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Abstract: An adaptive multi-scale three-dimensional point cloud registration network for autonomous
driving is proposed to address the issues of sparse light detection and ranging point clouds, ambiguous
features, and keypoint mismatches caused by low overlap in autonomous driving scenarios. First,
multi-level features of sampled points are extracted via an adaptive multi-scale feature extraction
module, and precise keypoint localization is achieved by incorporating an adaptive neighborhood
stabilizer, thereby resolving the matching difficulties caused by feature ambiguity. Second, the
inlier confidence of the point pairs to be registered is enhanced by integrating multi-scale feature
matching consistency with geometric consistency verification. Finally, based on this confidence, a
coarse-to-fine iterative optimization strategy is adopted to accomplish accurate three-dimensional
point cloud registration. Test results on the KITTI dataset indicate that a relative translation
error as low as 0. 061 8 m and a relative rotation error as low as 0.21° are achieved by the
network, with a registration recall of up to 99.8%. Furthermore, test results on the nuScenes

dataset show that registration recalls of 90.1%, 83.3%, and 78. 8% are achieved at inter-frame
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distances of 10, 20, and 30 m. respectively. It is validated by the aforementioned results that

mismatches in complex road scenarios are effectively suppressed by the proposed network, and

high-precision, highly robust large-scale three-dimensional point cloud registration is realized.

The practical application requirements under dynamic and complex traffic conditions are met by

this research, and reliable technical support is provided for precise localization and environmental

perception in autonomous driving scenarios.

Keywords: intelligent driving; three-dimensional point cloud registration; adaptive; multi-scale

features
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Fig. 2 Structure of multi-scale feature extraction module
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Fig. 3 Structure of adaptive neighborhood stabilizer
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Table 2 Impact of network hierarchy on registration

performance
o £ 2 2% Ryre/m Ryre/ (D) Rer /%%
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Table 3 Comparative experiments of the KITTI dataset
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Table 4 Comparative experiments on the nuScenes datase
10 m 20 m 30 m
WiRES
Rire/m - Rgre/() Riw/%  Rere/m Rixe/() Riw/%  Rere/m Ree/(7) R/ %

FCGF 0.35 0.51 77.5 0.75 1. 85 62.8 0.78 2.04 50.7
CoFiNet 0.49 0. 84 57.3 0. 64 1.04 53.0 0. 60 1. 68 66. 2
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[ B530 m (Ei 2
CoFiNet PREDATOR PointDSC
-+ N
3 én e

AR SCTH ) 3l 2% SO IR R B EAR 55, B
X 2R s 258 S we b = 4E A SRR L RRAE RO L
Qe ) i e IG5 B0OC B 5 DG 7 ] R, £ 0h T
T [ BB 25 B A 1 3 B 2 RUBE = 4k 05 2 T o R 4%
% W 43 5k 22 R R AE DT B — S50k S Ik A A5 R A
F1 38 1 22 RBE R i 41 B 400 S B 2 45 A A1 4R 1E A5 R
Y T B BRVCRC . 38 2o A R AR L AT 2 3, LR
TE AT R AR P A RE E R BIORG 1 2k AR 8 B
G BERCHE . F KITTI 86 4E LBl iR 2 Rere N
0. 061 8 m, Rpge N 0.21°, Rex N 99.8% . 7E
nuScenes FUHE4E 1Y 15 R Wi [E] B 4% 52 F L [ B8 10, 20
130 m (9 Rere 23 %14 0. 32 m,0.48 m A1 0. 67 m,
Ryre 28924 0. 48°,0. 75°F1 1. 03°, Ry 23 3 #a 5E
% 90.1%.83. 3% 78.8% ., SZEGLE RAUEW], BT
P = e 5 2 AE R 4% AMS-Net B85 4 20342 9 5
7 22 RUJE R AR I 400 4] i 8] 15 DT A, F B S0 4 3R R
MEsRE PRGSO ESE S Rz e
B

SE .

[1] Yu Zhao, Zhang Peize, Shi Jing. Transformation of
industrial robotics with natural language models:
recent progress and future prospects [ J]. Robotics and
Computer-Integrated Manufacturing, 2026, 97 103113.

(2] JE. Rbhde, Hilgg, % DEARTEREER
RPN SRR [J] TR cm Rk,

2026, 60(1): 1-13.

(3]

[4]

[6]

[7]

[8]

zkxb. xjtu. edu. cn

Zhou Xiang, Song Linye. Xia Haifeng, et al. Applica-
tion and prospects of personalized thermal comfort sys-
tems in electric vehicles [J]. Journal of Xi’an Jiaotong
University, 2026, 60(1): 1-13.

Song C H, Blukis V, Tremblay J, et al. Robospatial:
teaching spatial understanding to 2D and 3D vision-lan-
guage models for robotics [C]//2025 IEEE/CVF Con-

ference on Computer Vision and Pattern Recognition

(CVPR). Piscataway, NJ. USA. IEEE, 2025.
15768-15780.
Wang Zhigang, Su Yifei, Li Chenhui, et al. Open-

vocabulary octree-graph for 3D scene understanding
[C]//2025 TIEEE/CVF International Conference on
Computer Vision (ICCV). Piscataway, NJ, USA.:
IEEE, 2025 7037-7047.

DAk, A, KA. & ETHOCHBEASIEY
BREN ST [J]. e R % TR, 2024, 32(16)
2537-2549.

Ma Qinglu, Bai Feng, Zhang Jie, et al. Vehicle locali-
zation and navigation method based on LiDAR point
cloud map [J].
2024, 32(16): 2537-2549.

Afzal Maken F, Muthu S, Nguyen C, et al. Impro-

Optics and Precision Engineering,

ving 3D reconstruction through RGB-D sensor noise
modeling [J]. Sensors, 2025, 25(3): 950.

Tian Yifei, Li Xiangyu, Yin Jieming. From pseudo-to
non-correspondences: robust point cloud registration
via thickness-guided self-correction [J]. Computers &.
Graphics, 2026, 134: 104528.

Ma Kaifeng, Yan Fengtao, Li Shiming, et al. Low-

overlap registration of multi-source LiDAR point




44

PN

%

Eird %60 &

%

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

clouds in urban scenes through dual-stage feature
pruning and progressive hierarchical methods [ ] ].
Remote Sensing, 2025, 17(17) . 2938.

Kashef Tabrizian S, Terryn S, Vanderborght B. Toward
autonomous self-healing in soft robotics: a review and
perspective for future research [J]. Advanced Intelli-
gent Systems, 2025, 7(8) . 2400790.

FoR, HIE, P&, %. HIGN Harris 552 BUAY £
SOMBCHESR: [T]. VI sC il K% %4, 2022, 56(3)
33-44.

Wang Cheng, Tian Xuan, Guo Rui, et al. Coarse
point cloud registration based on adaptive Harris corner
extraction [ J]. Journal of Xi’ an Jiaotong University,
2022, 56(3) . 33-44.

Wang Weijie, Mei Guofeng, Zhang Jian, et al. Fully-
geometric cross-attention for point cloud registration [C]//
2025 International Conference on 3D Vision (3DV).
Piscataway, NJ, USA: IEEE, 2025.: 347-356.

Xia Yaqi, Xia Yan, Li Wei, et al. ASFM-Net: asym-
metrical Siamese feature matching network for point
completion [ C]//Proceedings of the 29th ACM Inter-
national Conference on Multimedia. New York, NY,
USA: ACM, 2021: 1938-1947.

Besl P J, Mckay N D. A method for registration of
3-D shapes [J]. IEEE Transactions on Pattern Analy-
sis and Machine Intelligence, 1992, 14(2): 239-256.
Wang Yue, Solomon J. Deep closest point: learning
representations for point cloud registration [C]//2019
IEEE/CVF International Conference on Computer
Vision (ICCV). Piscataway, NJ, USA. IEEE, 2019.
3522-3531.

Yew Z ], Lee G H. RPM-Net: robust point matching
using learned features [C]//2020 IEEE/CVF Conference
on Computer Vision and Pattern Recognition (CVPR).
Piscataway, NJ, USA: IEEE, 2020. 11821-11830.
Fu Kexue, Liu Shaolei, Luo Xiaoyuan, et al. Robust
point cloud registration framework based on deep
graph matching [C]//2021 IEEE/CVF Conference on
Computer Vision and Pattern Recognition (CVPR).
Piscataway, NJ, USA: IEEE, 2021. 8889-8898.

Bai Xuyang, Luo Zixin, Zhou Lei, et al. PointDSC.
robust point cloud registration using deep spatial con-
sistency [ C]//2021 IEEE/CVF Conference on Com-
puter Vision and Pattern Recognition (CVPR). Piscat-
away, NJ, USA: IEEE, 2021: 15854-15864.

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

zkxb. xjtu. edu. cn

Yew Z J, Lee G H. REGTR: end-to-end point cloud
correspondences with transformers [C]//2022 IEEE/
CVF Conference on Computer Vision and Pattern
Recognition (CVPR). Piscataway, NJ, USA. IEEE,
2022: 6667-6676.

Qin Zheng, Yu Hao, Wang C, et al. Geometric trans-
former for fast and robust point cloud registration
[C]//2022 IEEE/CVF Conference
Vision and Pattern Recognition (CVPR). Piscataway,
NJ, USA. IEEE, 2022 11133-11142.

Qi CR, Yi Li, Su Hao, et al. PointNet+ =+ : deep hi-

on Computer

erarchical feature learning on point sets in a metric
space [C]//Proceedings of the 31st International Con-
ference on Neural Information Processing Systems.
Red Hook, NY, USA: Curran Associates Inc., 2017
5105-5114.

Geiger A. Are we ready for autonomous driving? The
KITTI vision benchmark suite [ C]//Proceedings of
the 2012 IEEE Conference on Computer Vision and
Pattern Recognition (CVPR). Piscataway, NJ, USA;
IEEE, 2012:. 3354-3361.

Choy C. Park J, Koltun V, et al. Fully convolutional
geometric features [ C]//2019 IEEE/CVF International
Conference on Computer Vision (ICCV). Piscataway,
NJ, USA: IEEE, 2019: 8957-8965.

Yu H, Li F, Saleh M, et al. CoFiNet: reliable coarse-
for robust point cloud

to-fine correspondences

registration [ J]. Advances in Neural Information
Processing Systems, 2021, 34. 23872-23884.

Huang Shengyu, Gojcic Z,
PREDATOR: registration of 3D point clouds with low
overlap [C]//2021 IEEE/CVF Conference on Comput-
er Vision and Pattern Recognition (CVPR).

away, NJ, USA: IEEE, 2021: 4265-4274.

Usvyatsov M, et al.

Piscat-

Yan Shaocheng. Shi Pengcheng. Zhao Zhenjun. et al.
Turboreg: turboclique for robust and efficient point
cloud registration [C]//2025 IEEE/CVF International
Conference on Computer Vision (ICCV). Piscataway,
NJ. USA: IEEE, 2025: 26371-26381.

Caesar H, Bankiti V, Lang A H. et al. nuScenes: a
multimodal dataset for autonomous driving [C]//2020
IEEE/CVF
Pattern Recognition (CVPR). Piscataway, NJ, USA;
IEEE. 2020. 11618-11628.

Conference on Computer Vision and

(% &

PUR 3z )




	未标题

