MARTIAN: AUTONOMOUS ROVER FOR SPACE
EXPLORATION

Project Reference No.: 48S BE 3360

College . Bangalore Institute Of Technology, Bengaluru
Branch . Electronics And Telecommunication
Guide(S) : Prof. Ranjana K

Prof. Manjula A R
Student(S) : Ms. Sanjana H S
Mr. Basavaraj M
Ms. Ramyakrishna K
Ms. Yamuna Y
Keywords:
Autonomous Rover, Rocker-Bogie Mechanism, ROS (Robot Operating System)

Planetary Exploration, SLAM, Terrain Analysis.

Introduction:

The Martian Rover is an autonomous robotic system developed for exploring
unstructured and extreme terrains similar to those found on Mars. It is designed with
mechanical stability, reliable sensors, and real-time terrain handling capability to

support space exploration missions with minimal human involvement.

Objectives:

1.  To build an autonomous rover capable of navigating uneven terrains.

2. Toimplement a rocker-bogie suspension system for better stability.

3. Todevelopsophisticatedalgorithmsthatallowtherovertomakedecisions
autonomously.
4. To provide manual operation capabilities for situations requiring human

intervention or control.

Methodology:
1. Requirement Analysis:
Identified the functional and non-functional requirements of the rover such as terrain

adaptability, autonomy, data transmission, and stability.
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2. Hardware Selection:
Selected appropriate components including Raspberry Pi 4, ultrasonic sensors, IMU,

camera module, motor drivers, and the rocker-bogie mechanical structure.

3. Mechanical Design:
Designed and assembled the rocker-bogie suspension system to ensure mobility

across rough surfaces and obstacles.

4. Sensor Integration:
Connected and calibrated sensors (IMU and ultrasonic) for terrain sensing, orientation,

and obstacle detection.

5. Navigation and Mapping:
Implemented SLAM (Simultaneous Localization and Mapping) to enable the rover to

understand and map its environment while moving autonomously.

6. Communication Setup:

Connection using SSH method to the Rover through Ground Station (PC/Laptop).

7. Testing and Validation
Conducted tests on different terrains to evaluate the rover's mobility, obstacle

avoidance and data transmission accuracy.
Result and Conclusion:

The Martian Rover successfully demonstrated its capability to navigatet hrough
uneven terrain using the rocker-bogie suspension system. The ultrasonic sensors
accurately detected obstacles, and real-time video streaming and data transmission
to the remote ground station were accomplished with minimal delay. The rover's
ability to autonomously map and navigate the environment proved the effectiveness
of its design. This project showcases the potential for a mechanically stable, sensor-
driven rover, suitable for planetary exploration or hazardous Earth- based inspection
tasks. The rover's successful operation highlights its readiness for future applications

in remote environments.
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Project Outcomes and Industry relevance:

The Martian Rover project contributes significantly to the field of robotics, particularly
in autonomous navigation and planetary exploration. By implementing a rocker-bogie
suspension system, it provides a robust solution for overcoming rough terrain, a
critical requirement for exploring Mars or other planetary bodies. Industries such as
aerospace, disaster management, and environmental monitoring would benefit from
this rover's autonomous capabilities, reducing the risk to human life and improving

efficiency in missions where’re mote operation is necessary.
Working Model vs. Simulation/Study:

The project involved the development of a physical working model of the Martian
Rover. It was tested in real-world conditions with physical components such as the
rocker-bogie suspension system, sensors, and camera. While some simulations were
used for movement planning, the primary focus was on building and validating the

actual rover.

Project outcomes and Learnings:

From the process of designing, implementing, and analysing the Martian Rover, we
gained valuable experience in mechanical design, system integration, and sensor
calibration. We also gained experience in using ROS(Robot Operating System) for
autonomous control, which was essential for managing sensor data and

communication between components.

Future Scope:
The future scope of this project includes:

1. Addition of a robotic arm for sample collection and environmental interaction

2. Implementation of high-resolution multispectral cameras for advanced terrain

analysis.

3. Enhancement of terrain adaptability through improved suspension and wheel

design.
4. Deployment of swarm rovers for collaborative exploration and mapping.

5. Integration with satellite communication modules for extended range in remote
areas.
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