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Abstract. Achieving autonomous navigation in mobile robotics requires
the tight integration of perception, planning, and control within a uni-
fied on-board system. In off-road environments, fully closing the loop
on-board with limited computational resources remains challenging be-
cause environmental uncertainty and terrain irregularities substantially
raise the computational complexity of the required perception and con-
trol pipelines. This paper presents a cost-effective yet high-performance
Unmanned Ground Vehicle (UGV) designed to bridge the gap between
limited educational robots and expensive industrial platforms. The sys-
tem adopts a dual-layer architecture in which an NVIDIA Jetson module
executes neural components and the ROS2 Nav2 stack, while a dedi-
cated real-time controller manages low-level locomotion. The two layers
communicate over a CAN bus, ensuring robustness to electromagnetic
interference and predictable communication latency. The platform is val-
idated through an outdoor off-road navigation campaign involving tra-
jectories with increasing geometric complexity. The experimental study
shows the suitability of the proposed system for systematic evaluation of
autonomous navigation performance in realistic off-road conditions.
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1 Introduction

Autonomous navigation in outdoor environments requires the integration of per-
ception, localization, planning, and control within a fully on-board robotic sys-
tem. Although autonomous mobile robots are widely adopted in structured in-
door domains such as warehousing and intralogistics [4)2], outdoor ground nav-
igation remains more challenging due to less predictable operating conditions,
localization uncertainty, and disturbances affecting trajectory execution.

A further limitation concerns the availability of suitable research platforms.
High-end UGVs provide robust mechanics and mature software support, but
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their cost may limit accessibility and reproducibility. Conversely, low-cost ed-
ucational robots are typically designed for indoor use and often lack the sens-
ing, computation, and mechanical robustness required for autonomous outdoor
experiments [I5]. This creates a practical gap between affordable educational
platforms and expensive industrial-grade systems.

This paper presents MiviaRover , an affordable and open UGV platform con-
ceived as a reproducible testbed for outdoor autonomous navigation. The plat-
form executes a complete ROS 2-based navigation stack on board and is experi-
mentally validated in an outdoor paved scenario through autonomous trajectory-
following tests. The results demonstrate the feasibility of using MiviaRover as
a compact experimental platform for studying localization, planning, and con-
trol in field robotics. Project resources and a video demonstration are available
at https://gi1thub.com/mivia-rover-nav2/mivia_rover.git and https://
youtu.be/Nxt2PsCFSNA.

2 Related Work

Research platforms for mobile robotics span from low-cost indoor robots to
rugged UGVs for field deployment. Indoor systems such as the delivery robot
proposed in [11] and the ROS 2-based platform in [12] provide accessible testbeds
for navigation, mapping, and embedded control. Similarly, PlatROB [I] empha-
sizes modularity and educational flexibility through interchangeable drive con-
figurations. However, these platforms are mainly intended for structured indoor
environments and provide limited robustness for outdoor autonomous naviga-
tion.

Conversely, field-oriented platforms are generally more capable but less acces-
sible. Rakshak [0] adopts a tracked configuration for hazardous environments,
while the ROS 2-based UGV in [9] is derived from a commercial electric ATV
for agricultural operation. These systems offer stronger outdoor capabilities, but
their cost, scale, or mechanical complexity limit reproducibility in typical re-
search and educational contexts.

More generally, wheeled, tracked, legged, and hybrid UGVs exhibit different
trade-offs between efficiency, terrain adaptability, mechanical complexity, and
cost [7]. Wheeled platforms such as SMSS [13] favor efficiency and payload ca-
pacity, tracked systems such as TALON [6] improve obstacle negotiation, legged
robots such as ANYmal [8] provide high terrain adaptability, and hybrid solu-
tions such as Shrimp [I4] seek intermediate mobility through passive adaptation.
This literature highlights a gap between affordable indoor-oriented robots and
expensive ruggedized field platforms. Few systems combine accessibility, onboard
computation, outdoor sensing, compact form factor, and real-time low-level con-
trol within a reproducible architecture. The proposed MiviaRover addresses this
gap as an open and cost-conscious UGV platform for outdoor autonomous nav-
igation experiments.
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