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Optical System Design of Full-Spectrum Hyperspectral Imaging
Spectrometer
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Abstract In order to meet the integrated application requirements of full-spectrum hyperspectral imaging and detection,
this paper designs a visible-to-long-wave infrared (LWIR) co-aperture imaging spectrometer. The front image square
telecentric objective is realized by an off-axis three-mirror structure, and the spectrum is divided into four segments by the
field of view separation and beam splitter. The post spectrometer adopts an Offner structure with asymmetric convex
grating, and the magnifications of the middle-wave infrared (MWIR) and LWIR spectrometers are set to 0. 90 and 0. 61,
so as to meet the requirements of design specification and imaging quality. The design and analysis results show that the
proposed system achieves a ground coverage width of 30 km at an orbital height of 600 km. The F number of visible
spectral band to short-wave infrared (SWIR) spectral band is 2.6, and resolutions of visible/near infrared (VNIR) and
SWIR are better than 5 nm and 10 nm, respectively, with a pixel resolution of 30 m. The F number of the MWIR and
LWIR spectral bands is 2. 3 and 1. 5, respectively, and their spectral resolutions are better than 50 nm and 100 nm, with a
pixel resolution of 50 m and 74 m. The modulation transfer function (MTF) of each spectral band is close to the diffraction
limit at the Nyquist frequency, and the spectral line curvature and color distortion are less than 1/10 of the detector’s pixel
size.
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Table 1 Technical specifications of optical system

Specification VNIR SWIR MWIR LWIR
Spectral range /pm 0.4-1.0 1.0-2.5 3.0-5.0 8.0-12.5

Field of view /(°) 2. 864 2.864 2.864 2.864
Focal length /mm 400 400 360 244
Detector pixel size / . . i i

(X pm) 20X 20 20X 20 30X 30 30X 30
Number of spatial dimension pixels 1024 1024 640 640
Spectral resolution /nm 5 10 50 100
Pixel resolution /m 30 30 50 74
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Fig. 1 Design scheme of optical system
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Fig. 2 Coaxial three-mirror system
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Table 2 Design parameters of multiple configurations

Design parameter Configuration 1

Configuration 2

Configuration 3 Configuration 4

Off-axis field of view /(°) —9.3
FOV No. 1
Spectrum VNIR

Spectral range /pm 0.4-1.0

—9.3 —9.0 —8.7
1 2 3
SWIR LWIR MWIR
1.0-2.5 8.0-12.5 3.0-5.0

d,=—R,/2 . (7)
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Fig.4 MTF curves of each spectral segment. (a) VNIR spectrum ;(b) SWIR spectrum ;(c) MWIR spectrum;(d) LWIR spectrum

3 HIE BLE RGO (o) BRI 5 (b) 15 T AL 't

Optical path diagram of front telescopic system. (a) Overall optical path; (b) optical path at image plane
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Fig. 5

Optical path diagram of Offner spectral imaging system with convex grating. (a) Incident optical path ; (b) outgoing optical path

F£3 &K B Offner JEIG AU W 1R 454 2 85

Table 3 Initial structural parameters of Offner spectrometer in each spectral band

Parameter VNIR SWIR MWIR LWIR
R, /mm 66.67 66.67 60. 00 50. 00
Slit width /pm 20.00 20.00 33.30 49.18
Slit length /mm 20 20 20 20
Magnification 1.00 1.00 0.90 0.61
Spectral broadening /mm 2.40 3.00 1.20 1.35
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Fig. 6 Optical path diagram of Offner spectrometer in each spectral band. (a) VNIR; (b) SWIR; (¢) MWIR; (d) LWIR
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Table 4 MTF of different wavelengths at Nyquist frequency for

each spectral band spectrometer

Spectrum Wavelength /pum MTF
0.4 0. 84

VNIR 0.7 0.74
1.0 0.70

1.0 0.65

SWIR 1.7 0.70
2.5 0.65

3.0 0. 80

MWIR 4.0 0.77
5.0 0.71

8.0 0. 66

LWIR 10. 2 0. 60
12.5 0.55
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Fig. 7 Optical structure diagram of whole system
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Fig. 8 MTF curve of center wavelength of each spectral band in whole system. (a) 0.7 pm; (b) 1. 7 um; (¢) 4. 0 pm; (d) 10. 2 pm
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Fig. 9 Cross-sectional view of point spread function of each spectral band. (a) VNIR; (b) SWIR; (¢) MWIR; (d) LWIR
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