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Optical design of hyperspectral imaging spectrometer on space
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Abstract: The hyperspectral imaging spectrometer is a new type of load in the modern space remote
sensor. The hyperspectral imaging spectrometer optical system designed in this paper has been made up
by two parts, front telescope system and imaging spectrometer system. The front telescope system and
imaging spectrometer was designed respectively, then assembled and optimized. Off-axis TMA structure
was used by front telescope system to increase width, improve image quality, and reduce distortion.
Separated fields method was applied on front telescope system for larger swath width and better image
quality. Imaging spectrometer was designed by Offner structure with grating convex second mirror.
Assembled system has larger swath width, smaller volume, better image quality, higher spectral resolution,
and more spectral passage. The MTF of every fields and every spectrum is higher than 0.7 at Nyquist
frequency, the diffusion circle of image with 80% energy is 15 pm, smaller than CCD pixel size, so the
image quality reaches the technology target of system.
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Fig.1 Structure of lead telescopic optical system
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Tab.1 Parameters of optical system

Surface type R/mm Distance/mm
Primary Hyperboloid -796.62 -216.34
Second Dllipsoid -277.62 216.34
Third Ellipsoid -416.76 —-281.70
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Fig.3 MTF of lead telescopic optical system
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Fig.4 Field curvature and distortion of optical system
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Fig.5 Structure of spectral imaging system
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Fig.6 Every spectrum MTF of spectral imaging system
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Fig.7 Field curvature and distortion of spectral imaging system
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Tab.2 Parameters of spectral imaging system

after optimizing

FOV1
Surface type R/mm Distance/mm
Primary Sphere -339.03 -171.19
Second Sphere -172.28 179.60
Third Sphere Sphere -274.79
FOV2
Surface type R/mm Distance/mm
Primary Sphere -344.11 -174.92
Second Sphere -174.99 175.03
Third Sphere -341.69 -275.46
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Fig.9 Every spectrum MTF of hyperspectral imaging spectrometer
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