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Fig. 1. Time-domain and frequency-domain diagrams after stacking 1, 4, 8 and 16 times to suppress random noise, respectively.
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Fig. 3. Example of the basic procedure for the random noise suppression using MSTFT: (a) Synthetic noisy signal; (b) instantan-

eous amplitude; (c) instantaneous phase; (d) peak amplitude; (e) peak phase; (f) reconstructed signal.
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Fig. 4. The de-noising results of 3 sets of random noise simulation: (a) High-precision time-frequency domain amplitude of simu-
lated data under low noise intensity; (b) time domain results under low noise intensity; (c) frequency domain results under low
noise intensity; (d) high-precision time-frequency domain amplitude of simulated data under moderate noise intensity; (e) time do-
main results under moderate noise intensity; (f) frequency domain results under moderate noise intensity; (g) high-precision time-
frequency domain amplitude of simulated data under high noise intensity; (h) time domain results under high noise intensity; (i) fre-

quency domain results under high noise intensity.
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Table 1. The parameter estimation after de-noising of 3 sets of simulated random noise.
Ey/nV Ty /ms Af / Hz SNR/dB RMSE/nV
{55 1(SNR = 0.68 dB) 200.19 4 3.01 149.2 + 2.8 0.03 £ 0.01 32.67 1.03 + 0.55
{552(SNR = -5.20 dB) 202.61 £ 4.90 152.0 + 6.7 0.04 + 0.03 24.01 3.79 + 1.89
H53(SNR = -11.22 dB) 204.12 4 5.96 154.4 4+ 12.8 0.04 + 0.06 20.81 5.81 & 2.42
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Fig. 5. Comparison of the de-noising results by using stacking and MSTFT methods: (a) Results of random noise elimination by

stacking in time domain; (b) results of random noise elimination by MSTFT in time domain; (¢) comparison of the de-noising res-

ults by using stacking and MSTFT methods in frequency domain.
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Table 2.  Comparison of the parameter estimation after random noise elimination by stacking and MSTFT methods.

Ey/nV Ty /ms Af /Hz SNR/dB RMSE/nV
WS ql 16WE N 167.49 270.1 -0.53 ~16.81 484.95
MSTFT 197.42 + 4.41 102.6 + 5.3 ~0.31 + 0.09 11.07 13.31 + 8.09
M1 g2 16BN 163.78 285.5 -0.65 -16.85 487.52
MSTFT 195.77 + 5.02 103.9 + 5.9 ~0.34 + 0.10 9.83 19.10 & 10.83
20 g1 32 E M 217.43 336.9 -0.74 ~17.05 498.41
MSTFT 205.20 4+ 6.25 105.7 4+ 8.7 ~0.36 + 0.11 8.08 24.31 4+ 12.36
20 g2 32 E M 221.51 359.4 -0.92 -17.21 507.79
MSTFT 206.21 + 7.47 107.4 4 10.9 -0.37 + 0.11 6.91 27.70 4+ 18.64
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Fig. 6. De-noising results of field data: (a) Original field data; (b) random noise elimination by stacking; (c¢) random noise elimina-

tion by MSTFT.
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Fig. 7. Comparison of the de-noising results of 4 pulse moments by using stacking and MSTFT methods: (a) Time domain compar-

ison; (b) frequency domain comparison.
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Fig. 8. Parameter estimation after random noise elimination of field data by using stacking and MSTFT methods: (a) Initial amp-

litude; (b) relaxation time; (c¢) frequency offset.
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Random noise suppression of magnetic resonance sounding
. . . . *
signal based on modified short-time Fourier transform
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Abstract

Magnetic resonance sounding (MRS) has the advantage of detecting groundwater content directly without
drilling, but the signal-to-noise ratio (SNR) is extremely low which limits the application of the method. Most
of the current researches focus on eliminating spikes and powerline harmonic noise in the MRS signal, whereas
the influence of random noise cannot be ignored even though it is difficult to suppress due to the irregularity.
The common method to eliminate MRS random noise is stacking which requires extensive measurement
repetition at the cost of detection efficiency, and it is insufficient when employed in a high-level noise
surrounding. To solve this problem, we propose a modified short-time Fourier transform(MSTFT) method, in
which used is the short-time Fourier transform on the analytical signal instead of the real-valued signal to
obtain the high-precision time-frequency distribution of MRS signal, followed by extracting the time-frequency
domain peak amplitude and peak phase to reconstruct the signal and suppress the random noise. The
performance of the proposed method is tested on synthetic envelope signals and field data. The using of the
MSTFT method to handle a single recording can suppress the random noise and extract MRS signals when
SNR is more than —17.21 dB. Compared with the stacking method, the MSTFT achieves an 27.88dB increase of
SNR and more accurate parameter estimation. The findings of this study lay a good foundation for obtaining

exact groundwater distribution by utilizing magnetic resonance sounding.

Keywords: MRS, random noise, modified short-time Fourier transform, data processing

PACS: 33.25.+k, 93.85.Bc DOI: 10.7498/aps.70.20202044

* Project supported by the Excellent Young Scientists Fund of the National Natural Science Foundation of China (Grant No.
41722405), the National Natural Science Foundation of China (Grant Nos. 41874209, 41974208), the Key Research Projects
of Jilin Provincial Science and Technology Department, China (Grant No. 20180201017GX), the Science and Technology
Development Projects of Jilin Province, China (Grant No. 20180520183JH), and the Interdisciplinary Program for Doctoral
Students of Jilin University, China (Grant No. 101832020DJX066).

1 Corresponding author. E-mail: wanling@jlu.edu.cn

163303-13


http://doi.org/10.7498/aps.70.20202044
http://doi.org/10.7498/aps.70.20202044
mailto:wanling@jlu.edu.cn
mailto:wanling@jlu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

