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Coordinate Datum Transition Method for Optical System
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Abstract In order to realize the engineering application of optical system computer-aided alignment and reach the
goal of spatial location error correction for optical elements according to the misalignment by calculation, a method of
transition between the misalignment by calculation and alignment quantity of adjusting mechanism is presented.
Coordinate transform and least squares optimization algorithm are used to establish the misalignment-alignment
quantity relation model. The coordinate datum transform between them are finished. Simulation results show that the
accuracy of translational alignment quantity can reach 10~ ° millimeter order and the accuracy of angular alignment
quantity can reach 0.02" order., which are calculated by self-compiled program according to the method. The accuracy
of calculation is much higher than the accuracy needed for optical system computer-aided alignment. In the simulation
of alignment., compared with the result of alignment on the basis of misalignment by calculation, the result of the
method is much better. For different chucking methods of optical elements and adjusting mechanisms, related
parameters of the method can be assigned to meet the requirements of different working conditions. The method
provides the reference basis for engineering application of optical system computer-aided alignment.
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square method
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Table 1 Related parameters of adjusting mechanism

Coordinate vector of point Direction vector

Rotation axis 1 [—140.9925 115.9989 —335.0812]" [0.1736 0 —0.9848]"
Rotation axis 2 [—51.2121 31.9989 —397.9460]" [—0.9848 0 —0.1736]"
Rotation axis 3 [—127.5347 192.0000 —411.4038]" [0 —1 o]f
Shift direction 1 [0 1 o]"
Shift direction 2 [—0.1736 0 0.9848]"
Shift direction 3 [0.9848 0 0.1736]"

rotation axis 3 %2 RERMITEE

Table 2 Misalignment data by calculation

shift direction 1 i

—» rotation axis 1

5z 5y 52 a ) y
—2mm l.5mm 1mm —1.8° 1° 1.5°
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Fig. 2 Schematic diagram of chucking method of optical FETEE Y F7 TR a5t 22 83 17 mm. y %l 58 1 15
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Table 3 Alignment data

Shift direction 3 Shift direction 1 ~ Shift direction 2  Rotation axis 2 Rotation axis 3 Rotation axis 1

—2 mm 1.5 mm 1 mm —1.8° 1° 1.5°

A PRADIRS 5 AR I R A T (0 B B R A AR S P

Table 4 Comparison of ideal state and state of reflector after alignment according to misalignment data by calculation

Ideal state State after alignment Error
X-decenter /mm —2 7.816214 9.816214
Y-decenter /mm 1.5 18. 740133 17. 240133
Z-decenter /mm 1 —0.594325 —1.594325
0. 99950507 0.99962765
Direction vector of z-axis 0.02561603 0.020312124 18'14. 3"
—0.01825982 —0.018220116
—0.02617295 —0.020942618
Direction vector of y-axis 0.99917841 0.99916406 22'59.1"
—0. 03094315 —0.035108167
0.01745218 0.017491765
Direction vector of z-axis 0.03140575 0.035476674 14'0. 2"
0.99935434 0.99921742
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81” Sy’ 82, (1, Br _yr
—14. 7533 mm 4.3393 mm —11.9285 mm —1.758753° 1.517407° —1.000269°
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Table 6 Comparison of ideal state and state of reflector after alignment according to alignment data by calculation

Ideal state State after alignment Error
X-decenter /mm —2 —1.999998 2X10°°
Y-decenter /mm 1.5 1.499999 —1X10°°¢
Z-decenter /mm 1 1 0
r0.99950507 7 r 0.99950507 7
Direction vector of x-axis 0. 02561603 0. 02561603 0"
L—0.01825982. L—0.01825983.
r—0.026172957 r—0.026172957
Direction vector of y-axis 0.99917841 0.99917841 0"
L—0.03094315] L—0.03094314
0.01745218 0.01745223
Direction vector of z-axis 0. 03140575 0.03140593 3.85X10°%"

0. 99935434

0.99935433
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