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The paper presents an implementation of prototype based Early Warning System (EWS) 

to detect and provide early warning of Landslide activities. The main aim of this work is 

to implement the prototype with low cost sensor network. A simulation setup and a table 

based prototype setup was implemented to study the capability and effectiveness of the 

system. The setup consists of table based setup of landslide with multiple/changing angle 

from 30° to 90°. Multiple sensing elements including rain sensor to detect presence of 

rain, soil moisture sensor to detect the moisture content, temperature and humidity sensor 

to detect humidity in the environment and vibration sensor to detect movement in the soil 

was implemented. The data captured by the sensing element is transmitted to a 

microcontroller which sends early warning signal represented by LED, Buzzer and 

sending of SMS or call. Through the setup, it is found that the sensitivity of the moisture 

sensor is rather limited however the range of moisture content detected by the sensor is 

functional. The vibration sensor can be tuned to have high sensitivity to the movement of 

the soil however, a number of false positive outcome may be detected. The early warning 

system is still possible by using multiple sensing element and averaging over their 

outcomes. The early warning system using low cost components as prototype has been 

successfully demonstrated. This setup can be scaled up to a real field implementation after 

careful tuning. 
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1. INTRODUCTION

Landslides are naturally occurring phenomenon in Bhutan 

with their occurrence coming in tens to hundreds annually. 

They are sparsely distributed across the country, with some 

major ones concentrated along the highways. These landslides 

are usually triggered by rainfall during rainy seasons. The 

rainfall triggered landslide that are concentrated along the 

south and south east part of the country occur during pre-

monsoon and monsoon season and last from May to 

September. With the think hazard [1] placing Bhutan in high 

hazard level country, the monsoon season sees the most 

rainfall with average rain recorded at around 1663.4 mm [2] 

from 2004-2014 and peak rainfall at 2926.6 mm. With the 

highest number of landslides occurring along the national high 

way that connect the whole of the country from bordering hub, 

the impact of landslide is felt directly on the daily lives of the 

people and smooth functioning of the economy. A number of 

studies have been published to study the landslide in the 

country [3-5] and to analyze the relation between rainfall data 

as trigger for landslide using probabilistic method concluding 

that early warning system could be of utmost help in such 

cases [6]. However, no early warning system has actually been 

installed in these high risk areas. Therefore, this work aims to 

utilize these results and demonstrate a sensor network based 

early warning system with the capability to detect incipient 

faults occurring due to excessive rainfall and provide warning 

mechanism. 

Early warning system plays a very important role in the 

daily lives of human being. It can be a bridge to decide upon 

the steps taken based on probability of occurrence of some 

events. With the advancement in technology, the focus of the 

modern world has been shifted towards making system 

smarter such that any eminent outcomes can be detected and 

its risks mitigated. Motor vehicle accident early warning 

system are given due importance today with advancement in 

driverless cars where the vehicle can detect eminent dangers 

and notify the proxy driver or stop the car from an accident [7-

10]. This has been possible with the advancement in a number 

of technologies [11-15]. Other applications of early warning 

system include seismic activity detection and warning of 

eminent tsunami and landslides [16-18]. Also, parameters 

from other environment activities can be sensed and assessed 

for eminent threat. 

Early warning system relies on data sensed from sensors, 

and controller to make decision or provide warning signals. 

Sensor networks are an important aspect of the early warning 

system. Sensor network consists of algorithmic arrangement 

of sensors and controllers around the area of interest such that 

the data captured by the sensors are suitably transmitted to the 

desired location. Early sensor network placed high priority in 

wireless sensor networks due to its capability to be installed in 

remote locations [19, 20]. However, the reliability of these 

sensor nodes plays important role in establishing a good 

network connectivity [21].  

The sensors are other crucial components in these 

technology as the outcome of the sensors determine the 

decision taken. Any noise in the sensor data could corrupt the 

outcome and give rise to false positive or false negative 

decisions leading to undesired results. Sensitivity of the 

sensing device is also critical in outcome of the system 

because any minor changes that requires to be sensed has to be 
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correctly determined. The sensors used in this project have 

limited sensitivity as they are off-the-shelf sensors and for 

experimentation purpose. 

The decision of the outcome has to be made by a 

microcontroller. Microcontroller has come a long way in 

technological advancement and today microcontrollers 

provide very high speed of operation with low power 

consumption while connected to multiple input and output 

devices. The controller used in this work is a low power, 

medium speed microcontroller. It has 16 input and outputs, 

highly programmable, cheap and easily available. This makes 

its use more desirable however the controller supports low 

level of parallelism. 

A number of components can be used for providing warning 

to the end users. In the current work, a LED, Buzzers and GSM 

module is used. GSM module can send SMS or call a number 

during times of eminent danger. The GSM module has 

disadvantage in places where there is no network coverage. 

With high priority given to wireless sensor network and its 

application in remote and inaccessible areas, GSM can be 

replaced with other technology such as ZigBee or Bluetooth. 

This can be enhanced using sensor network that can 

communicate with each other and have its own decision-

making capability. However, the range of these technology are 

rather limited and hence requires the use of multiple 

components to cover a specific area. This increases the cost of 

the system. 

The state of art, low power, independent wireless sensor 

motes [22] are available and consist of a controller and sensor 

nodes that communicate with each other to transmit 

information using number of different configurations. 

However, for a specific area, more number of devices are 

required to sense data, analyze and transmit data to desired 

locations. Additionally, hazard and calamities destroy these 

devices incurring huge expenses. 

Therefore, this work implements a sensor network with a 

number of sensors covering a wide range of area controlled by 

a controller in a desired remote location. This helps to capture 

the difference in the activity in varied location using the same 

network and make independent decisions. The loss incurred in 

disaster is also reduced as the sensing elements are off-the-

shelf and cheap. 

The paper is organized as follows. Section 2 explains the 

tools and materials used in this work. In section 3, the system 

logic and its outcomes are explained. It also contains the 

simulation results. In section 4, the components and method 

used for system prototype implementation is explained. The 

results obtained from the prototype is provided in section 5 

while the conclusion is in section 6. Finally, the 

acknowledgement and references are presented. 

 

 

2. TOOLS AND MATERIALS USED 
 

The system consists of a microcontroller which processes 

the signal flow through the system and is simulated using 

Proteus. 

Proteus has the capability of simulating microcontroller and 

graphically representing the input and outputs in real time. The 

setup of the simulation of the system is shown in Figure 1. The 

core of the system is the Arduino, a versatile microcontroller 

that has the capability of interfacing with a wide range of 

sensing elements and display devices.  

The simulation setup can be incorporated using all of the 

components in virtual models and their input/output relations 

understood. The simulation of the system begins with the 

interfacing of individual sensing elements or display units with 

the microcontroller and finally combining. 

The Circuits in Figure 2 (Left) shows interfacing the 

Arduino microcontroller with the LED and its simulation, the 

figure to the right shows addition of a vibration sensor and its 

simulated output on a virtual terminal. 

The final setup is shown in Figure 3. The system consists of 

three vibration sensors, three moisture sensors, One 

Temperature and Humidity sensor, three LEDs and A 

microcontroller with display device. 

With this setup there are eight microcontroller terminals 

unused. These terminals in the field can be used for more 

Moisture and Vibration sensor pairs to cover larger area for 

assessment. One of the terminals in the field is used for buzzer. 

The buzzer is placed to give an audible sound to alert the 

nearby vicinity of the eminent threat of occurrence of 

Landslide. 

 

 
 

Figure 1. Complete system connection (Including Controller, Sensors and Virtual Display) 
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Figure 2. Incorporating Display device to the system (LCD and Sensors) 

 

 
 

Figure 3. Simulation circuit using all sensing elements and display devices 
 

 

3. SYSTEM LOGIC AND OUTCOMES 
 

The program in Arduino runs in a sequential-manner. The 

system upon start goes into initialization mode where all 

components in the system are powered and started. The 

controller starts reading from the sensors and where required 

displaying the measurements and status of the system. 

The system continuously reads the output of the 

Temperature and Humidity sensor, Soil Moisture sensor and 

Vibration sensors. Based on the outcome of these sensors, the 

system provides response in the form of LED, Buzzer or 

sending of SMS.  

The Logic of the system is as follows: 

1. When there is Rain. 

- The moisture sensor senses the moisture and 

continuously saves the values while comparing with 

a threshold value for excessive moisture content and 

chances of landslide. 

- If the moisture content is more than the threshold in 

either or all of the sensors, the controller will look at 

the state of the vibration sensor 

- If there is movement in any of the vibration sensors, 

the LED changes color to red while alarming the user 

through buzzer or SMS with the name/identification 

number of the vibration sensor that is triggered. 

2. In the absence of rain. 

- All the sensing elements will keep recording the 

values of the Temperature, Humidity, Soil Moisture 

and Vibration sensor output. 

 

3.1 Simulation results 

 

The results of the simulation are in the form of measurement 

of data from the sensing elements, comparison of the data with 

the thresholds already assigned in the controller and 

transmitting the control signal to display/output devices. 

Figure 4 shows an output of the system for measurement of 

data from the sensors and from the vibration sensors. From the 

outcome of the system, it is seen that the system can be used 

for early warning system with network of sensors placed at 

various locations. The data collected from the sensors are 

compared by the controller while saving in a remote or local 

location. 
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Figure 4. Typical output from the Arduino and GSM module 

 
 

4. COMPONENTS AND PROTOTYPE  

 

An early warning system prototype was implemented to 

simulate the real world scenario of the early warning system. 

The system consists of table size implementation of the 

landslide area with adjustment of angles from 300 to 900. This 

implementation allows to study the effect of the change in 

elevation of land on the susceptibility to landslide. However, 

the exact landslide cannot be created due to all the other 

parameters that are present in the land formation, the change 

in the land formation over time, the type of soil composition 

and distribution and age of the land formation.  

Therefore, the simulated system is not focused on exact 

modelling/replication of the landslide but to determine the 

extent to which the early warning system can sense data from 

the physical medium, the sensitivity and accuracy of the 

sensing elements. The accuracy of decision making by the 

sensing. The accuracy and ability of the controlling elements 

and data transmission network are also studied from data 

analysis. Therefore, in this section, the component level 

understanding is explained with components testing and 

system level implementation including their results. 

 

4.1 Components used 

 

The system level implementation mainly consists of six 

main components: 

 

1) Microcontroller (Arduino UNO) 

2) Rain Sensor 

3) DHT11 – Temperature and Humidity Sensor 

4) Soil Moisture Sensor 
5) Vibration Sensor (SW420) 

6) GSM Module (SIM900) 

 

4.2 Prototype implementation 

 

These components are individually tested for their working 

range as per requirements. Upon completion of the component 

level testing, they are interfaced with the controller and logic 

of operation of the system installed in the controller. The 

controller can directly be programmed using a personal 

computer while the data from the controllers are read or saved 

via a USB interface and a data logger.  

For the prototype model, a Landslide area on a box of 4ft 

length, 3ft breadth and 2ft height with adjustable angle of 

inclination was replicated. This would serve as point of 

installation of the system for simulation and measurement. The 

setup was placed in a fixed location indoors and filled with soil 

samples collected from fresh landslide area to look at the 

moisture content. The simulation also consists of vibration 

sensor activated from time to time to simulate the occurrence 

of a Landslide.  

The samples were taken from various landslide areas along 

Thimphu-Phuentsholing Highway. Four set of samples were 

collected from major landslide areas along the highway and 

filled the prototype setup to be the testbench for the system to 

take measurements and simulate it as an active landslide area.  

The type and the constituent of the matters in the soil 

samples is not studied in this project. The implementation 

aspect and its working principle/logic along with its outcome 

as a system operation is studied. The moisture content in the 

soil is studied in two ways. One is as it was while collecting 

the samples, then after the sample have almost completely 

dried, water is poured around the moisture sensor to look at the 

change in the soil moisture and how it changes over time. 

Another set of simulation is also the change in the temperature 

and the humidity of the room throughout. Any change in these 

parameters to the change in the condition of the setup can be 

seen from this. The vibration sensor was triggered manually. 

The trigger for the vibration sensor could be done when there 

is movement in the soil, however the correlation of that in the 

prototype is not shown. 

The system is setup continuously for extended amount of 

time and its data logged in a computer connected to it. The 

logging system and a typical setup is shown in Figure 5. 
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Figure 5. Test bench Setup with sensor network and data logger 

 

 
 

Figure 6. Output from the test bench setup and data looger for Temperature, Humidity and Vibration sensor 

 

 

5. RESULT AND DISCUSSION 

 

The results that are recorded through time are the sensed 

data from the sensing element, the working of the 

Microcontroller and its capability to detect data from sensor 

and the movement of sensor. 

Others are the capability of the sensor to provide output to 

the system. The sensing elements sense the data from the 

atmosphere and the status of the soil and provide that data to 

the microcontroller. This data is stored in the PC using a data 

logging system connected via a USB connection. 

An analysis of the data shows that the data logged is time-

based change in the temperature and humidity of the 

atmosphere. It also shows the change in the humidity/moisture 

of the soil through time and any change in the parameter of the 

vibration sensor.  

Figure 6 shows the outcome of the data logging system. The 

graph at the top of the Figure shows the humidity of the area, 

while the second one shows the temperature in the area. It can 

be seen that the temperature and humidity changes slightly 

over the period and has an oscillatory or repetitive behaviors 

where the time of the day, season and weather determines the 

amount of humidity and the temperature.  

The X-Axis shows the time of the day and has been recorded 

for eight days at a stretch for this analysis. The data was logged 

at the rate of five seconds. This gives rise to a very high 

number of redundant data being captured however any change 

in parameter can be captured. 

The last three lines are the change in the soil moisture. The 

change in moisture of the soil can be constant or sudden 

change and can remain constantly same for a number of days 

at a stretch. The vertical lines are the ones when the vibration 

sensors are triggered. Therefore, whenever there is rainfall and 

rainfall triggered landslide, the vibration sensor can be 

triggered and that is logged as an event for the system. When 

an event occurs, the system is also designed to sound a buzzer 

or send an information message in the form of SMS to the end 

user. 

  

138



 

6. CONCLUSION 

 

The paper presents a testbench implementation of Arduino 

based sensor network for early warning system (EWS). The 

implementation simulates a landslide with samples collected 

from rainfall triggered real landslide to test the variability and 

accuracy of sensing devices and early warning system for its 

performance. This system can be scaled up for implementation 

in real field to provide early warning system. The system can 

also be improved by incorporating more number of sensor and 

controllers to cover a larger area. Increasing the sensors with 

improved algorithm can also improve the reliability of the 

system. 
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