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ABSTRACT

The exploration of Mars has long captivated the scientific community, particularly through the use of
micro rovers capable of autonomous navigation and data collection. The present research focuses on
developing a prototype model named MERR (Mars Exploration & Research Rover) to serve as a
foundation for future Martian terrain exploration. The rover is designed to operate within strict
constraints of mass, power, volume, and cost, while maintaining functionality and scientific value.
Unlike stationary landers, mobile rovers such as MERR offer the advantage of extended terrain
coverage, enhanced observational capabilities, and the flexibility to reposition based on environmental
or research demands. The rover is equipped with an all-wheel drive system powered by DC electric
motors, enabling it to traverse challenging surfaces. Integrated sensors, including temperature sensors
and distance measuring devices, support terrain assessment and environmental analysis. A soil and
rock collection arm enables the retrieval of Martian samples for detailed post-mission analysis. The
onboard electronics are powered by a lithium-ion battery pack, which is supplemented by a solar panel
for energy sustainability. At its core, the rover uses an Arduino microcontroller for processing sensor
data and executing control algorithms. This design aims to address several key mission objectives:
studying the Martian atmosphere, assessing the planet’s potential habitability, and conducting long-
term geological and environmental observations. The rover’s ability to autonomously navigate and
adapt to varying terrain makes it an essential tool in overcoming the logistical challenges of planetary
exploration. Ultimately, the MERR prototype demonstrates a comprehensive approach to Martian
exploration, blending practical engineering with scientific inquiry. Its development represents a crucial
step toward more advanced, scalable systems for planetary missions, contributing valuable insights to
the fields of robotics, space exploration, and remote sensing.

Keywords: Martian Rover, Autonomous Navigation, Terrain Mapping, Soil and Rock Sampling,
Robotic Exploration

I INTRODUCTION

The planet Mars has long been a focal point of space exploration due to its relative proximity to Earth
and the potential clues it may hold about the early solar system and the possibility of life beyond our
planet. As scientific interest in Mars intensifies, robotic exploration using rovers has emerged as a vital
strategy for conducting in-depth, long-term research on the Martian surface. Unlike stationary landers,
which provide valuable but localized data, rovers offer the ability to traverse large swaths of terrain,
interact with diverse geological formations, and collect environmental data from a wide range of
locations. This dynamic capability significantly expands the scope and depth of Martian exploration
missions. Rovers designed for Mars exploration must overcome a variety of engineering and
environmental challenges. Mars is a harsh and unpredictable environment with extreme temperatures,
variable terrain conditions, dust storms, and limited solar energy availability. As such, designing an
efficient, robust, and autonomous rover requires a deep understanding of mechanical systems,
electronics, navigation algorithms, energy management, and scientific instrumentation. The ability to
autonomously navigate, avoid obstacles, and interact with the environment using robotic arms and
sensors are all crucial elements that contribute to the overall success of such missions.
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The research presented in this paper focuses on the development of a prototype rover known as MERR
(Mars Exploration & Research Rover). The prototype serves as a model for future Martian terrain
navigators, developed with the aim of creating a cost-effective and reliable robotic system capable of
conducting scientific exploration on Mars. MERR incorporates a multi-sensor navigation system, all-
wheel drive powered by geared DC motors, and a robotic arm for collecting soil and rock samples.
Furthermore, it utilizes an Arduino-based microcontroller platform for processing sensor inputs and
managing the various subsystems onboard. The rover is also equipped with a power system consisting
of a lithium-ion battery pack, supported by a solar panel to ensure extended operational longevity. The
concept of mobile Mars exploration dates back to the 1990s, with the successful deployment of
NASA's Sojourner rover in 1997. This paved the way for more advanced missions, including Spirit,
Opportunity, Curiosity, and Perseverance, each of which has contributed significantly to our
understanding of the Martian environment. These missions have demonstrated the value of mobility
in scientific exploration, allowing researchers to study a wide range of geological features, investigate
signs of past water activity, and search for potential biosignatures that may indicate past microbial life.
The versatility of rovers has proven essential in addressing key questions about Mars’ habitability,
geological history, and climate dynamics.

Modern Martian rovers are equipped with a wide range of instruments, including cameras,
spectrometers, environmental sensors, and even drilling systems. These instruments are used to
analyze the composition of rocks and soils, monitor weather patterns, and detect organic compounds.
In addition to scientific instruments, technological innovations in rover design have allowed for better
navigation and communication. For instance, the use of Simultaneous Localization and Mapping
(SLAM), LIDAR systems, and machine learning-based path planning algorithms has significantly
improved the autonomy of planetary rovers.

Our MERR prototype builds upon these innovations by integrating key design principles from
successful NASA and international missions while maintaining affordability and scalability for
academic and research-based projects. The MERR rover is specifically tailored to simulate Martian
navigation and sample collection tasks in terrestrial test environments, making it a valuable educational
and developmental tool for engineering students and researchers alike. The use of open-source
platforms such as Arduino makes the rover more accessible and easier to customize, encouraging
collaborative research and future enhancements.

The design of the MERR rover includes several critical subsystems:

a) Drive System: The rover uses a three-wheel drive system with the front wheel designated for
steering via a servomotor. The rear wheels are driven by high-torque DC motors, providing the
necessary force to move across uneven or inclined terrain. This configuration ensures better
maneuverability and control over the rover's path.

b) Power System: The rover is powered by a lithium-ion battery pack that ensures continuous
energy supply. The battery can be recharged using an onboard solar panel, reflecting the real-
world need for energy autonomy in planetary missions where sunlight may be intermittent or
reduced by environmental factors such as dust storms.

c) Control and Processing Unit: An Arduino Uno microcontroller manages the input from
sensors and controls the motion of motors and robotic arms. It processes data in real time and
enables decision-making capabilities necessary for navigation and obstacle avoidance.

d) Sensor Array: The rover is equipped with a set of sensors including a temperature sensor for
environmental monitoring and distance sensors for obstacle detection. Although GPS cannot
function on Mars, similar simulation systems are implemented in this prototype to mimic
positional awareness.

e) Sampling Mechanism: A robotic arm is incorporated into the design for collecting rock and
soil samples. This is crucial for studying the geological composition of the Martian surface,
which could reveal past volcanic activity, presence of water, or organic materials.
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f) Structural Design: The chassis of the rover is constructed using durable sheet metal, designed
to support the internal components while withstanding simulated Martian terrain conditions.
The structure also includes a covering made from acrylic material for component protection
and aesthetic completion.
The inspiration for developing this prototype stems from the increasing need to involve academic
institutions in space-related projects. With the advent of space exploration becoming more inclusive,
universities and research labs around the world are contributing to rover design and planetary
exploration technologies. Projects like MERR help bridge the gap between theoretical engineering
principles and practical application, offering a hands-on approach to solving real-world challenges
encountered in extraterrestrial exploration. Furthermore, the objectives of the MERR project are
closely aligned with key scientific goals identified by NASA and other space agencies: studying the
Martian atmosphere, evaluating potential habitability, conducting long-term environmental
observations, and performing scientific investigations of the planet's surface. By simulating these
activities through a functional prototype, the MERR rover provides insights into mission planning,
resource management, and the intricacies of remote operation in extreme environments.
In conclusion, the Design of Martian Terrain Navigator — A Rover's Model is an innovative and
educational project that encapsulates the interdisciplinary nature of space exploration. It combines
elements of mechanical design, electronics, robotics, and environmental science to produce a
functional prototype capable of autonomous navigation and data collection. As humanity moves closer
to manned missions to Mars and the establishment of long-term research outposts, the development of
versatile and intelligent robotic explorers like MERR will play a pivotal role in paving the way for
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Figure 1: Sample Rover Model

1. IV.LITERATURE REVIEW

A literature review on the design of Mars rovers typically covers various aspects, including mechanical
systems, autonomous navigation, sensor integration, communication systems, power management, and
operational challenges.

e Carle, P., Corke, P., & Roberts, J. (2010) Use of SLAM (Simultaneous Localization and
Mapping) is essential for a rover to map unknown environments and localize itself. Different
methods, such as visual SLAM and LIDAR based SLAM, are evaluated for their efficacy on
Mars-like terrain.

e Carr, C. E., & Weiss, B. P. (2010) Thermal regulation Research also looks into thermal
systems, as Mars’ surface temperatures fluctuate rastically, affecting the performance of
batteries and electronics.
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e Grotzinger, J. P., & Vasavada, A. R. (2012) Curiosity Rover (Case study). The Curiosity
rover, which landed on Mars in 2012, provides a wealth of design insights, especially in terms
of autonomous navigation and power management.

e Voigt, S., Diedrich, H., & Ellery, A. (2015) Challenges in Terrain Navigation. The design
must ensure that the rover can navigate diverse and unpredictable terrain, including soft soils.
Research often focuses on optimizing traction and avoiding wheel slip.

e Van Gasselt, S. (2018) Sensor Integration Sensors for terrain navigation Different sensors,
such as LIDAR, stereo cameras, and infrared cameras, are integrated to provide environmental
data. Studies focus on sensor fusion, which allows the rover to create a comprehensive picture
of its surroundings for safe navigation.

e Farley, K. A, & Trosper, R. L. (2020) Perseverance Rover (Case study) NASA's
Perseverance rover, which landed in 2021, builds on Curiosity’s design and introduces new
technologies such as the MOXIE experiment for oxygen production, the Ingenuity helicopter,
and sample caching for future retrieval.

e Fehérvari, 1., & Vogler, A. (2020) Inter-rover communication Future Mars missions might
involve multiple rovers working together. Studies are ongoing regarding cooperative
communication, where rovers can share data and coordinate tasks autonomously.

e Hao, X., & Gu, J. (2021) Use of Al and machine learning Machine learning is increasingly
being integrated into sensor systems to improve the rover's ability to recognize obstacles, assess
terrain hazards, and optimize navigation paths.

I1l.  PROBLEM IDENTIFICATION

a) Sensor-Based Terrain Analysis
e Equipped with high-resolution cameras, LIDAR, infrared imaging, and ultrasonic sensors.
e Collects environmental data to generate detailed 2D and 3D maps.

e Enables accurate identification of terrain features and obstacles (rocks, slopes, trenches).

b) Real-Time Image Processing and Interpretation
e Uses advanced algorithms for terrain classification and obstacle detection.

e Ensures adaptive responses to changing Martian surface conditions.

c) Autonomous Path Planning Algorithm
e Determines optimal routes for navigation based on real-time data.

e Factors considered:
% Terrain complexity

Rover mobility and drive capabilities

Available energy resources

% Mission safety and risk avoidance
e Enables dynamic route adjustments to handle unforeseen obstacles.

d) Performance Metrics for Evaluation
e Navigation Accuracy: Ability to follow the planned route with precision.

e Obstacle Avoidance Efficiency: Effectiveness in detecting and avoiding hazards.

e Energy Usage: Optimization of power consumption during movement and operations.

e System Reliability: Consistent performance across varied terrain and environmental
conditions.

e) Meeting Predefined Standards
e Involves rigorous simulation and testing in Mars-analog environments.

e Ensures both software and hardware components perform under expected mission
scenarios.
e Enhances robustness, autonomy, and operational precision.
f) Overall Objective

X/ R/
L X GIR X 4

X3
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e Develop a reliable, self-sufficient rover system capable of long-term, obstacle-free
exploration on Mars.

e Support scientific missions by safely reaching and studying targeted locations.
METHODOLOGY

A Rover is an automated motor vehicle which propels itself across the surface of the planet (Mars),
upon arrival. Rovers have several advantages over stationary landers, they examine more territory,
they can be directed to interesting features, they can place themselves in sunny positions to weather
winter months and they can advance the knowledge of how to perform very remote robotic vehicle
control.

a)

b)

d)

f)

Block Diagram: The block diagram of the prototype of the Mars Exploration & Research

Rover is shown in Figure 2.

Drive System: In our Rover, it has three wheels and driving controlled by DC electric motors.

The front wheel is designated for steering the rover to Left or Right. As the front wheel move

in different directions, the back wheels also accompany this movement. The steering is made

possible by positional servomotor and the two back wheels are driven by geared DC motors.

Here the geared motors are used for creating high torque with 100 rpm.

DC Motor: A DC motor is a mechanically commutated electric motor powered from direct

current (DC). DC motor can operate directly from rechargeable batteries. Here we used geared

motor for high torque with 100 rpm. Figure 3 represents the DC motor.

Power System: The power supply for the entire rover system is provided by a Lithium- lon

rechargeable battery pack. These provide energy when the sun is not shining, especially at

night. Over time, the batteries will degrade and will not be able to recharge to full capacity. At
day time, solar panel is used to recharge the battery pack. Lithium-lon battery is a member of

a family of rechargeable battery types in which lithium ions move from negative electrode to

the positive electrode during discharge and back when charging. Lithium-ion Batteries use an

intercalated lithium compound as the electrode material, compared to the metallic lithium used
in non-rechargeable lithium battery.

Main Board (Arduino): The Arduino family consists of popular, low-cost development

boards based on various Atmel AVR microcontrollers. The particular model used in this project

is the Arduino Uno, which uses an ATmega328P microcontroller with a simplified USB
interface provided by an FT232 bridge. The board incorporates 5v and 3.3v LDO regulators to
provide regulated voltage sources using either USB bus power or an external power supply of

7-12 volts. There is also indicator LEDs for power and serial activity, as well as a single user

LED on pin 13. The microcontroller pin-nodes are made accessible by 0.10” female headers

on the sides of the board. Pins are grouped according to function and are labeled at the foot of

the pins.

Sensors:

e Temperature Sensors: The Mars rover, such as NASA's Perseverance or Curiosity, is
equipped with a variety of temperature sensors to monitor both the environmental
conditions on Mars and the rover's own systems. These sensors are critical for ensuring that
the rover's hardware operates within optimal temperature ranges and for understanding the
Martian climate.

e Obstacle Detection Sensor: Mars rover obstacle detection sensors are critical for
navigating the Martian terrain safely. These sensors help the rover detect and avoid
obstacles, ensuring its path is clear for scientific exploration and movement.

e GPS Sensor: Mars rovers do not use traditional GPS sensors like those on Earth. This is
because GPS signals don't reach Mars, as the system is specifically designed for Earth-
based navigation. Instead, the Mars rovers use a combination of other systems to navigate
and position themselves on the surface of the planet.
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e Video Camera: The Mars rovers, such as Curiosity, Perseverance, and Opportunity, are
equipped with high- definition video and still image cameras to capture the Martian

landscape and gather scientific data.
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Figure 2: Block Diagram of Mars Exploration
& Research Rover
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Figure 4: Arduino Uno Board
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Figure 6: Obstacle Detection Sensor
V. DESIGN

Figure 3: A DC Motor

Figure 7: GPS Sensor

a) PCB Development: A printed circuit board, or PCB, is used to mechanically support and
electrically connect electronic components using conductive pathways, tracks or signal traces
etched from copper sheets laminated onto a non-conductive substrate. When the board has only
copper tracks and features, and no circuit elements such as capacitors, resistors or active
devices have been manufactured into the actual substrate of the board, it is more correctly
referred to as printed wiring board (PWB) or etched wiring board. Today printed circuit boards
are used in virtually all but the simplest commercially produced electronic devices, and allow
fully automated assembly processes that were not possible or practical in earlier era tag type

circuit assembly processes.
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b) Rover Body Design: The rover platform is constructed using sheet metal. The width of the
platform is 21 cm and the length is 42 cm. The thickness of the sheet metal used is 0.08 cm.
The PCB, Arduino Board, steering control servo, soil collecting arm servo, battery pack, drive
system motors and the distance measuring sensors are attached to this sheet metal platform.
The upper portion used for covering the rover is constructed using black acrylic plastic of
length 36 cm, breadth 19cm and height 6cm. The LCD module is attached at the back top
portion of the covering in an inclined manner using a special design. The different components
of the rover such as distance measuring sensors, steering wheel, soil collecting arm, drive
wheels, and battery pack are interfaced with the PCB. The solar panel and the LCD module are
also integrated in the metallic body.

c) Final Rover: The figure above shows the Design view of Rover and figure below shows the
assembled view of Rover.

1
DobogQ | (¥
l;;; l’;! QUJ O
@ | &8 o
=S 0o 4|

|-
)

Figure 9: Rover body development on

Figure 8: PCB Development Solidworks

Figure 10: Final Body Design on Solidworks
VI. RESULTS AND DISCUSSION
The prototype of the Martian Terrain Navigator (MERR) was successfully designed, assembled, and
tested to simulate critical functionalities required for planetary exploration. The design incorporated
essential components such as a robust chassis, a DC motor-driven drive system, Arduino-based control
architecture, and a sensor-integrated module for navigation and data acquisition. Testing was
conducted under controlled terrestrial conditions to emulate Martian-like terrain and operational
scenarios.
a) Mobility and Navigation:
e The rover demonstrated smooth mobility across uneven surfaces and simulated rocky
terrains using its all-wheel drive system.
e The front wheel steering mechanism controlled by a servo motor, in combination with
geared DC motors at the rear, ensured effective turning and maneuverability.
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b) Autonomous Operation:
e The rover was able to perform basic autonomous navigation functions such as forward
motion, obstacle detection, and real-time direction adjustment using distance-measuring
Sensors.
e Path correction in response to dynamic obstacles proved effective in maintaining a
collision-free route.
¢) Sensor Performance:
e Temperature sensors accurately recorded ambient environmental conditions.
e Obstacle detection sensors responded reliably within a predefined detection range, ensuring
real-time feedback for navigation algorithms.
d) Soil/Rock Collection Arm:
e The servo-controlled robotic arm demonstrated basic functionality in picking up and
storing small simulated soil and rock samples.
e Although limited in range and payload, it validated the concept of sample collection for
further enhancements.
e) Power Management:
e The lithium-ion battery, supported by a solar charging system, supplied consistent power
to all components.
e The Arduino Uno board managed power distribution efficiently and ensured operational
stability.
The results confirm the feasibility and functionality of the designed MERR prototype for Mars-like
exploration tasks. The rover's ability to navigate autonomously and interact with its environment
highlights the success of the sensor integration and path-planning logic. Although limited in scale, the
use of open-source hardware and readily available materials makes this model highly adaptable for
academic, research, and low-cost mission simulation purposes.
Some limitations include the absence of more sophisticated navigation technologies such as LIDAR,
SLAM-based localization, and high-resolution mapping tools. Additionally, real Martian conditions
such as low gravity, dust storms, and extreme temperature variations were not fully replicated, which
may impact real-world applicability. Nevertheless, the rover serves as an effective platform for testing
basic functionalities and can be further upgraded to support more advanced autonomy, energy
optimization, and scientific instrumentation.
In conclusion, the successful development and testing of the MERR prototype demonstrate its potential
as a foundational model for future research in autonomous planetary rovers. It opens pathways for
continued experimentation in Al-based navigation, enhanced robotic arms, and cooperative rover
systems for complex exploration missions.
VII. CONCLUSION
The development of the Martian Terrain Navigator: A Rover’s Model (MERR) represents a significant
step toward creating efficient, autonomous exploration systems capable of navigating and operating in
extraterrestrial environments. This prototype integrates essential technologies such as DC motor-
driven all-wheel drive, sensor-based environmental monitoring, solar-rechargeable lithium-ion power
systems, and Arduino-based control units to simulate real-world Martian mission operations. Through
detailed design, simulation, and testing, the rover successfully demonstrates capabilities in obstacle
avoidance, terrain adaptation, and sample collection, which are critical for future Mars exploration
missions. The integration of sensors like temperature and distance sensors, along with a robotic
soil/rock collection arm, enhances its scientific value and operational efficiency. Additionally, the
application of autonomous navigation principles, including path planning and system feedback,
ensures that the rover can perform with minimal human intervention, a key requirement for distant
planetary missions.
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The project not only addresses fundamental engineering challenges in terrain navigation, sensor fusion,
and power management but also contributes to the academic and research community by offering a
scalable, low-cost solution for simulating interplanetary rover operations. It encourages the application
of interdisciplinary knowledge in robotics, electronics, mechanics, and environmental science.

In summary, the MERR prototype lays the groundwork for more advanced, robust, and intelligent
Mars rovers. With further refinement and the inclusion of technologies like Al-based terrain analysis,
LIDAR-based mapping, and inter-rover communication, this model has the potential to evolve into a
valuable asset for future missions aimed at unraveling the mysteries of the Martian surface and its
potential for supporting life.
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