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Robust multi-view registration method for narrow scenes
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Abstract: Multi-view point cloud registration is one of the key steps in reverse engineering, which has important
research significance and engineering application value. As for point cloud data obtained from narrow scenes
(such as oral cavity or mechanical structure), the accuracy of the multi-view registration algorithm directly affects
the accuracy of the reconstructed results. In order to improve the speed and robustness of multi-view registration
for narrow scenes, an incremental multi-view point cloud registration method based on pose optimization is
proposed. Firstly, a multi-strategy registration algorithm is proposed based on iterative closest point method (ICP)
and feature-based registration method to solve the registration of adjacent point clouds. Then, based on the
incremental registration of adjacent point clouds, a loop closure detection method based on distance constraints is
proposed, and the pose graph is constructed according to the registration results of adjacent point clouds and loop

closure detection results. Finally, the real-time optimization strategy is used to optimize the pose graph to alleviate
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drift errors and achieve robust multi-view registration. Experimental results show that the proposed multi-strategy

registration algorithm and the loop closure detection method with distance constraints are effective. The classical

ICP algorithm and the FPFH-based method are invalid in the experiment, but the proposed multi-strategy

registration algorithm is valid. The loop closure detection method with distance constraints is more efficient than

the conventional loop closure detection method. The multi-view registration algorithm proposed in this paper can

achieve accuracy of 0.0357 mm in tooth model data registration. In order to verify the universality of the

algorithm, the model point clouds collected continuously in multiple narrow scenes are used for verification. The

results show that the proposed algorithm achieves good results, which indicates that the proposed method is an

effective multi-view registration method for narrow scenes.
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Tab.1 Experimental results of adjacent point cloud
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Tab.2 Experimental results of adjacent point cloud

registration (View 37 & View 38)

Registration method Fitness Rmse Time/s
ICP¥ 0.362 0.161 0.130
Generalized ICP! 0.350 0.163 0.184
FPFH-based method!"” 0.580 0.095 0.552
MRA 0.580 0.095 0.795
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Tab.3 Experimental results of adjacent point cloud

registration (View 210 & View 211)

Registration method Fitness Rmse Time/s
ICP¥ 0.732 0.132 0.038
Generalized ICPY! 0.728 0.132 0.091
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MRA 0.732 0.132 0.020
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Tab.4 Parameter of multi-view point cloud registration

experiment

Registration Distance Real-time  Loop closure detection

method constraints optimization method
Ref[13] (0} (0) FPFH-based method
method
Proposed
method 1 1 MRA
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Tab.5 Results of multi-view point cloud registration

experiment
Registration method Drift alleviated Time/s
Ref.[15] method (0} 174.015
Proposed method I 12.375
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Fig.9 Comparison of overall results of multi-view point cloud

registration. (a) Ref.[15] method; (b) Proposed method
o x ‘
©

Ref[15]
method

Proposed - A= L
method 4w
$ ».

*
()

(b)
10 [EIFRINZE ST EL L. () BUAf 132 F1 1925 (b) ML 96 FiT 244;
(c) Fi A1 96 Fn 252

Fig.10 Comparison of loop closure detection results. (a) View 132 and

192; (b) View 96 and 244; (c) View 96 and 252
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Tab.6 Structure of two methods’ pose graph

Registration method Vertices Odometry edges Loop closure edges
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Proposed method 450 449 335
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Fig.11 Deviation analysis results
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