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Abstract: Autonomous driving systems in an unstructured outdoor environment face the challenge of
setting global routes to destinations, estimating exact locations while driving, and responding in a
dynamic environment in real time. Existing studies have presented individual solutions to each
challenge, but do not consider the interaction between modules within the integrated system,
resulting in performance degradation in the real environment. This study proposes an integrated
autonomous driving system specialized in the Navigation API. The global route plan utilizes the
Navigation API, and location recognition was estimated by fusion of Faster-LIO and GNSS into
EKF, and the regional route plan was implemented by combining FRNet-based Semantic Segmen-
tation and DWA. The system implemented by installing Jetson Orin, OS1-32 LiDAR, and ZED-F9P
GNSS on the Husky A200 robot performed field experiments in 6 scenarios including narrow
passages and GNSS blocking areas to achieve an average completion rate of 86.87%. The navigation
manager successfully recovered from route planning failures through adaptive midpoint relocation,
demonstrating that practical map-free outdoor navigation is possible without expensive HD map

construction.
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2. Related Works

2.1 Localization for Outdoor Robots
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2.2 Path Planning in Unstructured Environment
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3. Methods

3.1 Overall System Design
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[Fig. 1] Overall system architecture showing the hierarchical structure of localization, path planning, and control modules
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3.3 Path Planning

3.3.1 Global Path Planning with Navigation API
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[Fig. 2] Map visualization on a web interface via the Navigation
APL Clicking on a destination in the web interface provides a
route from the current location to the destination
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[Fig. 3] Comparison of the LiDAR point cloud before and after processing. (Left) The original raw LiDAR data. (Right) The resulting
point cloud after the drivable area has been removed by our proposed FRNet
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[Fig. 4] Trajectory generation using the Dynamic Window
Approach (DWA) for local planning. The green line indicates
the optimal trajectory selected from numerous candidates. This
process allows the robot to perform real-time obstacle avoidance
based on a costmap while tracking a path generated by the
global planner
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4. Experimental Result

4.1 Experimental Setup
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[Fig. 5] Hardware configuration including Husky A200 platform,
Jetson AGX Orin 64GB, Ouster OS1-32 LiDAR with integrated
IMU, and U-blox ZED-F9P GNS S module
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[Fig. 6] Test environment map of the university campus showing navigation and localization evaluation configurations. Navigation
cases (red lines, Casel-6) were conducted through real autonomous driving, with Case5 including an unpaved section (orange line) due
to campus construction. Yellow translucent lines indicate GNSS-invalid areas identified by monitoring the GNSS topic during direct
bag file recording. Tests were performed under various outdoor conditions including paved roads, pedestrian areas, and construction
zones, while localization accuracy was evaluated offline for reproducibility
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4.2 Navigation Experimental Results
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[Table 1] The driving performance results for each test route are
quantitatively summarized. Success rates were calculated based
on distance

. Waypoints Completion
Case No. Time (Reacg:d/Total) R}jite
no FRNet (3rd) | 5m 23 s 4/8 42.4%
1 Ours (Ist) |11 m43s 8/8 100%
Navin 3rd) | I1m56s - 10% (others)
no FRNet (3rd) | 5m43s 5/9 52.5%
2 Ours (Ist)  |12m32s 9/9 100%
Navfn (3rd) 56s - 0% (others)
no FRNet 3rd) | 3m 12 s 3/24 23.4%
3 Ours (Ist)  [12m36s 24/24 100%
Navfn 2nd) [15m42s 15/15 27.7% (others)
4 Ours (3rd) | 8m19s 10/14 100%
Navin 3rd) |5mlls 0/0 0% (others)
5 Ours (1st) Tm7s 6/6 100%
Navfn (3rd) 23s - 0% (others)
6 Ours (3rd) 2m15s 1/14 25.7%
Navfn (3rd) 3m2s - 33.2% (others)
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4.3 Semantic Segmentation Experimental Results
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[Fig. 7] Comparison of obstacle recognition results: (left) height-based filtering misclassifies slope as obstacle, (right) FRNet-based

semantic segmentation correctly identifies slope as traversable area
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