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Summary of New Energy and Technology Development Organization

Entrusted R&D Report for FY 1995
Date of prepara
tion

1997.3.31

Field/Project
number

Resource Technology No. G-019

Research Organiza
tion

Nagoya University

Post of the re
search coordinator

Professor, Earth and Planetary Science, School of Science

Name of the re
search coordinator

Katsuro Ogawa

Title of the pro
ject

A Study of the Development of High Resolution Sub-surface 
Fluid Monitoring System using Accurately Controlled Rou
tine Operated Seismic System.

Duration of the 
project

November 6, 1995 - March 31, 1997

Purpose of the 
project

The development of new seismic sounding system based on 
the new concept of ACROSS (Accurately Controlled Routine- 
Operated Signal System) are aimed. The system includes not 
only new seismic sources but also the analyzing software 
specialize for the monitoring of the change in subsurface 
velocity structure, especially in the area of fluid re
sources. Powerful sources with good portability are 
strongly required for the practical data acquisition.

Summary of the re
sults

Portable ACROSS sources (HIT) are developed. The system is 
mainly used to obtain the high resolution structure with 
relatively short penetration distance. The principal spec
ifications are as follows:
(1) 100Hz in maximum.
(2) Linearly oscillating single force. This is generated 
by the combined two rotator moving opposite directions.
(3) Variable force with little work.
(4) Very simple source-ground coupler just put even on the 
soft ground.
The system was operated at Yamagawa geothermal plant for 
two months. The result of the experiments are:
(1) We confirmed the stability of the source over wide 
frequency range up to 100Hz.
(2) We confirmed that amplitude and phase of ACROSS signal 
can be obtained very precisely.
(3) Very small change of signal which arise from subsur
face velocity change are detected. This indicates that the 
system can detect the slight velocity change due to varia
tion of subsurface fluid system.

Publication, pat
ents

Over 40 papers are presented at the meetings of 
SSJ(Seismological Society of Japan), SEGJ(Society of Ex
ploration Geophysicist of Japan) and AGU (American Geo
physical Union).

Future plans We try to transfer this technique to private companies.
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Active method of monitoring underground structures by means of 
Accurately Controlled ROtary Seismic Sources (ACROSS). 1. Purpose and principle 

Mineo Kumazawa and Yasuko Takei (Naqoya Univ.)
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Active method of monitoring underground structures by means of accurately controlled 

rotary seismic source(ACROSS). 2. Designing and specification of the ACROSS. 
Yasuko Takei, Mineo Kumazawa and Kazushi Suzuki (Nagoya Univ.)
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Active method of monitoring underground structures by means of accurately controlled rotary seismic 

sources. 3. Event detection from a small number of Fourier components observed by ACROSS system.
Mineo Kumazawa and Yasuko Take! (Nagoya Univ.)
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Evaluation of accurately controlled routine-operated sinusoidal 

seismic sources in comparison with the other methods 
for exploration of seismic velocity structures 

Katsuro Ogawa, Minco Kumazawa, Naoyuki Fujii (Nagoya Univ.)
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Development of Accurately Controlled Routine Operated 
Seismic source (ACROSS)

YasukoTakei, Kazuji Suzuki, Hiromichi Namba,
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Feedback control of accurately controlled routine-operated seismic source 
Yasuko Takei, Norimichi Namba, Kazuji Suzuki, Mineo Kumazawa 

(Nagoya Univ.) Hitoshi Maruo.Tadahiro Tsutchiya,
Yoshihiko Okuyama (Fuji Electric Co., Ltd.)
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TS stacker as a narrow band multichannel device to record Fourier 
components of transfer function between a source and a receiver 
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(Nagoya Univ.)
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Possibility of detecting the evolving stress around the nucli of 
coming great earthquakes by means of ACROSS network 

Minco Kumazawa, Koshun Yamaoka, Yasuko Takei, 
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<D-?y k > 7 "I RBI: % 6 X A 6 9 .
mmiSKrntrmi/ mmmo&Miztsi^mtzn 

X It 9 XTMtt Z„ X V
< XifiJXIi^ycGii (TEI) At X-£>ilnr*3fciittite

mSS) ©m#f©^lbi:m^X6. across xiitflS^ftS- 
SiJtfflL/c S $©Mt fcX# -5 ©X\

X©$ffi;WX'£EMX£ 6.

X©5„ -kCX\ b7-?IC£*)Zf\y- l'±|ffiA'

6©s##^mmn • iwtrr u b xtt x-t -j
% rmatyiy- b%w©mi©m%j xtrAcitj;tt» sw

#©Tl:*6©X (±0) mm*y h7-^lil^±©i2:S-CJ;t'„ 

ACROSS^gi:(iSt\g#6KUtiiit&Zrnt6©"c, 
KiffiiJlcT^p/rTii stacker ffl^£rl»EIS:Bt" ftlt'<U v

ctrr#m^7v k°>XA''x£/.:<k Lxki&ii^affliSiiEii
%©At kx#)g£f^ox# £li-f (itei'o



63
_ ft $i SO 16 R Si y X f- A © gfl %

( 1 ) iftaiiftlSl'xfflfEit *g 14

Is zR m A .

. a # b

Development of ACROSS System :
(1) Design Concept and Evaluation of Application to 

Geophysical Exploration
Mineo KUMAZAWA, Katsuro OGAWA, Naoyuki FUJII, 

Koshun YAMAOKA (School of Science, Nagoya University) 
Yasuko TAKEI(Earthquake Research Institute, University of Tokyo)

'J' JM £ SB , |#|i, tit I® if

f (mm

1 (it; idle
y xfi tltW&WMfc'MSM (ACROSS : Accurately 

Controlled.Routine-Operated Seismic Source) , Bf FhIE(HIS®SIdfSIf(TS-Stacker)So‘:i¥Tf 
Y7°X f y A(Sompi Cepstmm) -r — Z A X "T AOE.S^-S'toitTlteTtiliSftltJf £

AXiftSfCi($ 1 @) „
c © y X -T A $ gflfg 4>--e * 5 ©TE OfHS £ fgg-f- 5,

- ACROSS 3 ^,-tz "j h----- \

ACROSS l ,i TS-Stacker * 
'(B#WIZWS?*52I2«It);

seismic
sompi-cepstrum| [ 7* h7A) i

5 a U — y 3 >

Alii •
(e. o. t ^ -7 ^ »J WS#a|BJ jg*^ ;u

#lg| ACROSSv%f-A(D#^

122 277



?'(+-?'< YJP^Tiiy<DZ.o n£iSJfrtS*SS©^£SRz®Ti±, K&' iftfifiitz 
ftfrjJj&XvmzftHtZcoV, ■SJjtt-en-C&Zc Z<DSffi££%Tmmt5£, 
ig*toi6]*w,i5S©l&^*6<E©t:W£ti-E>=k7 t:§H'TE$!I£ ti-SS©® 
tiii/j'S<n%o *<Dmmtmm®j:%ZRi:fo&x<Dik\zftifti-z0 -n. mmz®

< X/R{S*Sl'0 iglClZliU a< tC^iiX 7 7-7 < -;V K©&tc <

(7 -f -;U KOjSM

7 7 — 7 -< — )\s K

1 10 ( r ZR) i
R:mm*m r:Sffiffitt A:&£

7 y-7 i -;i/ F'4)z&cd Ifl^lilt-7 7^-;!/ KcdSts

20 **S®Si:jSESS®©lteES$Sti±l®j¥©j:kl5

278
123



Obsru.

lOMSCiSU 1*1

Records

^Tio‘ SSfc 

*§i'o mm&wvQ1 

(mm ^O.OltDgffiirf Source 

it,
STti# LTKtSCffibtl 

iS5lC®(
— tCiib-xT

r±
•ttorioMsy±©^*vu

tu ES©$^14«^^'T 

t«<n£5» «®©iw» 
iSTSft^O&frOfci
r.%#©%##$©#©

Snx.5tc, n^®z®riiS 
?S/c!j- Li'ML/t£ L '©(c 
SIT,
t:Z -?%%%/:'!j', #%/: 
ij\
4."^"3o I/c, ~f — ^ ©x

Impulsive
Dynamite 
Air Gun

So/eep P. CROSS
Uibro-Seis
Rotary

Time
Domain

Time
Domain

tuto Corr. 
Cross Corr.

Rotary

Frequency 
Domain xi \Ceps (rum 
Inuerse 
Fourie 
Transform

Traue! Time
LDaueform

\
Processing Traditional 

Time 
Domain 
Processing

<Sompi> a
*

Frequency
Domain
Processing

(Amplitude/Phase)

\ i
Transfer Function (Sub-Surface Structures)

RPPLICRTIONS
Earth Science 
Natural Resources 
Geological Hazards 
Ciuil Engineering

4im ACRos

124 279





&, Ati>0fSE©=k©7- 7°X hy^mtfrZ'nj z
$(Sompi)'" i£©jgf,/fyxf A£§5i%L8ifflf 3, 

itz. §)EIE£i6®©7- V 
$%mf3^&6*3o
X-7-V >7"£gtoif SSSiTCfiiEajSfflimift*S©gSi£ffiA5C i61 
W.-tffflSi^^o

5
ACRoss#

-) mmiMi&mffimz e 6cstR-rs 3 c i

’zWCS.TUZt

®a$K$-e a ‘fiitfiizfffrtixi' 6 i 3 8@EHtf b toSSStSE#!- $'
#4 % VZ;V©j6T^jS$il$^jifflTS50
2) iteTESiia^^-z v >y

mT©f?6A^©%/j\%^mmm©tzL7 u >yi:mm-c&3, ma#', aoj»i 
©vZ-7©»S^ctii:#7*S«$E^SEe©Eli (AilJ»fAf£D) , jgzSEJI

(%#?%: #sgi), A%*#©5%z:RB]%i:t#3A 

(Sz®$$) f i"C<fc3o
3) 6t#Mffl±6E®$
6t#f*lS®iLTlS%^ffA(i'6Lra hez'5 7-f -, vs p#©%#%m*m#



.y PJ-Ti-7 hJ -Qhi

l 0{@@*oo. 5EHrtirfc$x5 
CidiO. B$^E^#@SE#ftOKyj6LT 
0. 1 m&'OfeffiSiliMfSOSWStiSSi^^o

Bt^KfflSaSIIP.aH-i^ACROS Sg)teM»Kf
raiM«T-*-e-LTf ©ism^EB-r&„ cntis-g-nf®tcaitwltzm'w«*s*t, 
o^f-r >*/u©ie»!+-C£3o «xlf, Hi£E5 0 H z©z£®i:2fLTS'£-B#rejjg

i o o@>if it, co^oi-g-HEtiS, o o oti5, */tti(£. y'f
Xli 1 / (5 0 0 0) '''KWPtZo '<y KJIli 1 / 1 0 0 = 1 OmHziftl'O-e, 
J 4X\t'<> Kfi5 0HzT©0 -0 1/5 0 = 1/5 0 0 OCM^f 6. ttfc, $Bf

gpsob#

2 7 7 /7I7
^SOlSEir-DOTACROS S G iE&i££|g;g $ thttif

SEUi/e^E® 7 - V xx^ hM<E®dtL-5o '>'tffl7- >Jxx<y hvl/j&ti- 
Tfcff$/7°x h 7 Gti-5 " iliHiiR • a#i:
ssicffi#$nri'5 (isiRift*• 1994, 1995). acrosst
-y*#i:!g-#%*$a9^mmt:co-ciicocco^:@U:Ea$tT.T060'C, c 
CT'liACROSS©7-'JiX^ h/l/^G*B#»<jg#rc£ -5 C iOSJSJ 
St72E^Tfc< Citfe^o
MitMi&Bf (t) 07-'JifMF (<u) if 5.

F (a)) = R e (oj) + i I m (cu ) = B (cu) e ‘8 <">

G (cu) = F (cu) e _l"to = B (cu) e 1 (g (“> ""V

T4ibft5,



t 0<y/d'ij">7 h L/c$T$>50 ctili, G (co) ©ESB 
t 4:U=#@50a##$A±©@#0&%*< t o©JtJP<tit,Cigi<,'^|a](:->7 h UTi£- 
< C (%Ub-\Z, X7-I±^T£>£) „ COC
ACROSSOx-tJiX^? h;i/©ma (OffiS) 3Ui$S(S©JS8$m±
T©mme#* c^7"x tzct1 oe%m-c#a.
* 3 aW/f/l/xmB©#^©^, SSSav-e^-i: t o6©M#*:t#U/:-m 

T£>5„ 5feici£^/c t oi7- yx.x^7 h;i/©^S|i&z>"S®©Jg|i6Ei6±T©lil6©

/ /v\ nilii
ih/w

to — 2 to — 5 to — 10

*30 /-OI/XSEBOX-X? H/©S@, S$&OVn°7-j: t o £©M# 
tiltilijglzSE SttiKiiSIs 
1 : USE 2 : USB 3 : X?-

(3tE)
a#mf 1994 jt x. ^

v^©3 v
1 9 9 6 8. pi 60.

#zR#*, 1 9 9 5 ACROS Slt^D-f'O hjSWi#$-y7°X h5

Asia, 1995f 31 -14. p 3 7 4.



CO
o

2 (across) <omihk i

°ay!••»•>*, ifein*. Him##, swusi, mmm* iuoh-.
'I’WflE, ifctwto,

ACROSS DOES WORK 1. Overview 
Y.Takei*, M.Kumazawa, K.Yamaoka, K.Suzuki, S.Tsukada*, M.Yamada, S.Ishikawa 

M.Nakano, Y.Hasada, N.lkcda, S.Inoue, K.Miyakawa (Nagoya Univ., *ERI Univ.Tokyo )
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ACROSS DOES WORK 2.Dclmnin;ili<m of complex Fourier com |i< me ills 

Y.Haxada. V. Takci*, M. Nakano, M. Kuma/awa, K. Yamaoka, S. Tsukaila*,

N Ikctla. S luotie, K Miyakawa (Nagoya Univ.) (*FRI, Univ. of Tokyo )
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ACROSS DOES WORK
2. Transfer function as a frequency sequence and cepstrum analysis 

Y. Takci*. M. Kumazawa. H. Kumagai, Y. Masada, K. Yainaoka, S. Tsukada*.
M. Nakano.N. Ikcda, S.lnoue, K.Miyakawa (Nagoya Univ.. *ERI , Univ. of Tokyo )
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THEORY OF COMPLEX SOMPI CEPSTRUM AND ALGORITHM 

FOR ANALYSIS OF ACROSS DATA 

Minco Kumazawa & Hiroyuki Kumagai (Nagoya Univ.)
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Designing and testing of a small prototype ACROSS & 

the dcsinging polycy decision for the routine machines 
Kazuji Suzuki, Shuzo Ishikawa, Minco Kumazawa (Nagoya Univ),

Yasuko Take! (Univ Tokyo), Yoshiji Flasc, Yoshinori Kogan a i (Fuji EIcc.KK)
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FREQUENCY MODULATION OF ACROSS FOR SIMULTANEOUS 

EXCITATION OF A SET OF EQUALLY SPACED FREQUENCIES

Mineo Kumazawa, Sei-ichiro Watanabe, and Koshun Yamaoka (Nagoya Univ)
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Water -Pipe Organ: An Accurately Controlled Sinusoidal Seismic Source for
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Yasuko TAKEI (Earthquake Research Institude, University of Tokyo),

1 to* 11

mmmtfrZfto ACROSS SYST E 'TidEiirlSS U/c (Xtt 1,

2) 0 a.

2 ACROSS SYSTEMfflS_tT©?M

CftfC©ACROSS SYS T E 6'© j; f,

ISStoi:li7kcl3Si@^ UTSfflTS5©"C^©y fj-XA^tf^OT*-?),, XT# 'sU E 
©' Uux&t^k^iSiglcfct'Tti, -A#ls]%l:#3TUT©5/':©, *58

©5, ^ftvf pA<aa@#©m#T7i/f-^a 6Riu <,
Y©/©fxM7KT'##.©/<yv>©I5. **u:*UT, acr 

0s s, isfiii/hs <Tt>x*7h4=:'-»'ijgii$a$6±rs6UTi,'5© 
T, CTc&7ktTTiimf SXNkfc©iS©SME$»7)'l*C>tl5 =

36 m



3 T7°D -^©S|6j ,

-%$©#©;%I4 rffi'j ©J:?ic, 

-e©m*©am^a:'ii:mmLT#m#m^m^cmsfactTAs. ^ct, ;ktr 

<mtZ'°J 7°*;^*">©#tt$^s¥6tiai6rt9^^

CCTIis Cft$Tld#bftfcEffitfiMtl6m£:tSLT. ^©HM 

ttir-oi'TSa^iE^^o

4 7K' ”4'7°4'^*">©#fc«!i)S©i!flt

ill A©±oi:, y©-%^MU.

tt®i:^ T©5y xf-A©#tt^M'X5„ ¥JWMi:j=ij-5E*Po ( t) £6SA 

-Nzmf 6^*©%$6Em$i:j:-9T^Ax /wy@6f#iigm#6©^©&*0am 

liE*Mt:JtW-rS«]$«ftT'fti5i-r-5. ' °'f 7°©fi$ S)tli« <

W%6i*5S a i: J: -, 1 0 0 - 1 0 0 OHzOilT

'•■u’<D££{m%±gm*i{fct£$att(:£,Zo ffligL&mmiat't'f 7<z>g££mmisii&& 
Tgxhii'J;©, ill Bi:611j-6@WMm©#mt«±Mi:^ 

la, Q^i'^asu'air-r-sa^aiR-rSo

@m©#e&A*;i/f-l4, rntli. rfl©£7XP3E©ffl*fn$vOXc4;5SE;k©

©©@e©ffliSSSci-''°'C7“fiJ£-7-y?-$E5C iliSWWtciiS

#TA5 9.

5 161ft

7k4>ACROSSi LT©7k/°4'7°E7l/*">l4/\- K X JiT fc $|J@J -> X A feffiST*

/j'gya n x-iy©mw%, mr?,

1 SBzRtt*. /MUSE. m#g±. iii|55|»#, $#EE ( 1 9 9 5 )

Si@yXrA©r^% (1) TSS14, %##$###
92i (EE7¥E#P) ^®flliS6«i*S63C*, 2 7 7- 2 8 1.

2 ScESE. EJIISE. LUN##, SEES: ( 1 9 9 5 ) *!$$«$
(f®S->Xf-A©F^^ (2) yxf A, 9 2 0 (EE 7 EE#

$) ¥«StSS«SI65:*, 2 8 2- 2 8 4.

140 37



Pott) = p(L,t)
Po(t)-pr(R,t) = Ur(R,t)

u0(x)
Po(x)

low p & large u 
at the quasi open end 
( a : small )

high p & large u 
at the quasi close end 
( a : large )
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Ground coupler for anil-rocking ACROSS to generate SH wave (I ) 
M.Kumazawa, K.lshihara, K.Suzuki, and K.Ogawa (Nagoya Univ.)

AXiSigSETSHzii^gjjgt- ££ &fii< □ -j *- > 77-5 £ £ tu 

Ch3;rSH$®|ii3£/l£-ffiE;iftTl,'''.it,'c, fTI:gg%*£%ig 
ozmerii. (2x5x7m1

gffi) LT □ y *
$-i|ftLTV6„ i6SBEi®®5jiGSBi:T'MSn-5Xo®BEl3 :
(1) J6gffii$®SB®r=fl»<7^or*i$;ez)<Gbb4-®0
(2) *®f,kffl.6;()<jeBj;D±IC*l9SB®a-y4=->7ti<EC6<,

/dire/j:<, □ y*>7bmLtc rsmfRT>?-ay 
®«t±6tg-(F7^.

Tli*ss-IC5I8E< (II) £ (III) TiE^-5o
1 ttSEiejISr* y 7"U >/ ;K^A®a0£#

«IcA6ll!iTirGx.-5®i:ii, EStold. Bm&B©imBl:0%© 
rr£/d1\ %BI:tT5(£A(:Kl:0%-#-6, if £'©#ft£.St,'ft < „ 

L,#^if%mB£T■>-?') 
tij;m<f>6o -eoMM&ao if
E* p ICISIfttSILTA^D, 64-Tj:
©„ *CT\ o = o„trPit5o %M£©#MBBt S, $BM 
*£ Mg, F £f 6. Zittt, F<oS =
(o.tyMg/S)S^#/;-tF|f±®. MXlf, o„= l0’N/m2(=0.0lbar),
7 = 0.2 mi-Us S = 5 m1, M= 10* kg tttl
If, F = 2.5 X 10* N i/fOx 2tonfjy±

®St5®MI$lr*®$I6-£i1i!BI2Gx.TSH«i®ei®ti<i|iaTS-5o

2 D, + >yu®lH ¥«mitm*®SiEi:0$ L 
^wicmtoifA^inxT^,, 6%#©x^B£Z^B®
mmamif, iiiitt»i:y>77F7*-x®2: UTfFffl-r^sT, x 
4ui/*-£aii$i£ LTxlSJ; < MmcStMUT ((Sill© Q lf/h) , 
-en-enp+sviis, p+sniiwmmcfs. L6'U

C©mif¥m$ttti:iz*tLT MU?S£ lt» 
<jK t-F®x^;kf-K#%$im< (3W tit?#, 1995)
m#®Q0e^»i, o-y + >yA<ec6. c
nifttffiiffl* y7v >x£esu 6x^71/
4-'-«^/dl^r(£<, $®$B®««d:7t)/cb75J66tt6<*6o

77
(•)

(•)

7/777 V77
7) V
>////////" 33

(•)

. >y/nO
C£M<r>SKtf»£ UBOt'P) 
a ,+ >r6<6Z6.

777^77777777
ov + >)r4-r>'t:A- 

C £M»eK»t)>«<£!:'»• 0

3 T>^n -y + y/^ac-f-- 3$®SBI2l±*6@a
a±®tf 6A'6. -en^iteBica-r^A-yX^-aij: 

A*56E1-6tIttHe$II®r-7iC5>i>6o Jg®8Bf*i©S-£®fta 

%m®%A<%l:Goi:(i:6±7l:^B/&m@faifa yf->yif% 

EUf®. am^-@At#®T'66 6, □y + >7'UX0»li# 

g3g©*'i>£*©fm*©ffl*fi5£. Sak&s ts£VHkffitm$M 

Bm©%$©E©£96. )6B©mtti:$
®SB®*^mtt^Seji:f-r..-x>x't" 6^^I*r6C£ 

ICJ;oTn d -y + y/Mge -SJff'J: 9l2TS6Sr*6„

4 S3 H±®^aiis
Diiu©c£T*-y/c„ UA'Ux /6®JftS©$Slf*S©<, Cft^T' 
fiE-Vf^/cSH $6ffl©Z:t«jS®$6<56ilTS62)'Gr*6„

,1



P43P43 t^d xoMmmj ? -(io
°:&®tt\ /wimis

(£A, *ned<\ ••£*)

Ground coupler for anti-rocking ACROSS to generate SH wave (II) 

Ulshihara, M.Kumazawa, Y.Takei, K.Suzuki, EYamaoka & EOgawa 

(Nagoya Univ., "NEDO,* *Univ.Tokyo)
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Ground coupler for anti-rocking ACROSS to generate SH wave ( III) 

K.Ishihara, K.Suzuki, M.Kumazawa, K.Yamaoka & K.Ogawa 

(Nagoya Univ., *NEDO)

EW (I, ID £TT. 7 o y *y7,\ZWtZmfttbft%£Wfr\Z Uz<D 
T. 400 kgf (D v -ye- 7 - (Linear Motor)

^mivcLM-ACRosssiscDM^^mf^^rf uzccoT'en^si^t-^o
0 1 ICLM-ACROSS itfaS®

V KT6St±-7%6©Ml:©^%/RT6 V-7e-?
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a. t t3fcm*©ffi'L'©*e*j $&7 > f- d y * >/©f-a - ji > rmtez b -> 
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Towards the continuous remote sensing of H20, tectonic stress and physical 
stales in the Earth's crust by means of acoustic and electromagnetic across 

K.Ogawa & M.Kumazawa (Dept. EPS., Nagoya Univ.)

1 I,' b t, '£,4ACROSS
ACROSS (Accurately Controlled Routine Operated Seismic Source)

It, %TI:trUT, %© 
3$ 1*i££-e©a8/J'4SMfc£-tfeltiTS4 t)®r
*5. :©@a£#&it, %i&4i#-c4<i&T&sm-smaia

Sit,
5,ai:*50T, ACROSS©##©SSf Signal 

System ® @^SS "V £> -5 , £ (, '0 LfctO„ ilttiS® jS-al^lt,
ACoustic ACROSS A: ;6' % S 6 ACROSS, St$i6"Clt ElecuoMagnetic 
©@=r£ £ o T EM ACROSS £t?^:C£l:f 5.
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®Bi6®3Elt300 rn/ps T* 5fi<, hWlTli, »»*£»#(;& 
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8iai$£*iO$£>bi,j:i,'g$$TfeT6<y)*5<1 GPS8$fH:io

T-0.01psCD»eittlihSlto<fTX^®T, X *7|x$ < 
tait/hs < lt4 3A<, ®B7 7 □XlditoTv *m#£ ursiisr 

cmtm%i:-e6? t,^to^
m&E#K£<-®#Ragfk®3D?.yx?*
Sltcs-MTS£(HTI'5^, • tt*.filig®Eji$M!St£t£o.6 

TS4*y, tn-umizxt>&M!kmM%.tmATb6o

£ £ 5» fco8$/Jx^ 7 LT(,'3
£T5£, ssteaiaids^tt^ffsu -etub'vhu
ffifftt£UTIS8iJrS.5o -#-46%, EMy^nxii, Mb#*®*
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3 m»iGA®v
%K®&aiTit, 1:z 7

fb-r%o «g#s£li|)lfl®6*'76S!»l%-^®fc;S;SSIt, S?gci$£ 
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m&7 7 DX/dltT yet >^f££6E5r-r 3©liB«tT* 6 9 „

4 *#&£«m#tR#«mL#-mi:##;-#-3 c £
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6. 0 6®#m#l:HIR-CA 56 A l:

£'S^«i^4s%£ ur, %®co®mset$AT@im-#-6. 
(i) %e^3Ess-#-6#m]a@e%^i:famam# 
c 2) #*#% £ mmm®m^®

c £ it, Hsier f A#
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Experiment on synchlonization between ACROSS and TS- 
Slacker refering to GPS time. 

K.Yamaoka(Nagoya Univ.). T.Kunitomo.T.Hanaki(PNC). 
K.lshihara(NEDO), N.lkeda, Y.Hasada, K.Miyakawa, M.Nakano. 

M.Kumazawa(Nagoya Univ.)

E$KS«$"r5S;®ga<!:-@0S^9BSr*gO®U^5'y4:> 
ygESKiissia, fflHicti@ici5iMsnTiac-to"C5Uis Ntt
■ciisgeirrsct^aj^s. 1 uvmms.m%
6fl5G P SOSStSl^iSICffllOSSiSiaaWATASeSO/cISfe6 
»'6Bo/c. E(DtSlS(D^lcrzfl«cpTBo/c3lfflim5iJfiS$iJi3D® 
:jsga(ACRoss)t24ii'> h»8?Hgro8SB5nragmskjiaissa<Tss)

across roiiMiciacpsEiasiciiMu/cioMPPs
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ttXL-OC) gfflOt, TSS (MARKRAND^) Oll*fllCI3|£)iSSnTU 
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isssneACRoss®s5fflur?7o/c. eitoia$s»6$9
500m<t.$92400m(7)®R/ilCISBU7c. Ig§f3 1 X 10s N <7)ti(D 
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2) 11CI324OOm0itijSI:6’oyr5^5,y^>^gU/c$SStl’^Ur® 
5. C(DtiPAiafflia2l9,t§0'6200m(7)$gggry-f^Ly/XiUEi'S 
<. $E'7-CrIUT)y-EKES»6Sa69S60HzC0y Yyfes

AlCIgAUTUS. E©/c$O05ra^rim(7)®®Z)x5ia25Hz51gmT 
SCtiattiS-St/V L/6'C®Z)''5Jai;SS?pSiaTI38J§EIC|g§51g’|£ 
asctatss. psHzcotf-AiafigExu. ioyfat6oyfis 
roxs’ya>Aro$sssi2i2icsE. toyi:6oygatKE3<c 
2s.ooHz(Dt;-AroxsaicsEiauBnoav a/ct’-cia 
25.00HzCD3RCEn. HIBI5C7)25.0I C24.99HzTI3 V Y AL/A)UIC 
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Frequency stability of the rotary-type ACROSS

T. Kunitomo(PNC), K. tshihara(NEDO)
N. Ikeda, K. Yamaoka, M. Kumazawa, K. OgawafNagoya Univ.)

ACRossii. mmmtfti-mwi.fzQtiis.t4*j
xor,

LT, JftTfSjl t rCiTig#$fbSr "7 y tf > y'EB |/r LV'7r£T‘#>B0
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4. ''t-7'x h

•llEHllt. /isSliti (WAFJ!). ft^Mj|tT-(!fvkiSli/h.
ACROSS '/ <t - 7

ACROSS DOES WORK
4. Determination of travel times by cepstrum analysis 
Yoke Masada, Mineo Kumazawa. Illioynki Kumagaif Nagoya Univ.), 

Yasuko Takel( Ell I, Univ. of Tokyo) and ACROSS group

li£SS*¥lSl*li:HfflA£ jjtM L , ACROSS
RiiwAu Goom iieo 
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The Across lor laboratory acoustic measurements.

A. Yoneda, Y. Hasada, INI Kumazaxx a (Nagoya Unix.)
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Detecting any change of sismic velocity by the 
continuous observation

K.Miyakawa,T.Kunitom*,K.Yamaoka,M.Kumazawa
(Nagoya Univ., " PNC)
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Proof experiment and optimization of FM-ACROSS 
N.Ikeda, K.Yamaoka, M.Kumazawa, S.Inoue, S.Watanabe 

(Nagoya Univ)
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The First ACROSS experiment in Awaji Island (I) 

°K.Yamaoka, *T.Kunitomo, H.Kumagai, K.Ishihara, M.Nakatani, M. 

Nakano, Y.Hasada, N.Ikeda, T.Okuda 
(Nagoya Univ., "PNC, *NEDO)
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Anil-rocking mechanlim of ACROSS to generate pure SH wave

K.lshihara, M.Kumazawa, M.Nakatani, K.Suzuki, K-Ogawa (Nagoya U., NEDO)
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ACROSS Research at TONO Geoscience Center, PNC

°M. Kumazawa*, T. Kunitomo, K. Yamaoka', K. Ogawa*, T. Hanaki and P. He

(PNC, ' Nagoya Univ.)
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Designing policy and Manufacturing of HIT type ACROSS 

M. Kumazawa, K. Suzuki, M. Nakalani, K. Ishihara, K. Ogawa (Nagoya U., NEDO)
K. Miura (Sanko), K. Hast, Y. Koganai, H. Manio (Fuji Electric)
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Mechanical properties of a ground coupler of HIT type ACROSS 
M. Nakatani1, K. Ishlhara1, M. Kumazawa3, K. Ogawa3, K. Base3,
Y. Koganal3, H. Maruo3 and K. Mlura4 
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ELECTROMAGNETIC ACROSS: A NEW POTEINTIAL METHOD 

TO ANALYZE CONDUCTIVITY STRUCTURES 

K. Ogawa, M. Kumazawa & H. Kumagai (Nagoya Univ.)

(EM ACROSS) *<JtfeT«liS©ft©ll|IWICfcoff.«0*3gtt.
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ACROSS ARRAY TO RADIATE COHERENT ACOUSTIC BEAM 
WITH DIRECTIVITY FOR UNDERGROUND HOLOGRAPHY 
M. Kumazawa & Y. Take! (Nagoya Univ. & ERI Univ.Tokyo)

-tt-Y >®©S8j4$£K)i:aS£t"-S7 ?n^7W i:72. iUbTSiS©
Bxlfx #$©««:
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D-f f-A46beiS18"7576 dx7H d
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Accurate Frequency-Modulation Control of the Rotary-type ACROSS

°T. Kunitomo(PNC), M. Kumazawa, K. Yamaoka(Nagoya Univ.),
M. Aoki(DST) and K. Ishihara(NEDO)
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