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ABSTRACT 
Rockfalls and landslides bring about great social loss such as traffic obstruction, damages in crops and even casualty. Currently most 
slopes, except the one under a real-time monitoring system, are managed via field investigation. However, the interval and frequency 
of investigations are different between slopes due to the problems in workforce and budget. Therefore, management and maintenance
task should be improved. The purpose of this study is to develop a vehicle for collecting field information and its operating method
for an effective daily inspection of the slopes. For this purpose, a basic development model for an information gathering vehicle is 
defined, and its feasibility is evaluated. In addition, the command module is designed to support the effective collection of
information via computerized task and inspection schedule. The operation of an information gathering vehicle will support quicker
acquisition of information on rockfalls and landslides according to standardized and objective criteria. In addition, it will prevent
casualty and property loss before it happens. It is expected to clear out any inconvenience in connecting work between dangerous area
information, computerized information and initial input data overload, all of which have been the bottleneck for  field information 
collection and computerization 

RÉSUMÉ
Les éboulements et les glissements de terrain provoquent la grande perte sociale comme les bouchons de la circulation, les dommages
dans les récoltes et même les sinistres. Actuellement la plupart des pentes, sauf celui sous un système de surveillance en temps réel,
sont gérées via l’enquête de terrain. Pourtant, l'intervalle et la fréquence de recherche sont différents entre les pentes en raison des
problème de la main-d'œuvre et du budget. Donc, l’administration et la tâche de maintenance devraient être améliorés. Le but de cette 
étude est de développer un véhicule pour recueillir des renseignements de terrain et sa méthode opérante pour une inspection
quotidienne efficace des pentes. Pour ce but, un modèle de développement fondamental pour des renseignements cuillant le véhicule
est défini et sa faisabilité est évaluée. En plus, le module d’ordre est conçu pour soutenir la collection efficace d’informations via la
tâche informatisée et le programme d'inspection. L’opération de renseignements cueillant le véhicule soutiendra l’acquisition plus
rapide d’informations sur les éboulements et les glissements de terrain selon les critères standardisés et objectifs. En plus, il 
préviendra l’accidenté et la perte de biens avnat qu’il arrive. On s’attend à ce que cela range n’importe quel dérangement dans le
travail communiquant entre la région dangeruese d’information, les renseignements informatisés et la surcahrge de données d’entrée
initiale, dont tous ont été l’embouteillage pour la collection d’information de terrain et la mise sur ordinateur. 
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1 INTRODUCTION 

Falling rocks and crumbling belong to the most dangerous 
natural phenomena all the more they are very difficult to predict 
and quantify in practice(Guilemin, 2007). The loss of human 
lives and properties resulting from rockfalls and landslides is a 
type of damage that can be minimized through thorough 
prevention inspections and maintenance care.( Ministry of 
Construction & Transportation of Korean Government, 2004)   
However, the reality is that most slope inspections are being 
conducted without specific equipment or apparatus but through 
human resources based on inspections through the naked eye. In 
the case of the naked eye inspection, through which the 
inspector uses a research method of primarily finding the faults 
of the structure directly conducts field reserach, there is an 
advantage of being able to inspect various items such as cracks, 
water leakages and the conditions of the surrounding 
environment of the structure and protection facilities.. However, 
the continuity of work can become disconnected as the person 

in charge changes, and errors can occur in determining the slope 
condition depending on the level and competency of the 
inspector. In addition, it is difficult for the inspector of to visit 
every time and confirm the conditions of the top of the slope, 
drain ditch and side ditch.  

To improve such problems, there is a need for a quantitative 
safety analysis using the numerical data obtained not by a 
person but through an objective equipment. The standing 
measurement system can constantly identify unforeseen 
situations that can occur on the slope and the slope movement. 
However, due to the expensive cost of establishing the standing 
measurement system, it can only be applied to important slopes 
or slopes that have great possibilities of collapsing or damaging 
influences. Because of budgetary limitations, this measurement 
system can not be applied to all slopes that are distributed in 
wide areas. In this study, a trial product of an inspection-
purpose information gathering vehicle was developed to 
improve such problems and to deduce practical verification and 
items to complement through a trial test. The information 
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gathering vehicle will be able to obtain information in a timely 
manner based on the objective and qualified standards for 
hazardous areas of potential slope collapse. In addition, it will 
be able to contribute on a preventive level for maintenance care 
that can prevent the loss of human lives and the damage of 
properties from rockfall and landslide. Also it is expected to be 
used not only in slopes but also in the maintenance care of 
various facilities that are partially hazardous and in need 
measurements such as tunnels, bridges and buildings. 

2 INFORMATION GATHERING VEHICLE 

2.1 Development Model 

In this study, an information gathering vehicle has been 
developed to obtain quantitative field data in a timely manner at 
an inexpensive cost for effectively maintaining numerous slopes 
that are being distributed in wide areas. The diagram for the 
slope inspection system using the information gathering vehicle 
is shown in Figure 1.  It has been designed to be able to receive 
the sensing data of the slope and transmit information to the 
center at the same time while driving the vehicle. The vehicle 
contains a equipment that gathers data by installing and 
operating small measurement sensors at the right places for 
sensing the symptoms of danger. Generally in the case of 
standing management system, more than one unit of high-price 
data logger is required per slope site, but this system can 
execute cost-effective general measurement management as the 
information gathering equipment is installed on the one vehicle 
regardless of the number of slope sites. This management 
system provides quantitative basic information required for 
maintenance care by measuring the slope condition using the 
measurement sensor. Through the internal computer installed in 
the vehicle, data is sent by obtaining additional information 
such as video information when abnormal symptom occurs 
through the pre-processing and analysis process. Furthermore, 
for a seamless operation of the information gathering vehicle, 
it’s location can be traced and controlled by the center. It is also 
designed to allow Internet based video communication for 
seamless communication between the center manager and the 
vehicle operator. 

Figure 1.  An outline of the Development Model 

2.2 Applicable Vulnerable Factors  

To increase the field usability of the information gathering 
vehicle, field visits and research was conducted for 300 sites of 
slopes in the country to determine the vulnerable factors of the 
slopes that can be sensed through this system. As a result, the 
partially vulnerable hazardous areas that were the causes of 
current slope collapse occurences, which the existing real-time 
measurement system could be not be applied to, were classified 
into three major categories : 

1) The side ditch of the top of the slope and the drainage 
ditch of an inclining shoulder: the drainage ditch, which is used 
for preventing corrosion from the influx of water to the slope 
and scour, cannot properly function as a drainage ditch when it 
is blocked by things such as earth, sand and weed or when it 
breaks from ground subsidence. 

2) Large rocks and a retaining wall: as a main vulnerable 
element that continually occurs from the weathering influence 
from freezing and thawing in spite of the continuous 
establishment of measuring the methods of construction, 
rockfalls keep occuring. This is because the opportunity to 
eliminate or reinforce the large rocks with potential rockfall 
concerns is being missed or frequently delayed due to a 
deficient budget of the institution in charge. 

3) Distance: the space from the road shoulder to the lower 
part of the cut area provides a marginal space to alleviate shock 
during the occurence of a rockfall or a collapse.  If the 
accumulated piles of earth and sand are not eliminated in a 
timely manner, it will threaten the safety of road users as the 
rockfalls can bounce into the road or damage the road. 

As mentioned above, to measure the partially vulnerable 
areas, a surface LVDT should be installed on the side ditch of 
the top of a slope, a surface LVDT and clinometer should be 
installed on the large rocks and the retaining wall, and an earth 
pressure cell should be installed on the distance part to find the 
earth and sand removal period.  

2.3  Equipment Development 

The information gathering vehicle is consisted of the sensing 
data gathering part for gathering the data from the sensors 
installed on the field, the digital video filming part to investigate 
the direction and density of rock joints and the PC for analyzing 
and storing the obtained information. In the vehicle, a wireless 
Internet using CDMA was used to make the data transmission 
and reception of the data between the vehicle and the central 
control center seamless, and GPS receiver was installed to make 
location tracing and control of the vehicle possible(Ministry of 
Construction & Transportation of Korean Government, 2002). 
In addition, a desk was installed inside the vehicle on which a 
monitor for analyzing the video was placed to allow the user to 
conveniently use.  Also, by developing an equipment rack 
according to the size of the equipments such as DVR, Receiver, 
spare battery and PC, it has been arranged to minimize the 
influence from the vibration and shock of the vehicle to the 
equipments being contained inside the rack (refer to Figure 2).  

Figure 2.  The Structure of the Information Gathering Vehicle 

2.3.1 Sensing Data Analysis System 

As the device for receiving the data from each Sensor node was 
installed on the field, an Access point was installed on the 
exterior of the vehicle to make the communication more even 
(Figure 3(a)).  When the vehicle approaches within a certain 
range from the object slope, the Access point sends a signal to 
the Sensor node for it to change from Sleep mode, which is the 
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energy saving mode, to Wake up mode. Then the Sensor node 
that received this signal will transmit the saved sensing data to 
the Access point. 

(a) Access point (b) Operating Program 

Figure 3.  Analysis and Collection of Sensing Data 

2.3.2 Image Analysis System 
In this study, in order to increase the effectiveness of acquiring 
the information needed to establish prediction and warning 
environment, a digital video acquiring equipment was installed. 
This video processing and analysis characterised the slope 
conditions and joint structure(Ministry of Construction & 
Transportation of Korean Government, 2006). . 

As the video equipment has been developed to be lifted in 
maximum height of about 7m from the earth surface, it has been 
designed to allow visual observations for the vulnerable parts 
that are difficult to actually visit and inspect. One video filming 
camera and two still video filming cameras were used for 
analysing the joint characteristics.such as the summit part of 
slope and drainage of the side ditch.  

(a)Imaging equipment (b) Joint analysis program 

Figure 4.  Image Analysis System 

3 TEST 

3.1 Test Purpose 

There is a possibility of an error in the measured information 
and of the information being distorted during the transmition of 
data when the necessary electric power for a seamless operation 
of the Sensor and the Sensor node is not acquired.,. This is 
because the Sensor gathers the field information and the Sensor 
node sends the information gathered from the sensor  Therefore, 
there is a need to verify the seamless power supply status for the 
equipments installed on the field and the waiting status of 
electric power consumption in accordance to the possibility of 
deteriorating weather such as rain. Also, considering the width 
of the road and the height of the slope, there needs to be about 
100m of distance between the nodes in order for the information 
gathering vehicle to receive data from the sensor nodes that are 
installed on the slope while driving. 

Accordingly, 1) the performance maintaining period of the 
solar cell power supply device of the sensor nodes that will be 
installed on the field were reviewed, 2) the movement speed of 
the equipment for transmitting data while receiving the 
measurement values while driving was measured in order to 
assure the mobility of the vehicle, 3) the maximum distance 
allowed between the sensor nodes and the vehicle for a 
seamless data transfer was measured, and 4) a trial test was 
conducted to find out if the data values were being distorted or 
not from the wireless communication. 

3.2 Test Method 

A trial test was conducted on general roads with three buildings 
(Figure 5) in order to verify the performance of the information 
gathering vehicle. 

First, to test the performance maintaining period of the solar 
cell power supply device of the sensor node, the solar cell 
power supply was differentiated between being provided and 
not provided, while a sensor node was installed on the inside 
and the outside (Figure 6(a), (b)). As a condition of the test at 
this time, the sensor measurement period was set as once every 
30 minutes and once every 3 days for the transmission period of 
the measured data.  Under such conditions, the power supply 
status was evaluated by a measurement taken once a day for the 
voltage of the rechargeable part of the solar cell. 

A LVDT was installed on the rooftop of Building 2 (Picture 
5) which was about 25m above the surface level (Picture 6(a)).  
At this time, a vernier caliper was used to adjust the 
displacement value to 3mm and installed in order to confirm 
whether or not the data measurement values were being 
distorted (Figure 6(c)).  The distance between the sensor 
installment locations and each point within the test object 
district was measured and marked. The measurement locations 
that were attainable and its speed were measured by driving at a 
consistent speed using traveling purpose equipments.  

Figure 5.  Test Area 

Figure 6.  Test Conditions 

4 RESULT 

As a result of the test for the power supply device for the sensor 
node(Figure 7), the performance maintaining period revealed to 
be about 9 days when there was no solar power supply. In 
addition, it’s been confirmed that the power performance after 
the 9 days maintaining period secures more than 90% of the 
power supply which is comparable to the intial expectation in 
the condition of solar power supply. Thus confirming that 
installing and operating sensor and transmission parts on the 
field, based on the average weather condition of the country, is 
sufficient and feasible.  In addition, it’s been confirmed that 
there is no data distortion even in the case when the 
performance maintaining period has been reached. 

Figure 8 is a diagram that shows the driving speed and the 
distance when data is being sent to the vehicle from the sensor 
nodes. As shown in Figure 8, the maximum travelling speed of 
the vehicle was 55km/h, and the maximum distance between the 
vehicle and the sensor nodes was 165m when the vehicle was in 
still. Since the communication is somewhat affected by the 
weather because the communications between the nodes were 
done wirelessly, the speed of the vehicle and the distance were 

   

(a) Power supply (b) No power supply (C) Fixed displacement 



S.J. Jung et al. / A Study on Field Test of Information Gathering Vehicle for Slope Maintenance Management2734

measured to be relatively low on a cloudy day . Taking this into 
consideration, driving speed of the vehicle during which data 
can be transferred seamlessly while assuring 100m distance 
between the sensor nodes and the vehicle, was found to be 
approximately 30km/h. In addition, the result of comparing the 
measured data received upon designating the value of the 
LVDT to 3mm using calibration, revealed that the data values 
were the same and through this it has been confirmed that there 
is no data distortion.  As it’s been confirmed that there are some 
restrictions on the data transmissions in the case of high-rise 
buildings blocking in between the vehicle and the sensor nodes, 
there is a plan to conduct a field test to review whether or not 
there is a communication hindrance and/or restrictions from 
woods and curves in the roads for any future actual installations 
of sensor nodes on the slope fields. 

Figure 7.  Measured Displacement and Voltage 

Figure 8.  Driving Speed and Distance When Data is being Sent to the 
Vehicle from the Sensor Node 

5 CONCLUSIONS 

In this study, traveling purpose equipments were developed 
implemented in a trial test for obtaining quantitative field data 
in a timely manner at an inexpensive cost. This study was 
conducted in order to effectively maintain the numerous slopes 
that are dispered throughout the metropolitan regions, and to 
deduce the following conclusion and future tasks.    

1) By installing and operating small measurement sensors at 
appropriate locations, the information gathering vehicle has 
been designed to support an effective prevention focused 
inspection work for slopes. It has been developed to be able to 
receive data sensed from the slope and to transmit the data 
while driving the vehicle which is installed with information 
gathering equipment. 

2) By utilizing the digital video equipment installed on the 
vehicle, not only is it possible to analyze the rock joint structure 
but also visual observations are possible for the vulnerable areas 
that are hard to be inspected. The inspector can actually visit 
areas such as the peak of the slope and the draing ditch at the 
shoulder of mountain. 

3) The result of the power supply device test of the sensor 
node revealed that the performance maintaining period of the 
power supply is about 9 days. Plus it’s been confirmed that the 
power performance after the 9 days maintaining period secures 
more than 90% of the power supply which is comparable to 
inital expectations. This confirms that installing and operating 
sensor and transmission parts on the field based on the average 
weather condition of the country is sufficient and feasible.   

4) The result of the trial test for travel reviewing type 
equipment shows that at the driving speed of approximately 
30km/h during which data can be seamlessly transferred while 
assuring 100m distance between the sensor nodes and the 
vehicle, confirmed that 100m is a feasible distance between the 
nodes. Also, if there are buildings, woods, or if the road is not in 
a straight line, it’s been confirmed that there wasn’t any value 
error or distortion even though there were some restrictions on 
data transmission when the vehicle was traveling at 30km/h. 

5) The field applicability of the information gathering 
vehicle will be verified in the future by first, installing multiple 
sensors on fields with various weeds and trees and second,  by 
implementing the field tests through data transmission and 
reception between the sensor nodes and the vehicle plus the 
two-way communications between  the center and the vehicle. 
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