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Fig. 1. Framework of F-P interferometer.
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Fig. 2. Schematic diagram of the CH, point-source detection system.
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Fig. 3. Schematic diagram of CH, point source detection
based on F-P interferometer.
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Fig. 4. “Spatial-spectral modulation” data cube.
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160401-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 75, No. 16 (2026) 160401

AW, HA#GEM N 1630—1675 nm. F-P T3
10037 5 eR g (1) 2UEsr, kR an &l 6 sS4k i
. TEMCIERE b It (2) RATIEN S AR SHE S
F-P &5t REGHA TR G115, 18I gs LA T
BIRE, W&l 7 B, AN B R s T K R IS 1
T R A AR 20

/(10%e™)
3.00

2.79

2.44

2.91
2.54
3.08

P 7 AU RN i 1
Fig. 7. Simulated output detector pattern.
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Table 1. Free spectral range and cavity length for each

mode.
R B OGS /am JEEK: /mm
s 45.00 0.03016
XU 22.50 0.06032
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L 6.43 0.21112
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Table 2.  System performance under different

modes.
pit WX RINAME AR O
Hltife Hi/(eppb?) HE P /nm
B 171.395 0.451 380.090  0.807
WAL 162.526 0.427 378.048  0.404
=L 146.620 0.385 377.498  0.269
PUBE  145.252 0.382 376.631  0.202
A 202.825 0.533 374.387  0.161
7L 172,160 0.453 375.695  0.135
LA 181.348 0.477 374.111 0.115
J\BE 148.784 0.391 375.616  0.101
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Fig. 8. Interference patterns recorded by the detector for varying cavity lengths.
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Fig. 9. Absolute signal change (a) and signal-to-noise ratio curves (b) under different modes.
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Fig. 10. Detector interference patterns at different reflectivity.
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Fig. 11. Absolute signal change (a) and signal-to-noise ratio curves (b) for different reflectivities.
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Fig. 12. Ratio of ASNR to spectral resolution for different
reflectivity: (a) Reflectivity 0.90-0.99; (b) reflectivity 0.97—
0.98.
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Table 4. Parameters of each component in the simu-

lated system.
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Fig. 13. Simulated pattern of the detector.
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Fig. 15. F-P interferometer for CH, detection.
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Fig. 16. Interference patterns acquired by the detector at different wavelengths.
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Fig. 17. Detector interference signals at different wavelengths.
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Table 5. Interference fringe contrast at different

wavelengths.
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Fig. 18. System of CH, point source detection based on F-P

interferometer.
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Fig. 19. Experimental optical path diagram.
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Fig. 20. Experimental testing.
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Fig. 21. (a) Filter transmittance curve; (b) detector Fig. 23. Relative change of signal on the detector: (a) With
quantum efficiency curve. and without CH, gas bag; (b) 380 ppb change in CH, gas
concentration.
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Fig. 24. Detector image of outdoor observation experiment:
(a) Sky; (b) building.
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Fig. 22. Interference pattern of the detector in experiment-
al test: (a) Without CH, gas bag; (b) CH, gas concentra-
tion of 1900 ppb; (¢) CH, gas concentration of 2280 ppb.
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Abstract

This study validates a methane remote sensing detection scheme based on a Fabry-Pérot (F-P)
interferometer, aimed at meeting the requirements for spaceborne methane point-source detection. As an
important greenhouse gas, methane plays a key role in global climate change, and accurate monitoring of its
localized emissions is of great significance for environmental governance and climate change mitigation. This
work systematically evaluates the feasibility of the proposed scheme, providing theoretical and technical support
for the development and application of spaceborne methane detection systems.

A combined approach of theoretical modeling, numerical simulation, and experimental validation is
employed. First, a physical model integrating methane absorption characteristics and F-P interferometric
modulation mechanisms is established to describe the coupling relationship between methane spectral
absorption and interferometric transmission, enabling simulation of system spectral responses under varying
methane concentration conditions. Based on this model, key parameters such as cavity length and reflectivity
are analyzed through numerical simulations to optimize the system’s modulation performance for methane
absorption features.

The experimental validation consists of three parts: interferometer performance characterization, methane
concentration variation experiments, and outdoor imaging experiments. The optical performance of the F-P
interferometer is first evaluated, focusing on fringe contrast and spectral resolution to verify that the core
component meets system design requirements. Methane concentration variation experiments are then conducted
by adjusting methane concentration in gas bags to obtain system responses and evaluate its sensitivity to
concentration changes. Finally, outdoor imaging experiments are carried out under real environmental
conditions to verify system performance in practical scenarios.

The results show that the proposed model effectively captures the interaction mechanism between methane
absorption and F-P interferometric modulation. System performance is significantly influenced by interferometer
parameters and modulation characteristics. A trade-off between spectral resolution and signal intensity must be
considered in the design, while ensuring accurate alignment between transmission peaks and methane absorption

features. Simulation results indicate that parameter optimization enables effective modulation while maintaining
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signal strength, and accurately reflects the system response to methane concentration variations.

Experimental results show that the F-P interferometer exhibits excellent stability and optical performance,
with high fringe contrast and good spectral resolution, providing a stable and reliable modulation signal for the
detection system. Methane concentration variation experiments demonstrate good system sensitivity: when the
methane concentration changes by 380 ppb, the maximum relative change in the system output signal reaches
7.4%. Further comparison between outdoor imaging results and laboratory measurements shows strong
consistency in the retrieved spectral features. The characteristic absorption features of methane are clearly
identifiable, while additional absorption structures are primarily attributed to overlapping absorption from
carbon dioxide and water vapor in the atmosphere. These results indicate that the system can effectively
distinguish target gas signatures from background atmospheric components, providing reliable support for
subsequent retrieval and quantitative analysis.

For point-source monitoring applications, methane concentration enhancements in typical oil and gas
leakage scenarios can reach several hundred ppb or higher, exhibiting strong high-contrast spatial distributions.
The proposed method shows good sensitivity to such concentration perturbations and is capable of effectively
detecting abnormal enhancement signals. In terms of spatial performance, with appropriate matching between
the telescope system and imaging parameters, a spatial resolution of approximately 25-50 m can be achieved
under typical orbital conditions, enabling fine localization of methane point-source emissions. In terms of
spectral performance, the system can effectively resolve methane absorption features, providing reliable support
for subsequent retrievals.

In summary, the proposed detection scheme demonstrates strong feasibility for spaceborne point-source
methane monitoring and can meet relevant technical requirements. The system exhibits balanced performance
in concentration sensitivity, spatial resolution, and spectral discrimination capability, providing a viable
technical solution for the engineering implementation of spaceborne methane detection systems, and laying a
solid theoretical and experimental foundation for further optimization and development. Moreover, the
integrated methodology of theoretical modeling, simulation analysis, and experimental validation presented in

this work may also serve as a useful reference for other spaceborne trace gas remote sensing technologies.
Keywords: methane, point source monitoring, Fabry-Pérot interferometer, concentration change
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