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Fig. 1 Processing flow of proposed method
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Fig. 2 Projection length model of point cloud
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Fig. 3 Three sets of data used in experiment.

(a) data 1; (b) data 2; (c) data 3
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Fig. 5 Normal Gaussian map and point cloud before and

after normal constraint. (a) Gaussian ball;

(b) partial zoom; (c¢) constrained normal vector;

(d) point cloud at maximum layer 1; (e) point

cloud at maximum layer 2; (f) constrained point

cloud
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Table 1 Parameters of planes in point cloud of data 1 scene
Plane A B D
Plane 1 213.2745 0. 0305 1971. 6564
Plane 2 —2.5988X10 ° 1.7823X10° —0.0034
Plane 3 26. 3625 —26. 9836 469, 1850
Plane 4 —2.7181X10 ° 1.0147 X107 3. 3648
Plane 5 —82.5261 —0.3624 —1122. 2972
Plane 6 —498.5125 0.0325 —5334. 4432
Plane 7 —281. 2597 —281. 1161 —2618. 1471
Plane 8 0.0016 1.1324Xx 10" 1.1738
Plane 9 0.0273 —148. 1639 77. 4453
Plane 10 —0.2417 —93.3212 197.1178
Plane 11 25. 7364 —25.7179 454, 0566
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Fig. 6 Preliminary segmentation results of data 1. (a) Partitioned plane point clouds; (b) floor and ceiling plans;

(¢) residual point clouds
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Fig. 7 Plane segmentation results of data 1

after model optimization
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Table 2 Comparison between peak interval of projection length p of plane model and

projection length of point cloud

Parameter Plane 1 Plane 2 Plane 3 Plane 4 Plane 5 Plane 6 Plane 7 Plane 8 Plane 9  Plane 10
o 9. 244 0.003 12. 433 3. 365 13.598 10. 701 6.584 1.174 0.523 2.112
[9.225, [0.025, [12.425, [3.325, [13.625, [10.675, [6.575, [1.125, [0.475, [2.125,
Peak interval
9.275] 0.075] 12.475] 3.375] 13.675] 10.725] 6.625] 1.175] 0.525] 2.175]
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Fig. 8 Plane segmentation results of point clouds in data 2 and data 3. data 2 plane point cloud, (a) segmentation results,

(b) residual point cloud; data 3 plane point cloud, (c) segmentation results, (d) residual point cloud
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Table 3 Segmentation precision of plane point cloud

. Model Average Measured Distance Relative
ject
distance /m distance /m distance /m error /mm accuracy /%
Ceiling-desktop 2.2598
2.2595 2.2572 2.3 99. 89
Desktop-ceiling 2.2592
Floor-ceiling 3.0225
3.0223 3.0180 4.3 99. 86
Ceiling-floor 3.0221
Front wall-back wall 5.9730
5.9737 5.9749 1.2 99. 97
Back wall-front wall 5.9744
Left wall-right wall 7.7577
7.7561 7.7532 2.9 99. 96
Right wall-left wall 7.7544
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Table 4 Deflection angle of planes

Object Ceiling Floor

Desktop

Front wall Back wall Left wall Right wall

Deflection angle/(®) 0.077 0. 056 0.147

0.028 0.170 0.135 0.103
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Table 5 Segmentation time-consuming of plane point clouds
Data Number of points Proposed method /s MLESAC method/s Improved 3D-HT method /s
1 114582 4. 760 15. 687 10. 291
2 409286 16. 724 60. 385 31.516
3 1672434 67.997 208. 213 140. 930
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Abstract
Objective  With the rapid development of virtual reality technology, indoor navigation technology, and indoor

positioning technology, the extraction and modeling of indoor 3D point cloud objects have become a research hotspot.

Under normal circumstances, an indoor scene is quite complex, and the point cloud data obtained by scanning is

usually cluttered. There are many objects and occlusions, and automatic modeling cannot be carried out. It is

necessary to segment a complex indoor point cloud into simple geometric primitives to perform modeling. Because

there are several plane structures in indoor scenes, such as walls and ground, plane segmentation for indoor scene

point cloud is a crucial part of segmentation for indoor scene point clouds. Owing to the complexity and bulkiness of

indoor scene point clouds, traditional random sample consensus (RANSAC) and 3D Hough transform methods are
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complex and inefficient in the process of plane segmentation for indoor scene point clouds. In this article, we propose
a new method for plane segmentation of indoor scene point clouds. Compared with existing methods, this method has
a great improvement in time efficiency and is more suitable for plane segmentation for indoor scene point clouds.

Methods In this article, a new plane segmentation method based on projection length point cloud layering and mean
shift (MS) normal vector constraint is proposed. First, the method estimates the normal vector of the point cloud by
the principal component analysis method, combines the coordinates of the point cloud to obtain the projection length,
and then layers the point cloud according to the projection length by a certain step. Afterward, it takes the current
maximum stratified point cloud for normal vector constraint based on the MS method to get the point cloud with the
most concentrated normal vector. Next, it uses the remaining points to perform RANSAC and least squares plane
fitting to obtain the plane parameters and then removes the point cloud contained in the current plane model by a
certain thickness threshold. The above steps are repeated to obtain the parameters of all planes until the number of
plane points extracted is less than a certain value. Finally, the model point clouds are extracted from the original
point cloud based on the obtained plane parameters, and after the model optimization that includes planes merging,
error point reclassification, and irrelevant point elimination, the final plane segmentation result is obtained.

Results and Discussions In this article, a new concept of projection length of point cloud is proposed that is used
to segment the plane of point cloud in an indoor scene (Fig. 2). The indoor point cloud is layered on the basis of the
projection length, and the resultant point cloud number histogram can initially reflect the number of planes and
distance distribution in the scene (Fig. 4). The projection lengths of the planes calculated from the resulting plane
parameter fall in the peak or adjacent interval in the resultant point cloud number histogram (Table 2). After the
point cloud layering based on the projection length, most points in the maximum layer come from the same target
plane, and there are only a small number of irrelevant points. After MS clustering, the remaining points are all from
the target plane, which is convenient for plane fitting (Fig. 5). The proposed method can completely segment the
plane structure of indoor scenes, including walls, ceiling, floor, and desktop. Meanwhile, other irrelevant
structures, such as potted plants, chairs, and door frames, are removed in the segmentation process (Figs. 7 and
8). The distances between the obtained plane models are very close to the actual measured distances; the difference
is in the millimeter level (Table 3). The deflection angles between the planes obtained in this study, and the planes
obtained by single-point measurement are all within 0.2° (Table 4). Compared with the maximum likelihood sample
consensus method and improved 3D Hough transform method, the proposed method is obviously better in terms of
total time consumption (Table 5).

Conclusions In this article, we propose a new method of plane segmentation for indoor scene point cloud. Through
the point cloud layering based on projection length and normal vector constraint based on MS, the proposed method
can quickly obtain points from a single plane, thereby achieving plane fitting and segmentation rapidly and then gets
the final result after model optimization. Experiments show that the proposed method can effectively segment the
plane structure in the indoor scene point cloud, and the model optimization can avoid over-segmentation and remove
irrelevant points. Simultaneously, the experiment proves that the segmentation result of the proposed method has
higher accuracy and meets the requirements of later modeling. In addition, compared with two improved classical
methods for point cloud segmentation, the proposed method is time efficient and is suitable for segmentation for a
large number of point clouds.

Key words measurement; lidar point cloud; indoor scene; plane segmentation; projection length; point cloud
layering; mean shift
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