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Observation with STS seismometer at Nakaizu, central Japan
— Observation system and comparison with tiltmeter —

By
Yoshimitsu OKADA and Mizuhe ISHIDA

National Research Institute for Earth Science wad Disaster Prevenlion, Japan

Abstract

A broad-band seismometer, STS-1, was equipped in the vault of Nakaizu Observa-
tory, central Japan, in March,1988. To record and transmit the observed seismic
waveform, a data acquisition system, PDAS-100, was introduced for its ability of
flexible data recording schedule, resolution enhancement by over-sampling and offline
telemetry with dial-out mode.

To utilize the obtained data, some basic software systems are developed as well
as those for routine data processing. They include the functions to store the data, to
list up the files, to operate filtering/differentiation/ integration and to display the
processed waveforms with arbitrary scaling and time interval.

As tilt observation by pendulum-type tiltmeter has been continued in the same
vault, both records were compared each other. This tiltmeter is adopting a force
balanced feed back system which is the same principle as that employed in STS
seismometer. It was confirmed that the waveforms for local and global earthquakes
are almost identical in both time and frequency domains. [t is expected that borehole
tiltmeters of this type can work as excellent horizontal broad-band seismometers.

Key words : STS seismometer, borehole tiltmeter, broadband seismic observation
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Fig. 1 Layout of STS seismometer in the vault of Nakaizu station.
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Fig. 2 Block diagram of the data acquisition system, PDAS-100.

(1) ASP (77 ua/{F50EE)

FAN 3 (g 6) 5oy, MiBIAN LS DESOEBEL ST Fus « 7408 ) 7%
19, FANOERSEIZ 25 OE Y HEIC LD 7L Ay — 220 Vin+1 VERIRL,
)7 HENERE (162, 1045, 100 ) KU HPF(0.01 Hz, 1 Roxy 7 — ) DfE%2 7o 7
FABERLDB, 200Hz D 6K F 7—A LPF Sl & s, —7F, MmBIANZZ LA
r—+20 VEET, 400 Hz @ 1%K/5% 7 —A LPF %&i@ifE3 5,

(2) ADC (A/D ZHE)

FEASPOEF v AL EIZHL, 1000Hz 4> 7Y 7 T16 Ey bO A/D E#ET
5, ZO, A/DEBREEES 1 > (1% TiTo 5, 72 IFP(Instantaneous Floating
Point) 7> 7ic X 2 HENY 1 EIE (1%, 8%, 6415 TITHI»%REIRT 2,

(3) DSP (F¥% VESHEE)

FHADCOHEA%E, 2—FIEDY > 7)) v IR T — 5 BT 5, v TN TR
WU, 0.1Hz~1000 Hz @ 13 EEOF» 6 22 (EH¥ 7D 7, Rl 70 »7) &k
WRTE, Wi, EELLF Y7V FHAERO 04820y VA 7T 57957 4
WE ) IS G, F4FANEERCOEEET 120dB Th 3,

EH 7)o FREMHEE - ) AEROIEH, 5K 50 288 — > & TORERFINERS L CKIEE
2Nk EAI NS, —H, Bl 7)) > 7 EERE BRI K0 /88 — Y ETOE
FpgR I EH s, ENEARELTOEY TH 5.

@+ VAR - DC v ~ULHIE, RMS vL$)E, STA/LTA 3, Murdock-Hutt )&,



R E I35 T A ST SH Rl —h [ 1E

AP U DWFNRICI D T ERRL, Y FETEOIERREE PR v AV FIR T
Uy 7 ATHET S,

@ERFI Sk © ANERBHAARTZ] « USRI « MuK U o8 - 4R LIRS - DERF v AV EEEL T
7T WY 5, ERIGROBELFIRETHD, 2, EF TV I F—FizowTid,
Z O ERFINERE RN R 72 b D AR L IEETE 3,

QEIEFHINE - BET 2 FHED IR, Bl o > 7AW, 213V AEE 12y b D/
A ZHER TR L THIEEHC AL, ZOIRE T — 2 WG T 5. IEREEI S H0R LIBE 13,
TERFINER DS EITHEL B,

(4) SMM (A=EVER)

Wi 7— 7 2EWMAEFET 5. EHEERL 16bit , 14/2Dbit , 32bit © 3 oOh» S
HERT 5, K3 ik, ANMEBSVvAVOHEHEE, 203 207 — ¥ REERXRVEET A >~/
HE Y A 2B EbEBE0 7T EGHA L oA RLI b0 TH L, BUESAL
A 16 Ey MEYTHY, FERETIWESE, REWCRRE A —F 7Y 7LD
SHEREM LOBRG ERL T, SREFOBXRIELITOMED Th 5,

D 16bit : A/D EMEFEEYS A v TIT->HACHEEL, A/D £HMERO 16bit HO%Z
DEEFRGET S, AT VHEHBRDR L TTOY, SMER ORIz RBERY, 2, X
BT — O ANV ERS DTG T T OMERIC L SBENRLE LD,

@ 14/2bit : HI72{REES 14 bit LIBEET 2bit TER T2, ATV HEBRVEVEE, 5
AT I 7 Vv PORREEGESTEET 28, [URF—yho A ERD 2123
R ERPLE L S5,

@32bit 1 PV T TRUA/MD ERTOMIEELZHAAT, HAD3RZ Ey F2EHRAS
PANIDIZNVAT —Nit—BT 2L 5FEans. SRERLEYAF Iy 7 v PRD
MENEARICESNLY, AEVEBRIRI{ RS,

(5) DCM (ZIBp)

ZRESICHVSS 1.5 X100 BEORTREHCN LTI, 77 A B ) 7 MtE
52 TERELEENDIED, | BV R L 208 ~ORFLaETH S,

(6) Battery (#y7 Vi)

PDAS-100 12, ®if7 o —7 4 Y 7 RBEIRBRT Ny TV L VRESh, EEFL4 O
L SWRBIERFITTE 2, £/, ThERBlIc SMMIZBHNIO ) 77 AEiHER
h, FEERD 2 FMIZ RN T -7 RT3,

(7) Modem (7—%BEH)

ARERREENL T, 72PN T A —OFHE, NEFRHDOE=5 —, HIEELZED
EE & w5175 13, e hiT—9 77 A VPEEZ 7 A LOFEHL (54 7
7v7) . EREILET 74 MEREROEBER (KA 77V L) B75, EFAEL



B R SERTITSEai s 51 5 199343 H

BITS

PRE AMP GAIN| 1 1 1 10 10 10 100 100 100
GR GAIN 1 B8 64 1 8 64 1 B 64
VALUE VOLTS (P-P) _dB
i 2.00 6.0 T T
290 100 120 ! ‘
728 500mV 18.1 | |
228 250mV  24.1 ; !
27 125mv  30.1

2% 82.5mV 36.1
iges 31.3mV 421
224 15.6mV 48.2
223 7.81mV 54.2

~
2%2 3.91mv 60.2 i
221 1.85mV  66.2 Ne v
2% 9771V 722 B o
21 agsuv 783 ™3 Al
218 2440V 84.3 ea o O
2% 12207 90.3 S o
218 81.0uv 96.3 — g gg
215 30.5uv 1024 = e
21 15.3uv 1084 ‘ o
P13 7.63uv 1144 ‘ 25
A 381puv 1204 | ~
amn 1.81pv 1264 [ e
21 954nV 1325 |
29 4770V 1385
28 238nV 1445
27 119nVY 1505 o
26 59.6nV  156.5 g
g8 29.8nV  162.8 :
24 14.9nV 168.6 l
28 7450V 174.8 i
22 3.73nV  180.6 !
21 1.86nV  186.8 } ;
20 931pV 1927 = e

Fig. 3

PDAS-100D A MG 7V~ & 7 — 2 I EE R o BE, 16,14/2,3213 57—
¥R, Fixed GainRanged BEEY 1 »RUBEIY 1 »DBE%
Y. BHRERE A — N Y v K By N SRR AR S AR
L, BBENOEEL ) 7> 77 A > 250 TIURTRERS2E Y 4
fEERLTwa, (Teledyne, 19872 1EE)

Relation betweeen input signal level and data acquisition modes. 16,
14/2 and 32 designate data saving formats, while Fixed and GainRan-
ged correspond to the selection of amplifier modes. Hatched parts
show the resolution enhancement brought by oversampling effect and
dashed ranges correspond to full 32 bits which can include preamp
gain selection (modified from Teledyne, 1987).
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Table. 1 History of STS observation by PDAS-100 at Nakaizu station.
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Fig. 4 Periods of successful continuous recording of STS seismome-
ter at Nakaizu station.
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Fig. 5 Relation between sampling rate and equivalent bits achieved by
oversampling effect (Teledyne,1987).
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Fig. 11 Principle of force-balanced type borehole tiltmeter (Sato et
al.,1980).
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Fig. 12 Response of a pendulum to tilting motion and to horizontal
acceleration.
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Fig. 13 Record for the earthquake south off Urakawa of Mar. 2, 1992 (M4.8). Original and
differentiated STS waveforms are respectively compared to integrated and origi-
nal tiltmeter records in (a)time domain and (b)frequency domain.

L%, HERICE S & THUERB I 13#id T RIFR—3

£ R4,

[FElc Rt Ay

Mz E

THh, B Hz icES

I TOLEBEHBTHEEICRL—HLTWwE, 7275,

ZOERET i ow T,

S HUEET D L 5 Iz

B74—Fnw2

2T Twizalz,

I T O TR X el

HENEWIEEICE, AL EnSRIEND B,

3.2 =HhE
B414 3, 19924E4 A 26 H( OAREEM) AV 7 3 L= 7 LRE

THRELIEMT.0 Ol



fifd] EH ¥ 2

B 5 STSHIZERH]

5

R

[ (8) QAFE QLIRS L S 7 A oER 121

‘urewop Aduanbaiy (q) pue urewop aw) (B) ul paleduwiod aie Piodsl 18wy}
pajeidajul pue ULIOIRARM SIS [BUWISLO (0°LIAD) 266T ‘97 1dy JO BIWIOJI[E) JO }SBOD UISYIOU JB axenbylies ayj 10] pioday HI "B

ool-e 080°0 o900 oyo'n 0Z0°0 600
i b - ; 00+300'0
| ;é%, é‘z«} % WA
o
- FoLU-d00'S
g
b
pajesbajul | =
=
1111
o S CALVSIND S0 Sz
ool-o 0800 0e0-n NI avo'o azo 0 ono o
PR TSP SEPR Y .,_ 00+36L° 0
- iy g MR
I LA RO
w |
|
|eutbrio | <
s1s

szzgumgm i

(9)

uu -mz_

AHASNZIT

Wz O

SRR B ()0 T e

GERDIOLIN ) B QESNRIE L =k £ ( ¥ HIZH ¥ 2661

Zhb| 92V HEQ

ugl s «0 s <05 usy ¥ wSE W0F 02 w5 a0l
i : ' ' . L . T — "
1 e ————
M ulwol
L L I
| Rl A 1, {1 LAt L
Ll N W
J I:
oy vty T - - +
(S/W) 3LV _:Z
=01 5 W 55 =05 uSy 407 WwSE <0E wS2 w02 w51 <0
g, . L \ i ; Sy L L L L il Sia i L I
| ————— !
1 ulwol

L _2.‘_

(/K TINI1H0

(e)

[ BYESNZIT

e

Hdf ON/° mmor 15

v1E

S0-300° Y-

50-300°2

00+300°0

£0-30072

S0-300°¥

50-30"2

00+30°0

50-30°¢

S0-30°7



PR BRI e A R e 518 19934E3 H

BIC DWW T EREFOmRI ( MEE) 20 LR L S T SHEF ORI S ( #E)
ODEFREE2HEL-OTHES, 470 725 BERET, 1 BES0Rg8rmshT
VLA, FHEER BT LHEEEE WY, HEO—BIIALTCRIFTH 5,

3.3 BAYEH

151,192 FE3 A4 AE T2 AMICEB T2 58y 70 v 7o T —5 12D
WT, ETFBIURALES O S T SHIEFFEEE & Bl otEREEHF R L b O TH
L, INSOEHBTANA ZRICHZBESIE, TRTHBEHTH L, EREFHZIRBREIC L

ZRHAMOBENRE{EHbATWADIIINL, STSHEBEHTRFO LS HERAMHOES)
WEHTELVAR APV Edbhd, £, STSHESFEL TR, LTamzhunic

! ' ' sféﬁd"'_[' ‘ ' |
W &J\"@ g UVAWW% A s W\W{f i ‘ Wu&“ﬂ.&%y i

[ ‘| B

mV. ‘

TILT NS

10 days

15 1992 43 H~4 HD2 » BRIz B3, ST SHEH( F TEUEILES) & tER
Ft( MdbEE ) oEREIER O Hh

Fig. 15 Comparison of 2-month long continuous records of STS seismometer (UD and
NS components) and tiltmeter (NS component).



T 5513 2 STSHIEHEII—hi B i >

WAL T oL, AEBIRIERICAKE L /A X 2o Tn i FHR 65,
Tz, MIWES 2O B LT 2700, B 15 OFRESORE T — 100 {020l
A EoTH00 BEROAL—ALET—8 2FKR L7-D5, 40,000 #~50,000 # DR

" Nlu Ty
M H“ wﬁ i M ) «A\ W\; WW [A | \M PJ\ | M L

STS NS

s ol

T T — T T :
MAR 1592 AFR 1952

O RN i Ty i . L L

] TILT NS
| il |
i l\ ‘u JM [ J} ;\lf \ f\ﬂ;f\nﬂ [t

10 da

Xi6 15 @%T%tﬁﬁ St & OMERIEFOECERIC 40,000 ~80,000F () HF Ik H ~
L& — ﬁ” LIk
Fig. 16Cm] of 8TS s ome and tiltmeter ords through 40,000
NBU,UUU sec band pass filter.



BRI BT SRR fe ks 515 199343 A

BB 4 VS —RHL R RN 16 15k L, EREFEISR TR ERO I ke, ST SH
BEHTFICOVT Y, A VBHEARTHYERVEOATVL I LR 5,

4. EHYIC

PATEHSICE T A S T SHEHNORREEL T, 20FHMEERAARBLUT -7
MBEAROERSZ SN, TOBR, $REFACES 7 ERCHETOMEIERS L
Tw3H0OD, HEMWRT— 5SS X COBEOKH IR S hi,

ZOARERVTRESNES T S B L EME L OLEEHERR I S, BRI
PR CHRAERM & L Tw X7 m— VEEREHE, FEEDS T SHIREHC L S5la s
FIFLE OURERE T 5 C LR S L7z, [ (1992) i, MpRZARBIEGEHI A ORI 1T
W FYINT — Y NGER L EADENEES 2 RASHEEN S AT AMERTES Z
LERBARTVWEY, SEOERIICIOZ EEEET IR,

B9(a)®[ 15 OflcRonz@ED, STSHEFOATELAZ ETHRT/ X
BIEE IR E B, —Ric, BRAAMEBRACENT, KAPBRARATR—MET 5L
L h@EHoEREL - SEELEEs 0L, ETBRACOWTR—FZL TH+
SEREETOBRASNETE 3 2 LM TWS, K7 R—VRERE % L O AFH
HES L LTHV 3/, #ER TS TS® 1 DASORMM ETEMER 24 TR THF
BB e, o b EEES 3RS OLFEHERHNEETE LS, ROAT Y
S LT, FEEEESEHIERCRES LT3R 7 K- VEEREE e T5E & FEk
DHEERBHEERL TAZ I L, BEFSVLOLELNS,

I

R EEEIHESR I BT 2 S T SHEH B L 1 PDAS-100 OFEIZH 2> T, B K Bl
RO IUAE - FEFRECEE R E o> Tkl ni, IRl TRSHOEZRL
¥9.  ZOMEERFHEMMEEFHEERECLILDOTHS,

2 £ X B

i N (1992) © AT/ ER RN X 5 IRt E#E E . Proceedings of Pre-POSEIDON Workshop, 25-27.
{EEgRk - EEE - UAKT - FEET - FFEIES - FR[BEK (1980) 1 FLAFAMERGHT £ 5 R =
DEHFE, HE,33,343-368.
Teledyne(1987) : PDAS User's Guide, 180 pp.
Wielandt, E. and Streckeisen, G. (1982) : The leaf-spring seismometer: Design and performance, Bull.
Seism.Soc.Am.,72, 2349-2367.
(1992 ££12 H 28 H JEFEZE)



