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Abstract

Processing methods of the Automatic Processing System (APS), aimed at real time
detection of micro-earthequake seismic signals and real time determination of hypocen-
ters, are summarized. The online system APS is operated by the use of three mini-
computers named APSO, APS1, and APS2. The basic software configuration is as follows:

Employing telemetered digital seismic wave data, the first computer APSO detects
arrival times of P and S waves (P- and S-times) together with the finish time (F-time) by
analyzing amplitudes, and determines preliminary hypocenters, using five stations at most.
The second computer APS1 has the following functions: (1) compilation of hypocenter
and observation data separately transferred from APSO for every group of five sations, (2)
redetection of the arrival times by means of an autoregressive algorithm (AR model), and
(3) redetermination of hypocenters using observation data from all the stations. The third
computer APS2 transmits the hypocenters and observation data from APS1 to the Front
End Processor (FEP), which is attached to the host computer of the national university
real time data base.
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Fig. 1. (a) Block diagram showing the flow of hypocenter and observation data from
the Automatic Processing System (APS) to the host data base through
preprocessing minicomputers, Front End Processor (FEP) and Network Control
Processor (NCP).

(b) Schematic diagram showing the data link between APS and FEP. Hypocenter
and observation data generated by APS are transmitted to FEP in terms of Binary
Sinchronous Communication (BSC) mode.

CCU: Computer Controle Unit, IMS: Information Management System.
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Fig. 2. Map of micro-earthquake observation’ statlons in and around the Kanto—
Koshin’etsu area. Earthquake predlctlon .observation center is linked with the
SHIN’ETSU subcenter ' (ERI, Nagano) and two regional earthquake prediction
observation centers (TOHOKU and NAGOYA Univs.). Seismic signals observed
at 40 stations designated by threecharacter station codes are used for data

- transaction by APS. Solid circles, squares and trlangles show seismic stations
corresponding to ERI, TOHOKU and NAGOYA Unibvs., respectively.
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Fig. 3. Hardware configuration of Automatic Processing System (APS). APS
consists of three minicomputers (NEC, MS/50); Preprocessing system (APSO) used
for real time phase detection and hypocenter determination, Automatic
Preprocessing system No. 1 (APS1) used for real time phase redetection by means
of AR model and redetermination of hypocenters, and Automatic Processing
System No. 2 (APS2) used for communication controle of hypocenter and
observation data transmission from APS to FEP. - Seismic wave signals are stored
into.. magnetic tape: (MT) . with preprocessing information of -hypocenter and
observation data in usual online mode. When APSO is in trouble the signals are
stored into MT in hard trigger mode.

GDC: General Data Control of digital seismic waves, OLA: Online Adapter
controlling’ hypocenter and observation data, PIO Process Input and Output
controlling switch signal. . :
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NL : Noise level,

MNL : Mean noise level,

CL : Level set constant (CL=3),

LB : Level bias (LB=10),

NLB : Noise level bias, :

T2 : Preset time interval (T2=2s),

NP : Number of peaks of waves (NP210).

Fig. 4a
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SL : §. wave detectlon level .
CS : S wave level set constant (€S$=0.5),
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FL = OFFSET + (MNL x CF + FLB + FLBC)

FL : F-time detectlon level

MNL : Mean Noise level,

CF : Level set constant (CF= 3)

FLB : F-time detection level. bias (FLB=10),

FLBC : F-time detection level bias correction
(FLBC=5), :

TF : Preset time interval (TF=2s).
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MNL : Mean noise level (Mean value of hatched area).
Fig. 4d

ig. 4. Illustration for the method for detecting (a) P-wave, (b) S-wave, (c) F-time
and (d) Offset and Mean noise levels in Preprocessing System (APSO0). S-time is
detected by amplitude information only on either EW or NS component with
larger amplitudes. The amplitudes of incoming waves are given in a unit of 10
mv/jone digit and the time in sec. The constants, such as CL, CS and CF, are
nondimensional.
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Fig. 5. Transmission modes of real time hypocenter and observation (hypo-obs) data
from APS to FEP. Mode [A] transmits the hypo-obs data directly from APSO to
FEP, the maximum number of stations being five. Mode [B] in APS1 compiles
the hypo-obs data from APSO and transmits the compiled one to FEP. This
transmission mode was replaced by Mode [C] when Mode {C] was constructed.
Mode [C] in APS1 (1) redetects P- and S-times by AR model, (2) redetermines
the hypocenters and (3) transmits them to FEP. Transmission modes [C']
transmits to FEP obs-data generated by AR model with hypo-data from APSO.
Mode [C’’] transmits to FEP obs-data generated by AR model taking the first
P-time as the preliminary origin-time. The former [C’] runs when the hypocenter
calculation failed in APS1, while the latter [C’’] runs when it failed in both APSO
and APS1. Mode [D] in APS2 transmits, in the offline system, the hypo-obs data
determined by manual operation of digitizer (DGT) using pen writing records.
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Fig. 6. Time sequence of hypocenters determined by applying the transmission modes

[C], [C’] and [C’’] in the online system (open circles) and those determined by
manual operation in offline system (solid circles). In both systems the number of
stations used in the calculation is more than five. In offline system, the
hypocenters with the number of stations less than four are denoted by solid circles
attached to horizontal bar in the left, and obs-data only without hypo-data are
denoted by x-symbols. In online system, a number of open circles are plotted at
the same time point when seperated hypocenters determined in APSO could not be
identified as one earthquake. Vertical dashed lines in the online system show that
the system operation was suspended due to troubles. The experimental operation
period is from 11 to 21 December, 1991.
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Fig. 7. Examples of epicenters determined by online (open circles) and offline (solid
circles) systems sampled from Fig. 6. Magnitude, depth and number of stations
are denoted by symbols M, H and N. Note that the magnitude by the online
system is smaller than that by the offline system.
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Table 1. Two types of functions of APSO named TYPE 1 and TYPE 2. Note that, in the
software (bound unit) named ‘MAINZ’ in TYPE 2, the hypocenter is determined from
P-times and the hypo-obs data is transmitted from APSO to APSI in order of P-time
sequence. Impossibilities of manual change of noise level bias (4) and network
parameter construction (5) are merely due to lack of storage size of CPU in APSQ.

Function of Automatic Pre—procéssing System (APSOQ)

TYPE TYPE1 TYPE2
(1) Bound unit name MAIXNH MAINZ
(2) Method of hypocenter 3P1S (*1) 4P0S (x2)
calculation
{(3) Default value of commonr for all different values
noise level bias stations for each station
(4) Manual change of possible impossible
noise level bias
or-
station open/close possible possible
(5) Transmission F-time order ~ P-time order
sequence of phase {not EQN order) (EQXN order)
data from APSO to
APS1
(6) Network parameter possible impossible
construction and
listing

EQN : Earthquake number.
(¥1) : The hypocenter is determined by using P- and S-times.
(¥2) : The hypocenter is determined by using P-times only
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HRTREI 3 LHEROERBEESE LY, Alicli~i 1 HIROSRY 1 ZE0
BlcBWTEI BV, 22T, AR, 1 RLCBEFEE% S-time %{#13" P-time
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P-time ¥ — % (BRIE) RO ACBRIAERCROKLEAZ > CREE.
3 B3FHIC L.

VWE i BHOBRAERC DI ON3EARHEW, LT3E W R

- Wi t=1+0.05exp {(&—a)*/20%}
Dk cKBaNG, §iRiFHOBRIAICE T 2KE, o MEERE, c BEAODOOL
TR ET
a=XWE[ZW;
‘ _ o={Z(W:£)} PIZW;

L#FHENS (ARNOLD et al., 1968). @ ® ¢ i3, 1[EIH I P 3 DS 6kmjs OFAEMRMME
ARAERE L TELSNRERE, 2RIELEEGRER S O TEEE2# > THONIE
WA - TRD SN 5, HEFEHNCIE P-time 7 — ¥ 2 - 1B ER 2 R/ _FiE TR

& & I OEAMEE M > CTIERAESS - oh, BRERSPEEINLIEICK
3., TOHEI X > TEBRAIS NI P-time ¥ — % GRAR) EEO BRI BH, i
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ZOF— 5 OFBANS TEHESHEKS. COFERIRAF— 5 OBBEVIESIE
MTHB. Table 213 1 RSB 2BREFHED 1 HITHEBREDOH 7 Atk B (0-C)
i P-time BET, ZOEAEICEA (WEIGHT) Mit&icfEbh, ML 72 DDR (&
) BHlSESRONTWAEERT.

Fig. 8 IZ7R L 72 D3 P-time 12X T S-time DRANEERE 26 TH 54, DL H K
Flid A APS TIRIEEZ K FET 3. P-time BIE L { BAIE N T S S-time 2 RIERRAIC S
3 & 1 ROBMANESREKIIC/E Y, FEP %18 L T HOST ~Egk & 1 5 EHR] 7 — ¥
¥R E — N [C) Z8AT 5 & 35 H TR & D ICEET 5. £hif, P-time 57— %
DHIT & B QUERAS S-time % & 72 AUERIZ LT E OREE R L4 % » AR OBSIRIIE
B TRl 2 A 72,

HF 2V =F 2 — FOHEBIIA X SHIE (M22.7) 235 U CHIEER T P-time i<
L BEFREZITIEV, 1 RTHEAUNIE D% P-time D& TRFRE%1T - 7z, Table 3 i
BRI UIHIEBEDOY X P &R LI, TORKITIE P-time, S-time DS HEIRHAI S ¥, %
OHTHEHRER S RAIS N2 (0CIHB 1 BHLADLD) 2R, ORIV
DEHL B, (i) P-time OFMIHEL (A) 312 O THEER  Billl& 1172 P-time O3 (B)
13 218 (BIA=0.699) T& 5. (ii) S-time DIZHRHEL (E) 148 OhTHER Billla hi
S-time D¥ (F) 13 36 (FIE=0.243) TH 5. (i) FEER BRRAIE N7z P-time D (B)

Table 3. Hypocenters determined using P-times only in APS1. Numbers of P- and S-times
detected by means of AR model in APS1, written respectively in the columns of A and
E, are also shown along with the numbers of P- and S-times detected with the error of
{O—Cl| less than 1sec, written respectively in the columns of B and F. The column G
indicates the number of S-time in the case that both P- and S-times are detected with
the errors of |O—C]| less than 1sec. In the bottom, the ratios of the respective total
numbers, such as B/A, F/E, F/B, E/A and G/B are also shown. The earthquakes with
magnitude greater than 2.7 are sampled during the period from March 4 to 14, 1994.

M D H M S LAT LON DEP MAG P) s) REGION
A j:] E_F [
03 04 21 10 24 36.91 138.31 1.6 3.3 15— 15 4~ 1 - 1 NIIGATA-PRF=-S
03 07 16 29 37 34.91 139.29 14.0 3.1 22- 18 13- 7 -~ 7 SAGAMI-NADA
D3 08 10 44 32 34.57 139.01 217.7 3.8 20- 14 8= 0 -~ 0 OFF-1ZU-PEN
03 09 00 48 28 34.85 139.17 9.0 3.1 5- 5 4= 2 = 2 I1ZU~PEN~-C
03 09 00 48 29 34.89 139.09 1.9 3.1 13~ 7 7- 2 = 2 IZU-PEN-C
03 09 19 03 DO 36.49 140.78 20.6 4.6 20- 14 7= 0 = 0 KASHIMA=NADA
03 10 15 40 01 35.63 139.17 99.4 2.7 9~ 8 S= 0 - 0 KANAGAWA~PRF-W
03 11 17 19 27 34.32 139.26 2.0 3.6 23- 17 11- 0 - 0 NEAR-NILIJIMA
03 11 19 09 27 34.19 139.10 0.8 3.0 12- 9 3- 0 -~ 0 NEAR-KOZUSHIMA
03 12 D& 36 59 34.31 139.29 9.7 2.9 19- 10 10- 2 - 2 NEAR-NIIJIMA
03 12 08 07 S0 34.19 139.12 12.9 3.3 5- 5 3- 0 - 0 NEAR-KOZUSHIMA
03 12 14 27 59 33.98 139.09 10.0 3.2 13- 7 7- 0 - 0 OFF-SURUGA-BAY
03 12 15 15 46 34.49 139.28 31.0 3.1 5= 5 4= 4 -~ 4 NEAR=NIIJIMA
03 12 15 32 21 34.33 139.30 18.0 2.7 9~ 8 5= 5 = 5 NEAR-NILIJIMA
03 12 16 06 43 34.28 138.97 13.0 3.4 5= 5 3= 1 = 1 NEAR-KOZUSHIMA
03 13 03 43 23 36.76 140.69 23.9 4.5 15- 10 6~ 1 = 1 IBARAKI=PRF=N
03 13 03 43 38 36.256 139.68 23.6 4.0 16- 7 7- 0 - 0 TOCHIGI-PRF-C
03 13 08 13 38 34.24 139.19 2.1 3.6 23- 12 14- 3 = 2 NEAR-KOZUSHIMA
03 13 09 43 03 36.30 141.08 27.1 3.2 33~ 17 12- 4 - 2 KASHIMA=NADA
03 14.02 26 57 35.75 140.96 92.9 4.9 10- 9 3- 1 - 0 KASHIMA-NADA
03 14 02 26 59 35.87 140.77 64.5 4.7 20~ 16 12- 3 = 3 KASHIMA-NADA
(TOTAL) 312-218 148-36 =32

(1) B/A=218/312=0.699
(2) F/E= 367/148=0.243
(3) F/B= 36/218=0.165
(4) E/A=148/312=0.474
(5) G/B= 32/218=0.147
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218 1o L TRE R Bl & 1z S-time D% (F) 13 36 TZ DE|& (F/B) 12 0.165 Th
%. (iv) P-time OBRAEL (A) 312 iTX L T S-time OFSRRHFEL (E) 1 148 TZOEIS
(E/A) 130474 TH 5. (v) P-time PREER BRAIE 1icEl (B) 218 OHIT S-time bFF
BRBHS N (G) 1332 TZOEE (GB) 110147 Th 3. Th o DR THH
HIZSEE I (i) R (v) IKA SN B X i, S-time ASIE L  Hil & 1 BRI L P-time D
K115% THEHEIEWVEERLTVWAETH S, Table3 iICHEERL S-time BSRAIS hi:
s 0 OHIESHYHERT 55, OBEAICIE S-time % {F - 72 SBT3
5, BREOEVRENSRESNIHILS.

LEEOEBRERE, P-time F— 5 DA IZBEABORKE, HKANEOKIHRS
P-time & S-time O 7 — 7 2 I IBAICHNTELLELL B EHELERL TV S,

4. BREEHUEL XFLOEMEZDOHRE

1980 £FERED SRR I P TRRETHHBUE Y R 7 o0 EBA S h, ZoHESL
{ohIENt. AHBUEY X7 4133 5D CPU THMLEATTS 4D TH 35,
Z ORI ZIZREIRES D REILKO HEYLE Y 2 7 & (BRI « fh, 1986) PEZHEA
OHEEHBIIE Y 2 5 & (CKFHH, 1982) TH 2. BIEIHTNERTER « M ORE, —
RAVERES © AIC 1T & 2 ATAEKRIAI, RIS CRERMERAEIT S, HE e <1 7o
Y Ea—% (MP100) THIEFAEFHREHIL, RO I =3 v a2—4% (NOVA3) THE
BT — 7 Ot « BEEITV, RO I =23 Y ¥ a2 — 4 (ECLIPS/S140) TRRE 7 —
Y EVERT B, JLHBERTIIA—/— 3 =3 (MS190) 1 BT TV ¥ 4 L0EAFTS
K « fth, 1986). E1H % 22 1 THIEIRH, % X7 2 TAIC DFE, PEHEOBRE
ZITOVERE « Bll7— 2 2>< 5. pEAKORMRILERFT (B - fth, 1982) TR 7
VA LB E 4 OWhS, SENMBEBREROUE, B, BEEROHE 7
ANVDHSNIREBOER % 1 HD CPU TfTS. X, HEKRKPIZCH© BEMLEE ~ 2
74 (fll, 1986) 132 BD R —,¥— 3 =2 (E-800) TITHRbHLNBH, 454 v
1BDOCPUTY 7 b7 DA THIEHIE (b Y #—) BTEbh, 9 1 HREHIE
754 VERIZBA VS A VRIS 77y FICbEbN B,

RARRRANC BV TRE S DRFTAR EFVE AICEHVTV S O EKF-AE VL
% (BIZIEEM - EN, 1984; FiH, 1985; TaxanaMi and KITAGAWA, 1988). &K%
EHZD®T LA — s ARBHBEN (M, 199D, ¥ 27 LDHLIER Y 7 b OHEH
filsbh, LELOHBUEY 27 LR3LVRELTWE EEDbNS, FEELIAOKE -
KEFICB T 3 BEIE Y 2 7 A5 W TIEMA (1989) Itk » THIEGESh TV 3,

5. H&HE
I=3vEa-%3H%2AVICHERBERHE « WE O L, FEP Ok hksE
FHICE &1, W O ORRERIC IS bikA 1o, SEHRHIEBR O HERAI - WO
FHEECHESNBEINTYL SO EEDLNBD, PR S ERIEEROE, AF
ZHIFET A HEEHIBR M ENFE BILEMES A v 7 5 20FH GGH - i,
1990)) % EEERHMEIC T T 2L b ERVHBMME Y 2 7 4128 3 EBbh 3, &
HEME Y 257 L TR 7 =F a — FEHIBREKGER (F-P-time) D40 SHRE L 12
25, FIEPZ DOERER VMO HEEFERT 2B ORI IRETHAS. ANE
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BIRMIEFICEL, 79— 25—V a 2R L5 UOHIEREEENE Y 2 5 4
AR « fil (1989; 1990) ic & - THET S h, BEBEIERSITLOIA TV 3,

e 3

22/ 0EGE, W ARPER, BLEL STHW 3 EROBETIcEsT L.
X, HEUBEDONXHIZOWT ME SBFEs 082 2THV . 50K 2 T L
9.
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1981 4E> 5 1993 £ & THIE FAEIE cHE L ¢ 2 - HIBERESLE Y 2 7 2 OB L% %
LHi, TOHEHBEY 25 A RBNEZEOMEBR O EHIRH L BROERMREL BN LT
3. A vS54 vEBMEY 27 AZ APSO, APS1, APS2 EIEEN B 30DI Vv Ea— 7 &fF - TE
Fans, Vo7 ORAERIZROBICES, FLA—98NeTF 1 VI VHIBET -9 %
Hyv, FIBREO 3 v Ea— 5 APSO R PR & S OBERY] (P- & S-time) & IREIK TR
(F-time) 2 IRIBEREBITT B Lick - TREIL, BKS5>OBUAEORNT— 5 2> TH
BleEEAR» 3, S2BH0avEL.—5 APSI RECEREEF L (AR EF L) KX Ldo
BERLIAFERAIL, APSOH» S 5 DOBRIEEICHH L TEONTEXLBR - Blll7— 7 2HKE
L BEREABRET 3. E3REOD Y Ea—5 APS2 i3 APSt A 5 OB - BEllF — 5 2 4H
ERT AR ERE T — ¥ N~ 2 E2BALHETFHNT -V s —DF AP IV Ea— 7 ORIRICE

7oy bxy K7 oty % — (FEP) X% d 5.



