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Ø       The manufacturing process of gears and blades is very complex and 
the forming accuracy is difficult to control. To guarantee the quality of the 
products, these complex mechanical parts need to be measured in 3D 
with high precision.

     

Ø      Compared with traditional measurement methods, 3D non-contact 
measurement technology based on machine vision has the advantages 
of no damage, high efficiency and high accuracy. Point cloud registration 
is the key step of it.The accuracy and efficiency of point cloud registration 
directly determine the accuracy and efficiency of 3D non-contact 
precision measurement.

Ø      Traditional ICP point cloud registration algorithm requires high initial 
position, which leads to easy-to-fall into the local optimal solution. 
Moreover, the registration accuracy and efficiency are low, which is 
difficult to meet the requirements of point cloud registration accuracy and 
efficiency in the measurement of high-volume complex mechanical parts.

Ø Preprocessing:voxel filter based on center of gravity 
proximity points

      In order to reduce the point number in the point cloud and maintain the 
original feature information of the point cloud surface, this paper uses a voxel 
filter based on the center of gravity proximity points to downsample the part 
point cloud, replacing all points within each voxel with the center of gravity 
proximity points instead of the center of gravity.
Ø Coarse registration:SAC-IA algorithm based on ISS-FPFH 

features
Ø Extraction of ISS keypoints

     The ISS keypoints algorithm uses the neighborhood information of the 
query points to construct the covariance matrix and determines the keypoints 
by calculating the matrix eigenvalues The figure below shows the ISS keypoints 
of the blade and door handle.

Ø FPFH feature description
     The basic idea of FPFH features is to provide a complete description of the 
geometric propertie of the K-neighborhood of the query point by parameterizing 
the interrelationships between the query point and the neighborhood point 
normal.The figure below shows the schematic diagram of FPFH calculation for 
the query point S.

Ø Fine registration:Point-to-plane ICP algorithm based on 
normal vector angle constraints
Ø Point-to-plane ICP algorithm

      The algorithm chooses the Euclidean distance between the tangent planes 
of points to corresponding points instead of the Euclidean distance between 
corresponding pairs of points in the traditional ICP algorithm to construct the 
error objective function, which better reflects the spatial structure of the point 
cloud and iterative convergence is faster compared with the traditional ICP 
algorithm.The following figure shows the calculation principles of the two 
algorithms.

Ø Normal vector angle constraint algorithm
    Compute the normal vector angle between the corresponding point pairs and 
set the angle threshold     , consider the corresponding point pairs as correct if 
the normal vector angle is less than the threshold     , and incorrect if the 
opposite is true.

Ø       The method proposed in this paper was compared with the 
traditional ICP algorithm and SAC-IA+ICP algorithm for point cloud 
registration experiments in part measurement using common complex 
mechanical parts such as blades and door handles as experimental 
objects.The registration results are shown in the table and picture 
below.

        
      

      

Ø       Experimental results show that registration error of the proposed 
method is reduced by 80.46% and 67.86%, respectively, and 
registration time is reduced by 49.07% and 16.97%, respectively, 
compared with the other two algorithms.

Ø    In this paper, a method of point cloud registration for complex 
mechanical parts measurement based on ISS-FPFH features 
combined with improved ICP is proposed.The registration accuracy 
and registration efficiency of the proposed method are greatly 
upgraded compared with the other methods, and it can meet the 
demand of 3D non-contact precision measurement of large volume 
complex mechanical parts.

Point 
cloud 
model

Traditional ICP SAC-IA+ICP Proposed method

error/mm time/s error/mm time/s error/mm time/s

Blade 0.53166 105 0.28615 49 0.10599 36

Handle 0.38459 37 0.26936 27 0.07336 25





