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Abstract: Catadioptric space cameras are widely used in space exploration. However, temperature variations
can degrade their imaging performance. To address this issue, we present an athermal design for a cata-
dioptric space camera operating over a wide temperature range. Initially, the temperature effects on optical
elements, mechanical structures, and other components were analyzed, and convenient methods for thermal
aberration compensation are summarized. Subsequently, taking a camera with a spectral range of 400-

1000 nm, a focal length of 525 mm, and an F-number of 3.5 as the design case, an athermal solution is de-
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veloped. By selecting appropriate materials for the mirror substrates and support structures, and using fused
silica as the single lens material to correct aberrations, the optical system maintains stable performance in
space environments. Final simulation results confirm that the optimized camera maintains a Modulation
Transfer Function (MTF) value above 0.4 at 77 lp/mm (Nyquist frequency) over a temperature range of
—60 °C to 150 °C. The camera exhibits stable material properties, excellent imaging quality, and consistent

performance under extreme temperatures. This design demonstrates significant potential for applications in

space exploration and related fields.
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Tab.1 Parameters of commonly used material for pa-

rts of space cameras

Coefficient of Mechanical Coefficient of
Reflector . .
material thermal expansion structural thermal expansion
atena a(107 °C) material a(107/ °C)
glass-ceramics 0.05 4J36 Invar 1.8
Fused quartz 0.5 Titanium alloy 8.8
Silicon carbide 2.5 Aluminium alloy 23.6
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Tab.2 Design indexes

Index Value
Wavelength range/nm 400~1 000
Field of view/(°) 4
F 35
Focal length/mm 525
Pixel size/pm 6.5%6.5
Temperature range/(°C) —60~150
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Tab.4 Parameters of optimized optical system config-

uration
Materials Radius/mm qCL?:(is:fcn;L?ri;gZ Thickness/mm

Silicon Carbide —347.98 -1.20 —114.55

Silicon Carbide —181.49 -6.33 99.97

Silica —=55.15 \ 6.42

Air —53.20 \ 27.02

Silica 58.42 \ 4.29

Air 83.45 \ 20.47

Silica —29.45 —1.11 3.00

Air —78.77 \ 15.00

x5 BFNERETENMMZSYIER RMS B2
Tab.5 RMS diameter of spot diagrams at various field

points and temperatures

Temperatures/ Field angle

¢ 0° 0.7° 1.4° 1.6° 1.8° 2°

—60 4.294 5.5 4314 3784 4518 7252
-20 4592 5782 4558 3868 4242 6.82
20 4.9 6.08 4.846 4.032 4.044 6.428
50 5136 631 5.084 4202 395 6.164
100 5.538 6.706 5522 456 3912 5.788
150 5948 7.116 5996 4994 4018 5.504

& 8 A%, =60 °C 3| 150 °C JLRIN, %5
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Fig. 8 MTF charts of optimized optical system at different temperatures
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Tab. 6 The lowest MTF value at the nyquist frequency

for each temperature for the comparative gro-

up 2

Temperature/°C -60 20 20 50 100 150

The lowest MTF value 0.452 0.473 0.475 0475 0.483 0.481
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