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Scheme for Position Self-Calibration Based on Least Square Method
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Abstract A mathematical model related to stage errors and grid plate errors is constructed according to the different
positions of grid plate in the auxiliary measuring device. Based on the least square principle, the error equation is
converted into a regular equation. The influence of position scheme on the rank of a relation matrix is investigated to
summarize the law between the position and the self-calibration model. With the the conditions that the equation
need for the least square solution, in the self-calibration process, the grid plate must be rotated by 90° and
simultaneously translated from its initial position, and this position transformation is also simulated. The research
results show that it is only the position scheme containing three basic positions that makes the simulation result
closer to the true value. These three basic positions are the necessary and sufficient conditions for the achievement of
self-calibration by the least-squares method.
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Fig. 1 Schematic of positions of grid plate for self-calibration. (a) Initial position; (b) rotation of 90°; (c¢) translation
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Fig. 2 Schematic of variables for self-calibration
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Table 1 Rank of relation matrix for one position

Position combination Rank of A Number of X
Initial position 2nt+7 4n*+3
Rotation of 90° 2n*+7 4n®+3

Rotation of 180° 2n* +7 4n®+3
Translation 2n* —2n+7 4n*+3
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Table 2 Rank of relation matrix for two positions

Position combination Rank of A Number of X

AV =0, (6) Initial position—+rotation of 90°  3.52° +8.5 4n*+6
HHV=L—A )}’Eﬁ/fﬁi—l—im‘%%%j\] Initial position+ rotation of 180° 3nt+9 4n*+6
“ ) _ Initial position—+ translation An* —2n+7 4n*+6
X=((ATA)'A'L, 7
3 ZAALBEI OC R R
Table 3 Rank of relation matrix for three positions
Position combination Rank of A Number of X

Initial position—+ rotation of 90°+ rotation of 180° 3.5n° +11.5 4n*+9

Initial position—+ rotation of 90°— translation 4n*+9 4n*+9

Initial position+ rotation of 180°+ translation 4n* —n-+10 4n* 49

Initial position translation (+ )+ translation (—x) 4n*—2n-+10 4n*+9

Initial position+ translation (&) +translation (y) dn*+7 4n*+9
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Table 4 Rank of relation matrix for four positions

Position combination Rank of A Number of X
Initial position rotation of 90°+ rotation of 180°+ translation 4n*+12 4n* 412
Initial position+ rotation of 90°+ translation (+x) -+ translation (—x) 4n*+12 4n* 412
Initial position—rotation of 90°+ translation () -+ translation (y) 4n®+12 4dn*+12
Initial position— rotation of 180°+ translation (+x) +translation (—x) 4n* —n+13 4n®+12
Initial positionrotation of 180°+ translation () -+ translation (y) 4n®+10 dn*+12
Initial position+ translation (+x )+ translation (—a )+ translation (y) 4n*+10 4n*+12
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Fig. 3 True values and calculated errors of stage system without noise. (a) Program 1: initial position-rotation of 90°+

translation; (b) program 2: initial position—+rotation of 180°+ translation
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