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Selection and design of optical systems for
spaceborne hyperspectral imagers
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Abstract: A proper optical system is selected for a compact, wide waveband spaceborne hyperspectral
imager by comparing with existing optical systems applied to spaceborne hyperspectral imagers. First-
ly, the advantages and disadvantages of optical systems for the hyperspectral imagers are discussed.
Then, the principle and characteristics of three spectral-splittering methods with a prism, a grating or
FT(Fourier Transform) as dispersion elements are compared and analyzed. Finally, based on the re-
search objective of a hyperspectral imager, a reflective optical system is chosen. The system is com-
posed of an off-axis Three-Mirror Anastigmatic(TMA) telescope and two Offner convex grating spec-
trometers. By changing the magnification of two spectral imaging systems, two array detectors with
different pixel sizes can be matched. The detailed design results are presented, which indicate that the
Modulation Transfer Function (MTF) of 128 wavebands from 400 nm to 2 500 nm is all over 0. 6, dis-

tortion is less than 0. 44 % and the spectral bend(smile) is less than 0. 03%. The chosen reflective op-
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tical system can satisfy the technical requirements of the compact spaceborne hyperspectral imager and

can efficiently decrease the volume and weight. By enlarging the relative aperture of the optical sys-

tem, the low diffraction efficiency of gratings can be compensated.

Key words: hyperspectral imager; convex grating; TMA optical system; Offner spectral imaging system
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Fig. 1 Principle of hyperspectral imaging optics
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Fig. 2 Comparison of three representative spectrum-splitting methods
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Tab.1 Characteristic comparison of three hyperspectral imagers
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Fig. 3 Optical construction of Hyperion sensor
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data for VNIR waveband

Surf Radius Thickness Glass Conic
1 Infinity 322.5 0
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8 136.975 8 135. 86 MIRROR 0.047 0

IMA Infinity 0
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Tab. 3 Optical system construction data for SWIR waveband
Surf Radius Thickness Glass Conic
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