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Fig. 1 Schematic of the broadband random encoding-based computational spectral imaging model
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Fig. 2 Schematic of the spectral reconstruction network architecture based on Transformer
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Fig. 4 Schematic of the gas radiative transfer model
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Fig. 6 Measured transmission curves of the broadband random encoding filter array
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Table 2 Comparison of NETD for each channel between the broadband random coding system and the 700 nm

bandwidth narrowband filter system

mK
Channel 1 2 3 4 5 6 7 8 9
Broadband random coding 78 80 72 80 91 79 69 76 72
700 nm narrowband coding 431 458 361 551 489 805 406 477 463
Improvement factor 5.5 5.7 5.0 6.9 5.4 10.2 5.9 6.3 6.4
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Table 3 Recognition accuracy of typical gas species

Recognition accuracy ~ Recognition accura-

No. Gas species
of simulation data cy of measured data
1 1,3-butadiene 100. 00% 97. 64%
2 Propyne 99. 94% 97. 65%
3 propylene 99. 99% 99. 86%
4 ammonia 99. 99% 99. 37%
5 vinyl chloride 100. 00% 96. 85%
6 cyclopropane 100. 00% 97. 82%
7 ethyl ether 100. 00% 98.67%
8  dimethylamine 100. 00% 98. 54%
9 diethyl ether 100. 00% 97.58%
o turhexallue 100. 00% 99. 69%
ride
11 trans—2-butene 100. 00% 98.52%
12 ethylene oxide 100. 00% 97. 68%
13 methane 100. 00% 96. 84%
14 propane 99.97% 99.29%
15 ethylene 100. 00% 98. 96%
16 isobutane 99. 99% 98.49%
Average recognition 99, 99% 08, 34%

accuracy
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Table 4 Comparison of spectral reconstruction and
gas recognition

accuracy among different

methods

(a) Spectral reconstruction

Metric CNN MLP Ours
MSE 0. 964 0.161 0. 098
SAM/* 3.112 1. 385 0.964

(b) Gas recognition
Metric CNN MLP Ours
93. 85% 95.91% 98. 97%

Average accuracy
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Long-wave infrared video computational spectral imaging based on

broadband random coding
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Chinese Academy of Sciences, Shanghai 200083, China;
2. School of Physics and Optoelectronic Engineering, Hangzhou Institute for Advanced Study, University of
Chinese Academy of Sciences, Hangzhou 310024, China;
3. University of Chinese Academy of Sciences, Beijing 310024, China)

Abstract: Real-time spectral imaging of dynamic scenes is critical for industrial safety monitoring, atmospheric remote
sensing, and aerial target recognition. Traditional spectral imaging methods are constrained by sequential sampling and
low optical throughput, limiting simultaneous achievement of high temporal resolution and high detection sensitivity.
Computational spectral imaging offers a promising solution, yet LWIR implementations remain challenging due to diffi-
culties in coding element fabrication, response matrix calibration, and training data scarcity. A LWIR computational
video spectral imaging method based on a broadband random coding array was developed, addressing coding element
fabrication, system calibration, and dataset construction. Using 9 broadband randomly coded channels, 32 band spec-
tral data cubes were reconstructed at 200 nm spectral resolution and 30 Hz frame rate, with detection sensitivity 5 — 10
times higher than equivalent narrowband filter schemes. In a gas leakage scenario, 16 gas species were identified with
98. 97% average accuracy using a characteristic absorption spectral library. These results confirm the potential of this ap-
proach for gas spectral measurement and recognition in real dynamic scenes.

Key words: broadband random coding filter array, computational spectral imaging, deep learning, long-wave infrared
spectral imaging, gas detection
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