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Accurate ground truth (GT) trajectories are vital for SLAM
evaluation, especially in complex environments. However,
existing methods face challenges such as limited coverage,
occlusion, and 1nability to handle degenerate scenarios.
PALoc 1s a novel prior map-assisted approach that
generates dense and high-precision 6-DoF GT trajectories
across diverse scenarios. It provides detailed pose
uncertainty analysis and open-sourced toolbox for map
evaluation. Experiments show significant improvements 1n
accuracy and robustness across diverse environments.

» The first localization system for dense 6-DoF ground

truth trajectory generation for SLAM benchmarking.
» Comprehensive uncertainty propagation analysis.
» Map evaluation for indirect trajectory assessment.
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Fig. 2. System pipeline overview. This figure illustrates the architecture of our system, starting with initialization on a prior map and LiDAR
odometry. Degeneracy analysis and point-to-plane registration are employed to create a degeneracy-aware map factor. The system also processes
odometry and IMU data for stationary detection, forming no motion factors, and integrating gravity factors. Following the optimization of the factor
graph on a framewise basis, loop closure detection is carried out, contributing to the loop factor. This sequential pipeline results in the generation
of estimated poses and maps, which assists in the indirect evaluation of trajectory accuracy.

Conclusion

PALoc enhances SLAM evaluation and expands its
applicability 1in robotics research.

X. Hu et al., "PALoc: Advancing SLAM Benchmarking With Prior-Assisted 6-DoF Trajectory Generation and
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Fig. 5. Translation degeneracy analysis in corridor. (a) and (d) rep- 0.04 0:6;) 50 M |
resent real-world corridor scenes. The black point cloud represents 002 H ~ s
the prior map, and the red sphere with coordinate axes represents the ool | "I oveniap viewni 0] 00 |
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severe the degeneration in a specific dimension. The blue and light _ _ _ _ _ ' . . _
blue trajectories and the red points on the trajectories represent the Fig. 6. Degeneracy scenario analysis. The figure provides a detailed analysis of the DM factor in PALoc, applied to the parkinglot 01 dataset
FL2 odometry trajectory, our algorithm trajectory, and the pose with DM with yaw degeneracy. It includes a time-variant depiction of ATE, ICP accuracy, ICP iteration count, ICP overlap rate, and the condition numbers
constraints. Our algorithm eliminates Z-axis drift error while ensuring for translation and rotation. A specific threshold for the condition number, marked by the gray area, is set to identify degeneracy. It is observed that
robustness in a U-turn intersection (c). The point clouds of different during rotational degeneracy in the scene, there is a notable decline in ICP accuracy, and ICP overlap rate, along with a significant increase in ICP

colors in (f) indicate the corresponding number of constraints in XY Z iteration counts. These observations align well with the actual scenarios encountered in the parking lot setting.

dimensions (see Section VI-B).

Time Analysis of ICP
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Fig. 4. Error map of diverse campus scenes. The degree of color
transition from blue to red indicates an increasing error in the mapped
area. (a) garden day (259.5 m). (b) canteen day (253.1 m).
(c) XZ view of escalator day (600.1 m). (d) XY view of escala-
tor day (600.1 m) with ceiling removal. (e) corridor day (656.4 m).

(f) building day (717.8 m).
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Fig. 7. Trajectory comparison and uncertainty visualization in rotation
degenerate parking lot. (a) Robust performance of the PFL2 under
conditions of rotational degeneracy, operating smoothly. Red spheres
indicate the uncertainty in the translation part; larger spheres denote
greater uncertainty, with reduced uncertainty along the Z-axis. Occa-
sional large covariance spheres represent severe degeneracy caus-
ing matching errors, leading to the exclusion of these map factors.
(b) Trajectory of FL2L in blue, with coordinate axes representing the
poses, clearly showing direct localization failure in scenarios with rota-
tional degeneracy. (c) Pose uncertainty in the X and Y dimensions at
a 95% confidence; due to the scale of the visualization, the uncertainty
in Y is almost comparable to X, aligning with the observed real-world

scenario.



