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Abstract: The usage of drone mapping and sensor era, together with an included technique for
tracking and stopping landslides, gives a complete way to lower the risks related to landslides. This
technique allows determine affected regions effectively, hit upon possible dangers early and maintain
music of landslide-prone areas in real time via combining advanced sensors with drone-based
mapping. This revolutionary approach helps hold groups secure and supports healing efforts after
disasters, as well as allows brief preventive moves. By using drone mapping and sensor technology,
officials can minimize the effects of landslides in mountainous areas by acting based on real-time data.
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Introduction

In steep areas, landslides can cause major dangers to both buildings and people. Many times,
damage and loss of life happen because traditional methods for monitoring and preventing
landslides are only reactive, not proactive. To make landslide monitoring and prevention more
effective, this article proposes a combined approach that uses sensor technology and drone
mapping.
e Suggests a combined system for monitoring landslides that uses both ground sensors and
drones to better assess risks.
e Gives a manner to monitor landslides in real time and warn human beings early by means
of combining statistics from moisture sensors, tilt sensors, vibration sensors, and drones.
e Affords an unmarried technique that facilitates expect landslides earlier than they occur and

investigate damage after an occasion occurs.

https://doi.org/10.70454/JRIST.020302 Volume No. 02, Issue. 03, 2026 Page 12



https://doi.org/10.70454/JRIST.020302
mailto:Vikashpaper1991@gmail.com
mailto:skumar@ptn.amity.edu
mailto:skumar@ptn.amity.edu
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Received: 2026-07-11 <
Accepted: 2026-09-25 Journal of Recent Innovation in

Published Online: 2026-09-30 Science and Technology
DOI: 10.70454/JRIST.020302 E-ISSN: 3117-3828, P- 3117-535X

e Make use of mathematical models and risk elements to research soil balance, slope
movement, and ground vibrations to decide which landslides are probably to manifest.
e This suggests how this technique can be used correctly by disaster control teams in areas

wherein landslides are common and the land is hilly.

Literature Review

Previous Art has proven that spotting early signs and symptoms and closely tracking areas can
assist prevent landslides. Research has discovered that using advanced sensors and drones could
make responses quicker and threat checks greater accurately. However, there’s nonetheless a
need for a full system that makes use of that technology for each getting ready for and
responding to landslides after they take place. Although there has been a whole lot of
development in the use of sensor technology and drone-based totally mapping to monitor
landslides, most studies focus on these methods one after the other and most effectively cover
certain elements of landslide management. a few research look at the usage of ground sensors for
early warnings, while others use drones to analyse the land. However, none provides a single
machine that combines statistics from diverse sensors with real-time aerial monitoring. Also,
much research is most effective to observe predicting landslides before they occur or assessing
harm after they manifest, without creating a gadget that manages both levels constantly. Because
of this, there’s a clean want for research that develops an included, real-time framework that
mixes sensor information, drone mapping, and facts fusion strategies for complete landslide
tracking, early warning, prevention, and recuperation efforts.

This paper fills that hole by imparting a comprehensive approach that allows making higher

choices and decreases dangers in areas where landslides are common.

Comprehensive Framework for Pre-catastrophe and Publish-Disaster
Management the Use of Sensor technology and Drone Mapping
Landslides pose a severe hazard to the surroundings, infrastructure, and people’s lives. To

decrease these risks, it’s miles important to have right monitoring and prevention techniques in

place. This look presents a detailed method for coping with landslide-inclined areas each earlier
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than and after an occasion, the use of superior gear like sensors and drone-primarily based

mapping [1]. The studies soil moisture which is collect the data from unstable areas high risk

areas before landslides happen and stable areas without any landslide. Clearly this information

helps in comparing and analysis the risk levels in Figure 1.

Comparative Soil Moisture

Data Collection
for Landslide Risk
Assessment

|

Post-Landslide Zone

|

Sail Moisture Datas

- High Saturation Lewels
- Drainage Patoerns

- Post-failure conditions

Data Collection Zanas

Pre-Landslicde Stable
High-Risk Area HMon-Landslide Region

J

Soil Moisture Data:
- Critical Thresholds
- Antecedent Rainfall
Correlation
- Pre-failure conditicns

Soil Moisture Data:s
- Baseline Levels

- Seasonal Variations

- Stable conditions

~— 1 -
— P
- T
\\ P 7 .~ /
—
— -
P -7 Comparative snalysis & -~
S Risk Assessment L
T -
T T T T~
T . o
T - 7 T
e T —
" | N
- - >

thresholds for failure

Identify critical moisturs Validate & calibrate ‘ ‘ Improve zoning of

early warning models high-risk areas

Figure 1: Architecture Description or Sensor Technology

Tablel: Soil Moisture Data Collection Strategy

Location Category

Purpose

Post-Landslide Area

Understand failure conditions and moisture thresholds

Pre-Landslide High-Risk Area

Detect early warning signs and rising instability

Stable Non-Landslide Area

Establish baseline moisture reference

Pre-Disaster Management

Sensor Technology

e Sensors for Soil Moisture: These instruments monitor the moisture level of the soil which is
essential to forecast landslides. High levels of moisture could indicate a high-level risk of

landslides.

e Telemeters: They detect before alerts for chances landslides and measure the location as a

slope changes.

e Geophones: These sensors monitor ground vibration which could suggest a coming landslide

[2]
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Unmanned Aerial Systems
Topographical Mapping: Drone uses LIDAR and photogrammetric cameras to create
detailed and spot regions that could pose risks [3].

Vegetation Analysis: Soil strength is impacted by vegetation cover and may be looked at
with drones.

Infrared imaging: This technique helps determine the moisture level of the soil and
structure.

Combination and Evaluation
Data Fusion: Combining data into different types of sensors and drone scan given details
about danger.

Real-Time Monitoring: Authorities are able to monitor conditions and predict possible
landslides by always collecting data and analysis data [4].

Immediate Response
Damage Assessment: Drones always provide excellent photos, video and data for damage
evaluation and quickly check and impacted region.
Search and Rescue: Drones tools with infrared photo sensor help to the survival hunt [5].

Recovery and Rehabilitative Care

Infrastructure Assessment: Checking if the use of full maps helps well-maintained roads,
bridges and structures.

Environmental Impact Assessment: Knowing the nature of environmental harm is key to
figuring out how to fix it.

Extended Observation

Monitoring of Rehabilitation: If restore areas are under surveillance with sensors and
drones keeping identified to assure security and stability [6].

Preventive Measures: Continuous data collection to help create and carry out more effective
methods to minimize risk in the future.

Technologies Used

A detailed Survey of Sensor Technology for Landslide Monitoring and control

Sensors for Soil Moisture
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Idea: The moisture level of the soil is measured using soil moisture sensors and this data is
essential for landslide warning. Slope collapse is more likely when soil moisture content is high
since it reduces the soil is share strength [7].

Equation: The dielectric constant of the soil, which is influenced by its moisture content, is

commonly used to compute the volumetric water content (¢). The association provided by Topp
et al. (1980) is a common one.

6=ay+a,e+a,s’ +azs’

Where:
e 7 =Volumetric water content
e £ =Dielectric constant of the soil

e Q01,4283 = Empirical coefficients determined experimentally

Table 2: Landslide Risk and Soil Moisture Levels

Moisture Level (%0) Landslide Risk

0-10 Low

10-20 Moderate

20-30 High

>30 Very High
Tilt meters

Idea: By measuring the angle at which a slope moves, tilt meters can identify changes in the
slope’s inclination and provide early warning signs of impending landslides.

Equation: The tilt angle (%) can be calculated using the arc tangent function of the ratio of
vertical displacement (%) to the horizontal distance (£):

Ah
a = arctan (T)

1) 4.1.3 Vibration Analysis Model (Geophone)

Idea: Ground vibrations, which can signal seismic activity or ground movement preceding
landslides, are picked up using geophones.

Equation: The ground vibrations® frequency (1) and velocity (V) are linked to the displacement
(P) that a geophone detects:
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Table 3: Amplitude of Vibration and Risk of Landslides

Vibration Amplitude (mm) Landslide Risk
0-1 Low

1-5 Moderate

5-10 High

10 Very High

Soil Moisture Sensor Calibration Data

Following is Table 2,3 showing a mapping between sensor data and matching moisture levels. It
probably acts as a calibration table for a moisture content sensor or device, such as humidity or
soil moisture sensor.

Figure 2: Moisture Levels and Sensor Reading

Moisture Levels and Sensor Readings

The relationship between moisture levels and sensor readings is depicted in the line chart you

provided by Figure 2. The sensor values are shown on the x-axis, while the related moisture

levels are shown on the x-axis.

e Negative connection: There is a negative connection between the two variables, as moisture
levels fall as sensor readings rise.

e Zero Crossing: At a sensor reading of 700, the moisture level crosses zero. This raises the
possibility of a threshold at which the moisture content changes from positive to negative.

e Linear Trend: Throughout the range of sensor readings, there appears to be a steady rate of
change in the relationship between the variables.
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Sensor Reading: This is a representation of the sensor’s raw numerical value. Depending on the
type of sensor, units may differ.

Minimum Value: Denotes the lowest sensor reading that can be found within the calibration
range. In order to calculate the moisture level accurately, this value is used to normalize the
sensor results.

Maximum Value: Denotes the highest sensor reading that can be obtained within the calibration
range. Additionally, this value helps to normalize the sensor values.

Moisture Level: Indicates the estimated moisture content based on the sensor’s measurement.
The following formula is used to determine the moisture level:

SR — Min Val

Level of Moisture =1 — 200

Where SR is Sensor Reading, and Min Val is the lowest amount.

Unmanned Aerial Systems (UAS) and Drone Mapping for Landslide
Prevention and Monitoring

Topographical Monitoring

Concept: Drones that have aerial cameras and LiDAR technology are used to create complex
maps of land. As shown in Fig. 3 (Topographical Mapping’s), unmanned aerial vehicles (UAVs)
equipped with photogrammetric cameras and LIiDAR (Light Detection and Ranging) sensors are
used to generate detailed topographical information of landslide-prone areas. High-resolution
three-dimensional models of the landscape are included in these maps which help identify areas
at risk of landslides.

Technologies Employed

LiDAR: Use pulses of laser light to measure distances to the surface of the earth creating
complex 3D dimensional maps [8].

Photogrammetric: This technique uses high resolution images taken from different angles to
imitate the landscape in 3D.

https://doi.org/10.70454/JRIST.020302 Volume No. 02, Issue. 03, 2026 Page 18



https://doi.org/10.70454/JRIST.020302

Received: 2026-07-11 ..
Accepted: 2026-09-25 Journal of Recent Innovation in

Published Online: 2026-09-30 Science and Technology
DOI: 10.70454/JRIST.020302 E-ISSN: 3117-392E, P- 3117-535X

* Ocean Current
= Velocity

Automed Patrol Routes Marine ecosystem Survey
705070 705070 705110 705110 205100

4822000

4822500

Healthy Coral (4) Healthy
Stressed /Blewcked Coral 6-10)

704900 7570 705070 705110 205110 205100
Figure 3: Topographical Mapping's
Topographical Mapping's Advantages

4803420 4822500 4822600 4822600 4820400

4822920 4822500

Benefit Description

High Resolution Provides detailed maps with high accuracy.

3D Terrain Models Helps in visualizing and analyzing the slope and terrain features.

Early Risk Identifies potential landslide-prone areas based on topographical

Identification features.

Data for Planning Assists in urban planning and infrastructure development in
hilly areas.

Analysis of Vegetation
Idea: Drone can investigate how vegetation cover influences soil stability. Vegetation
supports the soil by using root systems that prevent flow and hold the soil together [9].
Technologies Employed
Multispectral cameras: Take photographs at different wavelengths, including visible and
near-infrared, to assess the density and condition of the plants using multispectral cameras.
Standardized Difference Vegetation Index or NDVI: Standardized Difference Vegetation
Index, or NDVI, is a metric of the health and coverage of vegetation calculated from
multispectral imagery.

Indicators of Vegetation and Soil Stability

Indicator Description

High NDVI Value Indicates healthy, dense vegetation, which stabilizes
the soil.

Low NDVI Value Indicates poor or sparse vegetation, increasing the
risk of soil erosion.

Vegetation Cover Areas with dense vegetation are less likely to
experience landslides.
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Vegetation Loss Areas with significant vegetation loss are at higher

risk of landslides.

Imaging infrared
Concept: Water level and makeup of the soil may be evaluated with the use of infrared
imaging. Different kinds of soil and moisture levels can be evaluated because multiple
substances produce infrared radiation in different ways.

Technologies Employed
Thermal cameras: Water level and the makeup of the soil may be evaluated with the use of
infrared imaging. various types of soil and moisture levels can be identified because various
materials produce infrared radiation in different ways.
Infrared sensors: Determine which wavelengths are related to the soil moisture and
structure.

Infrared Imaging Indicators

Indicator Description

Soil Temperature Higher temperatures can indicate dry soil, while
cooler areas may indicate moisture.

Moisture Content Infrared imaging can reveal areas of high soil
moisture content, which are at risk.

Soil Composition Different soil types emit different infrared
signatures, helping in identifying soil properties.

Integrated Method for Monitoring and Preventing Landslides

Concept: Integration of data and on the spot remark the usage of an incorporated method, a
thorough photo of landslide risks is produced by using merging information from many sensors
and drone pics. This approach makes predictions extra correct and dependable and makes it
feasible to take preventative movement before landslides occur.

Components

Data Fusion: Records fusion presents an incorporated photograph of landslide-inclined areas by
integrating records from many resources, which include drone scans, tiltmeters, geophones, and
soil moisture sensors.

Real-Time Monitoring: Actual-time monitoring is the procedure of constantly collecting and
studying records to track environmental modifications and appropriately forecast the possibility
of landslides [10].

Fusion of Data

Concept: Data fusion combines drone mapping with several sensor kinds to provide a more
accurate and complete view of landslide hazard. Its combination allows us to relate to different
types of factors like soil moisture, hill movement ground vibration and landscape variations [11].
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Figure 4: Method of Data Fusion

Data Sources and Their Contributions

Data Source Contribution to Risk Assessment

Soil Moisture Indicates soil saturation levels, crucial for landslide prediction.
Tilt meter Detects slope movement, providing early warning of instability.
Geophone Monitors ground vibrations, indicating potential landslide triggers.
Drone Mapping Offers detailed topographical and vegetation analysis.

Monitoring in Real Time

Idea: Continuous data gathering and processing from sensors and drones is part of real-time
monitoring. This enables authorities to correctly predict landslides and quickly identify changes
in the surrounding environment [11].
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Figure 5: Monitoring System in Real Time
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Real-Time Monitoring Benefits

Benefit Description

Continuous Data Flow | Provides up-to-date information on environmental conditions.

Early Warning System | Generate alerts based on predefined thresholds and patterns.

Predictive Analytics Uses historical and real-time data to forecast potential landslide
events.

Decision Support Aids authorities in making informed decisions for preventive
measures.

It is very nice way to handle the risk of landslides to use data fusion along with real-time
monitoring. Authorities can protect people living in risky areas by good predicting and stopping
landslides. This is done by combining different types of data, Drone and keeping a close watch
on environmental conditions all the time [12].

Key Functions

fuse_data(...): It is Combines different data sources Collect from sensors and drones to assess
the overall risk.

send_warning(...): It sends alerts based on risk levels.

real_time_changes_detected(...): Monitors for any changes in the environment and updates risk
assessment in real time.

landslide_occurred(): Determines if a landslide happened.
monitor_rehabilitated_area(...): Maintains validity of recovered from landslides area.

take_preventive_action(): If safety is found in hill area proper safety actions are performed.

CONCLUSIONS

The paper talks about techniques that use drone mapping and advanced sensors to monitor and
minimize landslides. This method combines different types of sensors like soil moisture sensors,
tilt meters, and geophones with drone systems that use LIDAR and photogrammetry, allowing
for a more details and analysis of landslide risks [13]. Now, officials are better able to predict
landslides by using this careful approach, which allows for more accurate and quicker analysis of
hazards, which reduces the harm that landslides cause. It focuses on combining data from
different types of sensors and careful to close watch for such hazards early.
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It quickly recognizes changes in the environment that might cause a landslide real time
monitoring to help avoid the landslide. Drone as well may be used to map the lands surface and
analysis ecosystem, which improves the validity of risk evaluation and helps to better resource
allocation and control. Our method also speeds up the response and recovery efforts after a
disaster. High-resolution drone images are useful for assessing damage and helping in search-
and-rescue missions. Continuous monitoring of areas that have been restored ensures their long-
term stability. Combining data from various sources leads to better ways to prevent future
landslides. Drone mapping and technology for sensors have greatly improved landslide
management and control.

Using modern tools and real-time data helps authorities protect people in landslide-prone areas,
ensuring their safety and well-being [14]. Future work should aim to improve these technologies
and explore other uses that can support existing disaster prevention strategies.

Future Work
e LoRa communication solution for remote areas.

e Using deep reinforcement learning and Artificial Intelligence for autonomous Drone
Navigation.

e Extended validation in the field in the west Ghats and Himalayas.
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