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AUTOMATED PROCESSING OF SEISMIC DATA
——FILE PROCESSING AND IDENTIFICATION
OF P AND S PHASES——

by Zamotsu FuruzAwWA, Kojiro IRIKURA and Junpe: AKAMATSU

Synopsis

Basic 4 stages of interpretation of seismic waves are outlined and methods for editing and
preliminary processing of seismic data are examined.
Seismic data are filed on magnetic library tape and index-files for libraries are provided on
disk-pack for searching proper data according to various conditions for detailed interpretations.
Using the data libraries methods for automated detection and identification of seismic waves
from local small earthquakes are developed as follows: 1) determination of initial parts of P waves
' with time varing spectra, 2) determination of P onset using amplitudes, directions and rectilinearities
of particle motions and 3) identification of S phases from non-linear process based on the above
quantities of particle motions.
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Fig. 1. Basic stages of interpretation of seismic observations (after Keftc-Bopok.)
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File code and such informations as station,

Examples of index-files for data libraries.

Fig. 2.

about seismic data are memorized on disk-pack
d for searching proper data according to various

recording system, date, starting time, etc.

as index-files.

These parameters are use:

conditions for further analyses.
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WED, LrLEMS 1 SCHIESE, S P NEEEn 2 DI ABOBAL LICHED S 2 Hikid £ 7280,
U7t TRAI Y X 7 A OFIICIZIRM B Z OHSATCEFNL / A AC L _XVAEBZ 1R E Ll T 28
LV RAVHEOFEDOSL WAV SN TN b, COFNERERNIE, A XOREL XU/ 4 XIREDKRMIZ
fLic X VBHEFZECE L, BEEEEDZDICHELVAVEELEE LR TRIER ST, EOH
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CRERECHELABBSHESRHF L LTV EEEZION S, LD ->TZZTRERD Vv EEERECEL
FHELRHICEDAND,, 3 5IC3RSOFREHEY SAER S L CEEMMA TO particle motion ¢ M & EHR
Bk LHERBIC DU INA 50 HME L TTEN 2EENTE/ 4 X3 Rayleigh i 2 % 5h, Z@ particle
motion REEHMEEIT. T/ Z0 source B—ETRRBODT, HAMSEERKICIDERL TS
EZ b b, —J P D particle motion IS0 E G BICH I » TRIFGEREZF L, £CHILEE
EBRFNZMIRTTH 205, WLDLDEEEICHT - EEC particle motion 5] & EH M CRER
HELE, Rl%ZE > THHET 2 EiIckD, PROBEHET 2 EBTEXBTHS o

S Wi PO BEISRIHER L T BEHCEIR T B /0%, S Koidld P mEl kicHEgTcH 2. 2D
7D BICE B OBHRICRENRE L, S EAEHEICHET & 2BCEIBIEF IO, MBS
CREPEETCH IR IPPOOTHEETH S ECKRERHERC 1 DL >TN S, £ TR P, SV, SH
JED particle motion QHFAMNEWVIKERT S EEFMALT, 32ORHPEDHT 5,

L ULESS, C@ &S5 HFEEEBOTRERCENT 31067 > TIIBAIKRBIC I DRE . ORI EZZT 2,
BLICBIATE / 4 DR b VFHOEF ML KU @ deviation FENBFTHHIH L THRTHIZR 51
Wo F 2D particle motion CHEE SFESBNTHELULNL 57500, S JETIZ particle motion ¢ linearity
DBARBICHKET B, COFETRITTX 2MBHCRRER - BERCEICHEAMRONTL 5, 21
Wi P S ke HBEMNAFZMAMT 2icid, BRAORKY:, BREH, BREEHASCELTRELIET
BT 2 EBMNELIL S,

Ry S EBENETEI AN 2 RS HIEDRA, particle motion DA, P EHIEHCDE LS
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—7EFTICIKHL, /4 XR ETERGCEASBLEE LTINS, TR PHELIZE-T, 1~5Hz ¢
BRWNINIC peak 2E L, PIEROEENTH 50

VUrDE50@c & o RyBETHRONIIEEITEOCHBECLSHED P HOHBUESL S BCHNET 5720
i, Fig. 3 WREN DX HIBEN SRS 70 R EIER Lo

FBLIERETE, LETEHRSICOVT—ERMACR 27 b Fyle 2k, XELLS325T5LTITL
&K Z2nRHEERE S, BITTIRMOR RS bV EFRREET 2. ChiZREROEEEERHME
KRMUSVERRS 5 C SIS T 5, Ry BEQEAPLTHRATRESIN 2BE/ 4 XRFHNICER
T, 1~5Hz QEVFEBRSSEET i, HEEMER P jkid 10Hz P EOBEERS BT
B30T, /4AXOXME PHEMEBNEINEXMOR RS b VICTEESHERNS 5o LIch->TZOREII
L0 PEMBBE N IXMARET L EMNTE 2, PRVIBCEINS BALTE 21500 kD S
Wit, XKHORIBTEARXFETI2CEMATLON, 27 PVOEENELNL S, CCTHRHAES
EELE0.6AMET 2, XTS5 L (Fig. 3 @ tx ORFD 12 P BRCEIEABR @B EDICIPIVIZE X
WS, T AR I FVBEADYNI (IR DHERENSHL , HERMOERT 2, CCTRX~R7 )
WVORMOESD1/4, 0.16 &5, HiKT 2/ 4 XCRRY bELTREE®ICERL, /4 XHED
transient 1LZE(LOBEEANE K T2, KMELL EODFEHLENIZARZ PvBET L, Fh/ 4 X
HEFRIMIC BOE L THHEABRSHNE ST E AT EZELARBEDOR Ry F VERET 3 HEELD,
U708 TEigEd % 3 XA (0. 968 OEHR Ry t kD, tHEBERDSDOBOEDOKHEOZ <2
FVERBT B, 3L Fig 3 To Frslw) & Frlw) EERET 2, Wi Fxw) & Fxelw) OlE
EOMFREDC EIT K> T - 7205, b Fe/Feoe 2B FD/ 4 X LSV ORIHED B, P
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&0, /4 ZORKETREBKICL ST L. 0IGEWEIRE 355, PoXk i cEARKS TOEMSKE L
15, COELEHET B4 L LT Relow) OBARBES—EEL LICHK - 7284, TOKMIE P kogzs
URMTHEET 5, X5 Re(w) OF (GRBERGVARE L Z7:DELEDL2) 2R 278, logRk
(@) BN _RETHEULAZEREZRDZOARB0HSED —EELLE KB T 3 X% P o8z al
Ki&T 2, O 220%BAF T EiCLD P EHEE 0. 64RO XMEIRD Sh 5o

FoBRBTRE1IRETP RyHEHNEEN 2 &HE SN/ 0.64 BRID X I DT band-pass filter (X
DN L OO FEBHORSICHEL, KK D particle motion DRGSR L T P EHEDILE D 2RE
T 5. ITHbL P ENBHOHFAIRZERFNE—KL, %O particle motion Q#EfiL linear L7582, F/ P
BV EET 50T, [KOBEEERICH. » THRB LUCBESBESREINE EEL SN 5,
—FEENI/ 4 IR —RICCD XS BRI, C TR > BENLGETFHES & LTR, gk~
4% 25Hz low-pass, 2.5-5.0Hz, 5.0-10.0Hz, 10.0-16.0Hz, 16.0-20.0Hz, 20.0-25.0Hz o 6 > D[
S, R LI ETE, N-S, E-W @ 3ERAFEHDOE 2 M 20 THRIBO VI BEICHESE T 5 1 4
4 7 V4D particle motion %3R¥, RRFELEZE-TRM, HH, BREEE~2, L T&%OFFEW
T—EDREAF I THABEREO IR T —R T 285% P BOBOIRME L HET 5,

3B L LTl w3 REMODE filter technique %W yT P, SV, SH JA2 A4 2, chidg&40
HEORBHANENFNEVIERT 52 & &, body wave (D particle motion S i A& 2 HEAF A
T3, THbb P EyELOSKE ZRGFAEZEICLUTCEERANG LUKFERANT P, SV, SH © 320
DREHRIC 3RS RGO AZEH LRI, drectionality, rectilinearity &b T HEHAERT 2 &
KE->TELSND.
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Fig. 5. An example of detection of initial parts of P waves using spectral ratios with time
varing windows, mentioned as 1st stage in Fig. 3. Upper trace is the same
record as shown in Fig. 4 except sign. Open circles denote the maximum values
of the components in each spectral ratio and closed circles denote slopes of least
square lines fitting spectral ratios shown in the lowest parts of Fig. 4. They are
plotted on the reference times when time windows for Fx () start.
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Fig. 6. Vertical seismograms processed through set of 6 filters and particle motion
diagrams drawn from the filtered traces in the vertical plane. Onsets of P and S
phases are pointed by arrows. Note that directions of particle motions of S phase

are nearly perpendicular to those of P phases in 10-15 and 15-20 Hz frequency
bands especially.

WICHE 2 BBEICE 2D TH 508, ZOFNCERERS D 6 D0 HEE band 1K SN 7Tl & BEE (verti-
cal-radial #) CO P 3, S ByIEIERSrdD particle motion DEFHZ L% Fig. 6 T;Rd, ALL2-036 (3
S-P time K 3WDOIERIGEOHETH 5. COMEBO P ¥ - S Jiddtic 10 Hz P EOFEEHERSICKS
R MAEEL, 5Hz DITOBEEAREKSET5EEF 14, particle motion (1 ~5F T/ 4 X LU P IHE
4y, 6~102% P-coda 5 S By TARL, 1 XIZ0.28M07— 2ictHNS T %, KM 3T P KiZAH
3305, %@ particle motion { 5 Hz L] EOEFREIMEIC 10~15 Hz ¢ band TRIFL linearity %R
LT3, COBMBREE»GRONZLAIC P BON EDBRSDIWMHAVNE {, ZD7z¥ particle motion
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Fig. 7. An example of detection of onset of P wave using amplitude A(t), direction 6(t)
and rectilinearity p(t), mentioned as 2nd stage in Fig. 3. In the left side sets of 3
components of filtered traces are shown with arrows pointing P onset. In the
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right side A(t), 6(t) and p(t), calculated from vertical and E-W components, are
plotted. P onset is observed in frequency ranges from 10 to 20 Hz.
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Fig. 8. An example of identification of S phases by non-linear process mentioned as 3rd
stage in Fig. 3. Upper 3 traces are 16-20 Hz band-pass filtered seismograms.
Next two sets of 3 components are rectilinearities and directionalities, respec-
tively. The lowest 3 traces indicate arrivals of P, SV and SH phases.
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