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Abstract Th & research paper is to ntroduce landslidemonibring which is one of the mportantm ethods br

s bpe m anagement Landsie monibring is an en eigency correspond when san e anamalies or disp lacen ents are

detected on the sbpe W e pwopose the necessity of fiell m easurements n an ergency and intoduce w ireless

landslide m onitoring systan as ecently developed fiel measuran ents using nm at bn-coanmunicat on technolo-

gy ( ICT).

In intoduction exampks at landslide disaster ofm onitoring systen of ICT techno bgy wh th our com-

pany devebped sewndary disasters have been able to prevent by predicting when landslide occurs from real

tine data that is sent through wirekess conmuntation and intem et
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Introdu ction

The Asian countries are bcated n the circun-Pacific
se#m © zone or H mahyan seismic zone These zones are
accampanied by volcanic belts which cause geologically
w eak condition They also have a lot of ran falls due toAsr
an monsoons and/or typhoons In addition to those geo-
graph © and clim ate conditions recent rap d concentmtion
of population to the urbanized areas was considered as one
of the reasons of the increase of natumal disasteis

Because of those situations m any Asian countries have

those inchide earhquakes typhoons

canm on pwblan g
and slope dBasters

As one of the methods of mitigaton technobgy for
bndslide disaster there is landside m on itoring The land-
side monitoring is en ergency correspond when san e anoma-
lies or dsplacen ents are detected on the slope In h s pa-

per wew ill danonstrate recently developed field monitoring
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long-tem risk infom atbn-conmunicaton technobgy, w ireless landside
titmeter mtemet GM and GPRS

A

metods using Infomatbn-canmunicaton technobgy( CT),

which have been effectvely applied to those problen s

1 Fieldmeasuranents in an ergency

11 Outline

If here are some anamalies or displacements ob served
on a slope it is much more mportant to monibr he dis
placements rain falls and ground water han to measure
the ground strengh A's shown n Figure L it & mportant
forpredictng the displacan ents and exan ning measures to
grasp the dstrbution of displacements both horizontal and
depth dirctions

In additon

ran fally and ground water kvels as time series

it is necessary to observe displacements
In an e
mergency, it is danger to enter the land slde area and it is
required to own pintly hemonitoring resulis with the local
mhabitants To do such knd of measuren ents W reless

Landslde M onitorng System is recently noticed in world
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J-SENSOR ,

Figure 1 W ireless Landslde M onitoring Sysem

wide W e introduce i-SENSOR which is ore of such kind of
systan s
1 2 Wireless LandslideM onitoring Systen

Auton atc m easuren ent technology is a very mportant
and indispensable technique n order to grmsp the motion
and its bng-tem dhanges of ground and groundw ater M ore-
over it has contributed Hr us to mprove he efficiency,
quality and wreliability of its nvestiation and countem easure
design In Japan whik the state of latest social capital
changes such as m portant investment is m ade to disaster
preventbn and the envirorm ental field or hemantenance
/ managem ent feld reduction of the labor produ ction popu-
htion by the bw birthmte and aging and the problan of cur
tailn ent of a public budget are actualizng In such change
of he socil simation of these days n order to perform field
mon itoring ratbnally the m portance of automatic measure-
m ent technology has been ncreasing On the other hand in
additbn to he automatic contwl technology whih has
bome the central vk of he autamaticm easuran ent techno t
ogy the mportance of late-com ng Infomaton-comm unica-
tion technobgy ( ICT) is increasing and deserves remaika-
ble attenton That factm eans that not only auton atc meas
uren ent but also the system design nchiding a suitable
m ethod of distrbuting measured data and nfom aton are
mportant

In this paper we ntwduce rfSENSOR system asw ire-
kss landslide monitoring systan.

2 W ireless LandslideM onitorng Systan
( rSENSOR)
2 1 Outline
FSEN SOR is he feld monitorng systen using Infor

maton-conm unicaton technobgy ( ICT) which systan w as
devebped by OYO Corporaton in 2001 Figure 2 shov s lne
up of rSENSOR systen. V arious sensors such as sldem e
ter tilt meter ran gauge and water kvel sensor are also

applcable by usng canmunicat bn unit

i- SENSOR Rain
. ' e - sensor Tilt meter
i-SENSOR  Slide meter ]
i § |
{
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Figure2 Line up of tSENSOR system

i- sensor S&DL Adapter

M easured data and A lam signals are transm itted by E-
mai] using cellular phone IP newoik M oreover m easured
data are trangm itted to Data Center by GPRS usng GSM

network as shown n Figure 3
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Fgure 3 Data gatherhg and transm ission

2 2 Technical feature and effect

The technical features and effects of FfSENSOR using
the advanced LT technology awr as follows

* In hE system, sensor logger and conmunicatbn
devices are all n one unit This albws br engneers that
do not have special skills of measuren ent devices to easily
autan ate feld monitorng such as hndslide and groundwa
ter level Particularly it sinificantly contrbutes to m-
proven ent of power saving and safety when cnstuct a re
mote monitoring fran ewoik using monitorng system at land-
slide disaster site

* Poversaving technology applied for fSENSOR ena
so it achieves several months to a

bles bng-life battery,

yearly maintenance
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*  Through w rreless-communicaton and internef it
enables to sharemonitorng nHm ation between a nun ber of
parties m aln ost reaktine Canpare o the ex sting nfoma-
tion too k such as telephone or fax it contrbutes to accuracy
mprovement of dstrbuting nfomaton and to speed up dis
aster respon se
2 3 Case study
rSEN R has been deployed at

various slope disasters in Japan Particularly for the ntro-

A's shown nFigure4

ducton exanples for landslide on the bas of real-tine da-
ta dBruptbn prediction of landslide prevents dan age fran
spreading The bllow ngs are he ntwduction exanples for
bndslide disaster of M inistry of Land Infrastmuciurg

Transport and Tourisn (MLI') n Japan

+SENSOR introd uc tion case

Figure 4

On Septanber 7, 2006 4 000m’ -collapse scale oc-
curred at the hillsde ( approx 1 800m elevation) of Bet
todaniw ithin landslide preventon zone at Jmnosukedani in
Ishk av a prefecture where is under contw | of K anazav a O f
fice of River and Natbnal Road M inisty of Land Infra-
structurg Transport and Taursm (MLT). Because the ex-
panson of collapse was concemed upon recew ing a request
from ML, our company nstalled Hur units (S-1 to S-4)
of gound slidem eters the next day TrSENSOR slide meters
the folbw ng day SENSOR was enployed as mstalhtion
needed to be canpleted in a short tin e and also data retrieve
needed to be ram otely ( Figure 5).

Safety measures br trail such as eroson contwo lw ork
and traffic regulatbn were mplemented because ndicat bns
of active landslide had been confim ed around spots where
colbpse was occurred fran both land fom condition and
slide m eter data was occurred In additon based on data
that had been sent fron rSENSOR slide meter every 10m 1
nutes we predicted collapse tine to strength am onitoring

systan _for, prevention. of secondary. disaster

W e employed hemethod of Fukuzono'" wh th focused
on the nverse number of displacen ent mte to predict land-
slde collapse tine As shown on Fgure § it is collapse
tme prediction which was mplanented at 14 30 on Sep
tan ber 14 The actual collapse scale (approx & 000m”)
(The collapse

range is shown i Figure 5 ) One of he slide meters(S-1)

was occurred at 4 20 n the next moming

was destroyed by this wllapse how ever secondary d saster
did not happen because ths area was closed based on the
predicton result In h s way secondary disaster is able to
mitigated by landslide ollapse prediction using reattme
data fm rSENSOR

[o——t Slide meter
jo——4 Slide meter (new)

Figure 5 Arrangement of the landslide observation
instrument in Bettodani( Caused on September 15)
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Figure 6 Prediction of collapse time of the landslide
according to measuring data acquired
by the slide meter

3 Conclusions

The wmsent fied automatic m easurement technology
such as FSENSOR, which ntegrates he latest nfomation
and conmunicaton technology such as ntemet was used to
be the technobgy which could be handled by professbnal
engnees only however curently it evolves nto the tech
nology whichwould be easy b handle for peopk do not have
expert know ledge By taking n not only the latest elemental

technblogys bu b, allse knew ledge and knowrhey of engmeers
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that nvolve geotechnical survey and sedm ent dsaster and
upgrad ng i there & no doubt that the technology would be
advanced n convenience W e believe hat this technology
would be absolutelym ore essential n social rend wh ich w ill
be dran atcally changed i the future W ih these ponts in
m nd our campany would lke to involve developm ents for

next genemtion s bpe m onitoring system.
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