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ABSTRACT

Every landslide catastrophe causes a significant loss to human lives and their assets. These losses have
increased as human development has expanded into unstable hill slopes. Thus, monitoring of landslides
has received great attention over the past years. Water content and pore-water pressure in the slope
areas strongly affect the instability of slops. Therefore, groundwater level is an essential element of the
landslide investigation and monitoring. On the other hand, modeling of groundwater is difficult due to
the complex internal geology in most landslides prone areas. This research investigates an innovative
technique, based on Radio Frequency Identification (RFID) technology combined with ultrasonic sen-
sors for accurate and timely identification and monitoring of groundwater level in slopes and landslide
susceptible areas. The integrated monitoring and early warning system is continuous and traceable,
which is able to monitor groundwater in landslide susceptible areas on a real-time basis and to reliably
deliver data to a data management center. The transmission of data to the central database can be car-
ried out with the help of Global System for Mobile Communications (GSM), and the collected data can
be used for slope stability analysis in order to provide real time susceptibility maps. The autonomous
(24/7) operation function and effective data transmission of the proposed system can be considered an
essential tool for early warning and verification of landslide activity by allowing the user to be warned
automatically at the onset of landslide occurrence.
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1 INTRODUCTION

Landslide is one of the most common devastating disasters, which in many parts of the world
affect urban settlements and infrastructures. This complex geological and geomorphological
process occurs when the resistance of the soil or rock deteriorates. Human development in
unstable hill slopes increased the incidence of landslide disasters, recently. Although stabili-
zation projects are an alternative treatment for unstable slopes, they are sometimes
impracticable and not cost-effective. Those situations necessitate an adequate safety level for
landslide prone areas, in which monitoring and early warning system, as a powerful tool,
plays an essential role in identifying movements in advance to decrease the number of fatali-
ties and casualties. Monitoring also is a way of understanding landslide processes to predicate
future morphological changes to protect human lives. There are different approaches to detect
the ground movements such as: the use of survey markers; extensometers; inclinometers;
analog and digital photogrammetry, both terrestrial and aerial; and Interferometric Synthetic
Aperture Radar (InSAR) and Ground-based Synthetic Aperture Radar (GB-SAR) and
recently Web Geographical Information System platform (WebGIS) [1-5].

Combinations of GPS methods and SAR interferometry have been developed by Peyret
et al. [6] to monitor a large slow landslip in the Alborz Mountain Range in Iran. This combi-
nation of geodesy and field observation leads to a precise description of the past and present
kinematic behavior of the landslide. Borgogno Mondino et al. [7] have proposed an innovative
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image ortho-projection method based on a multi-layer perceptron neural network to correct
multi-spectral infrared and visible imaging spectrometer images of a test area in Italy. A new
complex translational landslide evolving into mudflows was monitored using an experimen-
tal system based on terrestrial Light Detection and Ranging (LIDAR) and GPS technologies
by Baldo et al. [8]. This system allowed the monitoring of the morphologic and volumetric
evolution of the landslide based on geological and geomorphological field surveys. Recently
an application of Wireless Sensing Networks has been investigated for landslide monitoring
and early warning [9]. Although this method has the capability to provide continuous infor-
mation, with damage to a sensor all the network would lose its effectiveness. Furthermore, in
recent research by Hosseyni et al. [10], Radio Frequency Identification (RFID) application
for surface and subsurface ground detection has been investigated.

Among the main causal factors of landslides, the temporal variation of the groundwater
level plays an important role on slope instability, so that it can be said that the groundwater
level is often the primary controlling factor in landslide occurrence. Recently, investigations
have been carried out for modeling and estimating groundwater level in various conditions
[11]. The distributed three-dimensional (3D) groundwater model MODFLOW has been
applied to evaluate the groundwater processes of the hydrogeological system within GIS
[12]. Soil moisture was assessed by an airborne scatterometer by Blumberg et al. [13]. They
developed a multi-channel system as a remote sensor for mapping soil water content. In
2002, dynamic groundwater movement was monitored using Ground Penetration Radar
(GPR) by Sati et al. [14]. Water behavior inside the soil was simulated by a two-dimensional
(2D) simulation model for predicting rainfall-triggered landslides [15]. Groundwater numer-
ical modeling has been used to understand the patterns of groundwater flow in slopes and
their impact on slope stability by several researchers [16]. An investigation of slopes endan-
gered by rainfall-induced landslides using high-resolution 2D and 3D electrical resistivity
tomography (ERT) was carried out to derive detailed subsurface images by Friedel et al. [17].
Multi-temporal images for groundwater level monitoring in arid areas was used in 2008 by
Pan et al. [18]. A time domain reflectometry-based probe was used for monitoring water
content in a high-clay landslide by Stangl et al. [19]. The results from soil moisture probes
and water levels revealed the surface infiltration process in an unsaturated soil so that the
mechanism of failure of rainfall-induced landslides could be understood by Tu et al. [20] in
the same year. Environmental sensors and sensor networks to develop water and salinity
budgets for seasonal wetland real-time water quality management were investigated in 2010
by Quinn [21].

To develop a real-time monitoring system for groundwater level change and to provide the
basic information, this research investigates RFID-based system which is combined with sen-
sor technologies and other traditional groundwater monitoring techniques and rainfall gauges.
It gives a regional seasonal picture of groundwater level in the endangered areas. Data can be
captured and saved continuously, far from the site in any weather condition even during land-
sliding. For best effect, automated record data systems should be coupled with dynamic
software to acquire and save real-time continuous data and to visualize groundwater table
areas.

2 PROBLEM STATEMENTS
Landslide monitoring systems usually concentrate on ground movement, as this gives direct
indication of developing instability. Groundwater monitoring on the other hand, needs to be
interpreted through an appropriate stability model to be useful. It is important, therefore that
if groundwater monitoring is undertaken, that the measurement of water level is made in real
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time and is transmitted to a safe remote location for processing. The problems therefore lie
within the areas of both data collection and transmission.

The following section describes the three basic technologies used in a data collection and
transmission system. They are ultrasonic sensors to measure the depth to the water table,
driven by an RFID tag that can be activated remotely, and the GSM connection for data trans-
mission.

3 WIRELESS TECHNOLOGIES
Recent technological advancement in wireless sensor technologies and data acquisition sys-
tems provides potential for advanced consistent data collection and communication and are
both technically and economically feasible and viable [21,22].

3.1 RFID systems

RFID system is a form of Auto-1D technology by interrogating a unique characteristic of the
physical object using radio waves. It can be considered as the next generation of barcode,
which uses radio waves rather than light waves to read a tag. Two decades ago, RFID was
introduced as the ultimate replacement for Barcode. In other words, RFID is an automatic
identification method that is based on the detection of electromagnetic signals, and radio
frequencies are used to capture and transmit data from and to a tag [23, 24].

The RFID system works with a reader emitting electromagnetic waves (a radio signal), and
a magnetic field is created when the signal from the reader couples with the tag’s antenna
[25]. A typical RFID system is shown in Fig. 1.

The signal activates the tag and the tag draws its power from this magnetic field, which
enables the tag to send back an identifying response to the reader through the same RF wave.
The reader then converts the radio waves that returns from the tag into digital data, which can
be passed on to an information processing system in management applications [26]. In its
most simple form, RIFD system consists of tags (transponder) with an antenna, a reader
(interrogator) with an antenna which can be connected to the host terminal [27]. Figure 2
shows these components.

A RFID tag is an electronic label and can be identified as a portable memory device on
a chip, which is encapsulated in a protective shell and can be attached to any object. RFID
tags come in a wide variety of physical forms, shapes, sizes, and protective housings. The

RFID Tag
{Transponder) @ RFID Reader
{Interrogator)
Figure 1: A typical RFID system.
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Figure 2: RFID system components.

encapsulation can come in a variety of sizes and forms, which protects the antenna and chip
from environmental conditions or reagents. RFID tags can be distinguished into two broad
groups depending on their power supply: those which have in-built battery (active tags) and
those without (passive tags). Active tags are powered using their built-in battery, while pas-
sive tags are powered solely by the electromagnetic field generated by the RFID reader.
Active tags are normally read and write devices, while passive tags are usually read only.
Passive tags have an unlimited lifetime and are smaller, lighter, and cheaper. They have lim-
ited data storage capability, a shorter read range and they require a higher power from the
reader. Active tags have internal battery source and therefore have shorter lifetime of approx-
imately three to ten years [28]. They can read, write, and store significant amount of
information and can be attached to sensors to store and communicate data to and from these
devices. Some tags have an light-emitting diode (LED) that notifies the user with a blinking
light when a tag and a reading device are communicating.

With active tags, the RFID tag is combined with sensor, enabling the active tag to sense the
environment. This sensing capacity can be for environmental monitoring. Sensors could be
geared to a wide variety of conditions, including: altitude, chemical and electrical properties,
flow, imaging, level, motion, positioning, pressure, proximity, shock and vibration, speed,
and temperature [29].

Reading and writing ranges depend on the operation frequency (low, high, ultra high, and
microwave). Low frequency systems generally operate at 125-134 KHz. High frequency
systems operates at 13.56 MHz, ultra high frequency (UHF) use a band anywhere from 433
to 956 MHz, and microwave operates at 2.45-5.8 GHz [27]. Tags operating at UHF typically
have longer reading ranges than tags operating at other frequencies. Similarly, active tags
have typically longer reading ranges than passive tags.

The significant advantage of all types of RFID systems is the noncontact, non-line-of-sight
nature of the technology for reading and writing. In addition, a large number of RFID tags
can be read almost instantaneously through other materials and they can be read through
plastic, cardboard, and wood. The RFID tags can store data and can also be read in challeng-
ing circumstances at remarkable speeds, in most cases responding in less than 100 ms. In
interactive applications, such as work-in-process or maintenance tracking, the read and write
capability of an active RFID system is also a significant advantage. RFID tags are reusable
and less susceptible to damage and can be read through a variety of substances, such as ice,
snow, paint, fog, crusted grime, and other visually and environmentally challenging condi-
tions, where other technologies would be useless.
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This innovative technology has already been extensively applied in various industries, such as
manufacturing; food; defense; pharmaceutical; transport; tracking library books; retail; and
healthcare [30]. RFID technology is being successfully used for applications in the construction
industry, such as asset management, theft deterrence, access control, and materials management.

3.2 Ultrasonic sensors

Ultrasonic sensors are widely used in industrial applications to measure object distance
recently. The operating principle is based on the measurement of the Time of Flight (ToF),
which is the time required for an ultrasonic wave to travel from a transmitter to a receiver. In
ToF technique, object distance (D) from the receiver is evaluated by D =V x ToF, where V is
the sound velocity [31].

3.3 General Packet Radio System

General Packet Radio Systems (GPRS) is a non-voice value added service that allows data to
be sent and received across a mobile telephone network that was designed to run on GSM, a
worldwide standard for cellular communications. GPRS is a packet switched ‘always on’
technology supporting internet protocols (IP) with a theoretical maximum speed of up to
114 kbps. GPRS is a wireless data transmission technology, which is related to Multimedia
Messaging Service (MMS) and Internet Communications Service (ICS). In other words,
GPRS can send any sort of messages that includes text, pictures, and sound and there is no
limit to the amount of data that can be sent. In GPRS, when information is sent from one, it
travels directly to the other almost immediately. Because GPRS uses the same protocols as
the internet, the networks can be seen as subsets of the internet, with the GPRS devices as
hosts, potentially with their own IP addresses [32].

4 RFID APPLICATIONS IN DIFFERENT INDUSTRIES
There are various applications of RFID technology in different industries. Some of the sec-
tors where RFID technology has already been applied are manufacturing food, defense,
pharmaceutical, transport, retail, and healthcare. [33].

In the construction industry, RFID technology has been applied in some efforts to improve
tracking, delivery, receipt, and location of materials and components, such as fabricated pipes,
structural steel members, engineered-to-order components, and interior decorating materials in
lay down yards and under shipping [34]. The findings of a number of researches demonstrated
that locating buried assets by applying RFID technology has a great potential for facilitating the
accurate 3D data of underground infrastructure [35]. In addition, RFID technology has been
used to develop a traceability system between paving operation and the asphalt mixing plant
[36], reliable security and safety system for the construction site [37], and has been imple-
mented to improve the management of health and safety in construction [38—40]. Furthermore,
RFID technology has been utilized in simulation-based framework for modeling information
flow processes in highway project [41], ubiquitous system for context-specific information
delivery [42], mobilized information frame in production management system [43], and last but
not the least, lifecycle management of facilities and building components [44,45].

5 ARCHITECTURE OF THE PROPOSED SYSTEM
The RFID-based pervasive system developed in this research is divided into two major parts,
first the field or on-site monitoring system and second the office data processing system.
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Figure 3: The system implementation flow diagram.

The on-site system mainly consists of three types of hardware components, namely,
(i) Groundwater Level Box (GWL-box) consisting of the transmitter/receiver, GSM module;
(ii) digital rainfall gauge; (iii) Leveling Package (LP) which consists of an active RFID tag
coupled with ultrasonic sensor, this also equipped with a temperature sensor. GSM commu-
nication technology is the second part of the mobile pervasive system where the information
is retrieved from transmitter/receiver device and is transferred to the server using GPRS.
Finally, the Data Processing System consists of two servers, the application server (e.g. GIS
system) and the database server with warning system. The architecture of the system and the
schematic model of collection, transmission and management of data are shown in Fig. 3.

6 IMPLEMENTATION
To meet the requirements of real-time monitoring of the changes in pore-water pressure in a
given area, an intelligent network system gathers the required information continuously. The
monitoring system, which combines sensor technologies with traditional method of ground-
water level monitoring, piezometers, consists of the following subsystems:

6.1 System installation and setup

First of all, piezometers are located based on the geological and topographical maps of the
area, using expert judgment. The numbers and location of piezometers can also be optimized
using a neural network algorithm, if necessary. For leveling up the water inside the piezom-
eters, they have been left to stabilize. The main part of the proposed system is placed in the
piezometer. The main function of this part is measuring the water level. This part of the sys-
tem which is named LP consists of an active RFID tag coupled with an ultrasonic sensor
equipped with a temperature sensor.

This subsystem floats on the existing water in the piezometer using a small balloon. It has
the capability to receive RF waves and sends RF-ultrasound waves to and from the transmitter
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and receiver. Figure 4 illustrates a schematic scheme of the automated groundwater level
monitoring system.

The heart of the system is the GWL-box. This includes a transmitter/receiver and GSM
module. The GWL-box sends the collected data continuously, however, to detect the box
from landsliding; it is highly recommended to install the box on a concrete platform and in
the more stable zone of the area. The transmitter/receiver can collect the data regarding the
water level from the piezometer and also get rainfall data from the recorder by wire.

As illustrated in Fig. 5, the transmitter and receiver can be packed and secured as the cap
of the piezometer. The main performance of this part of the system is sending RF waves
toward the active RFID-Sensors (LP) and receiving RF and ultrasound waves from the LP as
well as transfer of the collected data to GWL-box.

Ged

On-Site Monitoring Off-Site Data Processing

Digital Rainfall | Data Base Server |
b I

GWL-Box GSM Antenna 'it
) . GSM Antenna GPRS Bl
Transmitter/Receiver Modem Application Server
& = I
[>]
2 = Processing
=} il
) &Analysing
o
A 5 |
K w2 -
L | Alerting & Warning |

Figure 4: Schematic scheme of the automated groundwater monitoring system.

Figure 5: Schematic model of system installation.
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The last on-site subsystem which is installed and connected directly to GWL-box is a
digital rainfall recorder. This peripheral device has the capability of data retrieval by data
shuttling directly to GWL-box and is equipped with a solar power supply.

This linkage between the two subsystems, LP and digital rainfall gauge, provides the
advantage of continuous data collection even in adverse climatic conditions, so that sophisti-
cated data collection is possible for slope instability prediction in the figure 5.

6.2 Triggering and depth calculation

As it was mentioned, the LP floats on the water inside the piezometer measuring its water
level. On the measurements of ToF for RF to estimate the distance of tag from the receiver,
the delay is attributed to the speed of RF (very fast travelling) signals in the space. To find a
solution for this issue and to have a more accurate measurement for distance, an ultrasound
signal is used to measure the distance of sensor from the receiver. Therefore, an estimation of
distance starts with a query from transmitter and at the same time a timer starts and the tag
responds to the ultrasound signal within a short time after a querying of the receiver. Thus,
the signal travels with the speed of light in the forward direction and with the speed of ultra-
sound in the backward direction where the speed of ultrasound signals is about 340 m/s
which is significantly slower than the speed of light (one million times slower than the speed
of light). Therefore, small delays identified by scheduling the sensor do not cause an error in
estimation of distance and we can ignore the component of the delay recognized by the small
processing or scheduling delay at the sensor, or the propagation delay of RF signal in the
forward direction. The ultrasound signal does not carry in digital information; thus, RFID
active tag has been selected for transferring data, such as temperature, which is connected to
the tag.

The intensity of the ultrasonic wave generated by the transmitter and the sensitivity of the
receiver depends on the temperature of the environment which leads to a strong temperature
dependence of the reflected intensity. The propagation time also depends on the temperature
of the propagation environment (i.e. air).

The speed of sound in air actually depends on the temperature of the air. As a standard, it
is accepted that the speed of sound is 340m/s at 15°C. To calculate the speed of sound at a
different temperature, the following formula is used:

1v =331.5m/s + 0.6T, Q)

where ‘v’ is the velocity of sound (m/s) and T is the temperature (°C).

For example, the properties of sound in air with temperature T = 20°C are: Frequency =
500 Hz, Velocity V = 343.7 m/s, and Wavelength = 0.6874 m. Therefore, distance of tag
(groundwater level) is expressed by:

D=V xt, 2

where ‘t’ is the propagation time.

To calibrate dependencies on temperature mentioned above, a RFID tag connected to a
temperature sensor has been selected to monitor temperature of the environment. The sys-
tem is based on the definite interval time to capture and transfer the data remotely. The
system can be programmed and interval time can be changed according to the seasonal
demands.



126 J. Majrouhi Sardroud et al., Int. J. of Safety and Security Eng., Vol. 2, No. 2 (2012)
6.3 Data collection and transmission

At the allocated interval time, the upper part of the piezometer triggers which sends RF
waves to get radio frequency and ultrasound from LP. This data contains the proper informa-
tion which is necessary to calculate water level according to the temperature. The GWL-box
(Fig. 6) collects the information from transmitter. Then it first stores the collected data and
transfers them to the main server using GPRS technology.

6.4 Data processing and warning

The prime location of devices, GWL-box, LP rainfall gauge, is identified with a unique ID.
The GWL-box sends the collected data via GSM. When the data has been transferred to the
main central computer, it can be recognized from the device data it was sent from. Special
software has been written to calculate and correlate water levels and illustrate the water table
and pore water pressures on real-time bases, graphically. The processed data is used for slope
stability analysis and a factor of safety is calculated. Thereafter, it is possible to predict what
will happen in the next few hours and further potential dangers can be recognized in the pre-
analyses of the slopes. While the factor of safety approaches one, a warning procedure is
released. At this stage, the results can be shown on a GIS map to recognize the slope failure
location and the areas at risk. Then by means of the internet and GSM technology, results are
distributed, first to authorized people who are responsible for the area as well as the alert
signals which are set up in the endangered area. The warning system has the ability to send

GSM antenna RFID reader

Y

GPS antenna

~
>

GPS m conjunction with GSM
usging Micro controller

Figure 6: The GWL-box.
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text messages to provided mobile telephone numbers, and send email to local authorities to
trigger the installed alarms.

7 CONCLUSIONS

The applications of RFID-based integrated system is used in this research to automate the
task of landslides monitoring and early warning by means of acquire groundwater table and
pore-water pressure on a real-time bases. This research is conducted to identify opportunities
for applying advanced tracking and data storage technologies in landslides monitoring and
early warnings and to develop a model that explores how these technologies can be used in
landslide monitoring. Combination of RFID technology with GPRS and sensor technologies
provide low-cost, low energy consumption and timely active groundwater information on the
slope areas with greater accuracy. In addition, when the system is combined with rainfall
gauges, it has the capability of providing reliable data for understanding the mechanisms and
processes in which shallow and rainfall-triggered landslides occurred, and subsequently the
real relationships between rainfall infiltration and groundwater table can be obtained. Such
intelligent systems permit real-time control, enabling actions to be taken which will save
valuable time.
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