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Research on Fringe Shape Recognition Methods Based on Circular
Four-Quadrant Photoelectric Detector
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Abstract  For realizing two-dimensional angle measurement, PZT driving method is used to get dynamic
interference fringes. According to ideal interference fringes, the relationships of fringe width, orientation angle and
each phase of four-quadrant photoelectric detector are deduced with the method of numerical integration, and the
approximation points of each quadrant phase are obtained. Moreover, the model between laser beam angle and the
fringe shape is established. Ellipse least squares fitting algorithm is used to extract phase information from four
quadrants detector. Recognition of width and orientation angle of the fringe is realized. Experimental results of two-
dimensional angle measurement indicate that the method meets the requirement of high precision angle measurement.
Even with the irregular shape of interference fringes or an inconsistent movement frequency of the worktable, the
method can still keep high accuracy and good repeatability.
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Table 1 Phase difference of 1-2 quadrants with different fringe angles and widths (unit: rad)

Fringe angle

Fringe width o 50° 1 50° oo
0.8 mm 3.2142 2. 8606 2.4071 1.7579 0
1.5 mm 1. 7645 1.5373 1. 2638 0.8998 0
3.0 mm 0. 8878 0.7696 0.6293 0. 4457 0

2 ORGS0 BT T Y 1-4 LR IAR 22 (B AL : rad)

Table 2 Phase difference of 1-4 quadrants with different fringe angles and widths (unit: rad)

Fringe angle

) - 0° 30° 45° 60° 90°
Fringe width
0.8 mm 0 —1.7579 —2.4071 1.7579 —3.2142
1.5 mm 0 —0.8998 —1.2638 0. 8998 —1.7645
3.0 mm 0 —0. 4457 —0.6293 0.4457 —0.8878
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Fig. 3 Relation between center distance and fringe shape
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Table 3 Mean square error of 1-2 quadrants with different phase differences

1 2 3 4 5 6
gplg/rad 0.70641 1. 22507 1.59751 2.13187 2.60588 3.05967
c 0.00637 0.00397 0.00669 0.00557 0.00432 0.00648
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Fig. 7 Some Lissajous figures of high-speed sampling. (a) Ap=0.01x; (b) Ap=0.25x; (¢) Ap=0. 5n;
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