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Abstract

This research presents the development of a Robust Navigation System for agricultural robots to address the
challenges of operating in unstructured environments, where local planner decisions frequently lead to deadlock
conditions in complex terrain. The developed system integrates Global Navigation Satellite System (GNSS)
positioning with obstacle avoidance through a Dynamic Local Costmap processed from LIDAR sensor data.
Additionally, an Automated Path Recovery System (APRS) is introduced, designed on the basis of a Finite State
Machine (FSM) to monitor kinematic states against control commands and automatically trigger recovery behaviors
upon detection of robot stagnation. For evaluation, the system was tested in the RRViz simulation environment
running on the ROS 2 Jazzy platform, using environment models derived from satellite imagery of actual agricultural
fields. The results demonstrate that the system can autonomously detect and resolve stuck conditions effectively,
not only enhancing the reliability of autonomous navigation but also significantly reducing the monitoring burden
on operators. This enables the robot to carry out missions continuously and seamlessly in highly uncertain

environments.

Keywords: Agricultural Robot, Dynamic Local Costmap, Stagnation Manager, Finite State Machine
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Figure 1 Kinematic model of a differential drive robot
executing a turn around the Instantaneous Center of
Curvature (ICC).
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Figure 2 System block diagram
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Figure 3 Functional block diagram illustrating the

operation of the Stuck Manager Node based on a
Finite State Machine (FSM) architecture.

Table 1 Variable in Finite State Machine.
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Figure 4 Satellite imagery of the experimental site
acquired from Google Maps, showing the physical

boundaries and obstacles of the environment.
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Figure 5 Image processing workflow using GNU Image
Manipulation Program (GIMP) to convert the satellite

imagery into a grayscale format for map generation.
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Table 2 Summary of the six navigation stack
configurations used in the comparative experiments.

Note: Values followed by different letters in the same
column are significantly different. (P < 0.05) according

to Duncan's Multiple Range Test (DMRT).

Planner Time Distance Velocity (m
(sec) (m) )
Smac2D+MPPI  213.68° 213.61 0.99°
Smac2D+DWB  289.14° 213.61 0.74°
Smac2D+RPP  397.16°  213.66 0.54°
NavFn+MPPI  254.01Y  213.47 0.84°
NavFn+DWB 379.99°  213.63 0.56°
NavFn+RPP 499.86° 213.69 0.43°
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Figure 7 Comparative analysis of navigation

performance metrics among six configurations.
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Figure 8 User interface displaying the countdown

timer during the robot situation assessment pause.
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Figure 10 User interface during the “Wait” recovery
operation.
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Figure 11 User interface displaying the navigation

success status.
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