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[Abstract]

The advancement of technologies like autonomous driving necessitates high-fidelity virtual replicas of real-world spaces. For
this purpose, 3D Gaussian Splatting (3DGS) has emerged as a powerful scene reconstruction technology. However, leveraging
3DGS environments for real-time applications requires a precise localization system, which is a critical prerequisite that existing
methods cannot fulfill due to the unstructured nature of 3DGS. This paper proposes a novel framework for directly registering
LiDAR scan data within 3DGS maps. To achieve this, we enhance registration accuracy with a composite cost function that
considers the geometric properties of each Gaussian, while a hash-map-based spatial indexing technique ensures real-time search
performance. Experimental results demonstrate that our system significantly outperforms conventional NDT in localization

accuracy, validating the potential of 3DGS as a unified map for both rendering and localization.
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Fig. 3. Time-series localization performance of the proposed system. This figure presents a comparative analysis of localization
error and computation time on a specific sequence from the KITTI-360 dataset. The performance of our proposed method
(ours) is shown in red, while the NDT baseline is shown in green. The dashed line for each color indicates the mean value
for that metric. From top to bottom, the plots respectively depict: (a) overall position error, (b) lateral error, (c) longitudinal
error, (d) heading angle error, and (e) the processing time per scan.
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Table 1. Quantitative performance comparison (MAE) of the proposed system and NDT
Translation Error Lateral Error Longitudinal Error Heading Error Matching Time
NDT 0.1792 m 0.1200 m 0.2244 m 0.1565 ° 20.29 ms
ours 0.1165 m 0.0821 m 0.1682 m 0.1181° 53.10 ms
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Table 2. Performance comparison by search method

TraEslatlon Heading Error | Matching Time

rror
KD-Tree 0.1928 m 0.1517 m 122.96 ms
Search

Voxel Query 0.1165m 0.1181 m 53.10 ms
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Fig. 4. Comparison of the ground truth image with images rendered from the ground truth pose and the estimated poses from
each localization method: (A) GT image, (B) Rendered image from the NDT-estimated pose, (C) Rendered image from our

proposed method's pose
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Table 3. Performance comparison of rendered images
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