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APPLICATION OF CMOS MEMORY AND AUDIO
TAPE RECORDERS TO THE OBSERVATION
OF EARTHQUAKES

By Kazuo OIKE and Kazuo MATSUMURA

Synopsis
A new system for the temporal observation of seismic waves has been developed. Analog
memories and audio tape recorders are applied to the system. Seismic wave data are
converted to the digital data and recorded on the random access memories by the suitable
sampling frequency. These data are holded on the memory by the trigger signal and then

recorded into the cassette or cartridge tape by the high frequency sampling clock in a short
time.

By the conversion of time length of a record and frequency band of a signal, we can
easily get various types of audio recording system. Using an usual small tape recorder, the
dynamic range is about 40 db and 3 channel signals of 700 earthquakes are recorded in a
60 minutes cartridge tape.

Using PCM recording system for audio signal, we can get a wide band (10 octove) and
wide dynamic range (80 db) seismic wave records. A continuous recording in more than
30 days is possible in a cassette video tape by the PCM system.

1. @ ©C & €

WEREAMDIDDR v 7 —7 OBESEALBATE, HREBNOSRIICHE L THERERSET S
FRGEEDEAB OB REEIEELE OLOBUELLDDDH 5, ZDL S BERITEZL B,
FULSBRUHEENFRICOVTHEL, ZREREHET 5,

BNBEOPR TR, LVERETEEEOR TOREENZTV, HERORLEZEHICEE TS
EMBETH S, HRIDEORE, SEENSETE, EHETEELEL, BRZHEL, £ OHER
2B UL ORI S WEHBTE I RENH L, HTHEEDFIFODICL, EEOMMEOEEEL VL 1
FIo VYU EREREEEEE OV AT ATRE LIV, T, HRFOE X OHIS~REICHE - TTL
CEDTEDMEHMILY . TNSDERESHICE SIHS, &I UEEE LI

CMOS i3, BIfFICKBIEENMBIERICAILL, BETRLECTHRAOMERE - SbtEH L dicEELTY
%, LEOHENICRKEISHEALTVS, i, FERBOESHNEL( BRATRREERDT -7 va
— DR ATTE S, CMOS @2 ) — (RAM) i3, 64K £ b OO TRBERINTED,
F—FLa—2 T2 80db DX 4+ v Ly UEED PCM 74 YVEvLa—gh—ficEbhibnT
W5, —F, EEARPEFALROENOESLDIE UL ERBBEO LSI BFELAS, ChoDEfiE kR
BABKIZROVELEFERTICEM HILSBRY AT LEHHTIEAKE, BOHPLIVPDHT
bél),?.),fno



154 FURDRAZCRTE®R  B26E B-1 (RHE58. 4)

THus A ) —iC KD —ERE UHRE AR OMEIC X > TAREFREEL FEREZAD
THEL, TORREEFBROY AT LTHELET S, COXHIRELFHICKD, D EF7cDbs,
AHEICRRIWEEAFRNTH5.

YRAF RO OhOEABEBICHT ENTHY, TNENOEBMST ) ¥ r BFEUTHERLTOS,
EFEEETICETE T, REETHYOILNAEN TSR SR, BELEEEHOUK
HiEST B, —EHERE USSR UAEREMEMOBNIKERTA2CEbTE2. v 7T ERLKD
IZ, EEBY T —F v ELTRXDEBMICERTE2 L), BHLUSBRICTE2L L, BXTbhh®
FTOHRHEL—D>— DG LTE->TH L T L LB TR EED T,

2. REBAXNOBEFER

THus i) —bF—Fra—gEAVEGEREIRIEESREMC L THAT L, ZOVRTF
LRFVTYT 2 A YTV T w2 BEHAEE . TS Lo £ 6RD, Fig.l ORTHEER
Thd, HEEOEBENHONLUDEy P XNV RVERLIZE Y H — S vRHHAZN, Z2D/00R
DHIBABH T ) —~OFBXALEHEIEL, BETHERLIBLET I A K-> TRESOHBEREE
B, 7-7Vva—-FOREOICAENEOEREREICEBLTT —TICEET S, 2 2) —DERRI
16,3845 — 2 Tdh Y, 256Hz TH ¥ 7Y v/ T2 LABHOREIELNE, COTBEEMEDY V7Y
VIRETHANTECLICKY, 1BTEEMRT T 5. ZBiKd, 77— va—4ORBEIC1IY, La—
FOFH LD 8KHz EBIC1 -7, A IBUBETHS. IRHDBEAR, 1RATORA &

BLCASBDMTRENKRT T3, Fig.2 K#fEEZ 21 4F +— P TRT,

DK #—2 D4 ) —RAOIEAICONT, FEREEHE60~3000Hz LT, 7Y vs
BEMEEZ 1254 % Table 1 (TR,

AE2Y) —OERE, VELTIDEHFORI TG U TRODNUE L0, ICliRE O — S BoS%
ﬁ%ﬁ%tbmmgAmi,%%Em&ﬁ@%&&m%%#%%zf,Tﬁm1w;6ﬁﬁwﬁ%?ﬂ&
16K #— 2 THRHTH5,

F=7La—FEUTE, BREEL LI —FEANTESTED 2RANETHY, 27 VAGE
DOTELHDESMEANTH L, Table 1 ORPEHHTHNL, BRIF -7 SEBOBDOTHEST
BB £4F 3 w7 VY VPEEREEBIUR TR REEO IV OER O NIT LN,

24 La3—Fi, 1€y M/ 1F—2THRATHY, BBHELALA ) —E2RHVBLERL,

. Code I |bitxI6k
[Rodlo H Clock HMcmory
Signal LPF Out |2nmuek
I Plek Uxil—)l Pre-Amp l—-—cv)l n Amp Mernory
| Analog
12 bitX16k
[Plck UpZHPu-Amp l—_Ch—Z)l Main Amp }—4 Memory sw
- I2b|tXl6k L
IPI:R UpSI—)lPu AmpJﬂ?ﬁdaln Amil————)i Memory

Trig.Out Sampling 8 Read/Write
Control Osc.

Fig. 1 example of the recording system by the time length conversion method. Three
components of seismic waves and a time code in 64 seconds are recorded in a
cartridge tape continuously in one second for each component.

—_—0 —



(921

Jedls - RS R : CMOS £ £ ) =B 5087 — 7 L o — X OHERIA~ D JEA] 15

16Sec 48 Sec

LPE Out  —f— MM m oo s e s o

l ““““““ 17T
Trig. Out Im l
sampling  (AT-- -~~~ LU~~~ - =-=== 1= ==~ Mmm
ook LT

Write
Controf T

Read

A'WL T s

Rec.input ~-------m—-—=-=-s= et

Gap 8KHz Ch.l Ch.2 Ch3

5 Sec

Fig. 2 Timing chart of the system shown in Fig. 1.

Table 1 Characteristics of the recording system with a 16 k data memory shown in Fig. 1.

i
Sampling Observed data | Time conversion Recording
frequency | frequency time ratio "~ frequency | time
- | range | length range length
256Hz 1 ~50Hz ‘ 64S€C 1/ 64 60~3000Hz ' lsec
128 0.5 ~25 | 1/128 60~3000 i 1
64 0.25~13 | 2)6 ; 1/256 60~3000 ‘ 1

3. 7FATAEY—0H
IS CTr =) =3 LA THENTE S X5, HUMTEIN Db OEKERE- 7, Fig.3 15
DINO--DDPITH S
H TN VT FREE RS BN v R, LEWW‘G!II%»Z%< L7 A/D a0 V=2 1t ATTE D, o
7}“‘?&11;@&6&7 DIV A/D 3 vN=2IZBALT, TFLVRAEZRDEH 9 Y ZICOBANENG,
ZILINC L > THD LN T FLADFTIOF — }75>um?}Hi‘5nT D/A avis—2iZ Af1& s, 12€
o b O AD ERELEROTOED, HHEED, 4 XL Sud 7 v R r —vOf1/20008 735, £ &)
— D R 'J197K oy N THS,
Fig.4 3 FATIOIGLE 3A, M S U CRMET 27000 % €Y —ThH b Mo — F A&
;vx@rlmniﬁa; TADTE, 2OAEY)—RB1E Y M/ 1F—R2THEDTHS. COLNEEGTTBIc0IC
13, core)-oOHIloa vy 24—k, 4KHz Ofi5% ON/OFF LTF—-7va—L ik AN

SN
bl

B
BT L7z 2 REEIO A = ) — 13 260KHz & T )gy» VP VST REEALSAETH S, AR % VLF
HEDERGHEI EARIL, A ME LTy —7 va — LIS T8, WHEOBAEALH LT

TS T EMBTES,



FUKBAKFREAAER  5F26% B-1 (M58, 4)

156

'SI0}ISAU0D V/(I pue (I/V ‘Seliowaw [eNSIp 311G ¥ 26T Yim Alowoew Sojeue jo sdwexs uy ¢ 814

J3junod Kiouig

iy

AS+

Il

("

)

Ss3Jppv

(AOIF)

indyno
o300 Bojouy

(AOI X)

acsHosz2l dova

j014u09d
lIM/PD3Y
3901D
Buijdwosg
e~£l
pioty
o > - (AOIF)
8 Ty L
TMM induj
& + pyoQ Bojou
21 X 2919 e 10Q Bojouy
1
vo
zz
AS+
IWLZ28-2QV



Bl - ¥ : CMOS =) —B XU F—7 L a— X OMBEIA~DILH 157

+5v 6167 +5V

Data 5K .
Input Inverting
Data
Output.
Non-Inverting
+5v
Sampling Address
Clock 100K X 3

Read/Write
Control

Binary Counter

Fig. 4 An memory for 1 bit signal for time code recording.
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Fig. 5 Circuit diagram of the play back system.
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Fig. 6 A seismic wave and a time singnal regenerated by the play back system from a
cassette tape recorded by a small pocketable recorder.
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Fig. 7 Over-all frequency charactleristics for the system. (a) shows the case of
a small pocketable cassette tape recorder and (B) shows that of a audio
recorder with a noise reduction circuit.
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Fig. 8 Relation between the amplitude of input signals and that of regenerated signals,
Noise levels for (A) and (B) are about 5 mV p-p.
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