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Abstract In order to clarify the working mechanism of the image field modulated Fourier transform imaging
spectrometer, we establish the theoretical model of an image field modulated interference imaging spectrometer by
analyzing the phase modulation characteristics of the imaging field induced by a multi-micro-mirror. The numerical
calculation shows that the panoramic image of the target scene can be reconstructed by image shearing and image
splicing on the obtained interference image data cube. In addition, the spectral information of each target point in the
scene can be recovered by fringe splicing and spectral demodulation on the sheared interference image unit. In order
to verify the working principle of this instrument, we conduct the interference imaging scanning experiment of the
target scene with the developed prototype and obtain the interference image data cube of the scene target. Through
the edge detection and feature registration on each frame interference image, we realize the shearing of the
interference image unit and the splicing of the panoramic image. Meanwhile, by means of fringe splicing, baseline
correction, addressing apodization, and discrete Fourier transform. we recover the spectrum of the feature object.
Finally, the recovered spectrum is optimized by means of non-uniform sampling correction and empirical mode
decomposition, and the spectral performance is effectively improved.
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Fig. 7 Prototype of image field modulated

Fourier transform imaging spectrometer
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Fig. 8 Interference image data cube
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Fig. 9 Image shearing line by edge detection

and interpolation fitting
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Fig. 10 Image after feature registration splicing
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Fig. 11 Spliced image after frequency domain filtering
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Fig. 13 Data processing of interferogram sequence. (a) Extraction; (b) baseline correction; (¢) addressing apodization
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14(b) ,

14 (b) o ’

. 14 (b) ,

1811002-7



[1]

(2]

[3]

[4]

(5]

(6]

7]

Griffiths P R, de Haseth ] A. Fourier transform
infrared spectrometry[ M]. Hoboken: John Wiley &.
Sons, Inc., 2007 19-41.

Glumb R J, Williams F L, Funk N, et al. Cross
track Infrared Sounder(CrIS) development status[ ] ].
Proceedings of SPIE, 2003, 5152. 1-8.
Chalon G, Carlier T,
technical overview and
performances[ J]. Proceedings of SPIE, 2004, 5543;
196-207.

Fischer H, Birk M, Blom C,

IASI

measured

Blumstein D, et al.

instrument

MIPAS: an
instrument for atmospheric and climate research[]J].
Atmospheric Chemistry and Physics, 2007, 8(8):
2151-2188.

Kuze A, Suto H, Nakajima M, et al. Thermal and

near infrared sensor for carbon observation Fourier-

et al.

transform spectrometer on the Greenhouse Gases
Observing Satellite for greenhouse gases monitoring
[J7J. Applied Optics, 2009, 48(35) . 6716-6733.
Yarbrough S, Caudill T R, Kouba E T,
MightySat II.1 hyperspectral imager: summary of on-
orbit performance[ J]. Proceedings of SPIE, 2002,
4480 186-197.

Smith W L, Revercomb H E, Zhou D K, et al
Geostationary Imaging
Spectrometer ( GIFTS): science applications [ J ].
Proceedings of SPIE, 2006, 6405: 64050E.

et al.

Fourier Transform

[8]

(9]

(10]

(11]

(12]

[13]

[14]

1811002-8

LiJ G, Liang ] Q, Liang Z Z, et al. Analysis and
design of interference imaging system in Fourier
spectrometer based on multi-

transform imaging

micro-mirror [ J ]. Spectroscopy and Spectral

Analysis, 2016,36(5):1554-1559.
[Jl.

, 2016, 36(5): 1554-1559.
Wang W C, Liang J Q, Liang Z Z, et al. Design of
spatio-temporally modulated static infrared imaging
Fourier transform spectrometer[ J]. Optics Letters,
2014, 39(16): 4911-4914.
Lii N G. Fourier optics{ M. Beijing: China Machine
Press, 2007. 148-155.
. [M]. : )
2007 148-155.
Zhao B X, Lv J, Ren J, et al. Data processing and
performance evaluation of a tempo-spatially mixed
modulation imaging Fourier transform spectrometer
based on stepped micro-mirror[ J]. Optics Express,
2020, 28(5): 6320-6335.
LiJ G, Liang ] Q. Wang W B, et al. Modeling and
analysis of miniature snapshot Fourier transform
imaging spectrometer[ J]. Acta Optica Sinica, 2020,
40(2): 0230001.
[Jl. , 2020,
40(2): 0230001.
Zhang Z N, Li L B, Hu B L,

interference spectrum data reconstruction algorithm

et al. Nonlinear
for image plane interference[ J]. Acta Optica Sinica,
2017, 37(6): 0630002.

L1 , 2017, 37(6):
0630002.

Liang ] Q, Liang Z Z, Lii ] G, et al. Micro spatial
modulation Fourier transform infrared spectrometer
[J]. Chinese Optics, 2015, 8(2): 277-296.

Lyl , 2015, 8(2):
277-296.



