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Optical displacement measuring system
by CCD segmental measurement
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Abstract: To realize the large-scale and high-precision displacement measurement, a new method
based on a virtual detector was described according to the basic principles of traditional laser triangula-
tion method. The CCD subsection measurement was used to enlarge the measuring range and to imple-
ment the displacement measurement. Three independent CCDs were distributed uniformly along the
optical axis and a plain reflected mirror was regarded as the virtual detector. When the beam image was
reflected by the plane mirror, the beam was imaged by CCDs. The designed system is equivalent to
that a CCD is added, therefore, the measuring range is enlarged. Furthermore,the collimator filter is
composed of a collimation system, a polarizer and a diaphragm. It shortens the diameter of the image
spots on the photosensitive surface of the detector,and reduces the influent of unideal optical spots on
the measured surface on the measuring accuracy. The high-precision measurement of large displace-
ment is achieved. The results are in agreement with the experimental observation.
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Fig. 1 Basic principle of measuring system
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Fig. 3 Distributing map of convergent lens L,, L,, L,
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Fig. 4 Collimation filter system
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Fig. 5 Diagram of extending size of fictitious detector
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Fig. 6 Placement of reflector
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Fig. 8 Analysis of systematic error
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Tab.1 Measurement data

WHERE  fi/mm  f,/mm a/mm d/mm
1 600 400 150 50. 695
2 600 400 150 75.814
3 600 400 150 97.980
4 600 600 100 11.631
5 600 600 100 37.379
6 600 600 100 50. 829
7 600 600 100 63.143
8 600 600 100 84.731
9 600 850 75 18.995
10 600 850 75 45.058
11 600 850 75 66.528
12 600 850 75 92. 986
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Tab. 2 Experimental comparison

Wik H ARG/ mmEE TP/ mm R%E/pm

1 304.170  304.127 3 43
2 454.885  454.840 1 45
3 587.881  587.836 2 45
4 669.788  669.744 3 44
5 724.274  724.231 1 43
6 807.973  807.930 1 43
7 978.855  978.8117 44
8 1108.386  1108.341 6 45
9 1307.265 1307.2217 44
10 1454.446 1 454,400 4 46
11 1575.688 1 575.640 6 48
12 1781.572  1781.525 6 47
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