. (a) The time domain graph and the spectrum chart of the noised different-frequency signal and it’s

twice sampling spectrum chart; (b) the time domain graph and the spectrum chart of the noised different-

frequency and it’s scale recovery spectrum chart after the adaptive SR system.

B BE Y6 R 29 19 m 2 18] (15 9 AN I & A
W RFESR fo = 5 x 107 Hz, —ICRFEHR
fo = 5 Hz. FEMEEME S oA B & RMFEHLILIR
ARG, SRR L RE R 1 F gl

R1ExR T adBENMBIUSHR RS, Kbk
BHIE RGN EZIUE SRR ERERLES

fEMELLIG 5. 72 9 /NI & A b, Bl & I 0 B 1 O
N, ZERE SRR BE 2 k), Zat H S N BE LR
R GG S EME IR, [E M L 25 [F2P 1K, H
FHE R B R = 1000 mm 5 e EE 8 25 f ok, N
11.761 dB. HILTF] WL, A7 T K& 1A
R RE /7, {5 LG 2505 9.684 dB.

R ZMUE TR R B Ak I X L

Table 1. Comparison of the different-frequency signal’s details at different measuring distance.

MFFEE R/mm

1000 2000 3000 4000 5000 6000 7000 8000 9000  “FfH
fu/Hz 1x10° 2x10° 3x10° 4x10° 5x10° 6x10° 7x105 8x10° 9 x 10°
a 0.002  0.002 0.002 0.002 0.002 0.002 0.002 0.002  0.002
b 0.012  0.018 0.024 0.028 0.030  0.06 0.88 0.98 0.98
SNR/dB —0.179 —1.152 —1.823 —1.998 —2.384 —2.650 —2.931 —3.443 —3.741
SNR#35/dB  11.761 10.788 10.117  9.942  9.555  9.289  9.009  8.496 8199  9.684
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Fig. 5. The output SNR graph of three methods under different intensity noise.
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UK 2215 53R 35 B Re itk T 471

5 %

AROCHRH T — P BT E & B FE UL IR P Y
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1T ZUCR AR SO B d BN BEAL LR R4, il
H a3 2R S EOHEATE S MR, MambES
AT RS, Mg s Hp S B A I 2 40E 5
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Abstract

Terahertz radar research has attracted widely attention of researchers due to its advantages such as short wave
length, wide bandwidth, no blind spot, low power, and low intercept rate. It is generally considered that the echo signal
of terahertz radar system is a signal with noise. Therefore, it is necessary to reduce the noise in the process of the
frequency spectrum analysis of different-frequency signals. The fast Fourier transform (FFT) and the filtering method
are commonly used in radar signal processing. The FFT method has lower ability to estimate the frequency of signal due
to the interference noise. The filtering method detects the signal from the angle of noise elimination, but at the same
time, it weakens useful characteristics, blurs position information about the signal, and affects detection capability of
terahertz radar system. Aiming at the problem above, a method of detecting terahertz radar signals based on adaptive
stochastic resonance (SR) system is proposed in this paper due to a phenomenon that the noise can be suppressed while
amplifying the weak signal by transferring the noise energy after going through the SR system. With the different-
frequency signal processing method of the twice sampling, the adaptive SR system and the scale recovery, the optimal
parameters can be obtained automatically and the ranging calculation can be completed. Comparing with the FFT
method, the mean output signal-to-noise ratio (SNR) gain through the SR system is 9.6843 dB at different measuring
distances. When the measuring distance is 1000 mm, the initial spectrum value increases from 110.1 to 7172, which is
64.1 times higher than original value. The initial SNR of the whole system is improved from —11.94 to —0.179 dB, the
gain is 11.761 dB. Comparing with the filtering method, the largest SNR gain is 6.485 dB when the measuring distance
is 1000 mm, which is increased by 70.56%. When the input noise intensity is between 0.5 V and 1 V, the output SNR
of the adaptive SR system is higher than that of the traditional filter system, but the gain is small and the maximum
SNR gain is 2.148 dB. When the noise intensity of the system is between 1 V and 5 V, the SNR of the adaptive SR
system is obviously higher than that of the filter system, and the largest SNR gain is 14.018 dB when the noise intensity
D =5 V. The SNR curve of the adaptive SR system tends to be smoother and the curvature is 0.507, while the SNR
curvature of the filtering model is 3.765, which is reduced by 86.5%. The method proposed in this paper not only solves
the problem of noise coverage in the different-frequency signal, but also uses the characteristic that the noise energy can
be transferred to the signal, to improve the output SNR of terahertz radar system, which is beneficial to further signal
processing. Experimental results demonstrate that the ranging capability of the THz radar system is greatly improved,

which has high application value and wide prospect in practical engineering research.
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