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ABSTRACT

Virtual Reality (VR) is an advanced technology that enhances human-computer interaction,
offering significant potential across various fields. In flood rescue missions, one of the key
challenges is the difficulty in establishing direct communication with affected individuals,
particularly from aerial perspectives such as helicopters. Traditional communication systems often
fail during emergencies, making it difficult for rescue teams to connect with survivors or provide
critical assistance from the air. This paper presents a new Virtual Reality-Based System for Flood
Rescue Management (VR-FRM) to address this communication issue. The system uses VR
technology to generate realistic virtual environments that simulate real-world flood situations,
allowing rescue teams to communicate with survivors through virtual projections and overcoming
communication barriers in high-risk environments. A major feature of this VR system is the
integration of redirected walking algorithms. These algorithms allow users to navigate small
physical spaces while exploring large virtual environments. Redirected walking predicts human
movement and guides users away from the boundaries of their physical space, ensuring a smooth
and immersive experience. Conventional virtual environments typically rely on simple straight-
line paths between waypoints, but these do not account for the natural deviations in human
movement. The VR-FRM system employs a projection system that simulates communication
between helicopters and individuals on the ground, enabling interaction with those stranded in
flood zones. The system tracks the real-time positions of both the rescue teams and victims,
delivering messages or alerts when individuals reach specific virtual locations. This functionality
is particularly useful for directing survivors to safe zones or sharing crucial rescue information

when direct communication is not possible. The system operates in a hybrid environment,
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integrating real-time flood data—such as water levels, victim locations, and obstacles—into the
VR simulation. This allows rescue teams to engage with the virtual environment through
immersive VR interfaces, supporting the planning and execution of rescue operations that closely
mirror real-life conditions. Additionally, the system enables simulations of various flood scenarios,
providing rescue teams with the opportunity to practice and perfect their strategies before
deploying them on the ground. One of the key advantages of the VR-FRM system is its ability to
simulate complex environmental factors, such as rapidly rising floodwaters, blocked evacuation
routes, and unexpected hazards. By immersing rescue personnel in these virtual scenarios, they
gain a deeper understanding of the terrain, make better decisions in real-time, and improve their
situational awareness, bridging the gap between virtual training and actual field operations.The
VR-FRM system also integrates with drone and satellite technologies to enhance data acquisition.
Aerial surveillance through drones and satellites ensures that the system receives up-to-the-minute
information from the flood zone, including images, videos, and sensor data. This information is
then incorporated into the virtual environment, ensuring that the rescue missions are as accurate
and realistic as possible. Real-time communication is crucial for effective coordination between
rescue teams and survivors. The system allows survivors to receive messages or alerts through
projections from helicopters, eliminating the need for direct voice communication, which can be
difficult in disaster situations. Additionally, the system facilitates coordination among multiple
teams, enabling both airborne and ground-based rescue units to collaborate through the VR
interface, improving the overall efficiency of rescue operations. Moreover, the VR-FRM system
incorporates machine learning algorithms to predict future flood events and the movement of

floodwaters, further enhancing its capacity to support flood rescue planning and execution.

I. INTRODUCTION communities are overwhelming, the success

of rescue operations is often delayed or
Floods rank among the most destructive complicated by various obstacles. One
natural disasters, displacing millions and significant challenge, particularly for teams
causing widespread devastation annually. operating from helicopters, is the difficulty of

While the immediate effects on affected

__________________________________________________________________________________________________________________________________________________|
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communicating with people on the ground

due to poor visibility, challenging terrain, and

inadequate communication tools in crisis
situations. In such stressful environments,
clear communication, rapid decision-making,
and careful planning are crucial. With the
continuous  evolution of  technology,
innovative solutions are being developed to
support and enhance rescue efforts. One such
solution is Virtual Reality (VR), which
creates immersive simulations that closely
mirror real-life conditions. VR has proven to
be a valuable resource across numerous
sectors, particularly those that require fast
decision-making, heightened situational
awareness, and effective training. By
leveraging VR, rescue teams can bridge
communication gaps, enabling real-time
collaboration and better-informed decisions.
A primary issue in flood rescue operations is
the inability to communicate directly with
individuals in distress. This issue is even
more pressing when rescue teams are
operating from aerial platforms, such as
helicopters, where visibility is restricted,
making it difficult to assess the needs of those
on the ground. VR offers a solution by

creating a detailed virtual model of the
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flooded area, allowing rescue teams to
interact with the environment and affected
individuals in ways that would otherwise be
impossible. The VR system we propose
incorporates redirected walking algorithms,
enabling users to move within confined
physical spaces while exploring vast virtual
environments. These algorithms track human
movement and adjust the virtual
surroundings in real-time, ensuring that
rescue teams can engage with the simulation
while staying aware of their physical
environment. This functionality greatly
enhances the planning, coordination, and
execution of rescue operations, providing a
dynamic platform to visualize flood scenarios
and make decisions based on current,
accurate data.An additional key feature of the
VR system is its ability to project virtual
depictions of the situation from helicopters
down to the ground, facilitating indirect
communication with those affected by the
flood. As rescue teams gather real-time data
regarding the locations and conditions of
individuals in the disaster zone, this
information is integrated into the virtual
environment. This allows teams to gain a
more precise understanding of the situation,
helping them prioritize their actions

effectively. By simulating a realistic
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representation of the flood zone, rescue teams
can visualize the crisis in greater detail and
make informed decisions. Furthermore, the
system consolidates data from various
sources, including drones, satellites, and
environmental sensors, ensuring that the
virtual environment is consistently updated
with the latest available information. This
real-time integration of data enables teams to
respond quickly to changing circumstances,
thereby improving the likelihood of

successful rescue missions.

In addition to its direct role in rescue
operations, VR technology plays a crucial
part in long-term preparedness. The system
serves as an excellent training tool, enabling
rescue teams to experience a variety of flood
scenarios in a safe, controlled environment.
By practicing in realistic simulations, teams
can refine their skills and strategies,
improving their overall response
effectiveness in actual emergencies. Ongoing
VR-based training ensures that rescue teams
are well-prepared to face future disasters and
can act swiftly and efficiently when required.
Moreover, the VR-based flood rescue system
encourages greater collaboration among
different teams, including air and ground

units, local emergency responders, and
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government agencies. By integrating real-
time data into a shared virtual platform, the
system  ensures  better  coordination,
preventing the duplication of efforts and
optimizing  resource allocation.  This
collaborative approach enhances the overall
success of rescue missions, helping ensure
that assistance reaches those in need as
quickly as possible. In conclusion, the
proposed VR-based system holds the
potential to revolutionize flood rescue
operations. By overcoming communication
barriers, simulating realistic flood conditions,
and integrating real-time data, the system can
greatly improve the efficiency and
effectiveness of rescue efforts. With the
support of cutting-edge VR technology,
rescue teams can operate more effectively,
ultimately saving lives and minimizing the
devastating impact of floods on vulnerable

communities.

ILMETHODOLOGY

A) System Architecture
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The VR-based Flood

Management system is crafted to

Rescue

optimize flood rescue operations by

integrating  cutting-edge  simulation
technologies, real-time data processing,
and immersive training environments.
Central to this system is the VR
simulation component, which constructs a
rich, interactive 3D model of flood
scenarios. This model includes diverse
terrains, varying water levels, and a
variety of rescue operations. By
leveraging Information

System (GIS) data, 3D modeling tools,

Geographic

and live sensor inputs, the VR layer offers
accurate flood simulations, providing first
responders with a controlled, safe space to
practice and prepare for real-world
emergencies. Additionally, the system

features an integrated data layer that
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continually gathers real-time flood data
from sources such as water level
monitors, weather reports, and satellite
imagery. This data is processed to
enhance situational awareness and is used
to update the VR

dynamically, ensuring that it reflects the

environment

latest flood conditions. This real-time
adaptability makes the system a valuable
resource for both training exercises and
operational planning.The control and
monitoring layer, which works in tandem
with the simulation, enables administrators or
rescue planners to tailor flood scenarios,
oversee training sessions, and assess team
performance. The system's user interface
(UI) is designed for simplicity and ease of
use, allowing quick adjustments to
parameters like flood severity, available
rescue teams, and mission objectives. With
VR  headsets and

technology, rescue teams can fully immerse

motion-tracking

themselves in the virtual world, practicing
navigation, performing rescues, and making
high-pressure decisions.The communication
layer  facilitates  smooth, real-time
coordination between the VR training system
and actual rescue efforts. This layer links the

virtual environment with live operations,
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allowing for communication via headsets and
feedback,

coordination, and guidance. Additionally, the

mobile  applications  for

system is integrated with a centralized
database, where historical flood data, past
rescue missions, and training outcomes are
stored, ensuring continuous improvements

and refinements to the system.

B) Proposed Raspberry pi

The Raspberry Pi Pico is an affordable
microcontroller board created by the
Raspberry Pi Foundation. Unlike full-fledged
computers, microcontrollers are small and
have limited storage and peripheral options,
such as the absence of devices like monitors
or keyboards. However, the Raspberry Pi
Pico is equipped with General Purpose
Input/Output (GPIO) pins, similar to the ones
found on Raspberry Pi computers, allowing it
to connect with and control a variety of
electronic devices. Introduced in January
2021, the Raspberry Pi Pico is based on the
RP2040 System on Chip (SoC), which is both
cost-effective and highly efficient. The
RP2040 SoC includes a dual-core ARM
Cortex-MO+ processor that is well-known for
its low power consumption. The Raspberry Pi
Pico is compact, versatile, and performs
efficiently, with the RP2040 chip as its core.
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It can be programmed using either Micro
Python or C, providing a flexible platform for
users of various experience levels. The board
contains several important components,
including the RP2040 microcontroller,
debugging pins, flash memory, a boot
selection button, a programmable LED, a
USB port, and a power pin. The RP2040
microcontroller,  custom-built by the
Raspberry Pi Foundation, is a powerful and
affordable processor. It features a dual-core
ARM Cortex-MO0+ processor running at 133
MHz, 264 KB of internal RAM, and supports
up to 16 MB of flash memory. The
microcontroller provides a wide range of
input/output options, such as 12C, SPI, and
GPIO. The Raspberry Pi Pico has 40 pins,
including ground (GND) and power (Vcc)
pins. These pins are grouped into categories
such as Power, Ground, UART, GPIO,
PWM, ADC, SPI, 12C, System Control, and
Debugging. Unlike the Raspberry Pi
computers, the GPIO pins on the Pico can
serve multiple functions. For instance, the
GP4 and GP5 pins can be set up for digital
input/output, or as 12C1 (SDA and SCK) or
UART1 (Rx and Tx), though only one

function can be used at a time.
C) DESIGN PROCESS
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The design of embedded systems follows a
methodical, data-driven process that requires
precise planning and execution. One of the
core elements of this approach is the clear
separation  between functionality and
architecture, which is crucial for moving
from the initial concept to the final
implementation. In recent years, hardware-
software (HW/SW) co-design has gained
significant attention, becoming a prominent
focus in both academia and industry. This
methodology aims to align the development
of software and hardware components,
addressing the integration challenges that
have historically affected the electronics
field. For large-scale embedded systems, it is
essential to account for concurrency at all
levels of abstraction, impacting both
hardware and software components. To
facilitate  this, formal models and
transformations are employed throughout the
design cycle, ensuring efficient verification
and synthesis. Simulation tools are vital for
exploring design alternatives and confirming
the functional and timing behavior of the
system. Hardware can be simulated at
different stages, including the electrical
circuit, logic gate, or RTL level, often using
languages like VHDL. In certain setups,

software development tools are integrated
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with hardware simulators, while in other
cases, software runs on the simulated
hardware. This method is generally more
suited for smaller parts of an embedded
system. A practical example of this
methodology is the design process using
Intel's 80C188EB chip. To reduce
complexity and manage the design more
effectively, the process is typically divided
into four main phases: specification, system
synthesis, implementation synthesis, and

performance evaluation of the prototype.

APPLICATIONS

Embedded systems are being
increasingly incorporated into a wide range
of consumer products, such as robotic toys,
electronic pets, smart vehicles, and connected
home appliances. Leading toy manufacturers
have introduced interactive toys designed to
create lasting relationships with users, like
"Furby" and "AIBO." Furbies mimic a
human-like life cycle, starting as babies and
growing into adults. "AIBO," which stands
for Artificial Intelligence Robot, is an
advanced robotic dog with a variety of
sophisticated features. In the automotive
sector, embedded systems, commonly
referred to as telematics systems, are
integrated into vehicles to offer services like

navigation, security, communication, and
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entertainment, typically powered by GPS and
satellite technology. The use of embedded
systems is also expanding in home
appliances. For example, LG's DIOS
refrigerator allows users to browse the
internet, check emails, make video calls, and
watch TV. IBM is also developing an air
conditioner that can be controlled remotely
via the internet. Given the widespread

adoption of embedded systems across various

industries.
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111.CONCLUSION

Integrating Virtual Reality (VR) technology
into flood rescue operations offers an
effective solution for enhancing
communication and coordination between
emergency teams and flood victims,
particularly when traditional communication
methods fail due to the magnitude of the
disaster. A primary challenge that rescue
teams face, especially those operating from
helicopters, is the difficulty of directly
reaching and  communicating  with
individuals trapped in flooded areas. The
proposed VR system helps overcome this
challenge by enabling remote
communication, allowing messages to be
sent from helicopters directly to individuals
on the ground. This real-time communication
maintains contact between rescue teams and
victims, while also allowing the tracking of
the victims' locations and conditions, thereby
optimizing  resource  distribution and
enhancing the effectiveness of aid
deployment. One of the system's key features
is the use of redirected walking algorithms
that predict and direct user movements.
These algorithms help ensure that users can
safely navigate through the virtual
environment without colliding with real-

world obstacles. The system incorporates a
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virtual path model that connects waypoints
with straight lines, guiding users as they
traverse different terrains during rescue
efforts.A significant challenge with VR in
disaster management is ensuring that the
virtual environment closely mirrors real-
world conditions. This system addresses that
challenge by using human motion prediction,
allowing the virtual environment to adjust
dynamically as users approach real-world
boundaries. This adaptability ensures that the
system remains functional and responsive to
changing circumstances during rescue
operations.By testing the system in both
virtual and physical environments, valuable
insights are gained, which help refine the
walking algorithms and improve overall
performance. This continuous evaluation
under various conditions ensures that the
system is reliable and can be relied upon
during actual rescue missions. Beyond
enhancing communication, the VR system
offers several other benefits, such as
improved situational awareness, faster
decision-making, and more efficient resource
management. VR simulations also enable
rescue teams to train in simulated flood
scenarios, improving their preparedness and
ability to respond swiftly to future

emergencies. In conclusion, the Virtual
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Reality-based Flood Rescue Management
system presents a groundbreaking solution to
the communication challenges encountered
during floods. By combining VR technology,
redirected walking algorithms, and real-time
adjustments, this system significantly boosts
the effectiveness of rescue operations,
improving coordination and safety for both
teams and victims. As the technology
evolves, it has the potential to become an
invaluable tool in disaster management,
saving lives and reducing the impact of
floods on affected communities.
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