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Abstract— Landslides are catastrophic natural events
that can lead to significant loss of life, as people often
become trapped under debris or buried beneath the
surface, making traditional rescue efforts extremely
challenging. This project introduces a comprehensive
real-time human detection system  specifically
engineered for landslide-affected areas, utilizing the
latest advancements in 5G networks and sensor
technology. The system integrates a variety of advanced
sensors, including motion detectors, infrared cameras,
mobile signal detectors, and Ground Penetrating Radar
(GPR). These sensors work together to continuously
monitor the environment, identifying signs of human
presence such as body movement, heat signatures, and
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active communication signals. GPR further aids in
pinpointing the locations of individuals who may be
buried deep underground, providing a detailed
subsurface map for the rescue teams. The high-speed
and low-latency data transmission capabilities of 5G
networks enable the system to process and analyze large
volumes of sensor data in real time, significantly
enhancing the speed and accuracy of victim detection.
By leveraging 5G technology, the proposed solution can
quickly relay critical information to emergency
responders, facilitating prompt and informed decision-
making. The system is designed to be scalable, making it
deployable across a variety of landslide-prone regions.
Its versatility and reliability position it as a valuable tool
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for emergency management agencies to improve rescue
response times and minimize casualties during landslide
incidents.

. INTRODUCTION

Real-Time Human Detection in Landslide Zones Using 5G
and Advanced Sensor Networks Rescue operations
following a landslide are often a race against time. The
ability to quickly locate survivors trapped under debris can
mean the difference between life and death. However,
traditional search methods, such as manual probing and
canine teams, can be painstakingly slow and unreliable,
especially in complex and unstable terrains. To address this
challenge, we present an innovative solution that combines
5G networks with advanced sensor technology to enable
real-time human detection in landslide-affected areas.

Our system employs a comprehensive suite of sensors—
including motion detectors, infrared cameras, and mobile
signal detectors—that actively scan for any indication of
human presence. Ground Penetrating Radar (GPR)
technology is integrated to scan below the ground surface,
allowing the system to detect buried individuals, even
through thick layers of soil and rock. With 5G’s
unparalleled speed and ultra-low latency, data from these
sensors is processed and transmitted instantaneously,
ensuring that rescue teams have access to critical
information in real time.

The choice of 5G is instrumental in this system, as its high
bandwidth and reliability allow for seamless communication
between devices and centralized command centers. This
rapid exchange of data makes it possible to visualize and
analyze the situation more accurately, minimizing false
detections and enabling a quicker response. Additionally,
the system can adapt to varying environmental conditions,
providing a more resilient and efficient solution compared
to traditional methods. Through this project, we aim to
redefine the standard for emergency response in landslide
scenarios, leveraging the power of 5G and sensor networks
to accelerate detection, reduce risk to rescue personnel, and
most importantly, increase the chances of saving lives in the
aftermath of these devastating natural disasters.

Il.  EXISTING SYSTEMS

Several existing systems are currently utilized in search and
rescue operations for locating individuals trapped during
natural disasters such as landslides. While these systems
have proven effective in certain situations, they are often
limited in their scope and capability, particularly in
detecting individuals buried deep underground or under
rubble. This section reviews some of the most commonly
used systems in the domain of disaster recovery and search
and rescue operations.
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A. Manual Search and Rescue Techniques

Manual Search and Rescue Techniques, such as the use of
sniffer dogs, have been a staple in disaster response. These
specially trained dogs can detect human scent and locate
survivors buried under debris. While sniffer dogs are highly
effective in certain conditions and can cover large areas
relatively quickly, they have several limitations.
Environmental factors such as wind, rain, and chemical
interference can reduce their efficiency. Additionally, dogs
can only work for limited periods before becoming fatigued,
and they provide no real-time data or exact location
information, relying solely on scent detection..

B. Robotic snakes and soft robots

Another common approach involves the use of robotic
snakes and soft robots, which can navigate through narrow
crevices in debris fields to locate survivors. These robots are
equipped with cameras and sensors to provide real-time
feedback to rescue teams. For instance, the robotic snake
developed by the University of Pennsylvania and soft robots
by MIT offer an advantage in maneuvering through spaces
that are inaccessible to humans or larger equipment.
However, their slow movement, limited battery life, and
inability to penetrate large debris fields reduce their overall
efficiency in large-scale disasters like landslides.

C. Seismic and acoustic detection systems

Seismic and acoustic detection systems are also used to
detect vibrations or sounds made by trapped individuals.
Systems like the SEARCH-CAM and the Delsar Life
Detector rely on sensitive equipment to pick up faint
movements or noise, such as tapping or vocal sounds.
Although these systems can be effective in pinpointing
survivors, they are not foolproof. Seismic and acoustic
systems are prone to interference from environmental noise,
machinery, and other vibrations, making it difficult to
differentiate between signals from humans and other
sources. Additionally, these systems are limited in their
ability to detect unconscious or immobile victims, further
reducing their effectiveness.

D. biosensors for vital signs detection

Lastly, biosensors for vital signs detection have been
developed to detect heartbeats and respiratory patterns of
individuals trapped under debris. Systems like NASA’s
FINDER and TI’s Vital-Radar are capable of detecting
minute physiological signals even through layers of debris,
making them powerful tools for confirming the presence of
life in disaster zones. However, these systems are limited in
their range and penetration depth, and their accuracy can be
affected by environmental conditions, making them
unsuitable for large-scale disasters where multiple victims
may be buried deep underground.
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I1l. PROPOSED METHODOLOGY

The proposed system integrates multiple technologies—5G
networks, drones, ground-penetrating radar (GPR), and
advanced sensor arrays—to locate and count individuals
trapped during landslides. The system aims to address
limitations in current search and rescue methods by
providing a real-time, precise, and efficient solution capable
of penetrating through debris and rubble. The following
steps outline the key phases of the methodology:

1. Data Acquisition

e Area Scanning: The first step in the process is to deploy
drones equipped with GPR, thermal imaging, and other
sensors to scan the affected area. The drones will fly
over the landslide zone, systematically covering the
entire area to gather data on underground structures and
potential survivors. These drones provide a flexible and
efficient means of gathering information in
environments that are otherwise inaccessible or
dangerous for humans.

e Ground Penetrating Radar (GPR): GPR sensors will
emit radar waves into the ground, which reflect back
upon encountering different materials, such as human
bodies, rocks, or other objects. This information will be
processed to identify voids or structures beneath the
surface, pinpointing the location of trapped individuals.

e Additional Sensors: Other sensors, such as thermal
imaging cameras, acoustic sensors, and biosensors, will
be deployed to detect heat signatures, sounds, or
biological signals (e.g., heartbeats, breathing). These
multiple data points increase the accuracy of the
detection process.

N

. Data Transmission via 5G

e Once the drones and sensors gather the data, it is
transmitted in real-time to a central server or cloud
platform using 5G networks. The high speed, low
latency, and wide bandwidth of 5G ensure that large
volumes of data—such as high-resolution imagery,
radar readings, and sensor outputs—can be transmitted
quickly and efficiently.

e 5G Edge Computing: In some cases, edge computing

enabled by 5G will process the data closer to the

acquisition point, reducing latency and providing real-

time feedback to rescue teams on the ground. This real-

time data transmission enables immediate analysis and

improves the chances of rapid intervention.

w

. Data Processing

e Machine Learning and Image Processing Algorithms:
The data collected by GPR and other sensors will be
processed using advanced algorithms to distinguish
between different materials and objects beneath the
surface. Machine learning models, trained on various

89

disaster scenarios, will be used to filter out false
positives, such as rocks or debris, and identify patterns
indicative of human presence.

e Cloud-Based Analysis: The raw data sent to the cloud is
analyzed using specialized software to interpret the
radar and sensor readings. This analysis focuses on
identifying clusters of radar returns that match human-
like dimensions and structures. Data from multiple
sources (e.g., thermal, acoustic, and GPR) is cross-
referenced to enhance accuracy.

o

. Outcome — Detection and Human Counting

e Trapped Human Detection: The final stage of the
process is to present a comprehensive report to rescue
teams, indicating the exact location and number of
individuals trapped in the landslide. The processed data
will map out the terrain and highlight any areas where
human presence is detected.

e Human Counting: Using the data from the GPR and
other sensors, the system will generate an estimated
count of trapped individuals. The combination of radar
reflections, thermal signatures, and other sensor inputs
will enable the system to accurately determine the
number of people in a given area.

e 3D Mapping: The output will include a 3D map of the
affected area, with marked zones showing potential
survivors. This map, accessible via a centralized
interface, will guide rescue teams in conducting precise
and effective recovery operations, reducing the time
spent on manual searches.

ol

. Deployment and Continuous Monitoring

e Ongoing Monitoring: After the initial scan, the drones
and sensors will continue to monitor the area, providing
updated information on shifting debris or changes in the
position of trapped individuals. This continuous
monitoring ensures that the rescue efforts are adaptable
to dynamic conditions within the disaster zone.

e Collaboration with Ground Teams: Real-time

communication between the automated system and

ground-based rescue teams will be established to

coordinate extraction operations. Teams will have

immediate access to updated data, ensuring informed

decision-making.

IV. EXPECTED OUTCOME

The successful implementation of this project is expected to
revolutionize search and rescue operations, particularly in
landslide-prone regions, by providing an advanced, real-
time, and accurate system for detecting and locating
individuals trapped under debris. By leveraging 5G
technology, drones, ground-penetrating radar (GPR), and
other advanced sensors, this system is anticipated to bring
significant improvements in terms of speed, efficiency, and
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accuracy in disaster recovery efforts. The following
outcomes are expected as a result of this project:

1. Real-time Detection of Trapped Individuals

One of the primary outcomes of this project is the ability to
detect individuals trapped beneath layers of debris in real
time. Traditional methods, such as sniffer dogs or manual
searches, are slow and often unreliable. The proposed
system, by integrating drones equipped with GPR and other
sensors, will continuously scan the affected area and provide
instant feedback to rescue teams. This real-time detection
capability is critical during the golden hours of rescue,
significantly increasing the likelihood of saving lives. The
combination of radar, thermal, and acoustic data will ensure
that even individuals buried deep beneath the surface are
accurately detected.

2. High-Accuracy Human Counting and Localization

A key outcome of this project is the accurate identification
and counting of the number of people trapped under debris.
Unlike many traditional detection methods that offer only
rough estimates or vague indications of life, this system will
provide precise counts of survivors in specific locations.
This is achieved through the combination of data from
multiple sensors—GPR for structural detection, thermal
sensors for heat signatures, and biosensors for detecting
heartbeats and respiratory signals. The outcome will be a
detailed human count in the affected zones, giving rescue
teams a clear idea of where to focus their efforts. This
feature can be critical in prioritizing rescue operations in
zones with the highest number of survivors.

3. Detailed 3D Mapping of the Affected Area

The system will generate detailed 3D maps of the affected
area, highlighting the locations of trapped individuals and
identifying key features of the landscape. This outcome is
expected to significantly improve the efficiency of rescue
operations, as the rescue teams will be able to visualize the
terrain and access real-time updates on the positions of
survivors. The combination of GPR data, drone imagery,
and sensor inputs will allow for the creation of an
interactive map that shows the depth and location of buried
individuals, as well as other obstacles or structures that need
to be navigated during rescue missions. This enhanced
situational awareness will reduce time wasted in blind
searches and allow for more precise extraction efforts.

4. Faster and More Efficient Rescue Operations

One of the most significant outcomes of this project is the
drastic reduction in the time required for search and rescue
operations. By providing rescue teams with real-time,
accurate data on survivor locations, the system reduces the
need for manual searches and lowers the overall time
required to extract individuals. Traditional methods can take
days or even weeks, during which time the chances of
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survival rapidly diminish. With this system, rescue teams
will be able to pinpoint the exact locations of trapped
individuals within hours, leading to a much faster response
time and higher survival rates.

5. Improved Safety for Rescue Workers

This system also has the potential to greatly improve the
safety of rescue workers. In traditional search and rescue
operations, rescuers are often required to navigate through
dangerous, unstable debris fields with limited information
on the condition of the area. The 3D mapping and real-time
data provided by this system will give rescue teams a clear
picture of the debris structure, allowing them to avoid
unstable zones and focus their efforts on safer areas. By
reducing the need for manual searches in unstable regions,
the system can also lower the risk of secondary collapses or
injuries to rescue workers.

6. Scalability and Adaptability to Different Disaster
Scenarios

The technology developed in this project can be adapted to
other types of disasters beyond landslides. The core system,
which includes drones, 5G communication, GPR, and
sensors, is highly scalable and flexible. It can be modified to
operate in earthquake zones, building collapses, mining
accidents, or other natural or man-made disasters where
individuals may be trapped under debris. The system’s
modular design allows for easy integration of new sensors
or data-processing algorithms to cater to the specific needs
of different disaster environments. This adaptability makes
it a versatile tool for global disaster management and
recovery efforts.

7. Advancements in Disaster Response Technology

The development of this system is expected to contribute
significantly to the field of disaster response technology. By
incorporating 5G communication, edge computing, drone-
based data acquisition, and machine learning for data
processing, this project will advance the state of the art in
search and rescue technology. The project will demonstrate
the potential for using cutting-edge technologies to solve
complex problems in real-time and will serve as a proof of
concept for future innovations in this field. The outcome is
expected to lay the groundwork for future research and
development in automated, technology-driven disaster
recovery solutions.

8. Improved Collaboration Between Automated Systems
and Human Rescuers
An important outcome of this project is the seamless
integration between automated systems and human rescue
teams. The system will provide real-time data that is easily
accessible to rescue teams on the ground via user-friendly
interfaces. This ensures that the technological advantages of
drones, GPR, and sensors are fully utilized, while still
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relying on human expertise for decision-making and action.
The enhanced communication and coordination between
automated systems and rescuers will lead to more effective,
timely, and organized disaster response efforts, ultimately
improving overall outcomes in search and rescue operations.

9. Data-Driven Decision Making in Disaster Zones
Another expected outcome is the data-driven decision-
making approach facilitated by the system. With access to
real-time, precise data on survivor locations, the condition
of the debris, and other environmental factors, rescue
coordinators can make informed decisions on the best
strategies for recovery. This will replace the more traditional
methods of guesswork and intuition with evidence-based
strategies, leading to more efficient and safer rescue
operations. The availability of accurate, real-time data also
allows for better resource allocation, ensuring that
manpower, equipment, and time are focused on areas with
the greatest need.

10. Global Impact on Disaster Management Practices
Finally, the success of this project is expected to have a
profound impact on global disaster management practices.
The integration of cutting-edge technologies into search and
rescue operations will set a new standard for how disaster
recovery is approached. International organizations and
governments will be able to leverage the outcomes of this
project to improve their own disaster preparedness and
response protocols. As climate change continues to increase
the frequency and intensity of natural disasters, systems like
the one proposed here will become indispensable tools for
saving lives and mitigating the impacts of these events.
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