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Abstract: The Robust Analytical Vehicle for Exploration
and Navigation (RAVEN) aims to create an advanced
platform capable of supporting a variety of exploration
and navigation tasks in challenging environments.
Leveraging cutting-edge technologies in robotics and
sensor integration, RAVEN is designed to operate
autonomously while providing real-time data analysis and
decision-making capabilities. This project addresses the
need for reliable exploration tools in sectors such as
environmental monitoring, disaster response, and defence
application, where traditional methods may fall short due
to hazardous conditions or remote locations. In addition to
its innovative design, RAVEN incorporates a modular
architecture, allowing for easy customization and
enhancement of its functionalities based on specific mission
requirements. The vehicle's robust analytical capabilities
enable it to process extensive datasets, aiding in the
identification of patterns and anomalies critical for
effective navigation and exploration. Through a series of
field tests and simulations, the project will evaluate
RAVEN's performance, ensuring its reliability and
efficiency in real-world applications. Ultimately, this
project seeks to contribute significantly to the fields of
robotics and exploration, enhancing our ability to navigate
and analyze the unknown.
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l. INTRODUCTION

In an era where technological advancements are transforming
the landscape of exploration and navigation, the Robust
Analytical Vehicle for Exploration and Navigation (RAVEN)
stands at the forefront of innovation, addressing the increasing
need for reliable and efficient tools across sectors such as
environmental monitoring, disaster response, and defence
applications. Traditional methods often fall short in challenging
and hazardous environments, underscoring the need for an
autonomous platform capable of adapting to diverse mission

requirements. Engineered with cutting-edge technologies in
robotics and sensor integration, RAVEN  operates
autonomously while providing real-time data analysis and
decision-making capabilities. Its modular architecture allows
for seamless customization, ensuring that the vehicle can be
tailored to specific operational demands. RAVEN's robust
analytical capabilities empower it to process extensive datasets
effectively, facilitating the identification of critical patterns and
anomalies for successful navigation and exploration. Through
rigorous field tests and simulations, this project will evaluate
RAVEN's performance, confirming its reliability and
efficiency in real-world scenarios and contributing significantly
to the fields of robotics and exploration, enhancing our ability
to navigate and analyze the unknown.

Il. PROPOSED ALGORITHM

A. Initialization and Data Collection

To activate the Unmanned Ground Vehicle (UGV), the process
begins with its initialization, which includes activating all
sensors such as depth cameras and LiDAR. Following this,
wireless connections are established for data transmission
using ROS2 DDS, ensuring reliable communication between
system components. The UGV then engages in continuous data
acquisition, collecting environmental data from the sensors to
facilitate precise navigation and effective obstacle detection.

B. Data Integration and Localization

The next step involves integrating sensor data by combining
information from depth cameras and LiDAR, utilizing
Simultaneous Localization and Mapping (SLAM) techniques
to create dynamic maps of the environment. To further enhance
the localization process, odometry is employed, which enables
accurate positioning of the UGV within these maps, thereby
improving its overall navigational capabilities.

C. Dynamic Path Planning and Navigation

In the subsequent phase, path planning is implemented by
utilizing Nav2 for dynamic navigation, which allows the UGV
to effectively maneuver around obstacles. To ensure
adaptability, real-time feedback and decision-making
algorithms are incorporated, enabling the UGV to adjust its
navigation strategies based on changes in the environment.
Additionally, feedback systems are employed to refine
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navigation further, preventing collisions with both static and
dynamic obstacles, thereby enhancing the safety and
efficiency of the UGV's operations.

D. User Engagement and Safety Mechanisms

A user interface is provided to allow operators to monitor
environmental data and the status of the UGV, facilitating
manual control when necessary. To ensure safety, immediate
stop features are integrated to halt operations upon detecting
any anomalies, along with proactive collision avoidance
mechanisms during navigation. These safety features are
essential for maintaining operational integrity and protecting
both the UGV and its surroundings while enhancing the
overall user experience.
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Fig. 1. RAVEN algorithm flow

I1. EXPERIMENT AND RESULT

The development and integration of various components for the
robotic system were systematically executed to evaluate their
performance and effectiveness. The following steps outline the
key components that were created and tested during this
process.

E. URDF Creation

The Unified Robot Description Format (URDF) was developed
to detail the physical configuration of the robot, encompassing
its joints, links, and visual representations. This foundational
step provided a clear structure for the robot's design.
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Fig. 2. Links created for the robot

Base_footprint
base: Jink
I
[ I 1 I | ]
fiont_Jeft wheel | |fromt rioht wheel|  (back left wheel |  |back_sighe wheel e e bold_| | g
i ik ik ik lidar ik ik {my_fink
camerd Jink

Fig. 3. Block Diagram of URDF

Fig. 4. Joint State Publisher controlling URDF
F. Robot Visualization Launch File

A configuration file was established to initiate a visualization
environment, enabling users to observe the robot model in a
graphical interface, typically utilizing tools such as Rviz. This
facilitated a better understanding of the robot's physical.

G. GAZEBO Simulation Launch File

A launch file was created for Gazebo, a robotics simulator that
allows for the testing of robotic algorithms in a 3D
environment. This simulation provided realistic physics and
sensor feedback, essential for validating robotic behaviours in a
controlled setting.

H. Control Algorithms Development
e Simple Controller: A basic control algorithm was
implemented, managing the robot's movements through
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direct input-output relationships, without
decision-making processes.

Differential Drive Controller: A specialized control system
for robots with a differential drive mechanism was
developed, enabling navigation through varying wheel
speeds independently.

Noisy Controller: This controller was designed to manage
and compensate for noise in sensor data or actuator
performance, ensuring more stable and reliable robot
behaviour during operation.

complex
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Fig. 6. Differential Drive Controller

Advanced Sensor Integration

Kalman Filter: An algorithm was employed for estimating
the state of the dynamic system from a series of
incomplete and noisy measurements, commonly utilized
for sensor fusion in robotics.

Sensor Integration: The process of combining data from
various sensors, such as LIiDAR and cameras, was
executed to enhance the robot's understanding of its
environment and improve decision-making capabilities.
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Fig. 7. Kalman filtering the odometry values.

Remote Control and Navigation

Joystick Teleoperation: A method was implemented for
remote control of the robot using a joystick, enabling
manual control over the robot's movements and actions.

| Fig. 8. oystlk teleoperation
NAV2-Based Simulation: The Navigation 2 framework
was utilized for simulating navigation tasks, including path
planning, obstacle avoidance, and goal-reaching
capabilities in a simulated environment.

Fig. 9.

Linear pose estimation
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Fig. 10. Anglr pose estimation

Fig. 11. Nav2 Adatlve onte-CarIo Localizer particles

o SLAM Simulation: The Simultaneous Localization
and Mapping (SLAM) technique was simulated to create a map
of an unknown environment while concurrently tracking the
robot's location.
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K. Final Firmware Launch File

The culmination of the project involved creating a launch file
that initializes and executes the final firmware code on the
robot. This file encompassed all necessary configurations and
parameters for effective operation in real-world scenarios,
referred to as simulated_robot.launch.py.

The integration of these components significantly enhanced
the performance and capabilities of the robotic system. The
successful creation of URDF and simulation launch files

facilitated accurate modelling and testing of the robot's
behaviours in a controlled environment. The development of
various controllers and sensor integration techniques
contributed to improved navigation, obstacle avoidance, and
overall reliability.

The results from the simulated tests indicated that the robot
could effectively navigate complex environments, adapt to
dynamic conditions, and maintain stable operations under
various scenarios. The joystick teleoperation method provided
operators with intuitive control, while the safety mechanisms
ensured secure interactions during remote operations. The
findings demonstrate the potential of the robotic system in
real-world applications, paving the way for further
advancements in autonomous navigation technologies.

IV.  CONCLUSION

The development and integration of the RAVEN UGV have
successfully demonstrated significant advancements in
autonomous navigation and obstacle detection capabilities.
Through the systematic creation of essential components,
including the URDF, simulation launch files, and robust
control algorithms, the UGV has showcased its ability to
operate effectively in complex environments.

The implementation of advanced techniques such as sensor
integration and SLAM has enabled the UGV to maintain
accurate localization while mapping unknown terrains,
enhancing its situational awareness and decision-making
processes. The incorporation of dynamic path planning through
the NAV2 framework and the utilization of real-time feedback
systems have further refined the UGV’s navigation abilities,
allowing it to adapt to changing conditions and navigate safely
around obstacles.

Moreover, the user interface and joystick teleoperation
capabilities empower operators with flexible control and
monitoring options, ensuring that human oversight remains
integral to the UGV's operations. The safety features integrated
into the system provide an added layer of protection, promoting
secure interactions during navigation tasks.

Overall, the results from the simulation tests validate the
effectiveness of the developed framework and highlight the
UGV's potential for various applications in fields such as
search and rescue, environmental monitoring, and exploration
in hazardous environments. Future work will focus on
enhancing the UGV's capabilities by incorporating machine
learning algorithms for improved autonomous decision-making
and expanding its operational range in increasingly complex
scenarios. The progress made in this research lays a strong
foundation for advancing the state of autonomous vehicles and
their applications in real-world situations.
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