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Abstract: In recent years, hydraulic fracturing is an important technique widely used in mining fields for methane
exploitation in coal bed, gas drainage and rock burst preventions. In order to improve the speed and accuracy of
arrival picks of microseismic P-phase in hydraulic fracturing of coal seam, a new method which combines a
multi-threshold wavelet packet transform(MWPT) and an improved Hilbert-Huang transform(IAIC) was
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developed. The MWPT module has the multi-rules for different frequency bands based on wavelet packet
transform method. The 1AIC module is applied for speediness and precise determination of P-phase arrival time
with two steps: rapid searching and accurate picking. Taking a typical microseismic event with 12 channels as an
example, the methods of IAIC, ER, MER, WFM and PAI-S/K were used to pick up the first arrival time and
compared to the manual picking results. MWPT method was proved to be applicable for microseismic signals from
hydraulic fracturing of coal seam. The SNR has been advanced about 12.67 dB with reserved signal energy
eigenvalue of 97.15%. Four methods except PAI-S/K method had the high accuracy in picking microseismic
P-phase arrival, especially the IAIC method reduced the error from 34.17 ms to 7.08 ms. Although the methods of
ER, MER, WFM are in the same time-window system, and sensitive to the waveform fluctuation, they still lag
behind the manual result attributing to selective time-window. Compared to the manual method, IAIC method is
more sensitive to signal denoising by MWPT method, with computation cost(0.124 s) and precision(7.08 ms), the
picking error between —10 ms and 10 ms is even up to 62.5%, between —20 ms and 20 ms is up to 100%.

Key words: mining engineering; hydraulic fracturing; microseismic; wavelet packet transform; improved

Hilbert-Huang transform(lAIC); arrival time picking
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4.4 BUHBIEBRITEE

N T BRAIE AIC YESGIERT  JE IRCR, EEL T 265
MR EIE AT b, BEANBORE S EIE KN
1 000~5 000 msCRAEAZ 1 000 Hz), 45 M)A 3
B 6 B ARG FE FIE SRR T 2 AN TR T Xt oy
M, HAERWE 2 s,

# 2 AIC 5 IAIC VLI BUSUARNT L
Table 2 Comparison of AIC and IAIC methods in terms of
speed and accuracy

Sk SRR Z s /s
AlC 235 48127
IAIC 103 22949

IR LA H, IAIC Bk 52 1ii AIC
FARKEOW, X EZRILELL T LA T :

(1) Dtk TiEEIE A, 4% T ORI R . I
STAILTA FIUEE AT PROEAE 2R, TN 4 R g AT 4
ML RAIC 1IBH), Wb T RIS EE, %
BT VRS FERS

(2) WARBORZE, $Em T RINERUGE . @
S SR AR R AR, RS AR SR g ),
KKB/N TR BIE T RePE, HRdes TR
B RIAE E

5 DRI S S R

T AT Gy BRI 5 A BRI I SR I FH 2
BHHTIER), B LIRS, B
FEURI B AL THE 25 S 2 A J7 T AT X H AT
5.1 MWPT 48

BT 2.2 AL, R K DR REE 5 s
Z oA 30~200 Hz(F: T Bz W A S A H brll
WS 5530, BRI MWPT J5 it (s 5t
1T LMETAREE . AN ILIZ R I R G R
f =1 000 Hz(Z=Z HiFeRFE% 1 000 Hz), HiiE
FlA 0~500 Hz, #ii/hEQnfstch, S8k
SEA wlev =5, wname = ‘sym6’ BY, i35 2°=
2 A E S, Wd s =0, 1, 2, -+, 31),
TEASFA0s 5 558 15.625 Hz,

FRAE 2K T R 25 5 BF A, B30, 200]1X
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Fig.9 Comparison of results before and after MWPT
denoising
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ESRERFFY. fEEMEL T, 28 S ™ E
) CH1, CH2 1l CH11 H{E M Lt 73 ylik %) 7.73, 0.81
#118.38 dB; 14K “T4f” ) CH5, CH6 fil CH12
=IEIE MM Lk B 27.23, 41.35 f1 27.68 dB, 4
AR N BE R E 40 HEN 99.62%, 99.65%F1 97.18% .
H AT LUE B, 20k MWPT FANHE S (S 5 BH
BEmE e (% 12.67 dB)MIGERE 4 (394
97.15%), BEOREA T JRUAM5 5 MRE EAFAE, R SEH
THERE, XN — 2RI R ZRE iR HCR
TR, MWPT BERE SR Hansk 3 Ao
52 #ZEBEHAE

HRHETT 4.3 21 1AIC BIRfTHHERRL, XA 1
H CH1~CH12 @18 U T ] 2 B AT 48
. N TR 1AIC 5i%, [RI I B ) ER(KJH
I % BE B L) . MER(SHE I 7 A6 & b B) |
WM (502t I 2 g HEBY A PAI-SIK (B
W REFAEGEE, —H B A SE B4 Fh R HABUEEN |
RPTERAT T AEE, FEPFEISE R 4 s,

23 MWPT &R ST

Table 3 Comparison of denoising results using MWPT

method
fZ1ELE Ro/dB
i 'S AER H 2 Ean/%
e gt i o 18k =
CH1 0.00 7.73 92.92
CH2 0.00 0.81 90.93
CH3 0.00 3.36 98.47
CH4 0.00 3.40 99.21
CH5 0.00 27.23 99.62
CH6 0.00 41.35 99.65
CH7 0.00 1.96 98.55
CH8 0.00 9.63 98.76
CH9 0.00 5.49 98.66
CH10 0.00 497 98.10
CH11 0.00 18.38 93.69
CH12 0.00 27.68 97.18

R4 BINHRHUTE L E S

Table 4  First arrival picking methods and parameter values
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Fig.10 First arrival pick of microseismic signals from
channel 7
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Fig.11 Typical hydraulic fracturing microseismic waveforms and results of first arrival picks
5.3 REXLESHT FPEe, HEENFERZEREARY 325 ms, CHI
T S M S TR I G R MR ZE R CHI0 IR ZE /M 77.2, 64.6 ms fEZE 224,
N, NI F IS A B 45 R AT X EE, 21.8 ms, 135)% 2% F(K.

A4S R 5 M 6 Fs(CAET ISR, I A isiES
PE35 LT 2 000 RAE s EE) . MRHATLUE H,

TE R WERT 5B IE N TR ZEIEF] T 44.32 ms,

MR ) 7 I IE N R ZERE , SEiE N KT 20 ms,
o CH3, CH4, CH9, CH10, CH11 iXi&iEiE Py
R Z = (>40 ms), H¢ iy CHY JEIE ) 77.2
ms; TMEEESE, G5 H S REBKREN, E8E

M EF, LR IAIC iR % &N, AN 34.17
ms; ER, MER, WFM =# ik BUR Z8:0E, &
W19 46.75, 38.75 Fl 44.58 ms; PAI-S/K iR 5
K, 153 57.33 ms. 1M EME, B PAI-SIK Hi%dk,
HAR 4 FEIERBOEEY A TEm . K, ER,
MER, WFM =FhEyRAKIRFR M, L 2046 BORS B2
AR S, ZHBBGRERTYES B H 46.75,

®5 ANTLIIS A zhJ7dHa MG o b (2 4eT)
Table 5 Comparison between manual and automatic picks(not denoising)

ER MER WEM PAI-S/K 1AIC
5 ANLTzhinl T PR 2 ms
FiNt/ms  iRZEMms  B/ms  RZEms  Bi/ms  RZEms  ElE/ms  iRZE/ms  Bf/ms iR % ms
CH1 587 569 18.00 566 21.00 572 15.00 546 41.00 638 51.00 29.20
CH2 628 582 46.00 582 46.00 588 40.00 677 49.00 646 18.00 39.80
CH3 635 687 52.00 673 38.00 689 54.00 670 35.00 695 60.00 47.80
CH4 630 676 46.00 666 36.00 679 49.00 544 86.00 710 80.00 59.40
CH5 709 688 21.00 681 28.00 688 21.00 769 60.00 735 26.00 31.20
CH6 628 676 48.00 666 38.00 676 48.00 650 22.00 635 7.00 32.60
CH7 662 624 38.00 640 22.00 630 32.00 725 63.00 683 21.00 35.20
CH8 682 623 59.00 636 46.00 624 58.00 702 20.00 687 5.00 37.60
CH9 613 532 81.00 525 88.00 542 71.00 694 81.00 678 65.00 77.20
CH10 621 528 93.00 620 1.00 532 89.00 699 78.00 683 62.00 64.60
CH11 670 618 52.00 617 53.00 620 50.00 599 71.00 684 14.00 48.00
CH12 612 619 7.00 564 48.00 620 8.00 694 82.00 613 1.00 29.20
PR - - 46.75 - 38.75 - 44,58 57.33 - 34.17 44.32
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Table 6 Comparison between manual and automatic picks(denoising)
ER MER WFM PAI-S/K IAIC
s NLFEHM JBIE PR ZEIms
Fifims R ZEIms B /ms  RZEms  FlEf/ms  RZEms  FE/ms iR ZEms  FIE/ms iR ZE/ms
CH1 587 565 22.00 559 28.00 566 21.00 546 41.00 592 5.00 23.40
CH2 628 582 46.00 577 51.00 585 43.00 677 49.00 645 17.00 41.20
CH3 635 686 51.00 673 38.00 688 53.00 670 35.00 633 2.00 35.80
CH4 630 676 46.00 666 36.00 679 49.00 545 85.00 632 2.00 43.60
CH5 709 688 21.00 679 30.00 688 21.00 769 60.00 713 4.00 27.20
CH6 628 676 48.00 666 38.00 676 48.00 650 22.00 639 11.00 33.40
CH7 662 644 18.00 639 23.00 645 17.00 625 37.00 677 15.00 22.00
CH8 682 653 29.00 628 54.00 624 58.00 702 20.00 687 5.00 33.20
CH9 613 621 8.00 613 0.00 629 16.00 694 81.00 620 7.00 22.40
CH10 621 618 3.00 606 15.00 621 0.00 699 78.00 634 13.00 21.80
CH11 670 608 62.00 603 67.00 611 59.00 575 95.00 674 4.00 57.40
CH12 612 616 4.00 562 50.00 620 8.00 694 82.00 612 0.00 28.80
SR 2 - - 29.83 - 35.83 - 32.75 - 57.08 - 7.08 3252

44.58 F1 34.17 ms J#/N % 29.83, 32.75 A1 7.08 ms;
1M PAI-S/K BEAE 2T 5 A UM B AR AR,
PR ZE H 57.33 ms 424 57.08 ms; IAIC & 5 FhE
PR R S 1, R MEHT S B ZE(E B 34.17 ms [
Kz 7.08, FEHACIRHH MWPT £BHERT 1AIC
ISR, 1AIC YEXHE B L AR L BN UK,
175 M LU 1 v (5 4 B0 74D 280 i B S S
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Fig.12 Histogram of the comparison between manual and automatic picks
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Fig.13 Comparison between manual and automatic picks
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Fig.14 Comparison between before and after denoising using
IAIC method
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HUREE, A=FIETERE LR, LR H
STAILTA 7R REVERIR SRR E AT 5, BhFEE RN
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Table 7 Comparison of picking method in terms of speed and

accuracy
W5 WBHUEEIms SRR | gmE IREUEE/ms  THERERTs
ER 29.83 0278 |[PAI-SIK  57.08 14.006
MER  35.83 29.751 AlC 23.62 10.534
WFM 3275 4.181 IAIC 7.08 0.124

BT IR SR 4 T7 S AT, AR R 3L
K JE A 40 428 KL S (H) 40 428 ms), 12 ANiEiE
Hf It 485 136 KA (12 MR ). BEAF IS
BCE LIRS 5 M A B INHA E 2 AN B3R, it
T B A2 ) F2 MR BN B N HA B R . 25
XTELATDAE Y, ER Svkia SO A bk, (HFAEL
B RS IS A2 R, MER BERER 2, ik
29.751s, XSHEEHRTFHIFEA L PAI-SSIK &
VEFEIT 2. (14.006 s),  H: 3= BEHRFALE T 21 45 BOR
FEARNET . AIC IELESCHERT G, FREUSE Y 1)z S
WA KA. MR, AIC FikisHEE N
10.534 s, T STAILTA #HT4 /1% 5 1 ook
IAIC 741X 75 0.124s, =T ER [#70.278s. HtLn] i,
IAIC JEAMVRS B iy 1 R B, TR R Ak

FIFHASCTER i, — @R 3w T 1
ORI R B IR FE A A SRR, XN G
SRR BB e AT R BEE TR (HESLELE R
B EMTNES POETE, 76 KE TIERE
B R, WIRERURE S AR AR
VU CL R A037) 150 55 A 380 B 1 328 H 5 40 D ) 2
X EE AR AMARZ —,

6 & it

(1) BEKNIERESEA “IKEER. i
W Aga AT R, FIH MWPT £ SI{E
FMEE T DA 5 AN [F) 4B SR FH AN (7] 25 g 0 gk 47
LMEALI ., STERGERKRY], ZIEEREMESS
S ML EIRE, PREE 15 5 RERFHIE, X AY]
22 B IR B A S E it

(2) Sk LAIC S48 BURERS I 1 PR3 =R
FEE B (1] FH 3 WAL AT STAVLTA Rk 4] by v DAL i
T TIRAS 5 (4] 22 5 200 ) FHORS 1t 4 EUASE Bl (X 1) )
gy RS 2R, kT AIC RHEE HILZ A
W HME AR W) R MR, AHEL R R AIC 5%, 1AIC
FELR 7 H 23.62 ms BLURE 7.08 ms, I H KK
7 B AL B R AN A () 10.534 s b E

0.124 s),

(3) A ER, MER, WFM, PAI-S/K LK AL
Ji NAIC, SR 7K 77 R 24005 i T 64T B+ X
WhFE. ZERFE, PAI-S/IK VEMNTFAE, HZRT
fBE9RIoKE; WEAEREIEER, MER F WFM)
X EERE ,  HARHUR E R 5 T S B
IAIC VETEFA BURS B AN 18] A Bk ik

(4) MWPT A1 1AIC VEBR G 4R UV 2 2R, PR
FROTEARGIAR R, A R 1 B 5 A A
FE i N AR EURT LAIC B BhHa B 25732 10t
Eeartir, SRR, RIHASOTESR G 1 5%
ZETE—10~10 ms Y[ (1) 5 L 66.67%, —20~20 ms
TG 5 B 100%, UbAh, A SO TV REFE
o8 0.124 s, i+ AN THE. BT I, A3
TIEFEA G I 5 K
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