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ABSTRACT

Autonomous driving technologies have been studied across diverse platforms and environments, and localization remains

an important task in this field. Although Global Navigation Satellite System (GNSS)-based navigation is commonly used, its

performance can degrade due to its dependency on radio signals. This limitation motivates the need for radio-free, sensor-

based navigation methods. In this work, we present a Light Detection and Ranging (LiDAR)-based place recognition method
designed for Unmanned Aerial Vehicles (UAVs) rather than ground vehicles that can be used as loop-closure detection and re-
localization. The proposed method includes a preprocessing step, a feature extraction and descriptor computation approach,

and a voting-based candidate matching method. Finally, the proposed method is validated using real-world UAV flight

datasets to demonstrate its effectiveness.
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2}, Light Detection And Ranging (LiDAR) =-2] AlAE £35} H|
Aa} 7Hke] sHHEo] A= 9ith (Gao et al. 2023). £3], 714
2ke} LIDAR 5 9 o) thigh A& S5k AlAE 719t
o2 3 YA $Xé MELER RS DERSEES DES
oS Sl A % 8)7e] A 052 F5H Odometry 7]
Wl (Moham d et al. 2019), v]g] JL=3} Ao tf$k Database
(DB)s}e] v & o) Al 91218 2ok A 14l 7%t 7]
Mo Bk (L et al 2025). ojuf shviles FHo h3t F
Hax FRE AT ok Dy o] Walel ekl

LIDARE 7|5}k AR Z 2H HESF 2 9lo] Ald o2

o|:

N T o
bopd ol |

9 74k Wislo]| 75}t (Zhuang et al. 2021).

2], Z]AF o] ZAof thSk AA 914] ¥ oLl choy) 7+
T} He et al. (2016)2 3z} & F-& o8] 2D o] Eedslol &
He YT M2DPE AHEh s Z7HHollA= of2 2D HH
of| £ o] Fx}axA Binoll Gubt Ql=A] Alm Signature

MatrixZ AJAJSE & Singular Vector Decomposition (SVD)E &
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2. METHODOLOGY

2.1 Overall Pipeline
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Fig. 1. Overall pipeline of the proposed place recognition algorithm.

Fig. 2. Conceptualillustration of the point cloud leveling process.

2.2 Preprocessing
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Fig. 3. Density distribution across regions under the non-repetitive laser
scanning pattern.

Fig. 4. Feature extraction procedure of Omni Point Air.

2.3 Feature Extraction
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Fig. 5. Flowchart of the proposed local descriptor generation method.

Fig. 6. lllustration of the local descriptor matching process.
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2.5 Voting-based Descriptor Matching
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Fig. 7. Rural town flight environment in the MaRS-LVIG dataset.

3. EXPERIMENTAL RESULTS

3.1 Experimental Setup
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Table 1. Recall@k for place recognition methods.
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Sequence Method Top-1 Top-5 Top-10
10 m 20m 40 m 10 m 20m 40 m 10 m 20m 40 m
M2DP 0.2023 0.2479 0.2820 | 0.3411 0.4060 0.4578 | 0.3997 0.4744 0.5374
AMtown02 (8 m/s) SC 0.0695 0.1119 0.1660 | 0.1913 0.2512 0.3205 | 0.3153 0.3819 0.4524
OSK 0.0347 0.0377 0.0467 | 0.0364 0.0440 0.0745 | 0.0377 0.0508 0.0874
Proposed | 0.6988 0.8513 0.8780 | 0.8983 0.9053 0.9081 | 0.9065 0.9138 0.9157
M2DP 0.1053 0.1385 0.1608 | 0.1970 0.2664 0.3091 | 0.2637 0.3545 0.4119
AMtown03 (12 m/s) SC 0.0361 0.0583 0.0866 | 0.0955 0.1400 0.1858 | 0.1685 0.2011 0.2363
OSK 0.0646 0.0766 0.1142 | 0.0806 0.1051 0.1564 | 0.1029 0.1322 0.1777
Proposed | 0.5164 0.7887 0.8358 | 0.8510 0.8755 0.8830 | 0.8729 0.8900 0.8959

Fig. 8. Visualization of successful and failed matches along the flight trajectories.
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3.2 Evaluation of Descriptor Performance
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Fig. 9. Visualization of trajectory segments for performance analysis.

Fig. 10. Segment-wise matching rate on the 8 m/s dataset.

Fig. 11. Segment-wise matching rate on the 12 m/s dataset.
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Fig. 12. Precision-Recall curves for the place recognition methods on the 8
m/s dataset.

Fig. 13. Precision-Recall curves for the place recognition methods on the
12 m/s dataset.
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3.3 Evaluation of Place Recognition Accuracy
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Table 2. Average precision and maximum F1-Score for place recognition
methods.

Sequence Method Average precision Maximum F1-score
M2DP 0.2913 0.4413
AMtown02 SC 0.1762 0.3086
(8m/s) OSK 0.1205 0.1327
Proposed 0.8465 0.9607
M2DP 0.1650 0.2838
AMtown03 SC 0.0723 0.1798
(12m/s) OSK 0.2686 0.2414
Proposed 0.8050 0.9405
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4. CONCLUSIONS
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