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2.1!Single!sta/on!measurement�

H/V$method$:$Passive$method$(uses$microtremors)$

��

Requirements$for$H/V$method�

AllYin$one$accelerometer$
$Y$JUY310$(HAKUSAN$cooperaQon)$
$Y$Sensor$:$JAY40GA04$(Japan$AviaQon$Electronics$Industry,$Ltd.)$
$Y$Data$logger$:$LSY8800$(HAKUSAN$cooperaQon)$
$
GPS$antenna$
Compass$
SD$card$

Bandwidth� Resolu/on� Sensi/vity� Preamplifier� Gain�
Input!

data!logger!
range�

DCY200$Hz� 24Ybit� 0.204$(V/(m/s2))� ×5� ×4� �10V�

*$JUY210$(previous$version)�



Output$$
SensiQvity$
[V/(m/s2)]�

1�

Pre$
amplifier�

1�
� � �

$(m/s2)�

voltage$change$
(count)�

seismometer� amplifier� digiQzer�

Input$data$
logger$range$(V)�

DigiQzer$resoluQon�

2�

BitYweight$
(V/count)� =�

BitYweight$
(V/count)�

where�

	�

Supplemental:$Unit$conversion�

�
Gain�

1�DATA�

0.204� 5�
4�

20$(=$10$*$2)�

24�


�

2.2!Array!measurement�

(1)$AcQve$method$(uses$acQvated$source)$
$Y$Spectral$Analysis$of$Surface$Waves$(SASW)$
$Y$MulQYchannel$Analysis$of$Surface$Waves$(MASW)$
$Y$MASW$using$Common$Midpoint$Cross$CorrelaQon$
$$$(CMPCC)$
$
(2)$Passive$method$(uses$microtremors)$
$Y$FrequencyYwavenumber$(fYk)$method$
$Y$SPaQal$AutoCorrelaQon$(SPAC)$method$$
$Y$Centerless$Circular$Array$(CCA)$method$
$Y$Fihh$(V)$method$
$Y$MulQYchannel$Analysis$of$Surface$Waves$(MASW)$



Brief!outline!of!array!analysis!for!surface!waves�
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2.!Data!processing!
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3.!Inversion!
Y>$EsQmated$velocity$profile$
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Requirements$for$measurement�

Data$acquisiQon$system$$
(McSEISYSXW$by$OYO$corp.)$
$
Seismometer$×$7$
$Y$Natural$frequency$:$2.0$Hz$
$Y$VerQcal$component$
$
12$channel$takeout$cables$×$2$
$
Concrete$bricks$×$7$
BaWery$×$1$
MO$disk$
Tape$measure�

���

b.$MASW$method�

Sledge$hammer$
(source)�

Geophones$(1m$interval)�

Data$acquisiQon$system$

BaWery�
Takeout$cable$(12m)�
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�$Geophone$locaQons $ $�$Shot$locaQons�
ch.$1�

shot$1�
shot$2�

shot$24�

ch.$24�

���

Requirements$for$measurement�

Data$acquisiQon$system$$
(McSEISYSXW$by$OYO$corp.)$
$
$
Geophone$(sensor)$×$24$
$Y$4.5$Hz$
$Y$VerQcal$component$
$
12$channel$geophone$cables$×$2$
$
BaWery$×$1$
MO$disk$
Sledge$hammer$×$1$
Tape$measure�
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ConnecQon$between$geophone$and$cable�Geophone$deployment�

Geophone$installaQon� VibraQon$excitaQon�

���

3.!BASIC!THEORY�
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3.1!H/V!method�
RaQo$of$horizontal$spectrum$to$verQcal$spectrum$at$single$site:$
$
$
$
$
$
Y  Easily$reduce$source$effects$
Y  Stable$$
Y  corresponds$to$transfer$funcQon$$
$$$$for$horizontal$moQon$of$surface$
$$$$layers$(depends$only$on$subsurface$$
$$$$soil$parameters)$
$
Y>$H/V$can$be$used$to$deduce$$
$$$$subsurface$structure.�
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3.2!SPAC!method�
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Coherence$
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���Details$:$Aki$(1957),$Okada$(2003)$
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SPAC$coefficient�

Bessel$FuncQon$of$the$of$first$kind$of$zero$order$�

2D$wave$propagaQon�
Cross$correlaQon$between$two$sites�

Auto$correlaQon$at$reference$site�



���

Expression$of$SPAC$coefficient$

r$[m]�

ρ�
J0(kr)�

���

0 $ $ $ $$$$$r�

StaQons:$two$staQon$
Source:$spaQally$uniform$

StaQons:$circular$array$
Source:$nonuniform$

source�

source�
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Small$array$(small$r)$$
Y>$provides$informaQon$on$short$wavelength$surface$wave$propagaQon$characterisQcs$
Large$array$(large$r)$$
Y>$provides$informaQon$on$long$wavelength$surface$wave$propagaQon$characterisQcs$
$
CombinaQon$use$of$small$and$large$array$observaQons$provides$surface$wave$phase$$
velociQes$in$a$broader$frequency$range.$

PracQcal$array$deployment$

���

r�

ρ� J0(r)�

ω�

For$fixed$ω� For$fixed$r�

Small$array�

Medium$array� Large$array� Small$array�

Medium$array�

Large$array�

Phase$velocity$dispersion$is$esQmated$by$fisng$derived$SPAC$$
coefficients$for$target$r$and$ω'and$the$Bessel$funcQons$J0(r).�
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Data Acquisition 

SPAC coefficients calculation 

Velocity Analysis 

1D Inversion of Dispersion Curve 

1D Vs structure 

Task!Flow!of!SPAC!method�

�
�

3.3!MASW!method�

A group of seismic traces having the same shot point 

Shot Point 

Distance 

Common$Shot$Gather$
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Usual$definiQon:$A$group$of$seismic$traces$having$the$same$mid$
point$between$shot$and$detector$(geophone)$
$
For$MASW:$A$group$of$correlograms$having$the$same$mid$point$
between$a$pair$of$detectors$(geophone).$$
A$CMP$gather$includes$correlograms$of$various$spacing.$

Common Mid Point 

spacing 

Common$Mid$Point$(CMP)$Gather�
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ConvenQonal$MASW$(Park$et$al.,$1999)�
A $$$$$$$B$$$$$$$$$$$$C$$$$$$$$$$$D$$$$$$$$$$$$E$$$$$$$$$$$$F�

Geophone$
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One$dispersion$curve$
$
Y>$averaged$1D$(layered)$structure�

Calculate$crossYcorrelograms$
for$every$CMP,$one$shot$



31 

Basic$concept$of$MASW$using$CMP$Cross$CorrelaQon$$
(Hayashi$and$Suzuki,$2004)�

A $$$$$$$B$$$$$$$$$$$$C$$$$$$$$$$$D$$$$$$$$$$$$E$$$$$$$$$$$$F�

Calculate$crossYcorrelograms$
(for$each$CMP,$every$shot)$
and$stack$it.$
Y>$accuracy$is$improved$
Y>$S/N$is$increased$

MulQYdispersion$curves$
$
Y>$Detailed$2D$structure�
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Data Acquisition 

Make CMP-gathers 

Velocity Analysis 

1D Inversion of Dispersion Curve 

For the CMP at the center 

2D Vs structure 

With moving array, 
Repeat for all CMP 

Task!Flow!of!MASW�

2D$structure� Vs[m/s]�

Dispersion$curve$at$one$CMP�



3.4!Calcula/on!code:!SPAC!and!MASW!methods�
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Developed$by$Dr.$Yokoi$
$
Y  used$for$individual$study$(IISEE$regular$course)$
Y  used$for$pracQcal$purposes$
Y  developed$using$FORTRAN77$(g77)$programming$code$
Y  tested$on$Windows$(Cygwin)$and$Linux$(Ubuntu$12.04)$
Y  provided$free$of$charge$
$
Manners$
$$$$*please$let$the$developer$know$when$you$use$
$$$$*please$describe$the$sohware/developer$names$
$$$$$$when$you$write$a$paper$or$make$presentaQons�

���

source$codes,$sample$data$and$instrucQon$manual�
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5.!TODAY’S!DATA!AND!RESULTS�

file:\\CATFISH\share\lecture\MicrotremorObservaQon�

will$be$uploaded$within$a$few$days$…(weeks?)�


