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Abstract— The emerging field of wireless sensor networks 

combines sensing, computation, and communication into a 

single tiny device with the capability of developing real-

time monitoring systems. A landslide, also known as a 

landslip, is a geological phenomenon that includes a wide 

range of ground movements, such as rock fall, deep failure 

of slopes and debris flows causing significant damages to 

civil infrastructure. This paper presents an autonomous 

landslide monitoring system based on wireless sensor 

networks and detail analysis of data reduction and energy 

conservation algorithms with wireless sensor network.                                         
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I. INTRODUCTION 

A landslide is a short lived and suddenly occurring 

phenomenon, and its causative factors can be accumulated 

rainfall, moisture and pore pressure saturation in the soil, or 

a steep slope angle, among others. This research converges 

on development of Prototype of sensor networks for 

detecting landslides, focusing primarily to data reduction 

and energy minimization. All the sensors use solar power 

for their energy needs. Here we are presenting rainfall 

induced landslide and solar power tends to rapidly diminish 

during the rainy season. Hence minimizing the energy 

becomes an uttermost priority for sustained operation of the 

network, which indeed is the goal of the paper. Data 

regarding the rainfall, moisture, pore pressure and 

movement in the earth is collected.  

As per energy considerations, multiple policies for 

throttling the frequencies of data measurement of the 

climate parameters will be tested, without unduly impacting 

the  

efficacy of landslide detection. With regards to the contents 

of the paper section II relates erstwhile work. Section III 

takes us through the development of the solo, duo, triple and 

four sensor networks and their effectiveness in monitoring 

and detecting landslides. Section IV proposes algorithms to 

be implemented to reduce the frequencies of sensor 

measurements. Section V proposes the deployment of the 

sensors in sensor column for each node. Finally we conclude 

in section VI. 

II. RELATED WORK 

The fruition of sensor networks has promoted the 

development of real-time monitoring of critical and 

emergency applications. Several measurement techniques 

have been proposed to identify slope instability and to 

estimate the risk of landslides [1]. For example, map 

analyses and aerial reconnaissance are used to assess the risk 

of landslides based on the interpretation of terrain and 

geological information. These methods, however, are known 

to be costly and labor-intensive as well as highly subjective 

because the results depend on the experience and judgment 

of the human experts. Another approach towards landslide 

monitoring is based on geotechnical instrumentations using, 

for examples, inclinometers, extensometers, or piezometers 

.The instruments are usually installed on the slope and wired 

to computer systems hosting data analysis software. Several 

cable-based landslide monitoring systems were proposed 

[2].However, cable-based monitoring systems are costly, 

require continuous maintenance, and are limited in their 

communication flexibility. An experimental soil monitoring 

network using a WSN is presented in [3], which explores 

real-time measurements at temporal and spatial 

granularities. A state of art system that combines multiple 

sensor types to provide measurements to perform 

deformation monitoring[4].The topic of slip surface 

localization in wireless sensor networks, which can be used 

for landslide prediction is also discussed[5].A durable 

wireless sensor node has been developed which can be 

employed in expandable wireless sensor networks for 

remote monitoring of soil conditions in areas conducive to 

slope stability failures[6]. Here, we systematically quantify 

effectiveness of different types of sensors for monitoring 

disasters, particularly, landslides. We shall analyze each 

sensor for its data generated and energy consumption, then 

compute its sustainability for the long period, and correlate 

the predictability of landslides from the sensor data. 

Thereafter, we propose techniques to dynamically throttle 

the data collected, with the goal of minimizing energy 

consumption without degrading the effectiveness of 

landslide monitoring, 

III. SENSOR NETWORKS 

As we headed towards developing a sensor network to 

monitor and detect landslides, our first task is to determine 

which sensor (or sensors) to use. As we are focusing on 

rainfall induced landslide, our first choice is a Rain drop  

sensor (Fig. 1) [9]. 

 
Fig. 1: Types of sensors for Landslide Detection 

A Rain drop sensor mounted on a pole above the 

land surface is connected to a wireless mote through a data 

acquisition board, and the sensor data is transmitted to the 

master node via ZIGBEE module towards the Master. The 

rain drop sensor is programmed to collect and transmit 

rainfall levels at various sampling frequencies. However, 
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Rainfall sensor gives information of measure of the inflow 

of water, but no information on how much of that water 

penetrates into the soil. Therefore, the next significant factor 

that appears to influence landslide is moisture content 

variation. We added a second sensor: the Dielectric 

Moisture (DM) sensor embedded within the soil layer and 

the DM measures the level of wetness as the water 

penetrates the soil. The DM sensor, shown in Fig.1, should 

be placed vertically down to test the infiltration within the 

soil layer, and then attached to the data acquisition board 

and the wireless mote. This accuracy of prediction is 

certainly better than rainfall sensors alone. Moisture sensors 

tell how much of the rainfall water is actually seeping 

through the soil layers but don’t indicate how much water is 

being retained in the soil layers, is draining out, or filtering 

down. So, we opted to use a third sensor to measure the 

water-induced pressure build up inside the soil creating 

movements in the soil. To capture the soil movements 

caused by the slope and soil layer instability, different 

movement sensors can be used individually or combined: 

the strain gauge, the tilt meter, and the geophone (Fig 

1).Here we used tilt sensor to sense the movements in x, y 

and z direction. When comparing the three sensors, the 

output from the tilt meter sensor is easily captured with 

minimal processing, and the noise induced on the signal is 

low. The data from the three sensors is collected and 

transmitted at various sampling intervals. 

IV. ENERGY CONSERVATION ALGORITHMS 

In order for a sensor network to be practically deployable, 

the life of the solar battery deployed should last for a longer 

duration of monsoon rainfall season. Hence, we will 

investigate some techniques for dynamically throttling the 

rates of sensor sampling and transmission, so as to 

significantly reduce the energy and increase the battery 

lifetime, without impacting the effectiveness of landslide 

monitoring and detection. 

A. Maximum Level Sampling (MLS) 

In this technique, sensors sample and transmit only when the 

individual sensor values exceed their respective maximum 

value (thresholds). The data is transmitted under this policy 

and total Power consumed by each three sensor is obtained. 

Applying this on real rainfall data, the threshold ranges start 

with the tuple [rainfall, moisture, Tilt) set at threshold value 

as required in different condition in terms of their threshold 

levels  in [%, 0%, °].Thus we save power by transmitting 

data only when their threshold level are exceeded thereby 

saving power . 

B. Adaptive Maximum Level Sampling 

Here we have an adaptive approach among the different 

sensors to further reduce the energy. In this approach the 

rainfall sensor threshold will be set at its respective value 

but the moisture and pore pressure thresholds were activated 

only when the rainfall sensor crossed its respective 

threshold. This sensor approach reduces the energy further 

thereby consuming low power. 

V. DEPLOYMENT OF THE SENSOR NETWORK 

We can implement the above energy minimization 

algorithms in the processing unit attached to each group of 

four sensors (rainfall, moisture and tilt meter) which 

together constitute a Multi-Sensor Probe (MSP). Each probe 

is topped with a data acquisition board, a wireless mote, and 

an embedded processor to intelligently manage frequency of 

sampling and transmission, based on dynamic and adaptive 

setting of thresholds, and other energy reduction 

policies.Fig.2 represents the block diagram of the 

implemented circuit and fig 3. represents the actual 

implementation of the system with master and slave nodes 

and its interface with PC. 

Fig. 2: Block diagram of the system 
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Fig. 3: Master node and slave node interfaced with PC 

VI. RESULTS 

The power consumed under normal condition when rainfall 

level has not crossed its threshold level the power 

consumption for device 1 is 693mW, device 2 is 639mW 

and device 3 is 630mW. The power consumption at node 1 

increases to774mW under hazardous condition of landslide 

when rainfall sensor and moisture sensor cross their 

threshold level to create movements in soil as shown in fig 

6. Here under this condition moisture sensor and tilt sensor 

turn ON after rainfall sensor crosses its threshold levels. 

Landslide is detected when rainfall and moisture sensors 

cross their thresholds to create movement in the soil. 

Comparing the above two cases we reveal that if 

under normal condition if we would keep all the three 

sensors ON then power consumption would had been 

774mW for device 1 which would otherwise cause a 

wastage of about 80mW.  Table 1 signifies the power 

consumed by all the three devices under normal and 

hazardous conditions. 

Fig. 4: Snapshot of power consumed under hazardous    condition 

Device Power Consumption (mW) 

 Normal Condition Hazardous Condition 

D1 693 774 

D2 639 730 

D3 630 720 

Table 1: Power consumption of Slave devices 

VII. CONCLUSION 

We are going to design a multi-sensor network for 

monitoring landslides. With data reduction and energy 

conservation, we will be evolving with the network starting 

from a set of homogeneous sensors, to a network of duo 

sensors, followed by a triple sensor network and finally a 

full-fledged four sensor network considering their energy 

requirements. We then propose energy conservation 

algorithms and their implementation via cooperative and 

coordinated action by each of the sensors. The system 

developed with sensor networks and conservation 

algorithms will prove its validity by delivering real warning 

during heavy rains in the monsoon season. This system 

could be adapted for flood, avalanche, and other 

environmental monitoring applications with suitable 

modifications in it. 
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