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Three-dimensional Scanning Probe Calibration Method

ZHANG Bai SHI Zhao-yao
( College of Mechanical Engineering and Applied Electronics Technology Beijing University of Technology Beijing 100124  China)

Abstract: This paper proposes a three-dimensional scanning probe calibration method to reduce the
positioning accuracy requirements. A fast least squares iterative algorithm and an iterative data filtering
algorithm are designed to achieve the highly precise and efficient calibration of the three-dimensional
scanning probe. Several calibration simulation experiments are designed to verify its stability and
accuracy and the influences on calibration result from various errors are tested. Experimental results
show that this three-dimensional scanning probe calibration method does not require the positioning
accuracy of measuring machine it is insensitive to the measuring machine error and scanning probe
detection error the accuracy of unit vector of coordinate system of three-dimentional scanning probe
reaches 0.00001 and the three-dimensional scanning probe calibration requirements are completely
satisfied.
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Fig.1 Coordinate system of CMM

XY 2,

34

Fig.2  Sketch map of three-dimensional scanning

probe calibration
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Fig.3 Calibration path of three-dimensional scanning probe
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( Table 3 Testing data of experiment two
/ /
). /mm mm mm / pm
1 . 25. 000 5. 000 0. 050 2.0
1 1 / X Y
Table 1 Testing data of experiment one pm /pm
; ; (0.998062 ( -0.017928
0.0 0.0 0. 019 898 0. 999 269
/mm mm mm /pum
0.058 962)  -0.033759)
25. 000 5. 000 0. 050 0.0
/ X Y 4 2
wm /um Table 4 Calibration results of experiment two
(0.998 062 ( —0.017928 /mm X Y
0.0 0.0 0.019 898 0. 999 269 (0.998 062 ( -0.017928
0.058962)  -0.033759) 5. 000 0. 019 898 0.999 269
0. 058 961) -0.033759)
X 5
128 : Y 5. 000
128 ; 7 mm X (100) Y
128 (0 10)
384 : 6
5 3
5. 000 Table 5 Testing data of experiment three
( 01 0) 2 . /mm mm mm / pm
2 1 25. 000 5. 000 0. 050 2.0
Table 2 Calibration results of experiment one / X Y
/mm X Y pm /pm
(0.998 062 ( —0.017928 (0.998062 ( —-0.017928
5. 000 0. 019 898 0. 999 269 2.0 0.0 0.019 898 0. 999 269

0. 058 963) -0. 033 760) 0.058962)  -0.033759)
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Table 6 Calibration results of experiment three

5. 000

/mm X Y
(0.998 062 ( -0.017928
5. 000 0.019 898 0.999 269
0. 058 961) -0.033759)
7
mm X (100) Y
(0 10)
8
7 4
Table 7 Testing data of experiment four
/ /
/mm mm mm /pum
25. 000 5. 000 0. 050 2.0
/ X Y
pm /pum

(0.998062 ( —-0.017928

2.0 2.0 0. 019 898 0.999 269
0.058962)  -0.033759)
8 4

Table 8 Calibration results of experiment four

/mm X Y
(0.998 062 ( -0.017928
5. 000 0.019 898 0. 999 269
0.058 961) -0.033759)

10

J . 2007 41(2): 3-8.
SHI Zhao-yao WEI Zhi-hui. Evolution and some trends in
precision probe technology J . Tool Engineering 2007

41(2): 3-8. (in Chinese)

J . 2011 37(5):
648-656.
SHI Zhao-yao ZHANG Bin LIN Jia<hun et al. Half
century of coordinate metrology technology—evolution and
trends J . Journal of Beijing University of Technology
2011 37(5): 648-656. ( in Chinese)
WECKENMANN A ESTLER T PEGGS G et al

Probing systems in dimensional metrology J . Annals of

the CIRP 2004 53(2): 657-684.

2001( 10) : 28-29.
SUN Tao ZHANG Long-iang. High—precision probe
technology for CMM ] . Manufacturing Technology &
Machine Tool 2001( 10) : 28-29. (in Chinese)
M .
2012: 12-210.

J. : 2001 6(2): 106-
110.
ZHANG Meidian. A hybrid optimizationbased on genetic
Journal of Jimei
University: Natural Science Edition 2001 6(2): 106-
110. (in Chinese)

algorithm and simplex method J

I 2009 29(6):
1446.
LI ChunHeng XU Chengquan PU Wen-i. Improved
simplex method for nonlinear least squares estimation | .
Hydrographic Surveying and Charting 2009 29(6): 14—
16. (in Chinese)

M .1
2002: 4-35.

1999 24(1): 24-27.
WANG Xin—zhou. A direct solution method of parameter
estimation of nonlinear model J . Journal of Wuhan
Technical University of Surveying and Mapping 1999 24
(1): 2427. (in Chinese)
M .
1999: 3-25.

(WA AT E)



