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Simplification of locomotive running gear
three-dimensional point cloud based on
non-uniform division

Lan Jianxia, Wang Zeyong, Li Jinlong", Huang Qian, Gao Xiaorong
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Abstract: The 3D point cloud data obtained from the laser line structured light scanner has redundancy, and a point
cloud simplification algorithm based on the two order non-uniform partition is designed and implemented to deal with
locomotive running department in this paper. First, according to the intrinsic shape signature (ISS), the point cloud
normal vector of the detected object are estimated and the feature points of the point cloud are extracted. Then,
according to the distribution of the feature point cloud, the point cloud is first divided non-uniformly to obtain uneven
initial cloud patches. Finally, the divided cloud points are mapped to different Gaussian spheres for further subdivi-
sion. The mean shift clustering is performed on the Gauss sphere to extract the center of gravity of each cluster in
the actual three-dimensional space. The set of the center of gravity is the result of simplification. Experimental results
verified the effectiveness of the proposed method. It can keep the details information of the point cloud while en-
suring a high simplification rate. Comparing with the existing method, this method balances the speed and accuracy,
and is more suitable for the on-line locomotive automated detection system.
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Fig. 1 Process of point cloud simplification in this paper. (a) Original point cloud; (b) Selection of feature points; (c) Uniform
seed point; (d) Characteristic seed points; (e) Results of point cloud non-uniform block; (f) Simplification result
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Fig. 3 Results of the simplification of proposed algorithm. (a) Result of 44.76% simplification rate; (b) Result of
60.33% simplification rate; (c) Result of 82.11% simplification rate; (d) Result of 90.47% simplification rate
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Fig. 5 Simplification results of non-uniform grid. (a) 90.26% simplification rate; (b) 67.30% simplification rate
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Fig. 7 Simplification results of proposed algorithm. (a) 90.66% simplification rate; (b) 67.45% simplification rate
A AR
Table 1 Marison of results of simplification
Proposed algorithm Non-uniform grid K-means clustering
Test 1 Test 2 Test 1 Test 2 Test 1 Test 2
The number of points before simplification 36482 36482 36482 36482 36482 36482
The number of points after simplification 3406 11875 3532 11928 3448 11951
Simplification rate/% 90.66 67.45 90.26 67.30 90.55 67.24
Smax/mm 2.5078 1.0654 5.9874 3.3169 2.6405 2.1008
Savg/mm 0.3046 0.1765 0.5261 0.2675 0.3604 0.1965
Operation time/s 15.8764 8.2397 28.9074 19.1817 94.9914 69.3424
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Overview: With the increasing mileage of high-speed rail, railway locomotive safety testing is more and more impor-
tant. Laser 3D scanning is a new type of detection method, which is expected to apply to the railway locomotive auto-
mated detection system. However, the point cloud obtained by 3D scanner usually contains a lot of redundant informa-
tion, and the amount of data is usually too large to transmission and processing. Therefore, it is of great significance to
study the simplification of 3D point cloud data. For the locomotive 3D point cloud data obtained by line-structured
laser scanner, a point cloud simplification algorithm based on two order non-uniform partition is designed and imple-
mented to process the point cloud data of locomotive running points in this paper. First, using K-d tree to reconstruct
topological relations for discrete point clouds. Secondly, according to the intrinsic shape signature(ISS), we estimate the
point cloud normal vector of the detected object and extract the feature points of the point cloud. The feature points are
extracted by analyzing the neighborhood covariance matrix of the points, and the weight values are established to com-
pensate the non-uniform downsampling of the 3D point cloud. Then, according to the distribution of the feature point
cloud, the point cloud is divided non-uniformly to obtain uneven initial cloud patches. Finally, according to the normal
vector information, the initially divided cloud points are mapped into different Gaussian spheres. The flat area of point
cloud is mapped to a densely distributed cluster, and regions containing complex details are mapped to many different
clusters. Second division based on mean-shift clustering is performed on the Gaussian sphere to extract the center of
gravity of each cluster in the actual three-dimensional space. The set of points closest to the center of gravity is the result
of simplification. Compared with the results of non-uniform grid method and K-means method, this algorithm achieves
results in more than ten seconds in point cloud objects with a processing capacity of over one million, and the reduction
rate can reach more than 90%. Speed is guaranteed. The points reserved in the flat area are relatively sparse, while the
points reserved in the detail area are more precise. The maximum error of the reduced model is 2.5078 mm, and the
average error is 0.3046 mm. Both are smaller than the other two algorithms and the accuracy is guaranteed. Therefore,
the simplified data using the algorithm proposed in this paper can better detect defects on the surface of the object.

Citation: Lan ] X, Wang Z Y, Li ] L, et al. Simplification of locomotive running gear three-dimensional point cloud based
on non-uniform division[]]. Opto-Electronic Engineering, 2019, 46(2): 180269
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