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Abstract In this paper, we implemented a GNSS-based autonomous driving system using open-source
software and hardware platforms. Developing autonomous driving systems requires significant time and
cost, so research utilizing open-source software has been actively pursued to overcome these challenges.
In our study, we utilized the open-source software platforms of Ubuntu 20.04 and ROS Noetic. As for
hardware platforms, we employed sensors such as AMR (Autonomous Mobile Robot), GNSS, IMU, LiDAR,
and cameras. We applied open-source solutions that encompass functionalities like GNSS data
correction, position and attitude estimation, SLAM (Simultaneous Localization and Mapping), and
navigation to implement the system. Additionally, we created waypoints to provide paths for the
autonomous driving system. The real-world testing results confirmed that our implemented autonomous
driving system successfully operated on two different routes: flat terrain and hilly terrain. Furthermore,
we evaluated the accuracy of waypoint-based navigation by calculating the RMSE (Root Mean Square
Error) on the flat terrain route. After applying waypoint smoothing, the RMSE decreased from 0.5649
meters to 0.2067 meters. This demonstrates the feasibility of creating autonomous driving systems using

open-source tools.
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Table 1. Specification of Hardware, Software Platform

Spec. Company Model
0OS Canonical Ltd. Ubuntu 20.04
Soft.
Meta OS Open Robotics ROS Noetic
AMR AgileX Robotics Hunter-SE
GNSS Ublox C099-F9P-0
Hard. IMU VectorNav VN-100
LIDAR Velodyne VLP-16
Camera Logitech €920
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Fig. 3. Hardware platform for experimentation
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Fig. 4. Error comparison with and without GNSS
correction
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Fig. 5. Schematic of robot_localization using GNSS
data
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Fig. 8. 2D Map created with OctoMap
(a) 3D map by OctoMap
(b) 2D map with noise removed
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Fig. 11. Collision avoidance test
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Fig. 16. Autonomous driving in rela environment

Fig. 17. Error graph before waypoint smoothing
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Fig. 18. Error graph after waypoint smoothing
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