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No Station Station Type Analyst Method STA/LTA Distance
1 GAS1 BH 563.58 563.93 564.82 486
2 HAGD BH 542.12 543.36 544.02 309
3 JASK BH 686.98 687.37 687.22 1524
4 LAR1 BH 640.95 642.49 641.78 1137
5 MAHB BH 530.3 530.92 530.5 221
6 QAMS SH 570.12 570 570.64 530
7 BAF SH 623.8 624.86 624.58 978
8 GAR SH 582.17 582.4 582.66 639
9 DAH SH 666.15 667.25 666.96 1322
10 LAS SH 584.9 584.9 585.66 658
11 RAM SH 590.2 589.9 590.06 698
12 SAD SH 602.48 602.48 603.94 802
13 RAZ SH 552.43 551.48 552 386
14 ABH1 BH 581.42 581.96 581.9 625
15 KBAM BH 670.2 670.04 671.04 1350
16 SBzV BH 639.3 639.33 638.52 1086
17 TBHD BH 656.6 657.25 657.1 1227
18 TBIM BH 668.4 668.4 667.9 1327
19 TBZ SH 549.8 549.44 549.82 387

20 QCNT BH 509.95 509.74 510.14 420

21 SDS1 BH 521.58 521.84 523.15 155

22 GENO BH 659.32 660.35 660.34 1285

23 MEH SH 614.42 615.26 615.39 907
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No Station Station Type Analyst Method STA/LTA Distance
24 TEG SH 653.82 653.82 654.18 1217
25 ZEF SH 582.12 582.76 582.7 642
26 THE BH 568.75 568.78 568.32 532
27 AFRZ BH 655.26 655.26 655.6 1229
28 AHWZ BH 562.8 562.8 563.2 468
29 LHJ2 BH 561.65 561.38 562.54 470
30 NHDN BH 674.6 674.6 674.72 1382
31 SHB SH 550.45 549.92 549.92 390
32 GHG BH 513.38 513.1 512.1 89
33 MHD SH 560.21 560.24 560.42 458
34 JIR1 BH 556.52 555.52 556.56 423
35 QIR1 SH 623.47 623.6 624.1 981
36 FIR BH 538.22 538.22 583.16 643
37 AKL SH 651.55 651.92 651.22 1190
38 KLST BH 568.18 568.18 568.8 517
39 KLH SH 573.73 573.56 574.08 560
40 ALA SH 586.1 586.34 586.36 655
41 GLO SH 598.5 598.5 598.3 754
42 EMG SH 651.9 651.9 652.16 1194
43 DMV SH 575.05 575.18 575.02 577
44 ANAR BH 597.16 597.16 597 755
45 TNSJ BH 627.06 627.06 627.04 999
46 ANJ SH 595.67 595.65 596.04 745
47 BNB BH 662.06 662.42 662.54 1309
48 MND BH 615.94 615.94 615.7 908
49 MON SH 664.74 664.74 666 1293
50 QOM SH 563 563 563.1 484
51 TPRV BH 630.12 630.12 630.76 1026
52 SRVN BH 721.02 721.32 721.38 1780
53 ZRDN BH 638 639.08 638.5 1091
54 MRD BH 557.3 557.34 557.17 473
55 SRB SH 549.86 554.86 549.98 379
56 HRS SH 554.64 554.76 554.76 410
57 BRJ BH 557.88 557.88 579.3 602
58 VRN BH 570.86 571.6 572 546
59 CSN1 BH 557.45 557.02 557.74 431
60 HSAM BH 536.8 536.58 536.72 268
61 HSH SH 541.85 541.88 541.78 312
62 MYA SH 666.36 666.34 666.06 1308
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Automatic seismic phase picking algorithms are one of the current research topics and have special significance in
seismic data processing requirements. One of the most fundamental tasks in seismology is the identification arrival time
of seismic phases such as the compressional or P-wave, transversal or S-wave, Rayleigh-wave, Love-wave, reflected and
refracted wave from boundary layers must be identified. Seismic phase arrival time identification enables scientists to
derive important geophysical and seismological information, such as the geotectonic settings, structure of the earth’s
interior, seismicity of an area and seismic hazard assessment. Traditionally, these quantities were measured manually by
human experts, but as seismic networks have grown worldwide, such tasks have been increasingly taken up by automated
algorithms. because seismic network or even a single station operating continuously at high sampling frequency produces
an enormous amount of data, processing of such a volume of waveforms manually is very time-consuming and requires
considerable manpower. In addition, due to human error, incorrect detection of the phase can affect future studies.
Therefore, it is needed to an alternative more efficient, faster, and accurate method that reduces the human, financial and
time costs and also decreases the probability of errors. Hence, in recent decades, significant efforts have been made to
develop automatic phase picking methods.

Wavelet transform is a tool in the analysis of nonstationary signals such as the seismic signal. This is due to the
ability of the wavelet transform to resolve features at various scales. In particular, there are two types of wavelet
transforms, orthogonal as discrete wavelet transform (DWT) and non-orthogonal as maximal overlap discrete wavelet
transform (MODWT). DWT is useful in decomposing time series data into an orthogonal set of components with
different frequencies. Whereas MODWT is a variant of DWT that can handle any sample size. The smooth and detail
coefficients of MODWT multiresolution analysis are associated with zero phase filters and produces a more
asymptotically efficient wavelet variance estimator than the DWT. Working in the wavelet domain allows
multiresolution analysis of the waveform, and provides the means to distinguish the phase arrival from random or
systematic noise. In this work, we take advantage of the wavelet transform properties and define characteristic
functions to detect P- and S-wave arrivals. The version of the maximum overlap discrete wavelet transform (MODWT)
is used to determine and picking the arrival time of the P and S phases. The methodology of this study is divided into
two parts: the first part is about the determination of the P arrival time obtained by processing the stacked envelop of
the wavelet transform coefficients. The second part is determining the S arrival time, the automatic S-phase detection
algorithm that we present in this paper is a combination of wavelet transform (WT) and AR model. The estimation of
arrival time of the S wave is done in two steps. At first, an initial estimation of arrival time is calculated using the
MODWT transform. In the next step, the final estimation of the S wave arrival time is calculated using an AR model.

Method is tested on a significant number of Kermanshah cluster earthquakes. The results of automatic phase picker
algorithm in this study have been compared with the STA/LTA method to assess the accuracy.

Keywords: Wavelet Transform, Phase Picking, Arrival Time, Earthquake, P and S wave, STA/LTA.





