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� � Abstrac:t Th is research paper is to in troduce landslidemon itoring which is one of the mi portantm ethods for

s lopem anagemen .t Lands ide mon itoring is an em ergency correspond when som e anomalies or d isp lacem ents are

detected on the s lope. W e propose the necessity of field m easuremen ts in em ergency and introduce w ireless

landslide m on itoring system as recen tly developed field measurem ents using in form at ion�communicat ion technolo�

gy ( ICT ). In introduction examples at landslide d isaster ofm on itoring system of ICT techno logy wh ich our com�

pany developed, secondary d isasters have been ab le to preven t by pred icting when landslide occurs from real

tmi e data that is sen t th rough w ireless communication and interne.t

Key words: slopem anagem en;t long�term risk; in form ation�communication techno logy; w ireless landside

mon itoring; slide m eter; rain gauge; tiltm eter; in terne;t GSM and GPRS

中图分类号: TU413. 6
+
2 文献标识码: A

Introduction

The As ian countries are located in the circum�Pacific

se ism ic zone or H mi alayan seism ic zone. T hese zones are

accompan ied by volcan ic belts wh ich cause geologically

w eak cond ition. They also have a lot of rain falls due toA s i�

an m onsoons and / or typhoons. In add ition to those geo�

graph ic and clmi ate cond itions, recen t rap id concentration

of popu lation to the urban ized areas was considered as one

of the reasons of the increase of natu ral d isasters.

Because of those situations, m any As ian coun tries have

comm on prob lem s; those include earthquakes, typhoons,

and slope d isasters.

A s one of the m ethods of m itigation technology for

landslide d isaster, there is landside m on itoring. The land�

side mon itoring is em ergency correspond when som e anoma�

lies or d isplacem en ts are detected on the slope. In th is pa�

per, we w ill demonstrate recen tly developed field mon itoring

methods using Information�communication technology( ICT ),

wh ich have been effect ively app lied to those prob lem s.

1 F ieldm easurements in em ergency

1. 1 Outline

If there are some anomalies or d isp lacemen ts observed

on a slope, it is much more mi portant to mon itor the d is�

p lacements, rain falls, and ground w ater than to measure

the ground strength. A s shown in F igure 1, it is mi portant

for p red icting the d isp lacem ents and exam in ing measures to

grasp the d istribution of d isp lacemen ts both horizontal and

dep th d irections.

In add ition, it is necessary to observe d isp lacemen ts,

rain falls, and ground water levels as tmi e series. In an e�

mergency, it is danger to en ter the land slide area, and it is

requ ired to own jo in tly the mon itoring resu lts w ith the local

inhab itants. To do such k ind of measurem ents, W ireless

L ands lide M onitoring System is recen tly noticed in w orld



F igure 1 W ire less Landslide M onitoring System

wide. W e introduce i�SENSORwhich isone of such k ind of

system s.

1. 2 W ireless LandslideM onitoring System

Autom atic m easurem en t technology is a very mi portan t

and ind ispensab le techn ique in order to grasp the motion

and its long�term changes of ground and groundw ater. M ore�

over, it has contribu ted for us to mi prove the efficiency,

quality and reliab ility of its invest igation and coun term easure

design. In Japan, wh ile the state of latest social cap ital

changes, such as mi portan t investmen t is m ade to d isaster

p revent ion and the environm ental field, or the ma intenance

/ managem ent field, reduction of the labor production popu�

lation by the low b irth rate and aging and the prob lem of cur�

tailm en t of a pub lic budget are actualiz ing. In such change

of the social situation of these days, in order to perform field

mon itoring rationally, the mi portance of automatic measure�

m ent technology has been increasing. O n the other hand, in

add ition to the au tomatic contro l technology, wh ich has

borne the central ro le of the automaticm easurem en t techno l�

ogy, the mi portance of late�com ing In formation�comm unica�

tion technology ( ICT ) is increas ing and deserves remarka�

b le atten tion. That factm eans that not on ly au tom atic meas�

urem en t bu t also the system design includ ing a su itab le

m ethod of d istribu ting measured data and in form at ion are

mi portan.t

In th is paper, we in troduce i�SENSOR system asw ire�

less landslide mon itoring system.

2 W ireless LandslideM on itoring System

( i�SENSOR )

2. 1 Outline

i�SENSOR is the field mon itoring system using In for�

mation�comm unication techno logy ( ICT ) wh ich system w as

developed by OYO Corporation in 2001. F igure 2 show s line

up of i�SENSOR system. V arious sensors such as slide m e�

ter, tilt meter, rain gauge and water level sensor are also

app licab le by us ing communicat ion un i.t

Figu re 2 L ine up of i�SENSOR system

Measured data and A larm signals are transm itted by E�

mai,l us ing cellu lar phone IP network. M oreover, m easured

data are transm itted to Data Cen ter by GPRS, us ing GSM

network as shown in F igure 3.

F igu re 3 Da ta gather ing and transm ission

2. 2 Techn ica l feature and effect

The techn ical featu res and effects of i�SENSOR us ing

the advanced ICT technology are as follows.

� In th is system, sensor, logger, and communication

dev ices are all in one un i.t Th is allow s for engineers, that

do not have special sk ills ofmeasurem ent devices, to easily

au tom atic field mon itoring such as landslide and groundwa�

ter leve.l Particu larly, it s ign ifican tly con tribu tes to mi �

provem en t of power saving and safety when construct a re�

mote mon itoring fram ework using mon itoring system at land�

s lide d isaster site.

� Pow er�saving technology app lied for i�SENSOR ena�

b les long�life battery, so it ach ieves several months to a

yearly maintenance.
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� Through w ireless�communication and in terne,t it

enables to sharemon itoring in form ation between a num ber of

parties in alm ost real�tmi e. Compare to the ex ist ing in forma�

tion too ls such as telephone or fax, it con tributes to accuracy

mi provemen t of d istributing in formation and to speed up d is�

aster response.

2. 3 Case study

As shown in F igure 4, i�SENSOR has been dep loyed at

various slope d isasters in Japan. P articu larly, for the in tro�

duction examples for landslide, on the bas is of real�tmi e da�

ta, d isrup tion pred iction of landslide prevents dam age from

spread ing. The follow ings are the introduction examples for

landslide d isaster of M in istry of Land, In frastructu re,

T ransport and Tourism (ML IT ) in Japan.

F igure 4 i�SENSOR introduc tion case

On Sep tember 7, 2006, 4, 000m
3 �collapse scale oc�

curred at the h ills ide ( approx. 1, 800m elevation) of Bet�

todan iw ith in landslide preven tion zone at J innosukedan i in

Ish ikaw a prefectu re where is under contro l ofK anazaw a O f�

fice of R iver and N ational R oad, M in istry of Land, In fra�

structu re, T ransport and T ourism (ML IT ). Because the ex�

pansion of collapse was concerned, upon receiv ing a request

from ML IT, our company installed fou r un its ( S�1 to S�4)

of ground slidem eters the next day. i�SENSOR slide meters

the follow ing day. i�SENSOR w as employed as installation

needed to be completed in a short tmi e and also data retrieve

needed to be rem otely ( F igure 5) .

Safety measures for trail such as eros ion contro lw ork

and traffic regu lation were mi p lemented because ind icat ions

of active landslide had been con firm ed around spots where

collapse was occurred from both land form cond ition and

slide m eter data was occurred. In add ition, based on data

that had been sen t from i�SENSOR slide meter every 10m i�

nu tes, w e pred icted co llapse tmi e to strength a m on itoring

system for p revention of secondary d isaster.

W e employed the method ofFukuzono
[ 1]
wh ich focused

on the inverse number of d isp lacem ent rate to p red ict land�

s lide collapse tmi e. A s shown on F igure 6, it is collapse

tmi e pred iction which w as mi p lem ented at 14: 30 on Sep�

tem ber 14. T he actual collapse scale ( approx. 8, 000m
3
)

was occurred at 4: 20 in the next morn ing. ( The collapse

range is shown in F igure 5. ) One of the s lide meters( S�1 )

was destroyed by th is co llapse, how ever, secondary d isaster

d id not happen because th is area was closed based on the

pred iction resu l.t In th is way, secondary d isaster is ab le to

m itigated by lands lide co llapse pred iction us ing real�tmi e

data from i�SENSOR.

3 Conclusions

The resen t field automatic m easuremen t technology,

such as i�SENSOR, which in tegrates the latest in formation

and communication technology such as internet was used to

be the technology which cou ld be hand led by professional

eng ineers on ly, however, curren tly it evolves in to the tech�

nology whichwou ld be easy to hand le for peop le do not have

expert know ledge. By tak ing in not on ly the latest elemental

technology bu t also know ledge and know�how of engineers
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that involve geotechn ical survey and sedmi ent d isaster and

upgrad ing i,t there is no doub t that the technology wou ld be

advanced in conven ience. W e believe that th is technology

wou ld be absolu telym ore essential in social trendwh ich w ill

be dram atically changed in the fu ture. W ith these poin ts in

m ind, our company wou ld like to involve developm ents for

next generation s lopem onitoring system.
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有关为了进行边坡管理开发的采用了信息通信
技术的测量监测系统

矢部满, 田子公一

(应用地质株式会社仪器事业本部, 日本 东京 )

摘 � 要: 滑坡管理是边坡防灾管理的一个方面, 在进行边坡管理的时候,提出了开发可以对边坡

产生的位移变化进行警报报警系统的要求。所以我们开发了利用信息通信技术 ( ICT )把滑坡范围内

的地基信息,通过互联网进行无线警报报警的系统。这里,我们通过滑坡管理的实例和对可能发生滑

坡的预测来介绍一下这个系统。

关键词:边坡防灾管理;灾害危险性;信息通信技术; 无线滑坡管理系统;伸缩计;雨量计;倾斜计;

互联网;手机 ( G SM, GPRS)
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