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Abstract The optical axis of a transmission optical system cannot be found directly. To solve this problem, an
optical axis calibration method based on the characteristics of optical nodes is proposed. The method is used to
investigate the characteristics of a node and an equivalent node, by observing the focal plane image point
displacement change, the location of the node to calibrate the optical axis of the system is determined. Furthermore,
based on this method, the bidirectional exchange standard double autocollimation optical axis calibration device of
parallel light pipe is designed, including imaging thrusting at the receiving end type structure design, which can
effectively avoid the influence of the wavefront error. Finally, the feasibility of the proposed method is verified.
Experiment results show that the proposed method has high optical axis calibration accuracy and wide adaptability.
The optical axis calibration accuracy of the lens optical system is 7. 7", which provides an auxiliary means for testing
and adjusting lens optical systems in space optics and national defense fields.
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Fig. 4 Change of focal plane image point after lens rotates

around non-image side node
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Table 1 Sagittal MTF values after rotation at different angles

Angle /(°) 1 2 3 4 5 6 7 8 9 10
—0.5 54.7 54.8 54.9 54.7 54.8 54.8 54.9 54.9 54.8 54.8
—0.4 54.9 55.0 55.0 54.9 55.0 55.0 55.0 55.0 55.1 55.0
—0.3 55.1 55.1 55.4 55.0 55.1 55.1 55.0 55.1 55.2 55.2
—0.2 55.2 55.3 55.2 55.2 55.3 55.3 55.2 55.3 55.3 55.3
—0.1 55.4 55.4 55.4 55.3 55.5 55.4 55.3 55.3 55.4 55.4

0 55.5 55.5 55.5 55.5 55.6 55.5 55.5 55.4 55.5 55.5
0.1 55.4 55.4 55.5 55.4 55.4 55.4 55.4 55.3 55.4 55.4
0.2 55.3 55.3 55.4 55.2 55.3 55.3 55.2 55.2 55.3 55.3
0.3 55.2 55.1 55.2 55.1 55.1 55.2 55.1 55.1 55.0 55.2
0.4 55.1 55.0 55.0 55.0 55.0 55.0 54.9 55.0 54.9 55.0
0.5 55.0 54.9 54.8 54.9 54.8 54.8 54.8 54.8 54.8 54.9
# 2 RIS R R T MTF {H
Table 2 Meridian MTF values after rotation at different angles

Angle /(°) 1 2 3 4 5 6 7 8 9 10
—0.5 54.1 54.3 54.4 54.3 54.2 54.3 54.2 54.3 54.2 54.1
—0.4 54.3 54.5 54.6 54.4 54.4 54.4 54.3 54.4 54.4 54.3
—0.3 54.7 54.7 54.8 54.7 54.6 54.6 54.7 54.7 54.6 54.7
—0.2 54.8 54.9 54.9 54.8 54.9 54.9 54.8 54.9 54.8 54.9
—0.1 54.9 55.0 54.9 54.9 55.0 55.0 55.0 55.0 54.9 55.0

0 55.0 55.1 55.0 55.0 55.1 55.1 55.1 55.1 55.0 55.0
0.1 54.9 55.0 55.0 54.9 55.0 55.0 55.0 55.0 55.0 54.9
0.2 54.7 54.9 54.9 54.8 54.9 54.9 54.9 54.8 54.8 54.8
0.3 54.5 54.7 54.8 54.6 54.7 54.7 54.6 54.6 54.6 54.6
0.4 54.3 54.5 54.6 54.4 54.5 54.5 54.5 54.4 54.4 54.4
0.5 54.2 54.3 54.4 54.2 54.3 54.3 54.2 54.1 54.2 54.2
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Table 3 Average values and uncertainty of sagittal and meridian MTF measured 10 times
. Average Uncertainty of Average Uncertainty of
Serial number Angle /(°)
Sag_ MTF /mm Sag MTF Tan_MTF/mm Tan MTF
1 —0.5 54.81 +0.07 54. 24 +0.09
2 —0.4 54.99 +0.05 54. 40 +0.09
3 —0.3 55.10 +0.06 54.68 +0.06
4 —0.2 55. 26 +0.05 54.85 +0.05
5 —0.1 55.38 +0.06 54.95 +0.05
6 0 55.50 +0.04 55.04 40.05
7 0.1 55.40 40.04 54.96 40.05
8 0.2 55.28 +0.06 54.83 +0.06
9 0.3 55.13 +0.06 54. 64 +0.08
10 0.4 54.99 +0.05 54. 44 +0.08
11 0.5 54.86 +0.06 54. 24 +0.08
56.0 optical system charge coupled device
55.8t —* Sag MTF '
5561 ¢ Tan_MTF e d
-
bb.4r T - N SRR
g s52f " -
| = = T d i svste
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