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Abstract A Fourier transform imaging spectrometer (FTIS ) of medium and long wave infrared bispectrum
spatiotemporal joint modulation based on static interference system is presented, and the front telephoto system and
post-imaging system are designed. According to the theory of aberration, the initial structure of the reflective front
telephoto system is calculated by adding the constraint. The large-scale astigmatism and coma aberration caused by
the tilt beam splitter and compensation plate in the system are corrected through the optimization of the optical
design software. The modulation transfer function (MTF ) of the front telephoto system is close to the diffraction
limit in the range of the medium wave and long wave bispectrums. The transmission structure is adopted in the two
post-imaging systems of the spectrometer. The results of spot diagram show that the root mean square (RMS)
values of the imaging spots of the postimaging systems are less than 7.0 pm in the bispectrum range. The overall
optical system is made up of the front telephoto system and the post-imaging system, whose field of view is 1.5°,
medium wave channel F number is 4 and long wave channel F number is 2. In bispectrum range, the spot diagram
RMS value of the overall system is less than 10.7 pm, and the MTF of the overall system is more than 0.5 at the

detector’s characteristic frequency of 17 Ip/mm. The overall system has a good imaging effect.
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Fig. 1 Working principle of imaging spectrometer
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Fig. 2 Tridimensional data cube
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Table 1 Main specifications of the imaging spectrometer

Parameter Value

Wavelength coverage 3.7-4.8 pm, 812 pm
0.3 m@2000 m

>0.5@17 lp/mm

Spatial resolution

Modulation transfer function (MTF)

’

320 X256, a=30 pm, F 4,
32 mm X 32 mm,
B=0.24, ;
H=2000 m ,
Resp=0.3 m, /1>>833.3 mm,
(NA) NA=1/(2F)
NA L.=0.125,
NA .«
. NA fro =
NA o =BX NA L. =0.03,
320 X
256, a=30 ym,F 2,
0.12,
H =2000 m Rosp =
0.3 m, f>>=1666.6 mm,
f'=1700 mm, 0.03,
, 20=2 arctané?’
2w 1.5°%, N o

Table 2 Parameters of the front telephoto system

Parameter Value
Field of view 1.5°
Wavelength coverage 3.7-4.8 pm, &12 pm
Focal length 1700 mm
Image spare NA 0.03
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Fig. 3 Schematic diagram of coaxial three mirror system
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Fig. 4 Schematic diagram of rectangular field of view
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Table 3 Initial structural parameters of the front telephoto system 4

Mirror Parameter Table 4 Optimized structural parameters of the
Primary r =—3585.739, d, =—872.779, K, =—1.636 front telephoto system
Secondary 7, =—1456.625, d, =872.779, K,=—0.755 Mirror Parameter
Tertiary 3 =—1745.598, d,=—1090.974, K,=0.041 Primary 71 =-—3037.247, d,=—780, K, =—0.975
Secondary r,=—1262.266, d, =780, K,=—0.022
’ Tertiary r3=—1638.680, d;=—991.932, K;=0.084
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Table 5 Parameters of medium wave post-imaging system

Parameter Value
Height of object 22.5 mm
Wavelength coverage 3.7-4.8 ym
Magnification 0.24
Object NA 0.03
7(a) o
100% .
6 (a) ; (b , o 7(b)
Fig. 6 (a )Medium wave MTF ; (b) long wave MTF s 7(c) ,
4.1 17 Ip/mm
0.5, (RMS) 3.8 pm,
(a) 5 (b) 3 ()

7
Fig. 7 (a) Structure diagram ; (b ) MTF curve ; (¢ ) spot diagram of medium wave post-imaging system
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Fig. 9 (a) Structure diagram ; (b ) MTF curve ; (¢ ) spot diagram of medium wave channel overall system

10 (a)

5 (b)

5 (o)

Fig. 10 (a) Structure diagram ; (b )MTF curve ; (¢) spot diagram of long wave channel overall system
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