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Physics-driven mid-wave infrared spectral compressed

encoding and reconstruction
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2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. MOE Key Laboratory of TianQin Mission, TianQin Research Center for Gravitational Physics & School of
Physics and Astronomy, Frontiers Science Center for TianQin, Gravitational Wave Research Center of CNSA,
Sun Yat-sen University (Zhuhai Campus), Zhuhai 519082, China))

* Corresponding author, E-mail: lizizh@mail.sysu.edu.cn; jinguanglv@163.com

Abstract: Aiming at the problem that existing spectral compressed sensing algorithms adapted to the visible
band are difficult to achieve high-precision reconstruction for sharp gas absorption features in the mid-wave
infrared (MWIR) spectra, this paper proposes a physics-driven MWIR spectral compressed encoding and re-
construction network to realize high-precision reconstruction of MWIR spectra with sharp gas absorption fea-
tures. The dual-branch MWIR spectral reconstruction network serves as the core module of the proposed
framework. Specifically, the network consists of two parallel branches, namely the smooth background re-
construction branch and the characteristic absorption reconstruction branch, which respectively realize the ac-
curate reconstruction of smooth background logarithmic spectrum and sharp gas characteristic absorbance.
Subsequently, high-accuracy reconstruction of MWIR gas absorption spectra is achieved through informa-
tion fusion, physical quantity conversion, and post-processing with fully connected layers. Experimental res-
ults on the reconstruction of gas absorption spectra within the 3.7—4.8 um band with 45 channels in real-
world scenarios demonstrate that the proposed method achieves a peak signal-to-noise ratio (PSNR) of more
than 28.159 dB and a spectral angle mapper (SAM) value of better than 0.053 rad. For a data cube with an
image resolution of 320x256, the reconstruction time is approximately 0.65 seconds. This method effectively
breaks through the technical bottleneck of high-precision MWIR spectral reconstruction, and it features both
the interpretability of physics-driven models and the generalization capability of data-driven models. It
provides a feasible technical path for MWIR spectral compressed sensing and exhibits significant potential

for practical applications.
Key words: Mid-wave infrared; Spectral imaging; Compressed sensing; Deep learning
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Fig. 1 Schematic of the mid-wave infrared spectral imaging using the multispectral filter array. (a) The spectral imaging pro-

cess. (b) The spectral signal processing workflow.
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Fig. 2 Schematic of the physics-driven mid-wave infrared spectral compressed encoding and reconstruction network
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Fig. 4 Comparison of regularization functions. (a) Regularization function with a soft threshold. (b) Regularization function

with a hard threshold.
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Tab.2 Gas parameters of two types of absorption sys-

tems for constructing the dataset
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Tab.3 Parameters of the gases in the gas absorbance
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Tab.4 Comparison between the model in this article

and the basic model
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Tab. 6 Reconstruction performance of pure carbon di-
oxide absorption spectra at different back-

ground temperatures
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