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Abstract: To accurately interpret microseismic events and alleviate time localization deviations caused by
background noise filtering, this study improves the time localization picking accuracy of microseismic signals is
enhanced while preserving the background noise. The time window energy is calculated to quickly locate the arrival

and end times of the signal, and the time-frequency characteristics of the signal are analyzed to identify instantaneous
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frequency mutation points, thus achieving precise time localization of the signal. We propose a time localization
picking method (TWE-TFC) based on the joint integration of time window energy (TWE) and time-frequency
characteristics (TFC). The performance of this method is validated using simulated signals, model test signals, and
field monitoring signals, and it is compared with the STA/LTA method, the AIC method, and the two independent
methods—the TWE and TFC methods. The research findings indicate that: (1) Distinct mutation characteristics in
signal energy and instantaneous frequency are exhibited when mine seismic signals arrive at and depart from the
geophone, which are crucial for achieving accurate time localization picking; (2) Characteristics of the arrival and
end times of the mine seismic signals cannot be fully represented in a single time or frequency domain, which
requires integrating time-frequency domain characteristic parameters to improve time localization accuracy; (3)
Compared to the STA/LTA method and the AIC method, the proposed TWE-TFC method improves the picking
accuracy of the signal arrival time by more than 67.76% and improves the capability to pick signal end time; (4) In
comparison to the standalone TWE and TFC methods, the average time localization picking error of the TWE-TFC
method is reduced by more than 68.11%.

Key words: mining engineering; microseismic monitoring; time window energy; time frequency characteristics; time
localization; background noise
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Flowchart of arrive time picking method for microseismic signals based on time window energy and time frequency
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2RI, R AE 115~125 kHz JEE N sh. &
0.5~1.5s JulE P, BEmfisphde aiiaiiny “u”
AR, B S ES. £ 1.5s 5, BERF
RS 0.5 s ZRTAHML. I &0 e BE
4Nk, SNR = 5 dB)IERME A T, N
0.552 403 s, #1EMT, N 1.475060s.

ST RUE(E SR, AIC IR HRERE 5 2IE
A SRR 1) 22 e R4 B A 5 I R AR I 21
STA/LTA i FE R I % (STA) AR B[] % (LTA)
WS S REE R B T3 ME, SR THORAS 5 1k
SRR ZI . SRTIIX 2 PO RS TCIE R T RS 5 4
1B 2 4R B

KA AIC . STA/LTA 3% TWE 2. TFC
P IR 36 FFAEAUE S 3T R A E AL, H5 TWE-
TFC 7 E s Bxf b . X AICEm S, & T
B BT, FIE S BE TG Gt R 2= 7ok
TG A, LA BURDRG FE O AOME T Bh it K
IR/ B B K BE— T 9 600~1 000 4~ RAE AR,
i JRZ MR, ASCH 1 000 KA SAE A AIC %
TN E AR, RV SN B Ly =0.002s. 1E
STA/LTA #H, St & AN & 1 K MR E S 5
LA AR BUARE FEA EE m, A I E I EA G,
A RE S SEGR R SES . fELhr b P RS Sl AR
H, — SR G RN S5 ARSI E
I RN B RN TR 2~3 EIUEE S
FJEA, KRR 5~10 £552, R RE
B S S RO £, =27.10Hz, TA!
4 PS5 REIR £, =500 000 Hz, @it &l
W, ASCEE R K L, = 0.092 250 s( Ly, =
521 )y MBI B AR Ly N 5 A58 Ly
BRI L 1, = 0.461 25 so AN[REEUTT IR 46 UL 73 45 2R
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HESARRZE, T WEEIEM SRR X
TR IR E . FTLLE th STA/LTA %, AIC

AT TWE SR A5 5 M IRERK, BB, A
HARGENE, NG T IX LR E UG 5 07
o 1M TFC VAFESR RIS 5 k2 4 IR HERf 5 iy ik
89%, (HMHPIREIRS, XF TG 5 1R 2
PeBNER o TR PR GRS /K2 52 [ E AH
X ANHRBR AL AT 5 AR 0 B R 1 T B 45

R BIHEXBAME 5 R B R

Table 1 Picking results of different methods for simulated signals
HLaR s 3R HUE (results of arrival time picking)/s 25 R 54 HUE (results of end time picking)/s
- BMES G STA/LTA i AIC 7% TWE 7% TFC 7% TWE-TFC¥  TWE &% TFC#%  TWE-TFC &

(simulated signals No.)  (gTA/LTA (AIC (TWE (TFC (TWE-TFC (TWE (TFC (TWE-TFC

method) method) method) method) method) method) method) method)

G-1-5 1.060 740 0.927 830 0.966 620 0.926 839 0.452 384 1.034 356 1.721 059 1.435 487
G-1-15 1.025 778 1.909 886 0.964 024 0.745 303 0.448 410 1.035 956 1.857 211 1.446 554
G-1-25 1.023 442 0.591 402 0.963 200 0.491 909 0.503 255 1.036 866 1.902 595 1.504 767
P-1-5 0.562 498 1.286 126 1.063 944 0.491 909 0.503 255 1.234 298 1.845 865 1.503 042
P-1-15 0.562 490 1.940 598 0.480 868 0.491 909 0.503 255 0.805 892 1.547 087 1.504 070
P-1-25 0.562 494 1.911 274 1.294 546 0.491 909 0.503 255 1.529 316 1.584 907 1.502 926
I-1-5 0.590 984 1.987 508 0.488 912 0.491 909 0.503 255 0.536 878 1.218 053 1.502 190
I-1-15 0.590 580 1.700 260 0.510 026 0.491 909 0.507 037 0.536 980 1.955 543 1.501 419
1-1-25 0.592 296 1.939 580 0.489 666 0.491 909 0.503 255 0.518 478 1.316 385 1.501 207
G-2-5 0.884 848 0.396 804 0.931 812 0.620 497 0.466 622 0.950 714 1.581 125 1.401 278
G-2-15 0.775 032 1.682 442 0.987 112 0.491 909 0.503 255 1.023 918 1.826 955 1.429 155
G-2-25 0.664 156 1.615974 0.802 556 0.491 909 0.503 255 1.005 514 1.641 637 1.503 711
P-2-5 1.024 382 1.156 518 0.963 594 0.491 909 0.518 383 1.036 554 1.505 485 1.504 544
P-2-15 1.023 124 1.345 008 0.963 170 0.491 909 0.518 383 1.036 702 1.505 485 1.505 113
P-2-25 1.023 200 1.972 938 0.963 172 0.491 909 0.518 383 1.036 912 1.505 485 1.505 117
1-2-5 0.562 502 1.285018 1.179 120 0.491 909 0.488 127 1.190 444 1.505 485 1.504 087
1-2-15 0.562 502 0.612 054 0.794 154 0.491 909 0.488 127 0.805 714 1.505 485 1.504 102
1-2-25 0.562 502 1.932 132 1.294 542 0.491 909 0.518 383 1.306 192 1.505 485 1.503 041
G-3-5 0.592 704 0.881 728 0.520 074 0.495 691 0.510 819 0.518 360 1.010 043 1.471 230
G-3-15 0.592 594 1.028 990 0.472 938 0.495 691 0.510 819 0.518 454 1.070 555 1.486 746
G-3-25 0.592 594 1.025 676 0.520 000 0.495 691 0.510 819 0.518 438 1.202 925 1.506 616
P-3-5 0.755 580 0.644 344 1.006 064 0.491 909 0.487 934 1.023 576 1.505 485 1.504 802
P-3-15 0.679 496 0.573 826 0.968 772 0.491 909 0.518 383 0.987 020 1.505 485 1.504 812
P-3-25 0.592 592 1.745 900 0.987 140 0.491 909 0.488 127 1.005 494 1.505 485 1.505 105
1-3-5 1.031 388 0.005 044 0.964 418 0.919 275 0.620 940 1.035 536 1.728 623 1.510 701
1-3-15 1.026 574 0.005 044 0.963 526 0.745 303 0.451 722 1.036 464 1.728 623 1.506 021
1-3-25 1.023 648 0.005 044 0.963 236 0.491 909 0.503 255 1.036 766 1.728 623 1.504 825
G-4-5 0.562 508 0.002 654 1.294 660 0.491 909 0.503 255 1.305 996 1.683 239 1.503 035
G-4-15 0.562 208 0.002 654 1.294 590 0.491 909 0.503 255 1.306 144 1.683 239 1.503 035
G-4-25 0.562 208 0.002 654 1.294 582 0.491 909 0.503 255 1.306 190 1.683 239 1.503 035
P-4-5 0.590 122 0.001 714 0.518 620 0.491 909 0.503 255 0.536 710 1.025 171 1.473 592
P-4-15 0.590 122 0.001 714 0.518 492 0.491 909 0.503 255 0.536 844 1.138 631 1.481 224
P-4-25 0.590 122 0.001 714 0.510018 0.491 909 0.503 255 0.518 430 1.282 347 1.494 640
1-4-5 0.901 194 0.002 192 0.987 468 0.692 355 0.522 420 1.005 174 1.932 851 1.475 060
1-4-15 0.778 434 0.002 192 0.987 208 0.544 857 0.556 203 1.005 428 1.932 851 1.429 066
1-4-25 0.665 582 0.002 192 0.987 126 0.491 909 0.503 255 1.005 508 1.932 851 1.503 088
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Fig.4 Error band diagram of time localization picking for simulated signals via different methods
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Table 2 Average time localization picking error of

simulated signals via different methods

AT N TR %
(picking method) (standard deviation)/s (average error)/s
STA/LTA (46 1) 0.194 232 0.231 756
AIC VLGSR ) 0.773 476 0.729 594
TWE VE(ES6 ) 0.270 817 0.388 756
TFC (1A 57) 0.116 313 0.053 271
TWE-TFC ¥ (245 ) 0.028 699 0.016 989
TWE i%(45 R ) 0.279 216 0.440 784
TFC iE(ZH ) 0.267 768 0.216 205
TWE-TFC VA(Z5 4 ) 0.027 363 0.016 122
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Fig.5 Original signals monitored by the pendulum impact test
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Fig.6 Time localization picking process of pendulum impact

signal 1

kHz N _E 3N, fER RS 0.59~1.1 s EBfI i
7E 0.2~0.4 kHz Yol N30, AT T 2 R,
W It AR AE N )k 0.59~1.1s FARK IR g . Bl
G BT AT 5 1R ik B A0 256 0 )y 0 % o 24 T R AR A T
FEE AT Teo 5351 0.588 587 F11.216 925 s.

T RIS ARSI VAR AE S R A
UG, N CHBUTEbRE, 5 STA/LTA
%y AIC ¥, TWE VM1 TFC ¥EEbi. MRS
SNEORE, EiHSNE 7 P EEBIE SRS
RAOLT 0.6 720U, N THHU 2R 5 5 1
F1 5 s SR LSS SR 408 0.592 75 1 0.590 07 s.
X} B 7 VE RN AS S g 9350t b 3R P pp o A 5 R 4 A
SEIR R LS R AR 3 PR

8
~ 6 i
&, ArmmEss
5 t=0.592750s
T 2
]
@ 0
-2
_4 1 1 1
0.50 0.55 0.60 0.65 0.70 0.75

I} 1) /s
(a) BHEEMERES 1RGSR
(a) Arrival time of pendulum impact signal 1

AN TARIGE S A
Sf 1=0.590070s

RAEL/(10° 52)
(=]

|
w

t=0.60s

1 1 ]
0.55 0.60 0.65 0.70 0.75
I [e)/s
(b) #EEEM RS 5 R
(b) Arrival time of pendulum impact signal 5

K7 N TIRHGREE M A 5 s mos

Fig.7 Example of manual picking for the arrive time of

—_
(=}

g
W
(=}

pendulum impact signals



$d5 % HIM R % ETHERES

A B I BV 1) U £ 5 I ) R (30 O 15

* 885

R3 RITIER 6 SRR AE T I 1] 52 AL 45 A R

Table 3 Time localization picking results of different methods for six pendulum impact signals

HLUf RUFA HUE (results of arrival time picking)/s

25 S HUE (results of end time picking)/s

B EE ST
(pendulum impact A TH#5H STA/LTA V% AIC ¥ TWE % TFC#:  TWE-TFCi#: ATHE  TWE#  TFCi¥E TWE-TFC i
signals No.) (manually  (STA/LTA (AIC (TWE (TFC (TWE-TFC  (manually (TWE (TEC (TWE-TFC
pick) method) method) method) method) method) pick) method) method) method)
1 0.592 750  0.682530  1.190 050 0.616 110 0.594 045 0.588 587 1.092800 0.618 580 0.667 875  1.216 925
2 0.589240 0.686 090  1.638 590 0.600 130 0.590 835 0.585 437 1.089200 0.602390 0.658245  1.206 060
3 0.591 190 0.686 050  0.322 070 0.602 720 0.391 815 0.593 002 1.091200 0.604 770 1.345185 1.172770
4 0.594790 0.642290  1.151440 0.601 710 0.356 505 0.592 412 1.094800 0.605070 1.662975  1.108 180
5 0.590 070  0.663 630  1.561 950 0.593 680 0.292 305 0.589977  1.090100  0.602 140 1.329 135  1.204 872
6 0.589 140  0.683830  0.311 940 0.593 760 0.587 625 0.591787  1.089100 0.599 740  0.600 465  1.170 990
N T S B BT AN [F) D7 ik AR B S R A AR E b5

FHERTE, 22 7 XS R TWE-TFC 517 iR
ZRRARIE, w8 pvr, HRZERRREA
THBOUTERRZ . HE 8()nl W, TFC EX 5 4E
I T ERSF Y RNV A b T P ERE gy
B, HARZEMshEOK. HEm A, B TRC iEA
EH T 2 EH0EES . A TWE i BURaG
ZIBHBAR T HARKT L7k, FEBTESRERE
SEIUIHCRAS, HARZERHITE 0.024s . il 5
TFC VEBRAALSE, FaHURAS RUFIRZE £ 2 0.004 s
L . B 8(b)AT ., TWE-TFC y:45BUAS S 145
LT S TWE VAR TRC . {HiR ZE HIk 2
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Fig.8 Bar chart with error bars of picking results for pendulum

impact signals by different methods
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Table 4 Time localization picking results of different methods for rotor motor signals

B k(s FRUG AR IUE (results of arrival time picking)/s S5 55 AR BUE (results of end time picking)/s
G ATHI STALTAM: AICHE  TWEW:  TFCiE  TWE-TFC#:  ATHEH TWEE  TFCIE  TWE-TFC i
(rotor motor (manually ~ (STA/LTA  (AIC (TWE (TFC (TWE-TFC (manually (TWE (TFC (TWE-TFC
signals No.) pick) method)  method)  method)  method) method) pick) method)  method)  method)
1 091198  1.053810 1.948010 0.978790 0.772840  0.905 751 171247 0981570 1.062520  1.730 790
2 0.89953  1.420900 0.757240 1.563390 1.153400  0.868 588 168536 1569430 2459800 1.631 620
3 0.89693  1.051860 2420850 1.354190 0.608 120  0.914 145 172044 1357120 2130360 1.717 750
4 0.86560  1.033800 2.500320 1.557290 1.159080  0.868 120 170968 1564210 1.624840 1712950
5 0.88173  1.147840 0.644270 1.445580 0.852360  0.886 433 172043 1.467850 1.641880  1.626 045
6 0.89441  1.047610 0.699370 1.454440 0375240  0.845013 171129 1461080 2.931240  1.696 505




Fa56 H3

JEIBR 55 TIN5 S R AN BIURFAE ) S £ 5 I )R (40 RO 15 - 887«

TWELGER I &)
E TWE-TFCiZ:(iela 5) =1 AICTEGIZLA &)
[0 STA/LTAMGE4ES) [ TFCIEGEE &)

]
.
2

I

1 2 ‘ 3 4 .l 5
T T 5
(@) 2t AR

(a) Results of arrival time picking
TWEA(SE H)

40+ [0 TFCIE(45H )
0 TWE-TFCIE (45 1)

LT T T 11
T

[T 11

2
[T 11
e

45r

3.5

3 4
T OikESms
(b) Sk AR
(b) Results of end time picking

B S T7 R T Sk S 4 A SR A i iR ZE AR

Fig.11 Bar chart with error bars of picking results for rotor

0.0

motor signals via different methods

W+ o,

- Azt F-1-1 = i F-1-2

o) o—thm——M < o—*w»-—-—-—————
i@:%_ I I I |@:% | I I I
= 2 4 6 g ZE 7o 2 4 6 8
_ G = i [E]/s

w o, Bl

= ‘2‘_ F-1-3 - i F-1-4

< 0—4"0«‘»-‘——~ 0

i@:%_ L L li@:%_ 1 1 1
= 2 4 6 8E 70 2 6 8

4
B a)/s NI

B F-2-1 Boar F-2-2

= 2F o 2r

=K =X

i@: L 1 I |+\E_ L 1 1 1

E YT, 4 6 sEY 2 4 6 s
G 5 [ /s

oy ¥ o4

“ 2 F-2-3 - 2} F-2-4

=K =X

@_ 1 1 I‘E]_Ili L 1 1 1

B4 4 6 sE YT 2 4 6 s
i 1) /s I 1E)/s

K12 ol R R S

Fig.12 Original signals of mine microseismic events

m:mm.ﬂl

i [A)/s
(bB)F-2-4

K13 BlinfE S a ik K
Fig.13 Time frequency power spectrum of field signals

5 DB AR I AR AR, I Bl e A (Bife e
OB AT, HEE S RIE A To(BE R A
Te)o WM 2 BIAD)ZE WA 13(0)FiR, LAk
WA 4 REAF 5 A1, FBRm 2 5 i 4 o 2 il AR
ST RBEM 12800, AR, &I
FE A I I R AR B R SR 5 R .

AN R 5 VT 8] 8 67 45 B 4 SR 4 | = 4 iR 227
AREL, ATRRYE R 22 BB M % B T VAR BT
AEBPE AR E PR 14). AIC VETER) 2 KT EH
FHI 8 K IIATWURE S ilih R BUS AR, RELE
0.2~1.4s JG[l. BT AIRHEIITIE, AIC AR
BBGRZEH B, HEhgkpishRzl, xR Xt
HEC LRI Z2 6 B AR 8 M A« T STA/LTA VE{EE
R BONARE UG S B FE s R, (HHPY
RZEEADYERFIE 0.23 s £ 4G, W TUE(E S 1R M
RO N S, VP —EMA 2 . Pl TWE %
A TFC VAR AR I ZI A 2% 1h B %1 1) 45 SR % B
Ko ACHTIRHE TWE-TFC HELER 7] 2 A7 45 Bl s
R ERFRT T, BB TWE-TFC 7:5%f
TR ARG A TR B R 22 O 14)mT L, 3
FREGEAA MR ZEBERILE 0.0216 s DL, HiRZE
TEWE NN, SRR E . T TWE-TFC iE3RELZ
FAHRZEISHIE 02640 LU, X SRR IG
S e AU BUR ZE G K AE R R — 8, R R



* 888 A TR 2026 4
£S5 ZITEXNDIHE S IR E AL EL S, R
Table 5 Time localization picking results of different methods for field signals
s s HL 4 s A UH (results of arrival time picking)/s ZEHR R HUE (results of end time picking)/s
s ANTHREC  STA/LTA#:  AIC TWE i% TFC#:  TWE-TFCV:  AL#EEL  TWEE TFC %  TWE-TFC %
(field signals  (manually ~ (STA/LTA (AIC (TWE (TWE-TFC  (manually (TWE (TFC (TWE-TFC
No.) pick) method) method) method) method) method) pick) method) method) method)
F-1-1 1.198 800 1.374 600 0.080 000 1.452 400 1.165 300 1.177 170 5.730 500 1.695 200 6.433 500 5.839 200
F-1-2 1.276 600 1.454 000 0.418 400 1.650 700 0.469 500 1.282 420 5.642 400 1.772 300 6.745 900 5.620 150
F-1-3 1.214 400 1.401 100 0.407 800 1.502 200 0.086 100 1.203 765 5.415 200 1.636 600 6.362 500 5.460 450
F-1-4 1.221 300 1.410 400 0.777 100 1.248 200 0.426 900 1.210 670 5.430 700 1.710 200 6.887 900 5.174 050
F-2-1 1.314 400 1.508 100 1.099 500 1.240 700 0.043 500 1.335 700 5.030 700 1.351 900 7.484 300 5.003 350
F-2-2 1.499 400 1.729 700 0.744 800 1.273 400 0.270 700 1.506 100 4.786 400 1.667 000 6.845 300 4.522 550
F-2-3 1.474 300 1.643 900 0.141 800 1.356 200 1.009 100 1.477 700 4.730 200 1.913 800 6.660 700 4.763 960
F-2-4 1.586 300 2.102 200 0.266 800 1.846 900 1.506 100 1.591 600 5.246 400 2.061 500 5.922 300 5.349 870
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Fig.14 Error band diagram of time localization picking for field signals by different methods
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Table 6 Running time of picking methods

J&47 5 8] (running time)/s

{5523
(signal type) AIC % STA/LTA % TWE-TFC %
(AIC method) (STA/LTA method) (TWE-TFC method)
[EDN =R 17.472 16.915 8.516
TR 0.266 5.174 0.165
WG 0.115 0.226 0.031

[RI3E K, BV HAT B 1) ) 38 K 263, iR SR 1B L
NEIEE RN EA RIS ] A R 2
FEJ7 T, TWE-TFC JiEFF ARG R, & LUIE T SEmf
W FRS.

LA FE U v, RSN TR T
JRE TS IH—4b STA/LTA J732%5 {5 e EL R Hok
F 0.4 MRUER S HHT P BRI FAEL, R EMRFRE
3ms AP B 5 A RO tH B T A4 B ) R L b
BEFESTLLBE =01 6 AN S RS ST P Yk
FEEL, AR BT 258 0.025 38050 # dH&EP
HUdE STA/LTA J7iERE RS S BUh, e+
BN 20Hz, KA 1000 Hzo HIA[EMELL
N—5~20dB MBS, BA4REURZEN 0.065.
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JE gk, KaksR A& E 2R BURS RS, TR TR
FAEA S UNHERATE, DAk B SE IR B R S
TR

T B RS S R R S BN A S S AR
M5 NI TR E AL iR 22, AR SCEESL T AT TWE H
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(4) WIIAIE T B E A7 4 B, TWE-TFC J7
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