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Abstract In this study, we design an optical system for a visible-infrared ( VNIR-SWIR) Offner imaging
spectrometer for the space exploration of asteroids. The operation waveband of the proposed system covers from
0.4 pm to 2.7 pm, and the F number is 6 and 3 for the visible/near-infrared (VNIR) band (0.4-1.0 pm) and the
short wave infrared (SWIR) band (1.0-2.7 pum), respectively. Subsequent to the initial structure development and
optimization, spot diameters in the spot diagrams of the proposed optical system are observed to be less than one
pixel, and the minimum modulation transfer function (MTF) is 0.51 at the Nyquist frequency. To improve the
spectral response to fulfill the broadband spectral imaging requirement, the convex grating is divided into two
regions with different grating periods. The inner region works in the VNIR band, while the other works in the
SWIR band. The prototype of the imaging spectrometer optical system is developed and its spectral performance is
characterized. Results show that the performance of the proposed prototype is satisfactory and can meet the
requirements.
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VNIR-SWIR reflection spectra of Kaolinite, Halloysite and Montmorillonite. (a) Typical spectral curve;

(b) local enlarged drawing of the selected area in Fig. 1(a)
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Table 1 Main parameters of the system

Parameter VNIR SWIR
Spectral range /nm 400-1000 1000-2700
Spectral resolution /nm <5 <10
F number 6 3
Pixel size /pm 25
Slit length /mm 10
Smile and keystone /pixel <10%
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Table 2 Initial structural parameters of the system

VNIR SWIR
Parameter Value /mm Parameter Value /mm Parameter Value /mm Parameter Value /mm
R, —136.3107 1/g 0.0083 R, —165.8263 1/g 0.022
R, —69.4444 dco 33.5520 R, —81.1111 dco 25.0754
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Table 3 MTF at the Nyquist frequency (20 Ip/mm)

Field of VNIR SWIR

view /mm 0.4 pm 0.7 pm 1.0 pm 1.0 pm 1.85 pm 2.7 pm

(0,0) 0.93 0.86 0.80 0.77 0.70 0.51
(3.7,0) 0.93 0.87 0.80 0.74 0.70 0.53
(5,00 0.93 0.87 0.79 0.72 0.70 0.54
(—3.7,0) 0.94 0.87 0.80 0.74 0.70 0.53
(—=5,00 0.93 0.87 0.79 0.72 0.70 0.54
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Table 4 Measurement results of the spectral resolution,

smile and keystone in VNIR band

Wavelength /nm 400 550 700 850 1000

Spectral resolution /nm 3.50 3.75 3.71 3.63 3.54
Smile /pixel 7.57% 7.34% 7.39% 7.33% 7.86%

Max keystone /pixel 3.43%
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Table 5 Measurement results of the spectral resolution,

smile and keystone in SWIR band
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