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Epicenter Estimation Using Real-Time Event Packet of Quanterra digitizer
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Abstract: A standard for national seismological observatory was proposed on 1999. Since then, Quanterra digitizer has
been installed and is operating on almost all of seismic stations which belong to major seismic monitoring organizations.
Quanterra digitizer produce and transmit real-time event packet and data packet. Characteristics of event packet and arrival
time of each channel's data packet on data center were investigated. Packet selection criteria using signal to noise ratio
(hereafter SNR) and signal period from real-time event packet based on 100 samples per second (hereafter sps) velocity
data were developed. Estimation of epicenter using time information of the selected event packet were performed and
tested. A series of experiment show that event packets were received approximately 3 ~4 second earlier than data packets
and the number of event packet was only 0.3% compare to data packets. Just about 5% against all of event packets
were selected as event packet were related P wave of real earthquake. Using the selected event packets we can estimate
an epicenter with misfit less than 10 km within 20 sec for local earthquake over magnitude 2.5.

Key words: earthquake, epicenter estimation, event packet, Q4120, Q730, phase detector
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Table 1. Status of national seismic station (71’37, 2008).
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O|THWu ef al., 2002; Allen et al., 2003; Kamigaichi, 2004
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Fig. 1. Distribution of seismic stations. Mark “ @ denote stations

which were used this study, “Hl” denote candidate stations belong
to other organization.
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Fig. 2. Schematic diagram of SNR series generation.

T T T T

500000 M M ™

1SBHNZ *w:. 'M 'M

i

*| [norz— Il *

it

KSAHHZ] i

500000 M v
500000 “K"

HKUMHZ #—‘
500000
T]NHHZ
4| _500000 M M
[oare- iy
500000 M M M
NPRHHZ| * !
GSUHHZ
500000 |
(JRemz]-—— -

®| [GromHz— !
BGDAHZ, ! :

w

N 1 L
115800 11:58:00 1200

Time (hrmirisec]
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Mark “M” denotes the picking time of MHD. First “M” of each
station showed good result of detecting of P' phase, but remains
showed the reason why this study define the selection criteria.
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Table 2. Sample onset printout from event detector and the meaning (Quanterra, 1999).
B 1 2 3 4 5 6 7 8 9
1 Z VBB d 0 00356 1986 168 20:14:14.655 2066 0.425 341 A
2 Z VBB d 0 10344 1986 168 20:41:27.105 1365 0.500 330 A
4 7. VBB c 0 11221 1986 168 21:04:16.405 805 0.375 417 A
5 Z VBB c 2 11122 1986 168 21:05:17.755 1971 0.550 1001 B

1. The component and stream name.

2. Estimate of the direction of the first break (polarity of the initial onset of the signal). The two possibilities are ¢ (compression) or d

(dilatation).

. The quality evaluation of the estimate of the onset.

. The average period (seconds) of the first 4 cycles of the signal

00~ N L AW

of the P-T values)
9. The algorithm that produced the detection;
A : 1 P-T >= thl, 3 P-T >= th2.
B : n_hits >= P-T th2. (thl, th2 means threshold)

. The number of P-T values that Onsetq ( ) looked back to find the onset of the signal (0, 1 or 2)

. The year, day and time of the estimated onset (year, day of the year, time).
. The maximum amplitude (digital counts) of the first 4 cycles of the signal

. The value of the background (digital counts) at the time the signal was detected (it is an estimate of twice the sample standard deviation

Table 3. Arrival sequence of data packet and event packet on data center (2008/01/01 06:33:33 earthquake, Janjin, Ham-Nam).
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Fig. 4. Comparison of packet counts from all station for one day
on data center. The number of event packet is just 182 but number

of 100 sps data packet is 376,525.
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Table 4. Result of selection criteria. Only 4.7% of event packet were selected as P wave related event packet.
AR e + R 2 e EP F Aeig pat A EP AR E%)
2007/61/20 4.8 502 55 11.0
2007/03/15 3.0 369 35 9.5
2007/03/28 2.8 594 28 4.7
2007/05/16 25 443 16 3.6
2007/05/26 2.5 430 15 35
2007/07/22 2.6 430 15 35
2007/08/18 2.5 332 20 6.0
2007/08/30 29 173 5 29
2007/09/12 2.7 343 15 44
2007/69/17 3.0 188 11 59
2007/09/24 2.6 305 12 39
2007/10/04 29 280 15 54
2007/10/06 25 314 29
2007/10/16 29 237 3.0
2007/10/29 2.5 298 13 44
2007/12/22 2.6 254 10 39
2007/12/28 27 301 7 23
o 7 4.7
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Fig. 5. Schematic diagram for finding initial location of epicenter. Stars and triangles represent epicenters and seismic stations, respectively.
Dotted circles denote epicentral circles. (a) P arrival times at each stations. (b) one second before the first P arrival detection. (¢) two seconds

before the first P arrival detection.
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Fig. 7. Screen capture of estimator of epicenter using EP.

Table 5. Earthquake list from KMA since May 2009(7143 &3 °]X]).

W5 YA ZHKST) T = A = R = A9

1 2009/08/21 23:02:22 3.8 38.82 125.79 FEE $8 B5E 16km AY

2 2009/07/30 09:27:37 2.6 35.85 126.29 A g3z BAZ 32km A

3 2009/07/15 04:04:50 3.1 35.12 125.12 At Aoty BAhE BEXNZ 61km

4 2009/07/01 08:55:04 2.5 37.75 124.90 1A WEE FEZE 30km 1Y

5 2009/06/29 11:52:53 25 37.14 126.02 2t gjor BEAZ 51km 39

6 2009/06/28 22:07:48 3 35.78 128.29 AB T+ BEER 7km A

7 2009/06/20 04:05:51 2.6 37.09 124.80 2 glokz MZEu9E BAZ 85km &9

8 2009/06/06 00:49:42 2.8 38.63 127.44 7+ 3%EsH) MM Z 16km 2|9

9 2009/06/03 20:09:38 29 38.57 126.50 AN EE AlA HEAZE okm A

10 2009/05/31 00:10:58 2.5 33.52 125.85 A= AZEA] MZ 63km FE

11 2009/05/02 12:28:29 2.6 36.57 12871 AR QFEA] MEMZ 2km A

12 2009/05/02 07:58:28 4 36.56 128.71 AE SHEA] ABAZ 2km A
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Table 6. Result of epicenter estimation using EP(Z]’3% Zs|o]A)).
N LA 7 e oAz i 12} YA _ A AY+4 :
= (KST) EE AR &) 4 29z 23 4 87 o2k
Az} &) (km) Az &) (fam)

1 2009/08/21 23:02:22 23:16:00 818 23:03:05 43 70.294 23:03:11 49 11.018
2 2009/07/30 09:27:37 09:31:00 203 09:28:00 23 10.278 09:28:02 25 10.170
3 2009/07/15 04:04:50 04:09:00 250 04:05:26 36 34.417 04:05:30 40 19.070
4 2009/07/01 08:55:04 09:25:00 1,796 08:55:48 44 701.528 08:55:48 44 701.528
5 2009/06/29 11:52:53 11:56:00 187 11:53:18 25 3.968 11:53:18 25 3.968
6 2009/06/28 22:07:48 22:13:00 312 22:08:02 14 6.867 22:08:26 28 5.880
7 2009/06/20 04:05:51 04:13:00 429 04:06:44 53 35.640 04:06:44 53 35.640
8 2009/06/06 00:49:42 00:52:00 138 00:50:16 34 10.825 00:50:22 40 8.804
9 2009/06/03 20:09:38 20:25:00 922 20:10:17 39 15.572 20:10:19 41 0.731
10 2009/05/31 00:10:58 00:14:00 182 7544 e
11 2009/05/02 12:28:29 12:32:00 211 12:28:46 17 363.226 12:29:04 35 3.158
12 2009/05/02 07:58:28 08:05:00 392 07:58:45 17 1.188 07:58:52 24 0.755

Table 7. Comparison between earthquake list from KIGAM and the result of this study since May. 2009. (except earthquakes were listed on

Table. 6).

AL AR

[ =N

o}

12+

J A7) ool EPARE)

o TTTo

" s A ZHUTC) T = 9 = A = FAHAZHUTC) 2&Hkm) ] A
1 2009/05/09 03:34:23 1.59 35.6612 127.0286 2009/05/09 02:34:39 0.813
2 2009/05/12 01:01:29 2.09 353263 127.8157 2009/05/12 01:01:49 13.167
3 2009/05/14 11:50:12 239 36.2325 127.1328 2009/05/14 11:50:27 0462
4 2009/05/15 13:41:32 2.60 36.5739 126.4127 2009/05/15 13:41:54 6.555
5 2009/05/20 17:05:14 33.9360 131.7469 2009/05/20 17:06:18 16.607 o =
6 2009/05/20 22:00:52 2.06 34.8546 127.4294 2009/05/20 22:01:18 73,224
7 2009/06/05 09:50:01 1.66 35.8186 127.9581 2009/06/05 09:50:31 5016
8 2009/06/08 15:19:56 422 39.1002 123.3430 2009/06/08 15:21:09 87.989 = =
9 2009/06/11 14:28:36 1.89 36.8415 126.7761 2009/06/11 14:27:41 464725
10 2009/06/14 19:48:31 221 36.8379 126.7703 2009/06/14 19:48:53 70.309
11 2009/06/14 20:46:35 1.89 36.8379 126.7708 2009/06/14 20:47:06 5276
12 2009/06/20 12:14:52 252 38.0420 126.6200 2009/06/20 12:15:29 24297
13 2009/06/21 15:02:03 1.83 36.6838 127.7557 2009/06/21 15:02:29 17.642
14 2009/06/22 13:34:20 2.10 36.1519 127.6221 2009/06/22 13:34:47 0.282
15 2009/06/23 13:00:18 1.60 37.3022 129.5168 2009/06/23 13:00:51 14.149
16 2009/06/25 14:03:57 4.14 33.3936 130.7743 2009/06/25 14:04:57 8.131 9
17 2009/06/28 00:35:29 4.06 33.0227 129.8403 2009/06/28 00:36:31 107.770 g B
18 2009/06/29 16:21:19 3.77 33.0887 129.8873 2009/06/29 16:22:22 36.325 9 B
19 2009/07/06 09:11:18 1.78 362174 127.5025 2009/07/06 09:11:46 8.044
20 2009/07/11 14:47:58 1.79 35.6293 127.6633 2009/07/11 14:48:16 0.849
21 2009/07/16 07:29:26 1.87 36.7934 128.7528 2009/07/16 07:29:59 64.383
22 2009/07/17 20:16:45 33.4926 131.8720 2009/07/17 20:17:55 31.087 o B
23 2009/07/22 14:51:02 442 33.2008 134.0218 2007/07/22 14:52:37 110.582 g B
24 2009/07/29 06:25:10 1.86 35.8308 127.2460 2007/07/29 06:25:36 5418
25 2009/08/01 15:57:04 38.2442 138.7834 2009/08/01 15:59:28 801.034 o =
26 2009/08/05 03:02:05 1.51 353745 128.0637 2009/08/05 03:02:38 5.408
27 2009/08/14 18:18:13 2.68 36.5322 129.5649 2009/08/14 18:18:34 4478
28 2009/08/16 17:23:52 3.19 33.7634 1303733 2009/08/16 17:24:55 161.469 o B
29 2009/08/17 11:40:13 3.56 33.8721 130.1638 2009/08/17 11:41:02 394.137 o B
30 2009/08/25 03:19:12 1.80 357176 128.1518 2009/08/25 03:19:48 51.747
31 2009/08/30 19:52:47 1.66 36.8855 127.3869 2009/08/30 19:53:09 3.610
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Fig. 8. Distribution map of seismic station and misfit of epicenter estimation.
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Fig 9. Screen capture of epicenter estimation on the June 11, 2006 earthquake. The false determination case cad distinguish using sorted list

of station by the distance between estimated epicenter and station.
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The parameter of MHD should to adjust environment of seismic
operation.
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