Advances in Geosciences HiERF}ZZRTHY, 2022, 12(11), 1468-1477 Hans Xl
Published Online November 2022 in Hans. http://www.hanspub.org/journal/ag
https://doi.org/10.12677/ag.2022.1211143

Bk R AT it B TR BT S5 25 R 75 S 2o EL A

I 4 xE B2

Lo E RRE R R S IR AU, dba
ALt B4R RS S RARE R AR, db5

E2

Wk Hi: 20224F11 0 1H; FHEM: 20224F11H23H; KA H: 20224£11)30H

H E

FERRER AR IR BAERE TS, FaHAE[RSP FERRSTE ST, RIOWIER. k&
B BB, HFHEMRERGEGESHEES. M T R IUREN GRS,
RS RE, REFESRNEESENFBRKEERE, SNERES], RERHER
MR I SEPREEXT LT T B ARSI B RIE KR AT IRHUR],  FR =R U 07 0
BHAT RN . S5REH, FSEBRENHE OREMR Q&R SR B R T Bl 5T TR - e A2 T8 e
BORELF -

XA

REEATH R TR, RO, ERMEREHRR, DR, SBHR

A Study on Time-Frequency Domain
Denoising Methods in Tunnel Advance
Geological Prediction

Wei Wang?, Xiaowei LiuZ

The State Key Laboratory of Resources and Environmental Information Systems, Institute of Geographic,
Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing
2Beijing Sikaiweike Geophysical Information Technology Co., Ltd., Beijing

Received: Nov. 1%, 2022; accepted: Nov. 23™, 2022; published: Nov. 30", 2022

Abstract

The interference of air vibration wave (acoustic noise signal), which is characterized by high fre-
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quency, large amplitude, late arrival, and overlapping with seismic reflection wave signal, often
occurs in the data acquisition of tunnel advance geological prediction. This paper introduces the
time-frequency methods to suppress sound noises which include short-time Fourier transform,
wavelet transform and S-transform. The mathematical principles of these three transformations
can suppress sound waves and improve the signal-to-noise ratio of reflected waves according to
the difference in time-frequency characteristics between sound waves and reflected waves. The
interference mechanism of air vibration wave to seismic record noise is analyzed through com-
parison of actual data, and three time-frequency domain denoising methods are used to suppress
acoustic wave. The results show that the time-varying filtering effect of S transform is better in
advance geological prediction of tunnel because the time-frequency window of S transform is
adaptively adjusted with frequency.
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Figure 1. Theory of Short Time Fourier Transform
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Figure 2. Schematic diagram of wavelet transform
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Figure 3. Seismic Record (a) and Spectrum (b) of Tunnel in Gulang of Lanzhang Railway
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Figure 4. Time Spectrum and Seismic Record of Short time Fourier Transform
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Figure 5. Time Spectrum and Seismic Record of Wavelet Transform
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Figure 6. Time Spectrum and Seismic Record of S-transform
6. S TIRALIBRI R MR IC R E

S ARHIVE SN, /NP AR — MARAAZ IR 5%, Hp HeR nTBE (S S5 I SEhriiiR mAe i,  HBAT Wl
BRI Feh rl I (5 5 R BRI, S ARHRAOIGE B st ELAOR, T 18] 2 st LA/, AT

ST SRSy BT I 1) A R 7
4, Z5ig

I AT 2 e 5 9 A ALk Bt 7 IS S U5V B T 3t 5 R T T P o T R B TR 2R S R

DOI: 10.12677/ag.2022.1211143 1475 HuERFL 2= ATV


https://doi.org/10.12677/ag.2022.1211143

Eff, MFET

) - BRI, SR TS A BE I TR A3 A U o SR o S R B 1 7 R i o L oW, 45 2R AR,
I AU 25 e =Rk T S ARHRIKIN A BT LI BEAR B G B, S AR e BE TE R AT st o T I 2208 I
HHROR BB

&E 3k

[1]

[2]
(3]

[4]

[5]
(6]
[7]

(8]
[9]
[10]
[11]

[12]
[13]

[14]
[15]
[16]
[17]

(18]

[19]
[20]
[21]
[22]
[23]

[24]

[25]

[26]

K, W, AR, HEG. TSP 75k E TR T A 18 LT PR A AR B K R 3k 55 9¢ 2 26 1 Tt 75 [3].
HiERIEL 233, 2018, 33(2): 892-899.

Il MR TSP203 Fk 18 68 Hi i TT TR 2 Su Rk i 25 (0 BR 3RAF 7E 0], AR Hh IR ~#4H, 2016, 13(1): 82-87.
XUBA Y, ZEHOR, b, T4, W, SR TSP TRHERN 2R & VORI AT VAR AT [I]. /K SCHE T TRE
J§i, 2016, 43(2): 159-166. https://doi.org/10.16030/j.cnki.issn.1000-3665.2016.02.24

B . @ 5 vk P T 78 i b 5 TR TSP ¥ B FH AR B s i[RI 2 F 9 [D]: [ 227 18 3], R 7H g A0 K 2%,
2020. https://doi.org/10.27414/d.cnki.gxnju.2020.002012

ATl TSP-203 2 St e W& A8 By 53 U3k o A4 ST 72 [D]: [ 24018 30]. Kvb: HHEg K2, 2005.
BRAUI. E-TAAE 5 i S o At 5 R A0S B AR H 72 [D]: [ L AR ], Bl BFHHE R, 2019.

HEE. HREAE S WIS AT 7 YR 5 R S bR N [D]: [ 2E e 3], dbat: S Ef R 2E (I ), 2019.
https://doi.org/10.27643/d.cnki.gsybu.2019.001388

FIIER), B NSRS EABIL - T ARV R AW []. Hh R AR, 1993(6): 765-772.
4. 18 A TSP-203plus % I ERATT 25 A7 76 1 i R i e 7 VR[], LAR B &, 2011, 29(7): 62-64.
i, AR, SR, Ul VSP 5 a A5 KA VA TE REIE R BT TR A R A 0] RS GER, 2016, 40(1): 214-219.

TRFOR, (THES, 75V, S S PO Ao 2275 R i 22 IR [0]. & MROR 22 F 4 (MR 54 AR), 2002(1): 96-99.
https://doi.org/10.13278/j.cnki.jjuese.2002.01.023

DU . RSB Radon A8 4 S JLREFH BT U [D]: [l 27 Ar i3], KA #HHR K%, 2008.

FEL, XN, r-p ASHTE R S5 b 5% 88 A TR % 23 88 b B R EUE AT 7L (3], Hhaky B 22k g, 2012,
27(5): 2216-2225.

K pE. HET Radon AR S M BAE 5 £ EEFFT[D]: [ 240018 50). B BRI K2, 2012,
B, R A, Matlab BFAR AT AR K& H B M), A6 A BSHIE EL H piAt, 2006: 1-2.

X, s 28 2 I A {8 387 77 v s i b 2 B AR B ATLIGE 75 A 72 [D]: [ L2418 0], K& HMOKE, 2013,
TG, SR, FOLIR, Ak, XISIAY. TURRE AR AT 7 VAR B R AR S A (1 R B X LG [CA/2018 AF A [ M ER R}
A EARES W E(C ) ——% 8 59 THAE IRV B ARSI . Ll 60: MR R HT IS 525 A
FRMFr AR, dbnt: S EHhERY 5 25, 2018: 23-24.

MG, 2RI, %, TR T e A e B AR e (R R SR AR B ATL R S R T VR [9]. B AR, 2021, 70(16):
134-146.

FHE, e, Bt S e (e L A 3 o3 A vk e S ], Hb BRI L2430 R, 2021, 36(6): 2581-2587.

FRATAR, RAE, k. RRHME RN AR GPR HIEMRE R N H[I]. MRS 10IR, 2016, 40(6): 1227-1231.
BT, AR A R FEAE 5 2 AR i N A AU [D]: [ 2448 3], Kvb: s g KA, 2005.

BOm. BTN E S S M EOR IS [D]: [ A0ie 3], dbat: b E S S M sE HF 52 i, 2016.
bk, 25485, BKGE, Rk, U /N AR T ) | ek 2k bR B 5 % 1 A b BT TR R 8 [9]. R S LR,
2021, 45(6): 1504-1511.

INERPE. TS AN Gabor [ R &I H TR BT Wi 5 5 Ab 3 A (1 S AIFAC[DY: [ 22408 5. R
I K2, 2017.

Ghr. TS AR T2 3 2 o B AT UG T VERT A[D]: [ A0 3] dbat R EETE K2,
2020. https://doi.org/10.27623/d.cnki.gzkyu.2020.002150

B, HEE S0 X S AR AR T [C/2015 A [E HER LA & A ARS8 AR (1) ——5% /8 28 B bR
PRI N bR . S8 29 Biihsh 1 5EEIR. AR 30 VESIWTE . MRS SR, dbal P
[ bR HE 22 45, 2015: 79-81.

DOI: 10.12677/ag.2022.1211143 1476 HuERFL 2= ATV


https://doi.org/10.12677/ag.2022.1211143
https://doi.org/10.16030/j.cnki.issn.1000-3665.2016.02.24
https://doi.org/10.27414/d.cnki.gxnju.2020.002012
https://doi.org/10.27643/d.cnki.gsybu.2019.001388
https://doi.org/10.13278/j.cnki.jjuese.2002.01.023
https://doi.org/10.27623/d.cnki.gzkyu.2020.002150

Eff, MFET

[27]

[28]

[29]
[30]
(31]
[32]

[33]
[34]
[35]
[36]
[37]
[38]
(39]

[40]
[41]

[42]

Wi, RMEZE, MEE, W8, @4 S AW AR PE AT KA B A 1 N R T[], T RS AR SR AR (A R R
2£h)), 2009, 31(6): 56-58+208.

BORE, IRYREE, BRbeT, KN, SRU9I, RS, BRMh. TR NE AR B AR SR RS ) D i),
[ e 3R, 2018, 23(5): 100-110.

BERYE, JURPES 8354 5 v S AR S A< 2 SR i B F A 0 [D): [ 244018 5], il e #REE 1K 2%, 2014,
R, BT S AR LR S AT, NS A TAL T, 2016, 42(Z2): 57-60.
BaEns, R, A, A= TS BHEE ST B BIEEAR, 2016, 11(4): 808-813.

im0 R AR RS S 1 g R B BT [D]: [ A A 5], dbmt o B AR (AR R),
2018. https://doi.org/10.27643/d.cnki.gsybu.2018.001342

T T SO AN AR e ) AR R A 5 M 7S R R R FE[D]: [ 20085, K FHARK, 2014,
ZRA, FIER, OO, KRR S ASHAETT S 2 M R [I]. HRE 223K, 2012, 34(6): 830-840+879.
RN BT S AR R A 5 A TR RS R I FE[D]: (A28 3] RS PH R A K, 2011
YR, Ak, FIC), X LY ST TVESRR ). B R kR, 2010, 33(4): 239-246+227.
TRaE, TR, IRVE, TRISEL /N I e R T K S A [J]. AR ER B 24, 2008(2): 196-200.
JAMSR. BT /NB AR M RS 5 VR 5T 5 R [D]: [A L2 A0 L] B BB EE T K%, 2006.

PRegte, PR, SOt S AR MAEMIR 55 A B P A ML [9]. Hidl R AR 5 b2, 2005(4): 449-453.
https://doi.org/10.16337/1.1004-9037.2005.04.020

R, PR R U A R A R U TR B A B R N [J). R R HOR, 2017, 8(1): 24-28.

https://doi.org/10.16520/j.cnki.1000-8519.2019.18.017

. FT MATLAB /NS B I TR A5 5 1 0T FE[D]: [t 22001 50]. RJE: b k2, 2012.

DOI: 10.12677/ag.2022.1211143 1477 HuERFL 2= ATV


https://doi.org/10.12677/ag.2022.1211143
https://doi.org/10.27643/d.cnki.gsybu.2018.001342
https://doi.org/10.16337/j.1004-9037.2005.04.020
https://doi.org/10.16520/j.cnki.1000-8519.2019.18.017

	隧道超前地质预报中时频域去噪方法对比研究
	摘  要
	关键词
	A Study on Time-Frequency Domain Denoising Methods in Tunnel Advance Geological Prediction
	Abstract
	Keywords
	1. 引言
	2. 时频域去噪方法原理
	2.1. 短时傅里叶变换
	2.2. 小波变换
	2.3. S变换

	3. 实际数据处理与分析
	3.1. 短时傅里叶变换
	3.2. 小波变换
	3.3. S变换

	4. 结论
	参考文献

