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Abstract

At present, the problem of mine safety in China is becoming more and more prominent. Mine
mining is accompanied by rock rupture. The time frequency analysis is used to study the mul-
ti-source signals of rock rupture. Commonly used time-frequency analysis methods include
short-time Fourier transform, wavelet transform, and S transform. This paper first expounds the
principle of various time-frequency analysis methods and compares and selects them to know that
S transformation is the optimal time-frequency analysis method for processing various signals.
Through the S transformation, signals such as rock rupture, blasting, percussion, drilling, forklift,
etc. are processed to classify the outstanding characteristics of the signal, such as frequency,
energy, amplitude, duration, etc., making the signal easy to distinguish. It provides some help for
feature extraction and analysis of multi-source signals.

Keywords

Time-Frequency Analysis, S-Transform, Multi-Source Signals, Characteristic Analysis

E T STHRIFFHERE ST

LRE, IR, FEK, FHL
USISIRIPN 21 E TN AT

Email: jincai@ncst.edu.cn

Wk HiA: 201942 H28H; A HEM: 20194F3H13H; &4 HiH: 201943 H20H

=
48, REFTLZEREAFLE, TIWTREREEAER. SXCaaBETENSIRGES, KA
DERER

WESIH: INTREE, ERRE, R, WA BT S BEAUEEE S5 a8 0]. N, 2019, 9(3): 149-156.
DOI: 10.12677/app.2019.93018


http://www.hanspub.org/journal/app
https://doi.org/10.12677/app.2019.93018
https://doi.org/10.12677/app.2019.93018
http://www.hanspub.org

% 4%

BT SIS S HATHI AL WA RO 5B A A R 2, NNER#, SBHRE. AXELHE
BRE MR LR, FFHAT RIS, NTAMSEE A ML MG SR F k. B
SEBITARWR. B, W L. FESETHTAE, RERMGESEENE, WHE. gE. &
B KPEERTRSE, EAESZTXS, AZBWEESHRMERRUL ST RE T —EHBh.

XK ia
AT, ST, BIES, M

Copyright © 2019 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).

http://creativecommons.org/licenses/by/4.0/

1. 3]

W7 BRI 2 i K DL PR R R B, BUAE, T EEA 90% A RN Tk IR AR R B
WIMR 1] RIS, 87X I DL At 5 P o o ) S KRR, o - TARR AR5 3, AT, 728
NI TR, R AR R BN T, R AR (K3t 5T SR e g B B A R AR R T A A ), e LA
T AR AL £ [2]. T TRMRME RS, BEESRE, ETESHILRMARNRES, T
FPUHE SR a0 RS 5 T ORBER™ (LTSRN 54 2E g W 7 2 el LGB

2. ZRESHRIG LR
2.1. RHASHAE

I A T R AL B AR AR 5 B DT i, A2 — SR8 5 RS 1) — 4 IR 2 ] F) — o 220 1 AN 2 i
Jiike G5 BRI M B SRR T BA IR F — AL ([3]. WA IR R AR, A ARZ AR
B SN AT W, B AR5 T O R R, A B T AV BB, XTI IR I AR A I AR
. SARH. PNEEHLE,

2.1.1. FERHMEEMHTEH

L R FRL AR R X B AR RS RRAE S I — PR A BT T, BB — 4 IR AR B0 1E 5 AR R Ak
TERNT CNN ACBR) Z4ER R —Fh B I S 5 B AR E 1S (4], 155 AT TR A(e)idd i 380 0 e ek
h(H B FEREFR N Fourier A2 #: () IEAZ #[5], FHEC AR R A

h(f) =X oh(r)e " ds M
L, B9 0 B¢ HIEf 4 o=2nf .

Fourier 28 /2K 15 5 I SRR SR K, Btk b, {55 B0 7R, (R ERAE S i,
NE R g(n), HAAETFRIE S h(Bik, K/ NBAE S BMZ 0@ Fourier 484, Bl I [A) 4l H &
BREIRE SN, FAME SR TR, RN A T RERE, R 2 U BAE S I A A
EEL, RO EAG IIAE B R UG S, RAE T A R SR T, JEHh, I R A AR
R N[6] [7]:

][l

Ciw (t)=g(t—z’)e'i”' )

DOI: 10.12677/app.2019.93018 150 N A


https://doi.org/10.12677/app.2019.93018
http://creativecommons.org/licenses/by/4.0/

% 4%

JREL 18 FEL - 20 A 308 1oL e A 8] ¢ Ak 455 I 38 LB AR5 SR W A5 5 () 7E I 18] ¢ _E RO AF AL,
FELIPTFBOH OO T E R g(05155 hOMFREIL, TR A(8]:

STFT (z,0)= [ h(t)g(t—7)e ™ di 3)
STFT (z,w) 72 h(e) IR & B AR A Y, IF 5 2L L N RER I — AL SR AR R, ]I
le@=["|e(0) di=L]e..| =] ]g..| di=1 )

JFt R L P 8 gy ST 2 R FH o T R OZE I 380 5 R A 7 e (RIS TRl B SRR AT AR, AT
AT AR oy e i i o S S s, @ e AT LR, BE B ) ¢ E SRS E, B
O B BRI I (R R R 3, FH SR Fe 3 SRR 0, (AR S 5 A B I A 8]
2.1.2. INFEER

AN HGE T DOEA R g, WAREDE, 1Z07E] Do BUE 2 1) /NE R AL, SR IS 200 2
FHIEAT 5 BT SR AR B8 IO 3005 95 22, SION T 200 FR R o A K REARL, T AR A5 5 AN [ DX I v gt
AT 22 SR 1 VA R . 7 VR I A BB R R B8 /N A E 4 i B3R s VIIR S S, sk
5 0 R L I A 4 PR 5 K DX gl T8 A ) P 2 /N8 R 5P ol 4 P SR i — 2H 7 R 26 AN [ IR TR AS #2
seARA), P LS B 33000 9 2 1 0 S 1 B 1) TH RE[9]

T SUNBARAR N R B v (1), NG R PR AR S S T L By
%%%m¢ﬁﬂmmu,%Aﬁziﬂ{%?)Jﬂﬁmbﬁﬁﬁ%%ﬁﬁ5ﬁﬁ,%Aﬂﬁ%ﬂ¢%,

NS AAT BRI, fE R O R RO RTAR T 4R SR B, SR
CURIRAR 5 BB, N2 [y (e)de = 0.y (O] = [ | (6) de =1, Bkt gpE R afi
DA R S T L — P S R, B A () NAEPRA(E S, SN B AR

CWT(a,b) = Laj*:h(t)w(%jdt 5)

N R AT DAARE BRI (5 SR AR TR I, R B T UK FESE K RUE S 4, NI 330 B
eSO ERAR, NI EYTRE, R DR B AR HRs 5 350N oR ER I AR R AR, A BN R R
PEAF SORSEEL h() 2 5 B S HT[10]

2.1.3. 8 i

S A5 f 2 Stockwell T 1996 SEHEHI[7] [11], KRG RHE BB B AKX 3), IIANTH R &
T R A S A A, A I B AR K S T R SIS 5 N SRR A b I Th RE S, A8
LI AR A ) Kb FORE E 52 B R AU BT B R A, XRDSR ] Gauss & BT DASRASHE 5 B /N 58 575 9
FeA[3][7], HHE X Gauss & ERECN:

g(t)=—=c? (©)
7 B 25 U T 45355 S R I R 5

(o)
e 202 (7)

t,o,7)=
g(ar) oa/ﬂ

X wEET 7, RERT o, AAARG)H:

DOI: 10.12677/app.2019.93018 151 I EEY/BEH


https://doi.org/10.12677/app.2019.93018

% 4%

(=)’

L a0t iy, (8)

o2

S(r,f,a)=.f+wh(t)

—0

H1Z0(8) I I, Gauss T RN TEFEREE o AT ARAL, HECRIN B HE3, JE3RAME
SRR RAE S 1| /] ) Gauss ERE, FRINIRIE S AR SR HER Z BIEE, TTH o 55
AR, W4

o= 9)
BORN@)MIHES H S B HAK:
o T
S(z,f)= Leh(t)Fe 2 gy (10)
T
HERECN
T
(o(t,f)—me e (11)

1 _EIR(8)~(10) AT fil, S ASHRAEMIE BT R (1, f) I T B BB A B R, @R o 550
RELER, MBI R ZORIAT @M SR, BoR T S BHIEI L RN RIRE . S35l
N BAR AT DA S AR HA) 2 3C

3. RSt A & RE
3.1. BRI HREL B

WL LL KT HT STRT SR BEMISIR WA,  I H A 2 e o I RSP BT, B D RS A%
wg(r) =11, STFT #LiBW A T R — KR BRI SR, Bl Fourier ZZ HAl JR ORI A5 =, @I 505, w0
R, IR PER AT AR P JE IS, FECAE S R BN TS LG R, R —J7 R i 5 2 3 505
— TR

NP A AL SR UGS S IR, KA NS R — RN AR TR AR e, AR
AMERTERAFE T RIS S, T SREUE 5 MG R [12], DR BOE RS a KSR /N e )
FEAR S AE/INBEAR K 23 M7 45 ROFASRE IR A (8] - SRS, AT S U S RAAE RS A — € 1 1A i
AR E 515 5 B B SEIR AR EHEA R

S AR H[ 13170 2 2R T by A A L AR 0t SCRT FR /N B AR - S AR R R P AT R I kK 5 R
Jo S ARk HE N BRI AR R L R R D R, H e 20 i o B (R R A T DURR A L AR g AR
RN 5 AT SIS IR 0000 3 (42 ) s 5 /N R AR LE R i KR 3AAE T, ERT DU 5 5 IR/
I TR, e BRI SRR, F34h S ASH AT R I 0 B i AR R N AR S A AR R AL, X T2 00
BME A TR, S ARG RAFAESZ I, AEHI U A AR 2 1 ORIESRTH12].

3.2. S TEBEIL

LZiLEPTE, S AR T H AR ISR AV R B A CUR DT I A A B, SRR I AR
S/NBARII B G R, N T /NI 2 73 B oA BB AR, AR e I LI e B I AR R I
Wl € IR L, RERLIF G ML AR T AR S AR AR AR R e 56 =, SRR 5 e LS AR ALk
SEEMAE SHAL. =, S ARk T R I L AN N AR B A AR . A AEAE AR I
MR BSOS BT R B R 2 T S v

DOI: 10.12677/app.2019.93018 152 I EEY/BEH


https://doi.org/10.12677/app.2019.93018

4. FHEESEE LR IRE
4.1. HiEESEES T

K S ARFIS BRI SINET (AR A 5 R 303 I (AR A Jek b 5 T PR 6 5 A, DU
SRS SR, AENME S0 50 RIKE . ARIEIRIRAIAF, RDRHE 5 W] 3 E i, B, i
i, ke, Il RS BTG4 1 5 2.

R S PTE E

15 200

BRIESREE

—_
(=}

(<]

Velocity (mm/s)
S
Velocit (mm/s)

|
o

|
—_
o

15 L L L L L L L L ~ . \ L L \
0 500 1000 1500 2000 2500 3000 3500 4000 4500 2000 500 1000 1500 2000 2500 3000
Time (ms) Time (ms)
REESERE kR E SR E
200 . . . 5 . :
150+ g
of
100} g
50 g -5 1
E o0 £
* +-10 B
8 50t 1 28
K =
-100 f 1 -15 1
-150 1
-20f J
-200 b
-250 L L L L L -25 L L L L L L L L L
0 500 1000 1500 2000 2500 3000 0 200 400 600 800 1000 1200 1400 1600 1800 2000
Time (ms) Time (ms)
0 shFLIE SR ME P SRME

L

Velocit (mm/s)

L L . L L . . _ : : . . L L L
0 500 1000 1500 2000 2500 3000 3500 4000 500 1000 1500 2000 2500 3000 3500 4000
Time (ms) Time (ms)

Figure 1. The original atlas of signals
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Figure 2. Time-frequency spectrum of S-transform signal
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Table 1. Characteristic range of various vibration signals
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