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Procedures for Seismic Data Processings by the Analyzing
System for Precursors of Earthquakes (APE)

By
S. Matsumura, Y. Okada & S. Hori

National Research Center for Disaster Prevention, Japan

Abstract

The methods and procedures for seismic data processings have been improved by
introducing a new data processing system, APE (the Analyzing System for Precursors of
Earthquakes). One of the results of this development has been seen in the rise of the
detection capability of earthquakes, compared with that of the old system. The number
of seismic waves that can be detected has increased by applying a method of monitoring
STA/LTA for data acquisition. An improvement in the filtering technique has brought
about an increase in the deep or far earthquake data that has been located by APE.

In spite of the increase in the data caused by these improvements, the efficiency of
processings by operators in reading seismic wave parameters has not diminish because
automatic operation techniques have been highly applied everywhere in the processings in
order to reduce the loads of the operators.

Besides these improvements, additional readings of seismic wave parameters, such as
spectrum, coda decay parameter, and others have been introduced in a routine-base
processings. These have brought out various important informations with respect to
earthquake source mechanisms and aspects of the crustal medium, which may possibly be
related to some of the precursory phenomena.

All of the results produced in the processings are being accumulated in the relational
data-bases (RDB), for which utility programs have been well equipped in order to make
management and utilization of these data more convenient,
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TTM100 Receiving signals from the telemetry system |
TTM200

Y
THR100 Detecting seismic signals

\
THR200 Recording seismic wave data in the common disk

= ol e
HSEND Transmitting seismic wave data from the common disk
of $3500 to a temporary data file of M360
Y
HPRE Processing wave data for reading wave parameters
y
HGD Reading wave parameters by interactive operations
and determining hypocenters
1
HPOST Reading the other wave parameters automatically
and determining focal mechanisms
HWAVE Processing wave data for storing them in optical
disks
r
HRDB Entering wave parameters and earthquake origins

in the relational data base (RDB)
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Fig. 1 Flow of data processings by #1 and #3 computers of APE. Titles in the frames are
names of each procedure or command.
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2 Data format for seismic signals put into APE from the interface device of the
telemetry system. One data pack comprises those data for 96 stations during one
second.

F=8 %y 7 OROERATTE, L6 EEATIE

Table 1 Arrangement of seismic observation stations in the data pack. Those stations

parenthesized are in progress.
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* 10/15 16:53 4389 546 10715 08:38 4369 852 10/12 23:09 294 3760
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10/15 10:13 4372 952 10/15 00:51 4352 126

10/15 09:51 4371 1837 10/15 00:32 4351 522
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Fig. 3 GD screen of #1 computer displaying a list of event data set for earthquakes
detected. Star marks affixed mean that those data sets are not yet processed by
#3 computer. In the picture, informations about acquisition of crustal movement
data are also listed.
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Fig. 4 Picture where readings of seismic wave parameters are performed. Three com-
ponents of seismograms and vertical component compacted in time axis are
displayed together.
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Fig. 5 Explanation how to distintinguish each seismic wave from a mixture of plual
earthquakes on one trace. Assume that on the first trace, signals can be identified
into two sets of seismic waves (P, S) and (P, S') of two earthquakes E1 and E2.
Then, on and after the second traces, S onsets calculated by using Wadachi's
diagram are given on the traces as S1, S2, and S1’ after readings of P onsets,
Results of operator’s readings are automatically combined and put into each
earthquake by taking account of nearnesses between S positions calculated and
actually read.
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—MEPEDEMLLOLEEoTWS, UL, ZOBRECL > TREA =LV —F8#7BIC
EoTAHOHE, HBEDO NV — 73 OFEORBES R IEMS AR L 257,

=2 SHETERL LR 2P0 EOMBES S L4
Table 2 Example of eathquake data processed. Readings of two earthquakes which
occurred in rapid succession could be well separated.

NO= 1 B61012 0T=02 25 40.43( 0.06) LAT=34.945(0,002) LONG=139.169(0,003) DEP= 10,9¢ MFP= -
X=  15.4C 0.3) = =61.5C 0.2) 12¢ 10- 8
HTS  BA1012 D A 02 25 42.94 1893, B 02 25 44.99 1407. 2.05 19. 10.3 Ls 2.1 =
JI1Z 861012 U A D2 25 43.94 741, C 02 25 45.74 992, 1.80 20. 16.1 257. 2.0 -
NRY 861012 D A 02 25 44,76 220J. B 02 25 47.84 157, J.ot 13. 22.7 304. 2.7 -
HDA 861012 C 02 25 46.07 96, € 02 25 50.31 234, 4.24 18. 33.3 273, 1.8 &
SMD  B61012 U A 02 25 46.22  237. A 02 25 50.J0  3zz. 4.07 18, 31.5 223, 1.9 =
NSI 861012 € 02 25 46.88 = € 02 25 51.00 = 4.13 19. 37.7 242, = o
0SM  B61012 A 02 25 47.26  210. 0 02 25 51.92 185. 4.66  18. 38.0 138, 1.9 -
NMZ  B61012 A 02 25 47.27  237. € 0225 52.38 268. 5.10 15, 37.7 Joa. 2.0 =
ASG  BelO12 C 02 25 48.00 BO. B 02 25 53.51 270. 5.51 13. 42.8 J4a2. 2.4 ™
FdM  B61012 € oz 25 51.31 = B = = S 246. - 114.% 61.1 301. 2.3 -
M B61012 D A 02 25 56.71 766. D0z 26 9.59 642, 12.88 B3. 124.7 11. 3.5 &
CkR  Be1012 C 0226 6.96 514. C 0z 26 27.19 412, 20.23 115, 71.3 a7, 2.9 =

NO= 2 861012 07=02 25 37.33¢ 0.13) LAT=36.326(0.009) LONG=138.857(0.007) DEP=133.4( 1.1) MW= 3.7  MFP= -
X= -12.8( 0.6) Y= 91.7¢C 0.9} RMSRES= 0.14 NST= 42( 42. 35}
MNB 861012 0 A 02 25 55.77 1380.= B 02 26 9.01 815. 13.24 118. 21.3 185.2 0.20 -0.49 3.9= -
OMM 861012 0 A 02 25 S6.45 2181. B 02 26 11.27 2200.% 14,82 104, 45.7  65.4 0.18  0.55 4,28 =
ShM 861012 D A 02 25 56.91 1013. C 02 26 12.22 501. 15.31 93. 57.1 206.3 -0.02 0.33 3.8 o
ENZ 861012 D A 02 25 57.30 944, B 02 26 12.54  976. 15.24 93. 65.7 18B4.1 -0.02 -0.03 3.8 -
S5W 861012 D A 02 25 57.57 709. C 02 26 13.49 62. 15.91 102, 69.6 249.6 0.00 0.46 3.7 =
HHR 861012 D A 02 25 57.60 1182. C 0226 12.91 869 . 15.31 79. 68.5 163.2 0.16  0.11 3.9 =
UHR 861012 D A 02 25 57.82 3169.s B 02 26 13.46 2970. 15.64 138, 75.1 86.9 0.04 0.05 4. 4% -
IWT 861012 D A 02 25 57.86 394. C 02 26 13.56 6G4.® 15.70 127. 90.% 119.0 -0.37 -0.72 3.7= -
TR2 861012 D B 02 25 S8.71 1137, B 02 26 14.00  B44, 15.29  80. 90.4 178.3 -0.09 -1.23 4.0 -
TRU 861012 U B 02 25 58.76  458. B 02 26 15.21 478. 16.45 82, 90.9 175.0 -0.15 -0.19 1.5 -
FCH  Bel012 B 02 25 58.82 . C 02 26 14.79 = 15.96  85. 93.3 143.3 0.28 -0.03 = =
AkW 861012 D A 02 25 59.26 512 € 0226 15.74 4635, 16.47 86. 98.7 154.9 -0.13 -0.54 3.6 -
KGN 861012 D A 02 25 59.6% 2517.% 8 02 26 16.92 197, 17.24 80, 102.1 231.6 -0.08 -0.01 4. 4x =
COP  B61012 D A 02 25 59.96 452 B 02 26 17.26 4BB. 17.30  9a. 113.4 101.1 -0.52 -0.95 3.6 -
MOR  B61012 A 02 26 0.52 168 B 02 26 18.41 168. 17.89 152, 111.8 112.1 0,08 0,27 3.1 =
ASG BG1012 B 0226 0.77 626 €C 02 26 1B.84 912. 18.06 79. 113.4 172.1 0.13 Q.35 3.9 =
HRM 861012 B 02 26 0.77 871 B 02 26 18.99 618. 18.21 a6. 113.6 139.0 0.26 0,72 3.9 =
Y8T 861012 0 B 02 26 0.81 250 C 0z 26 18.20 af9, 17.39 113, 121.5 93.4 -0.45 -1.37 3.6 =
SHH 861012 8 02 26 0.86 226 C 02 26 18.36 568. 17.50 139. 120.6 119.0 0.03 -0.49 3.7 -.
HHZ 861012 U A 02 26 2.60 676 C 02 26 21.74  452. 19.14 76. 129.7 180.4 0.59 0.83 3.8 =
ACH 861012 D A 02 26 2.81 291 C 02 26 21.21 151. 18.40 113, 138.3 227.3 -0.08 -1.25 3.4 =
HRY 861012 C 02 26 2.88 232 B 02 26 23.06 364. 20.1% 68, 140.8 176.1 -0.12  0.40 3.6 =
S1Z 861012 D A 02 26 3.85 218 C 02 76 723.96 152. 20.31 82. 143.0 199.7 0.42  0.90 3.3 -
HTS 861012 € 02 26 3.B2 496 A 02 26 23.85 658. 20.02 62, 145.7 168.6 0.37 0.37 3.9 S
HDA 861012 B 02 26 3.97 233 C 02 26 24.61 233. 20.64 75. 151.2 1B1.8 -0.01 0.20 3.4 =
MSK 861012 D A 02 26 4.13 - - - - 255. - 110. 150.6 213.7 0.07 = 3.4 -
NNT 861012 A 02 26 4.22 341 D 02 26 24.31 737, 20.09 104. 155.1 88.0 -0.14 -0.77= 4.0 -
HKW 861012 D A 02 26 4.24 114 D 02 26 24.17 55 19.94 85, 151.5 205.6 0.16 -0.40= 3.0 =
GER B61012 D A 02 26 4.50 394 € 02 26 25.21 45 20,71 192. 154.9 245.0 0.05 -0.01 3.6 =
JIZ 861012 C 02 26 4.81 332 C 02 26 25.91 532 21.10 65. 157.3 175.3 0.18  0.35 3.8 =
NS Bal0lz C 0z 26 5.47 = 02 26 29.00 < 23.53 12, 170.8 181.6 -0.41 1.23= = =
TOE  B61012 D B 0Z 26 5,91 683 C 02 26 26.92 89 21.01 a7. 172.3 216.9 -0.22 -1.27 4.0 -
KSH  B61012 D A 02 26 6.25 348 € 02 26 27.19 B4 20.94  96. 176.6 228.3 -0.33 -1.81 3.7 -
kKIB  Bel0L2 C 0Z 26 6.32 166 0 02 26 27.63 223 21.30 113, 172.4 68.7 0.18 -0.59= 3.4 =
SMD 861012 C 0226 6.50 310 C 0Z 26 28.00 134 21.50  69. 176.4 177.7 -0.01 -0.87 3.6 ol
KG¥  BB1012 B 02 26 6,97 162 € 02 26 29.21 47 22.24  97. 179.2 205.2 0.17 -0.18 3.3 -
THR 861012 D A 02 26 6.97 199 B 02 26 29.76 4l 22,79  97. 180.3 209.5 0.05 0,16 3.4 =
TYM 861012 B 02 26 T7.04 449 B 0Z 26 29.21 1194 22.18 122. 175.1 148.9 0.66 0.57 4.3 '
0SM 861012 B 02 26 T.47 259 D 02 26 30.35 321 22.88 12. 189.4 163.5 -0.37 -0.89= 3.7 -
SMY  B61012 D A 02 26 B.29 = T L 155. - 98.x 199.9 224.7 -0.T1 - 3.4 -
MKB  B61012 D A 02 26 9.74 289. C 02 26 33.77 51 24.04 83, 208.4 216.1 -0.13 -1.05 3.7 =
ABN 861012 D A 02 26 13.02 384. B 02 26 39.50 46. 26.48 87 239.0 218.5 -0.20 -1.30 4.0 =
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Fig. 6 Contents of parameters extracted {rom one seismogram in routine-base readings.
The marks are the same as those of Table 3.
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Table 3 Contents and numbers of parameters extracted from one seismogram,

P wave 5 wave Coda wave

a) Arrival Time (+ reliability) 1(+1) 1(+1) =
b) Final Time (+ mark) - = 1(+1)
c) Initial Phase Amplitude 3 = -
d) Initial Phase Polarity 3 - =
e) Maximum Amplitude 3 3 =
f) Time for Maximum Amplitude 1 2 =
g) First-Zero-Cross Time 1 - =
h) Band-Passed Power Amplitude 4 12 12
i) Dominant Frequency 1 3 =
j) Power Amplitude for Dominant Frequency 1 3 e
k) Coda Amplitude - - 9
1) Decay Parameter = - 9
m) Covariance Tensor 6 - -

Total Number of Wave Parameters 79(+3)
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Fig. 7
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Contents of parameters extracted from
the initial portion of a seismogram. The
marks are the same as those of Table 3.
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] Fig. 8 Method how to determine the
dominant frequency and its
power density. First, FFT is
applied to initial 1.6 second of

1 both P and S waves. The whole

frequency range from 0 to 40 Hz

- is divided into 14 bands, and a

third order curve is fitted to the

power spectrum obtained. The

5I

POWER SPECTRUM ( cmZ/sec)

3,
o
:

g dominant frequency and its
L 4 R k power are evaluated from the
1 B 10 40 maximum position of the curve

n as shown by an arrow in the

FREQUENCY (Hz) fn figure

7OB, 2, 4, 8, IBHZEWLE L1z 4 D05 RIZ 2w TOTEAT — 58T 3,
D, @ EBEEREZ087— 2 HLEEAT 2 — 5 SR TREHET 27 DO
HThHD,

AIADOFFTTR®D /87 — A7 bk b LI LTHB TRLE LS EZREBROH TH
BETY, BRESZ AR ZOVVERHBT S,

® O -5 —IRIELFHEEH T — S EOFHROT I 0 T, e (Sato, 1977, 45 -
Fft, 1980) 08 —EAHEAEF VT L DIROERALEIBL TS,

Power=A/t 2 K(t/t,) rexp(—at)

CT, Kix)=1/x+1n({x+1)/(x—1)

a=2xfQ.!

ts=S5—0Origin time
TH2 (KRBT RTABREZ2EEL L TW3), COHEBRA LI I—TE2EEBOTF—F I
AR TAHLHRROFAER I ERLT:, FHEAERUTOEY TH2, F—7RBIE LTI
1.15t~2 .5t (5 2t <1008) 2 £ W B, 2, 4, 8, 16Hz2duLE LIz 4D/ NV KSR
74 NE =BT, WECTF— 5 KM%\ 28 L, &0KEZ Liz/Power KD, Zh
EHLTRDZREC L 2EGROH THOEITI. Z0OHE, BHal L 2RENEED
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Smoothed Amplitude and
Theoretical Curve Fitting

Original Wave
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Fig. 9 Coda decay parameters are evaluated by fitting Sato’s theoretical curves to smoothed
amplitudes of coda waves obtained for four frequency bands.
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Fig. 10 Stability of the coda decay parameter is tested with various selections for the data window.
Five vertical arrows in the figure show selections for initial positions of the window.
Values of the decay parameter obtained are plotted at final positions of the window. The
result shows good stability of the solutions. The window accepted for the routine-base

processings is indicated by a thick horizontal line.
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m HOET >V PR OIEE S

T YZ z XY zZ YY
(1.6%) ot L€, #EH 3l (x, v,
Dk BRAWT VY NEFET S, BN PEABONAET Ve 2D
o e ERFAATOE S L HEORE
O TR, B 1ED e o
BRI IR 27 (1128, FIEo Tk Fig. 11 Covariance tensor of P initial

motions. A trajectory ellipsoid

LI BUE PR EE A Ll A e
AR, BELOBES SHRREEIC DL T is obtained by analyzing the
DERSERAELNS {Matsumura, 1980) principal components of the

tensor.

2.8 BET—90E (HWAVE)

HGDOBRHDHRE L 2722 TOBRECOLWTZOMEBRET — 5 25+, 77— @
IR SN PE L UFORL 288 LT, P-5B~F+10BOBHETH 2, 75 it
—HR T+ A7 icEzonlzhl, 1AM IEL S OBEETHT s A7 I0BEsNE (3
T, 1987).

2.9 F—4~—REH(HRDB)

BT — FUEOBR A RELAAOEXN2 20, ERER, R 7 -2, KE
BRER, BLUNT 4 A7 ~OERT— 7 8By 5 EHIFEROTmT, 1987), o 478D

— I R—ADBATIN TS, HMBA¢WQWWm@3@m”mL.%nfn@ﬁ®
YL —v 3P LF—F =R (F—4&~—2A%  HYPCDP, EQDATA, MECACDP) ~0 &
FoMThi s, 1979 7 HLAE, BRTE(1987E10H208) £ TIcEREa Nz T —F R—AND
Ty EEATIER(IZAR, L I—FH, 7—yBE)2RA4CELL £, BHED
R—ATHEE T - OEFLESKT NI L LEEE0 1EFCENT 27—y 2%H
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Table 4 Numbers of columns, and total amounts of data counted in units of record and
MDB, which are accumulated in the three kinds of databases, as of October 20,
1987.
Data-Base Columns Records Data Amount (MB)
EQDATA (Wave Parameter) 98 946581 441.2
HYPCDP (Earthquake Origin) 32 122266 30.0
MECACDP (Focal Mechanism) 31 8460 1.4
Earthquake Origins
20,000 records/y =5 MB/y
Focal Mechanisms @
2,000 recordsiy =0.3 MB/y
Wave Parameters
200,000 records/y =100 MB/y
Digital Wave Data
200,000 waves 1ty 5,000 MB/y
(1 unit = 446 MB )
=12 MEF—V ML > THEEINS AfED 7 — ¥y OEMERE

Fig. 12 Yearly increasing rate of four kinds of data produced by the routine-base seismic

data processings.
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%5 EEASOF. 2H, 38, TH, SLUPBHCEESRELTWE, HETHH
T2 -EEORIES 5 I RERR 2 R,

Table 5 Example of monthly error report produced by #1 computer. Some troubles
appear on the 2nd, 3rd, 7th, and 18th of September, 1987. Numerals indicate
frequency or duration of troubles in unit of minute.

#s&&s MONTHLY ERROR REPORT s#xss# 1987 (SEP) STHN = ABN
DAY TH HR-1 HR-2 HR-3 LRSO LAS1 LRS2 LRSI LRS& LRSS LRS6 LRS? LRS4 LRSY LRLO LRL1 LRLZ LRL3 LRL4 LRLS LAL& LRL7 LRLB LRL9

3.1 ERTESE S (TMN200, TMR100)

228 THAAL 72 & 0, B O L 0 EEBEFRAS 1 SHIC L > TERBERICHNS
NTED, BECETABRSPETRINL L8> T a, BEERINHE AR 5, 1987)
THENALEEIRET I 7490 T4 A7V A OBEREmMICR TSN, TOHEA Y E—U8
Ty —ZiTHans, 251, HEIZ c OBEZFOEPEF SN, SEISOBEERY
A +BEAER S LS (E 5 OFIBE),

3.2 FHEE (@HCN)

£7 0 ADEHROTICEEZBOERRBIEL T, Zofiic, MEEEERY, &8
BERBOES, Y1 >%, BF+AVEEOEELH-T, 2hod—HELTISHDE
7 74N EhTwd, EREESZ28ERY AT LO0ERORTRLCEESNT
EfobOTHEY, BHSAOFHPLHEIKNOEICE U THECOEENE RS L2 FEH
BLELS, COLIRBETLHREBRBL T0L v AT L2222 2 £ ER
FENTEL LI AN TS, BETAHAR T4 —2FHL T3 358
ODUFHATELNLER 7 7 A VOFRIKREZBEET, WICPiRD ISHCRES NIz
FURBRATEPNLER 7 A LVEEELLEDE, Chz 1 5BOERT A A7ADERT
FANMTEHET S, 29 L —EOEHEEDFHREII@HCNZ - FARETH I LILL -
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Fig. 13 Monthly amounts of traces (top), earthquakes observed (bottom), and
hypocenters located (bottom, shaded). The data processings were switched from
the old system to APE at the time indicated by a broken line. Capability for
seismic wave detection is markedly improved by introducing APE.
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