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Free-form surfaces are widely used in engineering applications. These surfaces are complex and without 
rotational symmetry; and for this reason they are inspected using the coordinate measuring machines 
equipped with contact sensor which require a suitable sampling strategy. Sampling algorithms are one 
of the most important factors of error creation in the accuracy of substitute geometry. In coordinate 
measuring machines, the sampling strategy involves the estimation of the number of sample points 
(sample size) and identification of their positions (how they are distributed) on the surface. Thus sample 
points should be distributed on the surface using sampling strategies that are appropriate for the surface. 
Often it is difficult to establish such pieces of information (number and the way of distributing the 
points on the surface) owing to the complex nature of free-form surfaces. In the present work, for the 
first time a new adaptive sampling strategy by particle swarm optimization algorithm (PSO) for 
sampling from free-form surface is proposed. The proposed strategy was compared with two 
conventional strategies and the deviation between substitute geometry and CAD model is extracted. The 
simulation results showed that in the proposed method the deviation between substitute geometry and 
CAD model is less than conventional methods by 2 to 3 times (depending on the number of points). 
Therefore, the high efficiency of the proposed method over other methods is concluded. 
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Fig. 1 free-form inspection procedure on CMM [3] 
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Fig. 3 Main flowchart of sampling strategies 
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 Fig. 6 Flowchart of particle swarm algorithm  [20] 
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Fig. 7 Flowchart of sampling strategy by particle swarm algorithm  
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particle swarm algorithm (mm) 

8 
)  

Particle Swarm
Sampling Algorithm 

(PSO) 

END 

Yes 

Termination 
criteria 

  

View and store the 
best position of 

sample points on the 
surface (gBest) 

No 
 

Updated sample 
points  

   

START 

Fit NURBS surface 
to sample points  

Compute deviations 
between substitute 
geometry and CAD 

Allocate the 
maximum deviation 

Specify CAD model:  
Degree ( , ), Control points , ( × ),   

Knot vectors (U, V) 
 



www.SID.ir

Arc
hive

 of
 S

ID

    

    

  

62  1395168  

 

Fig.  9 Substitute geometry deviation from CAD model in sampling 
strategy by particle swarm algorithm (mm) 
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Fig. 11 Geometric deviations probability distribution obtained from the 
proposed sampling strategy 
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Fig. 12 Geometric deviations probability distribution obtained from 
sampling strategy with uniform distribution in Cartesian space 
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Table 1 Comparison between the proposed strategy and uniform sampling strategies with different sample size 

      
      ) PSO(  

  
)mm( )  )mm( )  )mm( )  

36 2.3249 612  1.4667 561 0.6234 2035  
81 0.7188 502  0.3496  470  0.1425  2147  

144  0.1497  395  0.1026  382  0.07269  2355  
225  0.05146  541  0.04467  529  0.03125  2562  
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