


 

 

The Key Technologies of the Measurement system 

Synchronous measurement data acquisition technology 
Synchronizing the measurement data between CMM and optical probe is one of the key 

technologies when the system is scanning workpiece. It is necessary to guarantee the synchronous of 
the measurement data to obtain high precision measurement. After many schemes of synchronization 
experiments, the external pulse mode is used for synchronizing measurement data, and the accuracy of 
synchronization is under ± 4um, so the system could meet the requirment of the precision 
measurement. The scheme of synchronization is shown in Fig. 2 . 

 
Calibrating the beam’s space position of optical probe  
Regardless of which kind of probe equipped on the CMM, it is very necessary to calibrate the probe. 

The non-contact coordinate measurement system used the “The Calibration Method by Seven 
Points[1]” to calibrate the optical probe’s position. Complex mathematical model was bulit to achieve 
the auto-calibration process. The auto-calibration flowchart is shown in Fig. 3: 
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Coordinate system transformation 
In most case, no element of workpiece can be measured with single probe angle. Another probe 

angle is needed, and then, the coordinate transformation needs to be solved. The measured data in the 
same coordinate system makes the measurement meaning. The measured data under other angles 
should be transformed to the (A0 °, B0 °). The process is as follow: 

First, calibrating (A0 °, B0 °) probe angle, the center of the standard ball (X0，Y0，Z0) and the 
actual angle of probe are collected. 

Then, calibrating (A0 °, B0 °) probe angle using the same standard ball, the sphere center (Xa，Ya

，Za) and the actual angle of probe are collected. 
Finally, measured results (X1 ', Y1', Z1 ') under an angle of (Aa,Bb) should be transformed into 

measured value (X1, Y1, Z1) under the angle of (A0 °, B0 °) by using the formula (1). 
X1=X1’+X0-Xa 

Y1=Y1’+Y0-Ya 

Z1=Z1’+Z0-Za                                                                                                                                                       (1) 

Accuracy test 
After establishing the non-contact coordinate system, the accuracy of the system needs to be 

verified. The accuracy experiment process is shown as follows: Firstly, calibrating the optical probe’s 
position and angle; Secondly, putting the double ball bar on the platform which is shown in Fig.4, then 
measure the two balls by the system under the situation of the distance among 49 to 51; Thirdly, 
analyzing the measured result. The result of experiment is in following table. 
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Table 1.Experiment results: 

Sort Order 
1st Experiment  2nd Experiment 3rd Experiment Nominal 

value 

1st Sphere’s 

Diameter 
23.993 23.996 23.999 23.996 

2nd Sphere’s 

Diameter 
23.995 23.992 24.001 23.998 

Distance of 

Sphere’s Center 
100.059 100.057 100.063 100.061 

From the Table1, the conclusion can be draw that the non-contact measurement system can meet 
high precision measurement. 

Summary 
Based on solving synchronous measured data, calibrating the optical probe’s position and beam 

angle, unified coordinate system, etc, the non-contact measurement system was finally established. 
After precision test, the system can do high measurement job. The next step is to improve system 
stability. 
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