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Abstract:

Landslides in mountains regions pose significant risks to human life, infrastructure and the environment, making effective monitoring and predication
essential. This paper proposes an advanced landslide mitigation system that integrates 10T sensors and Machine Learning (ML) algorithms to predict
landslides and provide early warnings, thereby enhancing community safety and disaster preparedness. The System continuously monitors critical
parameters such as soil moisture, rainfall intensity, and slope stability, which are vital indicators of landslide risk. By employing a pre-defined ML
algorithm, the system analyses the real time sensor data, allowing it to predict landslide occurrences up to 24 hours in advance. This timely prediction
enables authorities and residents to take proactive measures, reducing potential casualties and damage. To effectively communicate risk levels, the
system features a three — level alarm mechanism: Green (safe) indicates stable condition, Yellow (potential risk) signals the need for caution, and Red
(imminent danger) wants of an impending landslide, promoting immediate action. Moreover, the system includes a user -friendly interface that residents
to access real-time weather updates and landslide risk assessments easily. The interface is designed for ease of use, ensuring that critical information is
readily available to those who need it most. Ultimately, this advanced landslide mitigation system aims to reduce the impact of landslides through timely
alerts, fostering a culture of preparedness and communities. By integrating innovative technologies and community involvement, we aspire to protect
lives and safeguard infrastructure in high-risk areas.
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Introduction: Objectives:

Landslides are natural disaster that frequently occur in Develop an 10T- based system to monitor soil moisture,
mountainous regions, often triggered by heavy rainfall, soil Rainfall, and slope stability. Use machine learning to predict
erosion, and geological factors. Traditional landslide detection landslides based on Real- time sensor data. Implement a Three
methods are reactive, providing warnings only after the event has level alarm system to communicate risks effectively. Provide a
begun. This paper introduces a proactive approach to landslide user-friendly interface for real-time monitoring and alerts.
mitigation using 10T sensors and Machine Learning. By
continuously monitoring environmental parameters and predicting Significance:
landslides in advance, this system aims to save lives, protect
infrastructure, and reduce economic losses. This project has the potential to revolutionize disaster

management by:
Problem Statement:

Landslides cause significant damage to life, property, and Saving lives through timely evacuations.
infrastructure, especially in mountainous regions. Current systems Reducing economic losses by protecting infrastructure.
rely on post-event analysis and lack the ability to provide early Empowering communities with real-time data and actionable
warnings. This project addresses the need for a “Predictive early- insights.

warning system” that can alert communities“24 hours in advance”
of a potential landslide.
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Methodology

The research methodology involves a combination of “Desk
Study” “Field Experiments” and “Data Analysis”. The following
steps were undertaken:

Desk Study:

Reviewed existing literature on landslide prediction, loT-based
early warning system, and machine learning applications in
disaster management. Analysed government reports and policies
related to disaster management and early warning systems.

Field Experiments:

Used a “Random Forest Algorithm” to analyse sensor data predict
landslide risks.Evaluated the model’s accuracy and response time
using historical landslide data.

3. System Architecture:

The proposed system consists of the following components:
loT Sensors:

Soil Moisture Sensors:
Measure water content in the soil using capacitive or resistive
sensing techniques.

Rainfall Sensors:
Monitor precipitation levels using tipping bucket rain gauges.

Accelerometers:
Detect slope movement and vibrations using
MEMS-based sensors.

Data Transmission:
e Data is transmitted to a central server via “LoRaWAN?” for
long-range, low-power communication or “GSM” for areas
with cellular coverage.

o “Edge Computing” is used to process data locally,
reducing latency and ensuring functionality in areas with
poor connectivity.

[ ]

Machine Learning Model:

e A “Random Forest Algorithm” is trained on historical

landslide data to predict risks.

e The model analyses features such as soil moisture, rainfall
intensity, and slope angle to classify risks into three levels :
Green, Yellow, and Red.
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Figure 3.2: The above diagram illustrate the concept of
Disaster monitoring & mitigation system.

User Interface:

e A“Web-based dashboard” and “Mobile app”
provide real-time data visualization and alerts.

e The interface is designed to be intuitive and
accessible to non-technical users

4. Three-Level Alarm System
The System provides three levels of alerts:
Green (Safe)

¢ Indicates normal conditions with no immediate
risk of landslides.

e Residents can continue their daily activities
without concern.

ISSN : 2581-7175

© 1JSRED : All Rights are Reserved Page 2



International Journal of Scientific Research and Engineering Development-— Volume X Issue X, Year

Yellow (Potential Risk)
e  Suggests a potential risk of landslides due to increased
soil moisture or rainfall.
e Residents are advised to stay alert and prepare for
possible evacuation.
Red (Imminent Danger)
¢ Indicates a high probability of landslides.

¢ Immediate evacuation is recommended, and
emergency services are alerted.

Disaster Monitoring: Rain Level, Soil Moisture & Vibrations Over Time

80

—e— Rain Level (Safe)
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Figure:4.4 Disaster Monitoring Sensor Data Over Time.

This Graph represents sensor data collected for landslide and
earthquake monitoring using 10T and Machine Learning. The
Parameters include Rain Level (%), Soil Moisture (%), and
Vibration Intensity(g) over time. The System categorizes risk
levels into three alert stages.

5. Implementation and Results:

The System was deployed in a landslide-prone region of the
Himalayas, specifically in “Chanmdari, Sikkim” , to evaluate
its performance under real-world conditions. This section
provides a detailed account of the implementation process,
challenges faced, and the results obtained.

Sensor Deployment and Data Collection:

e  Site Selection:
The deployment site was chosen based on historical landslide
data, geological surveys, and accessibility. Chandmari was
identified as a high-risk zone due to its steep slopes, heavy
rainfall, and frequent seismic activity.
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Sensor Placement:

-Soil Moisture Sensors:

Installed at depths of 30 cm,60 cm, and 1 meter
to monitor water infiltration and saturation levels.

-Rainfall Sensors:

Positioned at elevated locations to avoid
debris interference.

-Accelerometers:

Mounted on stabled rock surfaces To Detect
slope movements and vibrations.

-Data Collection Period:

Data was collected continuously for“Six Months”
Covering both monsoon season(high landslide risk)
and dry periods (low risk).

Causes of Landslides

@ Scismic Activity

@ Human Activitics

@ Soil Erosion & Weak
Geology

@ Other Factors

Figure:5.2 Causes of Landslides

e Model Training:

-A “Random Forest Algorithm”was chosen for its
ability to handle non-linear relationships and
high-dimensional data. The model was trained
on 70% of the dataset,with the remaining 30%
used for validation.

e Performance Metrics:
Accuracy: Achieved 92% in predicting landslides.
-Precision and Recall:

Precision of 89% and recall of 91%,
indicating minimal false positives and
false negatives.

e
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-Response Time: Alerts were generated within “10 Seconds”
of detecting abnormal patterns.

Machine Learning Model Training and Validation:

o Dataset Preparation:
- Collected data was labeled based on historical
landslide occurreces.
-Features included soil moisture, rainfall intensity,
slope angle, and vibration frequency.

e  Cost -Effective and Scalable:
The use of low-cost 10T sensors and open-source ML
algorithms makes the system affordable and scalable
for deployment in other landslide-prone regions.

e User-Centric Design
The intuitive interface and three level alarm system
ensure that even non-technical users can understand
and Act on the alert.

Real — World Performance:

Landslide Events Detected:

-Successfully predicted “Three landslide events” during the
monsoon season, providing alerts “12-24 hours advance”.

-Detected“two earthquake-induced slope instabilities” with a
lead time of “5-10 minutes”.

False Alarms:
-Only “two false alarms” were recorded, both caused by
heavy machinery vibrations near the deployment site.

User Feedback:
-Local authorities and residents praised the system for its
accuracy and ease of use.

Challenges Faced:

Sensor Durability
-Some sensors malfunctioned due to prolonged exposure to
heavy rain and debris.

-Solution: Upgraded to ruggedized, weatherproof sensors.

Connectivity Issues:
-Remote locations experienced intermittent LoRaWAN and
GSM connectivity.

-Solution: Implemented edge computing to process data
locally and store it temporarily until connectivity was
restored.
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6. Discussion:

The proposed system represents a significant advancement in
landslide prediction and early warning. This section discusses
the system’s strengths, limitations, and potential for future
improvements.

Strengths of the System:
Proactive Risk Mitigation:

Unlike traditional systems that provide alerts after a landslide
has begun, this system predicts events “24 hours in advance”
enabling timely evacuations and preventive
measures.Implement Energy-Efficient Algorithms to extend
battery life and reduce maintenance costs.Collaborate with
government agencies to integrate the system into national
disaster management frameworks.

Energy Efficiency and Sustainability:

Develop Solar-Powered Sensors to ensure continuous
oprations in remote areas.

Limitations:

o Dependence on Historical Data:
The ML model’s accuracy depends on the availability of high-
quality historical data, which may be limited in some regions.

e Environmental Challenges:
Harsh weather conditions and rugged terrain can affect
sensor performance and data transmission.

e Anthropogenic Noise:
Vibrations from vehicles and construction activities
can interfere with landslide detection, leading to false
alarms.

Future Work:

To address these limitations and enhance the system’s
capabilities, the following future work is proposed:

Integration with Satelite Data

Combine 10T sensor data with Satelite imagery and GIS
mapping to improve risk assessment and coverage.

Use INSAR (Interferometric Synthetic Aperture Radar) to
detect ground deformations over large areas.

Advanced Machine Learning Techniques:

Explore Deep Learning Models (e,g LSTM networks) to
capture temporal patterns in sensor data.

Implement transfer learning to adapt the model to new
regions with limited historical data.
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Multi -Hazard Early Warning System.

Expand the system to predict other natural disasters,
such as Floods and earthquakes using the same sensor
network. Develop a unified dashboard for monitoring
multiple hazards.

Commuity Engagement and Training

Conduct workshops and training sessions to educate local
communities on using the system effectively.

7.Conclusion:

This paper presents a comprehensive loT and Machine
Learning-based system for landslide prediction and early
warning. The system’s ability to detect pre-failure signals and
provide timely alerts has been demonstrated through successful
deployment in Chandmari, Sikkim.
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