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Abstract: Currently, there is an urgent need for a small, high-resolution imaging spectrometer for remote
sensing. According to the load requirements of the hyperspectral micro-nano satellite, this study combined
a linear variable filter and digital TDI technology, and the lens was compacted and apochromatic in ZE-
MAX. Consequently, a light and small spaceborne hyperspectral imaging spectrometer was designed with
a working band of 403-988 nm, an average spectral resolution of 8. 9 nm, and a total system mass of 7 kg.

The simulation and experimental results show that the hyperspectral imaging spectrometer can achieve a
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high-ground-resolution hyperspectral image with a swath width of 50. 5 km and a ground resolution of 10 m

on a 500 km track, and the image signal-to-noise ratio is good. The imaging spectrometer combines the

characteristics of low weight and high ground resolution, thereby aiding the development of hyperspectral

micro/nano satellites.
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Fig.1 Solar irradiance in different spectral bands
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Tab.1 Design parameters of optical system

Parameter Value
Wavelength/nm 400—1 000
Focal length/mm 212.5

F number 4.5

FOV 2w/(°) 6.8
Pixel size/pm 4.25
Distortion <0.05

Modulation transfer

_ =0.3
function@118/(lpsmm ")
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Fig.3 Optical path structure of telephoto image telecen-
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Fig. 5 Chromatic focal shift at different wavelengths
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Tab.2 Tolerance of optical system

Type Tolerance term Tolerance

xdecentered tolerances/mm 0. 01

ydecentered tolerances/mm 0. 01

z tilt tolerance/ (") 10
Surface tolerances y tilt tolerance/(") 10
Radius tolerance/fringe 2

Irregularity tolerance/fringe 0.2

xdecentered tolerances/mm 0. 01

ydecentered tolerances/mm 0. 01
Element tolerances

x tilt tolerance/ (") 10
y tilt tolerance/(") 10
Index 0.000 3
Index tolerances
Abbe/ % 0.5

x3 FHFEINMER
Tab.3 Results of Monte Carlo analysis

Monte Carlo probability/ % ~ MTF value@118 Ip/mm

90 0.15
80 0.17
50 0.23
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Tab.4 PST data of rays in each field of view

Field of view/(°) Total flux/W PST
0 48.751 —
2.5 48.432 0.993 457
5 8.73X10°° 0.001 791
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90 0 0
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Tab.5 Transmittances of optical system in each spectrum

Spectral Transmit- Transmit-  Transmittance

segment tance of lens  tance of fil-  of optical sys-
/nm group/ % ter/ % tem/ %
400 35 26.25
500 52 39.00
600 62 46. 50
700 75 68 51.00
800 74 55.50
900 79 59.25
1000 85 63.75
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Fig. 11 Spectral response of different integration series
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Tab. 6 Results of signal-to-noise ratio analysis (dB)

Spectral  Spectral res-
Integral stage

segment olution

/nm /nm 1 2 4 8

403 4.8 18.07 21.19 24.26 27.30
500 5.0 22.23 25.29 28.32 31.34
600 7.5 25.06 28.09 31.12 34.14
700 9.3 25.69 28.72 31.74 34.76
800 10.1 24.89 27.93 30.95 33.97
900 11.5 22.26 25.32 28.35 31.38
988 12.0 16.50 19.68 22.77 25.82

Z 5807 5 TDLR 70 9 JLAT 18 3 B X Rz /Y
b PR A 2200, I, 7R TR0 3 TDTR
e PG AR W LL I T RE 2 3 O 1 i R 9E . A S
GIAT T LA BB B AE 1~8 ARG i B L% 43
B, I~ R R T 1A o3 B G173 B
AR 13 s o

FI13 S RDERE LA R B 90 B 6 43 P
Fig. 13 Spectral resolution of different integration series

of typical spectra
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Fig. 14 Imaging result in some spectral channels
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