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Study on line-of-sight deflection error for off-axis three
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Abstract: Considering the complexity of internal structure and optical path of the off-axis three-mirror
system, it is difficult to directly analyze the effect of deflection error of each mirror inside the off-axis
three-mirror system on the line-of-sight. Therefore, a method of simplifying the off-axis three-mirror
system model was presented to a single-mirror system model for analysis. Then, based on the model of
single reflection system, the formula of the deflection error of the off-axis three-reaction was derived.
Finally, the model of off-axis three-mirror system was created by Zemax software, the change of the
line-of-sight of the system was simulated by adjusting the position of the mirror and the coordinates of
imaging can be obtained, then the deflection value of the system’ s line-of-sight was solved by
substituting the image coordinates into the calculation formula. From comparing the results, the maximum
error of the deflection of the line-of-sight relative to the deflection of the line-of-sight in the simulation
is not more than 4%, which verifies the correctness of the theoretical analysis based on the single
reflection model.
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Fig.1 Sketch map of reflected light path
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Fig.2 Sketch map of single reflection system
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Fig.3 Sketch map of coordinate system change
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Fig.4 Sketch map of the deflection of the CCD and the ideal reflector
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Fig.5 Two-dimensional view of the off-axis three mirror system model
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Tab.1 Reflector parameters

Thickness/mm Focal/mm

Primary mirror 5258.423 2777.411
Secondary mirror —4.000 -651.712
Tertiary mirror 2699.787 3983.779
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Tab.2 Coordinate measuring value of image point

by rotating the reflector 1

al(") BI(") a'/(") B'1(") Coordinate/mm
3.6 0 7.201 0 (0,0.222 8)

0 7.2 0 14.140 (=0.4429,0)
10.8 14.4 22.083 28.271 (-0.8859,0.668 4)
21.6 28.8 44.167 56.542 (-1.7718,1.336 8)
144 216 288.536  431.987  (-13.2920,8.906 0)
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Tab.3 Coordinate measuring value of image point

by rotating the reflector 2

al(") BI(") a'/(") B'I(") Coordinate/mm
3.6 0 3.187 0 (0, =0.0970)

0 7.2 0 3.852 (0.118 5,0)
10.8 14.4 9.510 7.704 (0.2370,-0.291 0)
21.6 28.8 19.117 15.408 (0.474.0,-0.582 0)
144 216 127.240  115.380 (3.5570,-3.886 5)
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Tab.4 Coordinate measuring value of image point

by rotating the reflector 3

al(") B/(") a'/(") B'/(") Coordinate/mm
3.6 0 6.995 0 (0,0.213 8)

0 7.2 0 12.682 (-0.390 1, 0)
10.8 14.4 20.986 25.365 (-0.780 2,0.641 3)
21.6 28.8 41.977 50.731 (-1.560 3,1.282 5)
144 216 280.230  380.530  (-11.6972,8.546 7)
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Tab.5 Result comparison by rotating the reflector 1

a"/(") B"I(") Aa/(") ABI()
7.071 0.000 0.130 0.000
0.000 14.056 0.000 0.084
21.211 28.112 0.872 0.159
42.420 56.225 1.747 0.317
282.614 421.796 5.922 -7.809
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Tab.6 Result comparison by rotating the reflector 2

a”l(") B"I(") Aa/(") ABI(")
3.077 0.000 0.109 0
0.000 3.760 0.000 0.092
9.233 7.521 0.277 0.183
18.469 15.043 0.648 0.365
123.331 112.874 3.909 2.506
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Tab.7 Result comparison by rotating the reflector 3

a"/(") B"1(") Aa/(") ABI()
6.784 0.000 0.211 0.000
0.000 12.379 0.000 0.303
20.351 24.757 0.635 0.608
40.699 49.513 1.278 1.218
271.213 371.188 9.017 9.342
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