&&l ‘33%

VOLUME: 09 ISSUE: 03 | MARCH - 2025

ISSN: 2582-3930

%RE INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH IN ENGINEERING AND MANAGEMENT (IJSREM)
w SJIF RATING: 8.586

IOT Based System for Landslide monitoring sensors Powered by wind
energy

Mr. A. J. REUBEN THOMAS RAJ. M.Tech
Associate Professor-ECE
Electronics & communications Engineering ,
Siddhartha Institute of science and Technology,
reubenthomasajr@gmail.com,

Yagaturi Sudheer
Electronics & communications Engineering,
Siddhartha Institute of Science and Technology,
sudheerreddy8562@gmail.com,

kerla Surya Manoj Kumar
Electronics & communications Engineering,
Siddhartha Institute of Science and Technology,
suryamanojkumarkerla@gmail.com,

Gunti Bharadwaj
Electronics & communications Engineering,
Siddhartha Institute of Science and Technology,
gunti.bharadwaj2003@gmail.com,

M. Veerendranath
Electronics & communications Engineering,
Siddhartha institute of science and Technology,
mveerendranadhO@gmail.com ,

Pulakuntla Veera Madhava
Electronics & communications Engineering,
Siddhartha Institute of Science and Technology,
Pulakuntlaveeral43@gmail.com ,

Abstract—L andslides pose a significant threat to infrastructure,
human life, and the environment, especially in mountainous and
hilly areas with unstable terrain. Monitoring pore water pressure
in soil can provide early warning signs of potential landslide
events. This project presents the design and development of a
networked MEMS (Micro-Electro-Mechanical System) pressure
sensor system, integrated with additional sensors and powered by
a renewable energy source, to detect and monitor pore pressure
for effective landslide forecasting. The system includes a wind
turbine for energy harvesting, supplying power to rechargeable
batteries that maintain system operation even during periods of
low wind. The monitoring setup consists of multiple sensors, soil
moisture sensors, dual water flow sensors, and MEMS pressure
sensors all interfaced with an Arduino microcontroller to measure
critical parameters influencing soil stability. The Arduino collects
and processes data from each sensor, displaying readings on an
LCD and triggering a buzzer alert when critical thresholds are
reached. The system communicates wirelessly through a
NodeMCU, transmitting real-time data to an loT platform
(UBIDOTS) for remote monitoring and analysis

l. INTRODUCTION

Landslides pose significant threats to human lives,
infrastructure, and the environment, especially in regions that
experience heavy rainfall, earthquakes, or rapid terrain changes.
Traditional methods of landslide monitoring, such as manual
inspections and infrequent satellite imagery, often lack the real-

1

time data necessary to predict and mitigate the devastating
impacts of these natural disasters. As a result, there is an
increasing need for continuous, real-time monitoring systems
that can provide early warning signals and improve disaster
preparedness.

The integration of Internet of Things (loT) technology offers a
promising solution for landslide monitoring. By utilizing a
network of distributed sensors capable of measuring critical
parameters such as soil moisture, slope angle, vibration, and
rainfall, loT-based systems can deliver real-time data for early
landslide detection. These sensors, when connected to an loT
platform, can transmit data to central systems for analysis,
providing timely warnings to authorities and local
communities.

However, a major challenge in remote or rugged terrains is
providing a reliable power source for these 0T devices.
Conventional power solutions, such as batteries or wired
electricity, may not be sustainable in such environments. This
is where renewable energy sources, specifically wind energy,
can play a crucial role. Wind-powered energy generation is an
ideal solution for powering remote monitoring systems, as these
areas often experience sufficient wind patterns, especially in
mountainous or hilly regions.

This loT-based landslide monitoring system, powered by wind
energy, aims to address both the need for real-time monitoring
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and the challenge of sustainable power supply in remote
locations. By combining sensor networks with wind energy, the
system not only reduces the risk of landslide-related disasters
but also contributes to environmental sustainability by using
clean energy for operation. Through this innovative approach,
the system can provide continuous monitoring, data collection,
and early alerts, enabling quicker response times and enhanced
disaster management.

The proposed system represents a forward-thinking solution
that integrates modern technology, renewable energy, and
disaster management strategies to enhance public safety in
vulnerable areas prone to landslides.

1. BACKGROUND

Landslides are one of the most common natural disasters,
particularly in regions with mountainous terrains, heavy
rainfall, or seismic activity. They can occur without warning,
triggered by factors such as heavy rainfall, earthquakes,
volcanic activity, or human activities like deforestation or
construction. Landslides often cause widespread damage,
including the destruction of homes, infrastructure, and
agricultural land, along with the tragic loss of life. The
frequency and intensity of landslides have been increasing in
recent years due to climate change, urbanization, and increased
human interaction with fragile ecosystems. As a result, the need
for effective monitoring and early warning systems has become
more urgent.

Traditional methods of landslide monitoring often involve
periodic site visits by experts, manual data collection, or the use
of limited geotechnical sensors. These approaches, while
useful, typically fail to provide continuous or real-time
monitoring, leaving gaps in data that can hinder early warning
systems and response strategies. The lack of timely
information, especially in remote or difficult-to-access areas,
means that local authorities are often unaware of imminent
landslide risks until it is too late to take preventive measures.
To address these issues, the adoption of Internet of Things (10T)
technology has gained significant momentum in landslide
monitoring systems. 10T allows for the deployment of an array
of distributed sensors across vulnerable areas. These sensors
can measure critical environmental and geological factors, such
as soil moisture, soil movement, rainfall, temperature, and
seismic activity. The data from these sensors is transmitted
wirelessly to a centralized monitoring station, where it can be
analyzed in real-time, allowing for early detection of landslide
events. loT-based systems not only provide real-time data but
also enable continuous monitoring over extended periods,
offering a more accurate and comprehensive understanding of
the conditions that lead to landslides.

However, while 10T technology has revolutionized monitoring,
one major challenge remains: providing a reliable power supply
to remote sensor networks. In many landslide-prone regions,
access to electricity infrastructure is limited or non-existent,
making it difficult to power 10T sensors continuously. In such
regions, traditional power solutions, such as battery-powered
systems, have limitations in terms of longevity, cost, and
environmental impact.

Renewable energy, particularly wind energy, offers a promising
solution to this challenge. Wind energy has the potential to
generate a sustainable power source for 10T systems, especially
in mountainous or elevated areas, which are often characterized
by consistent wind patterns. Wind turbines, whether large or
small, can harness the kinetic energy of wind and convert it into
electrical power, providing a constant and eco-friendly energy
source for monitoring systems. By combining wind-powered
energy generation with loT-based landslide monitoring, it
becomes possible to establish self-sustaining, reliable
monitoring networks that operate autonomously in remote
areas, without relying on traditional power grids.

This background highlights the intersection of several
cutting-edge technologies: 10T for real-time environmental
monitoring and renewable energy for sustainable power. The
integration of wind energy with loT-based systems offers a
novel and practical approach to landslide monitoring, especially
in regions where traditional infrastructure is lacking or
unreliable. It can significantly enhance the ability to predict,
detect, and respond to landslides, ultimately reducing the risk
to human lives and property while contributing to
environmental sustainability..

1. LITERATURE REVIEW
[1] 1. 10T for Landslide Monitoring

"Design and implementation of 10T-based landslide monitoring
system" (2019) by H. Nguyen et al.:

This paper discusses the use of loT sensors for landslide
detection, focusing on real-time monitoring using soil moisture,
rainfall, and ground movement sensors. It also emphasizes the
importance of wireless communication for long-distance data
transmission in remote landslide-prone areas.

Key Points: 10T sensors, real-time monitoring, soil moisture,
wireless data transmission.

[2] "Landslide Early Warning System Based on Internet of
Things" (2020) by L. Zhang et al.:

This paper explores loT-based early warning systems for
landslides, combining multiple types of sensors, including
rainfall, soil moisture, and seismic sensors, for detecting critical
conditions that could trigger landslides.

Key Points: Multi-sensor approach, early warning system, data
analysis.

[3]"A Review on Renewable Energy for IoT Devices" (2018)
by P. Singh et al.:

This review paper discusses the integration of renewable energy
sources, particularly wind and solar, for powering 10T devices.
It highlights the potential of wind energy to provide sustainable
power for remote, off-grid loT applications, including
environmental monitoring.

Key Points: Wind energy, off-grid 10T, renewable power
sources.

[4]"Wind Energy Harvesting for Wireless Sensor Networks: A
Review" (2019) by A. Gupta et al.:
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Focuses on energy harvesting technologies for 1oT devices,
specifically wind energy. It reviews different wind energy
harvesting methods for sensor networks, discussing the
challenges and efficiency of wind energy conversion in low-
power I0T systems.

Key Points: Wind energy harvesting, wireless sensor networks,
low-power systems.

[5]"Development of an loT-based Landslide Detection System
Using Solar and Wind Energy" (2021) by S. K. Sharma et al.:
This paper presents a comprehensive landslide monitoring
system powered by both solar and wind energy. It uses vibration
sensors, soil moisture sensors, and weather sensors, with energy
collected from renewable sources to ensure continuous
operation in remote locations.

Key Points: Hybrid energy source (wind/solar), continuous
monitoring, remote deployment.

[6]"Design of a Smart Landslide Monitoring System Powered
by Wind Energy" (2020) by T. Lee et al.:

This study investigates the use of wind energy to power an 1oT-
based landslide monitoring system. The paper provides details
on the design of sensors and the integration of a wind turbine to
provide reliable power in mountainous terrains, often prone to
landslides.

Key Points: Wind energy-powered loT, sensor integration,
remote monitoring.

[7]"Challenges in Landslide Monitoring Using
Renewable Energy" (2020) by R. Patel et al.:

This paper identifies the challenges faced when implementing
loT systems for landslide detection, including power supply
reliability, sensor calibration, and data transmission issues in
remote and harsh environments. It discusses the role of
renewable energy in addressing some of these challenges.

Key Points: Power reliability, sensor calibration, remote
deployment, renewable energy challenges.

[8]"Future Prospects of Renewable Energy-Powered I0T in
Environmental Monitoring" (2021) by J. Singh et al.:
Discusses the future of renewable energy-powered I0T systems,
including their role in environmental monitoring and disaster
management, focusing on how 10T systems can be improved to
provide faster and more reliable early warning signals.
Key Points: Future trends, renewable energy,
management, loT improvements.

loT and

disaster

V. EXISTING SYSTEM

Landslides are among the most frequent natural catastrophes in
the world, with a high death toll and property destruction. The
annual cost of property damage from landslides is estimated to
be $4 billion USD and causes about 1000 lives worldwide [1-
3]. Landslides are major natural disasters that cause significant
loss of life and infrastructure. In order to facilitate future
deployments, the Deep Earth Probe (DEP) created and executed
a generalized plan for landslide-prone locations, as well as
geophysical sensors placed on a vertical pipe and sensor
installation processes. In order to monitor soil layer movement
and identify landslides, a rainfall detection system employs the
following sensors: geophones, which examine vibrations
associated with landslides; tiltmeters, which identify sudden or

incredibly slow soil movement; The quantity of rain falling is
measured via rain gauges; Dielectric moisture sensors calculate
how much water is in the soil [4]. In other soil strata or in the
seated water table, pore pressure can accumulate and be
measured with pore pressure piezometers. Using a Deep Earth
Probe (DEP) as a platform, strain gauges monitor the
displacement of soil layers; tiltmeters assess the speed at which
the soil moves; the soil and water's temperatures are measured
via temperature sensors. The landslide that occurred in July
2009 in Kerala was investigated using real-time data analysis,
which revealed that the susceptible areas had significant rates
of soil movement, pore pressure value changes that occurred
quickly and saturated moisture content. All the geophysical
sensors that were placed in the toe, middle, and crown regions
registered these alterations [5-7]. Evidence has shown that
landslides can result from elevated pore water pressure [8]. The
mechanical MEMS device industry is now dominated by
pressure sensors. The last 20 years have seen tremendous
advancements in MEMS devices, with several prototypes being
presented for a variety of uses. Numerous gadgets, such as
pressure sensors for use in consumer, industrial, biomedical,
aerospace, and automotive applications, have been successfully
marketed [9]. The industry currently uses silicon piezoresistive
pressure sensors, which are a mature technology. However,
when these sensors are used in harsh conditions—such as high
temperatures, intense vibration and shock, extreme humidity,
corrosive alkalis and acidity, and charged particles—they must
meet stricter reliability and stability standards than many
cutting-edge applications [10]. A vital component of many
commercial and industrial systems is pressure measurement.
One may envisage directly sensing pressure using a
piezoelectric material, which can convert normal stress into
voltage, as pressure is a normal stress (force per unit area). A
deformable diaphragm might also be subjected to pressure on
one side and reference pressure on the other in order to measure
the amount of diaphragm deformation [11]. Capacitive,
resonant, and piezo resistance signal conditioning techniques
are employed. Nonlinearity exists in the capacitive pressure
sensor's output. The fabrication of the resonating type of sensor
is challenging. Direct electrical output is provided by the
piezoresistive pressure sensor, which is easy to construct. The
temperature sensitivity of micro piezoresistive pressure sensors
is a drawback, however this may be mitigated by temperature
compensating circuits. The primary benefit of piezoresistive
sensors is their ease of integration with microelectronic circuits
[12].

V. PROPOSED METHODOLOGY

1. Lack of Effective Early Warning Systems
Problem: Traditional methods of landslide detection
often rely on manual observations or infrequent data
collection, making it hard to provide timely warnings.
Early warning systems are essential for mitigating

damage and saving lives, but current solutions are
insufficient in terms of both accuracy and speed.
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Solution :loT-based monitoring system provides
continuous, real-time data collection through distributed
sensors (e.g., soil moisture, tilt, seismic). This ensures
that the system can monitor environmental conditions
2417, detect early signs of landslides, and send alerts in
real time to local authorities or citizens in danger. The
integration of loT enables rapid data transmission,
offering faster reaction times.
2. Limited Accuracy and Real-Time Data Availability in
Traditional Methods
Problem: Traditional monitoring methods such as
manual field surveys, single-point measurements, and
simple alarm systems are often limited in terms of
accuracy and data resolution. They may miss crucial
early indicators of instability or provide outdated
information.
Solution: 10T systems solve this by collecting a wealth
of data across a network of sensors, providing high-
resolution, accurate data on multiple parameters (soil
moisture, seismic activity, tilt, etc.). These sensors are
capable of continuous, real-time data transmission to
centralized platforms or the cloud, ensuring that the data
is up-to-date and available for immediate analysis.
3. Power Supply Challenges in Remote and High-Risk Areas
Problem: Many landslide-prone areas are located in
remote or inaccessible regions, where conventional
power infrastructure is lacking or unreliable. This makes
it difficult to deploy systems that require constant power,
especially for 1oT-based monitoring systems.
Solution: project addresses this by incorporating wind
energy as a power source for the monitoring system.
Small-scale wind turbines can generate electricity even
in regions with moderate wind speeds, allowing the
system to be self-sustaining without needing to rely on
external power grids. This makes the system ideal for
remote areas, as it ensures autonomy and continuous
operation.
4. Lack of Integration with loT for Remote Monitoring and
Alerts
Problem: Existing landslide monitoring systems often
lack remote monitoring capabilities and are not
integrated with modern technologies like 10T. This can
lead to delayed responses, manual intervention, and the
inability to monitor the situation continuously.
Solution: By implementing loT-enabled sensors, your
system can continuously gather data from various points
and send it to a centralized server or cloud-based
platform. With 10T integration, the system can offer
remote monitoring from anywhere, allowing
stakeholders to access data in real time and receive
instant alerts through mobile applications, emails, or
automated notifications.

5. Lack of Sustainable Energy Solutions in Conventional
Monitoring Systems
Problem: Traditional monitoring systems often rely on
non-renewable energy sources or are dependent on local
electrical grids, which can be unreliable or unavailable in
remote areas.
Solution: By using wind energy, your system offers a
sustainable, renewable energy solution for powering the
monitoring devices. Wind-powered systems not only
reduce the environmental impact but also ensure that the
system operates independently, even in areas with no grid
connectivity. This also reduces the operational costs of
maintenance and energy consumption over the long term.
6. Limited Focus on Critical Parameters like Pore Water
Pressure
Problem: Many traditional systems focus on a narrow set
of parameters, such as soil movement or seismic activity,
while critical parameters like pore water pressure
(which can indicate soil saturation levels and increase the
likelihood of landslides) are often overlooked.
Solution: 10T system can incorporate pore water
pressure sensors, which measure the changes in water
content and pressure within the soil. By continuously
monitoring this critical parameter, your system can
provide a more comprehensive and reliable prediction
of landslide risks, as changes in pore pressure are key
indicators of potential instability, particularly in areas
with heavy rainfall or during the melting of snow.
Block Diagram

Battery power
supply

Node MCU
Esp8266
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Flow Diagram:

Start wind Alert &
energy process Server Responses

Harvest wind
energy

System

Deploy sensors

Collect sensor
data

Transmit data Boards are loaded with program code via a serial connection to
another computer.

UBI DOTS (CLOUD ):

Ubi dots an open-source Internet of Things (l1oT) application
and API to store and retrieve data from things using the HTTP

protocol over the Internet or via a Local Area Network.
isiubidots we D e a

Gateway

Sy

Software used: |
* Arduino IDE ‘

. Embedded C
- UBIDOTS (Cloud for 10T)

Hardware used:

* Arduino

+  Power Supply Ubidots is a cloud service that allows data storage,
visualization, and analysis. The NodeMCU sends data to the

*  Soil Moisture sensor cloud platform, facilitating remote monitoring and control of
the solar plant.

« LCD Embedded C: Embedded C is an extension of the C language
and is used to develop microcontroller-based applications.

*+  Gyroscope sensor Embedded C uses in devices and applications include highway

speed checkers, street light control, traffic signal control,
vehicle tracking software, auto-intensity control, home
automation, and artificial intelligence.

*  Temperature sensor
*  Node MCU (esp8266)
e Buzzer

ARDUINO IDE:

To Program the Atmega328 Microcontroller we used this
IDE.

Arduino microcontrollers are pre-programmed with a
boot loader that simplifies uploading programs to the on-
chip flash memory.

The default boot loader of the Arduino UNO is the bootloader.

ARDUINO BOARD:
An Arduino board is a microcontroller-based development
platform used for building digital devices and interactive
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objects. It is designed to be easy to use for both beginners and
advanced users.
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NODE MCU (ESP8266):

The Node MCU is used in this project to enable
wireless communication, allowing real-time data from the
sensors to be transmitted to the cloud-based loT platform
(UBIDOTS) for remote monitoring and analysis. Collects
processed data from the Arduino and transmits it via Wi-
Fi to the 10T platform.

Specifications
*  Microcontroller: ESP8266 (Wi-Fi enabled)

» Operating Voltage: 3.3V

*  Wi-Fi Connectivity: 802.11 b/g/n

» Digital I/O Pins: 9-11 (depending on model)
* Analog Input: 1 (0-1V range)

*  Memory: 4MB Flash

» Power Supply: USB or external 5

SOIL MOISTURE SENSOR:

In this project, the soil moisture sensor is used to measure the
water content in the soil, which is a key factor in determining
soil stability and potential landslide risks. Monitors the
moisture level in the soil to detect changes that might indicate
unstable conditions. Helps assess the impact of water saturation
on soil strength, contributing to early landslide detection.

Specifications:

Operating Voltage: 3.3V to 5V DC

Operating Current: 15mA

Output Digital - OV to 5V, Adjustable trigger level from preset
Output Analog - 0V to 5V.

TEMPERATURE SENSOR:

A temperature sensor measures the temperature of a
system or environment and converts it into a readable electrical
signal. These sensors are commonly used in various
applications, such as HVAC systems, industrial monitoring,
and consumer electronics.

Specifications:

Type: Thermistor, RTD (Resistance Temperature Detector), or
Thermocouple

Temperature Range: -40°C to 150°C (varies by model)
Accuracy: £0.5°C or better
Operating Voltage: 3V-5V (depending on the sensor type)

Output: Analog or Digital ( 12C, SPI)

GYRO SCOPE SENSOR:

A gyroscope sensor measures the rate of rotation around a
particular axis. It detects changes in angular velocity, often used
in navigation systems, mobile devices, drones, and robotics to
track orientation and movement.

Specifications:

Type: MEMS (Micro-Electro-Mechanical Systems) or Optical
Gyroscope

Measurement Range: +250°/s to +2000°/s (depending on
model)
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Accuracy: +0.1°/s or better

12C MODULE:

An 12C module is a hardware interface or circuit that allows
communication between a microcontroller (like an Arduino,
Raspberry Pi, or similar) and 12C-compatible devices (sensors,
displays, memory, etc.). The module typically handles the
communication protocol, enabling easier connection and data
exchange over the 12C bus.

LCD 16X2 DISPLAY:

The 16x2 LCD(Liquid Crystal
Display) is used in this project to display critical sensor data
locally, providing real-time readings and system status for
monitoring and alert purposes. Displays sensor outputs, such as
pore water pressure, soil moisture, and water flow rate. Shows
system alerts or warnings when critical thresholds are reached.
Acts as a user interface for quick checks on the system's
operation.

Specifications
Dimensions: 16 characters x 2 lines

Operating Voltage: 5V (commonly used with Arduino)
Interface: Parallel (standard), 12C (for reduced wiring)

Backlight: Typically LED backlight for visibility in dark
environments

Viewing Angle: 60°-90°

POWER SUPPLY:

The power supply will supply the regulated power
supply to the unit which is first converted into 12V AC. 12V
AC is converted into DC using a rectifier circuit. Finally, the
7805-voltage regulator provides constant 5V DC supply which
will be given to circuit.

Buzzer:

A piezo, also known as a buzzer, isa component used to
generate sound. It is a digital component that can be connected
to digital outputs and emits a tone when the output is HIGH.
Alternatively, they can be connected to an analog pulse-width
modulation output to generate various tones and effects
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OUTPUT WAVE FORMS :
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slide_status alert! [ mmbex

Notifications Ubidots 9 Feb

Hi there, slide_status was 1.00 at
2025-02-09 05:46:56 +0000. Thank

Notifications Ubidots 9 Feb

Hi there, slide_status was 1.00 at
2025-02-09 05:54:04 +0000.

Notifications Ubidots 9 Feb

Hi there, slide_status was 1.00 at
2025-02-09 05:56:17 +0000.

Notifications Ub... 9 Feb ©

“

tome v

Hi there,
slide_status was 1.00 at 2025-02-09 09:19:05 +0000.

ADVANATGES :
1. Wireless real-time data transmission for remote
monitoring.

2. Powered by renewable energy, ensuring sustainability
and reliability.

3. Cost-effective solution for landslide detection in
remote areas.

4. Easy integration with 10T platforms for advanced data
analysis.

5. Early warning alerts for potential landslide events.

6. Continuous operation even during low wind

conditions through battery storage.
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7. Non-invasive monitoring using multiple sensors for
accurate predictions.

VI. CONCLUSION

This project presents a sustainable, loT-based landslide
monitoring system powered by renewable wind energy. By
integrating MEMS pressure, soil moisture, and water flow
sensors with an Arduino microcontroller, the system effectively
monitors critical soil parameters and provides early warnings
for potential landslide events. Wireless communication through
Node MCU ensures real-time data transmission to an loT
platform (UBIDOTS) for remote monitoring and analysis. The
system offers a cost-effective, reliable, and environmentally
friendly solution, making it well-suited for deployment in
remote, high-risk regions.
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