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Optical Design of Space-Based Multi-Model
Differential Optical Absorption Hyperspectral Imager

Xue Qingsheng
Changchun Institute of Optics s Fine Mechanics and Physics s Chinese Academy of Sciences ,
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Abstract  Space-based multi-model differential optical absorption hyperspectral imager is a new type space
atmospheric sounder. It requires the multi-model sounding functions including nadir, limb and sun occultation. It
chiefly sounds the trace gases such as SO,, NO, and so on. A new method of multi-model sounding with high
spectral resolution is proposed. The method uses two-scanning mirrors to switch differential sounding model ,
double-spectrometers to reduce the spectral stray light, and dichroic filter to divide working waveband into three
channels. An optical system of multi-model differential optical absorption hyperspectral imager is designed. The
instantaneous field of view is 1.8°X 0.04°. The F number of the system is 2. The working waveband is 250 ~
500 nm, which is divided into three channels, the first one is 250~310 nm, the second one is 300~410 nm, and
the last one is 400~500 nm. Optimization design and analysis are performed by ZEMAX-EE software. The spectral
resolution is 0.12 nm in the waveband of 250~ 310 nm, which satisfies the requirement specification of no more
than 0.4 nm. The spectral resolutions are 0.25 nm and 0.23 nm in the waveband of 300 ~410 nm and 400~
500 nm, respectively, which satisfy the specification requirement of no more than 0.6 nm. The modulation transfer
function (MTF ) of multi-model differential optical absorption hyperspectral imager is more than 0.98 at
characteristic frequency of 0.25 lp/mm in the spatial dimension. The design results satisfy the requirements of
multi-model differential optical absorption hyperspectral atmospheric sounding.
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Fig. 1 Characteristic absorption band for trace gases
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23 . (a) 3 (b) ;(0)

Fig. 2 Schematic map of three observing models. (a ) Nadir observing model ; (b) limb observing model ;

(¢ ) sun occultation observing model

1

Table 1 Specifications of hyperspectral imager optical system

Parameters Value
Spectral range /nm 250~500
Instantaneous field of view /[ (°) X (*)] 1.8 0.04
Focal length of the telescope fi /mm 240.269
Focal length of the system f. /mm 62
F number 2
Detector array size /(pixel X pixeD 1024 X 256
Pixel size /(pmX pm) 22X 22

<0.4 nm (250~310

Spectral resolution
<{0.6 nm (300~500

nm)

nm)

836 km, L =3370.89 km, 3 ,
—16°~-+16°, —522~-+522 km, 1000 km

b
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0.185 s, )
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3

Fig. 3 Schematic map of elevation mirror
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Fig. 4 Schematic map of azimuth scanning mirror
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Fig. 5 Optical layout of telescope
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Fig. 7 Optical layout of the spectrometer
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8 . (a) 1: 250~310 nm;(b) 2: 300~410 nm;(c) 3: 400~500 nm
Fig. 8 RMS spot radius versus wavelength. (a ) Channel 1: 250~310 nm ;
(b) channel 2; 300~410 nm ; (¢ ) channel 3: 400~500 nm
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9
Fig. 9 Optical layout of the hyperspectral imager

10 . (2)250 nm;(b) 300 nm;(c) 500 nm
Fig. 10 MTF of the hyperspectral imager for different wavelengths. (a) 250 nm ; (b) 300 nm ; (¢) 500 nm

7
3 o
N N , F 2. 1.8°0.04°
, N o ,»  250~310 nm
s 0.4 nm; 300~500 nm , 0.6 nm,
0.25 lp/mm 0.98 , ,

0722001—7



l

Xue Qingsheng. Optical design of spaced-based wide field-of-view differential optical absorption imaging spectrometer[] .
Acta Optica Sinica, 2015, 35(1): 0122002.

7 . 2015, 35(1): 0122002.
Xue Qingsheng. Optical design of spaced-based broadband limb ozone profile sounder[] ]. Acta Optica Sinica, 2015, 35
(8): 022002.

77 . 2015, 35(8): 0822002.
Xue Qingsheng. Optical design of space-based scanning tomographic limb imaging spectromter[]J ]. Acta Optica Sinica ,
2015, 35(4): 0422001.

. 7. . 2015, 35(4): 0422001.
Didier F Rault, Robert Spurr. The OMPS limb profiler instrument; two-dimensional retrieval algorithm [C ]. SPIE,
2010, 7827, 78270P.
Yu Xiangyang. Opto-mechanical structure of imager with two field of views and multiple channels [J ]. Optics and
Precision Engineering, 2015, 23(10); 2870-2876.
. [Jl , 2015, 23(10): 2870-2876.

Hearth D F, Krueger A J, Roeder H A, et al. The solar backscatter ultraviolet and total ozone mapping spectrometer
(SBUV/TOMS) for nimbus G[J]. Optical Engineering, 1975, 14(4): 323-331.
Vries ] D, Oord Gijsbertus H J van den, Hilsenrath E, et al. Ozone monitoring instrument (OMI)[ C ]. SPIE, 2002 ,
4480, 315-325.
Richard D Mcpeters, Scott J Janz, Ernest H , et al. The retrieval of O; profiles from limb scatter measurements: results
from the shuttle ozone limb sounding experiment[ ] |. Geophysical Research Letters, 2000, 27(17); 2597-2600.
David E Flittner, Scott J Janz, Ernest Hilsenrath , ez al. Stray light characterization of the limb ozone retrieval experiment

[CT. SPIE, 2004, 5526, 220-227.

0722001—38



