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Analysis of thermal optical properties of airborne
camera aspheric optical system
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Abstract: Ambient temperature is one of the main factors affecting the imaging quality of aspheric optical
systems. The analysis method of thermal optical properties was used to analyze the thermal optical properties
of an airborne camera aspheric optical system. The finite element method was used to analyze the thermal
deformation of the camera optical system structure, and the rigid body displacement of the mirror surface was
removed. The surface data was input into the optical software program for Zernike polynomial fitting, and the
fitting results were imported into the optical design software to evaluate the imaging performance of aspheric
optical system. The results show that the analysis method of thermal optical properties can effectively simulate
the practical working environment of the aspheric optical system, and predict the influence of ambient
temperature on the imaging quality of optical system, which have guiding significance for the optical system

design.
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Fig. 1 Schematic diagram of rigid body displacement
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Table 1 Relationship between Fringe Zernike polynomial

coefficient and Seidel aberration

No. n Polynomial Name
1 0 1 Piston
2 1 pcos(6) A-Tilt
3 1 psin(6) B-Tilt
4 2 207 -1 Focus
5 2 p? cos(26) Pri Astigmatism-A
6 2 p? sin(26) Pri Astigmatism-B
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Fig.2 Optical path diagram of optical system
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Fig.3 3D diagram of optical system structure
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Fig. 4 Lens finite element model
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Fig. 5 Flow chart of thermal optical property analysis
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Fig. 6 20 °C optical system structural deformation analysis
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Fig. 8 Fitted value of optical system MTF (20 C)
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Table 2 Rigid body displacement of pherical

and aspheric surface at —40 C mm

0, Oy 0, e f I

BKIEl —1.85E-08 2.14E~08 2.02E-06 —5.85E—08 —1.05E~07 2.73E-3
JEERI 1.04E-08 1.06E-08 1.03E-06 —5.37E~10 —2.79E~10 9.19E—4
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Table 3 Zernike coefficient of spherical surface (—40 C)

No. Coefficient No. Coefficient No. Coefficient No. Coefficient
1 —1.95E—4 11 —5.57E-10 21 1.72E-12 31 3.94E-10
2 1.28E—07 12 1.43E-11 22 4.83E-12 32 —1.81E-11
3 2.99E-07 13 —1.26E-11 23 —1.04E-09 33 2.14E-11
4 —8.19E—+4 14 1.44E-09 24 —7.64E-10 34 —1.50E-09
5 1.12E-11 15 3.75E-09 25 —3.96E-07 35 —1.53E-09
6 —2.12E-11 16 —3.42E-06 26 1.00E-09 36 —4.19E-08
7 1.31E-08 17 2.54E-09 27 1.00E-09 37 3.79E-08
8 3.03E-08 18 —2.42E-11 28 —5.00E-10
9 —3.94E-05 19 1.72E-11 29 1.35E-12
10 5.83E-10 20 —3.50E-11 30 —3.81E-10
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Table 4 Zernike coefficient of aspheric surface (—40 °C)
No. Coefficient No. Coefficient No. Coefficient No. Coefficient
1 —7.92E-05 11 2.75E-11 21 —5.34E-11 31 8.35E-11
2 —1.63E-08 12 7.74E-11 22 -3.31E-12 32 —6.16E—-11
3 1.56E—08 13 3.50E-11 23 —2.03E-12 33 —2.69E—-11
4 —3.931 7TE-4 14 -1.81E-10 24 —3.54E-11 34 6.15E-11
5 7.94E-11 15 2.92E-12 25 —4.01E-08 35 —5.20E-11
6 4.44E-11 16 —5.16E-07 26 3.44E-12 36 6.54E-10
7 —9.10E-10 17 —1.58E—-10 27 —1.56E—-12 37 2.53E-08
8 8.85E-10 18 —2.30E-11 28 —3.32E-10
9 —1.06E-05 19 4.05E-11 29 —2.30E-11
10 —6.64E—-11 20 —5.18E-11 30 —7.28E—-12
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Fig. 9 Fitted value of optical system MTF (=40 °C)
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