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Abstract

Addressing the tuning and extraction of the second harmonic signal in tunable diode laser
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absorption spectroscopy (TDLAS) technology, a second harmonic demodulation method based on
the combination of variational mode decomposition (VMD) and Hilbert transform (HT) is proposed.
Compared with the traditional lock-in amplifier (LIA) method, this approach can effectively extract
the second harmonic component in TDLAS signals without the need for an external reference signal.
The method primarily performs bandpass filtering on the TDLAS signals to suppress interference
from non-target frequency bands; then employs VMD to decompose the filtered signal into several
intrinsic mode functions (IMFs); further calculates the envelope of each IMF and extracts their in-
stantaneous characteristics via the Hilbert transform; finally, extracts the second harmonic from
the envelope component with the target frequency feature, achieving efficient and reference-free
demodulation of gas concentration signals. Simulation results demonstrate that this method out-
performs in accuracy and feature preservation for second harmonic signal extraction.
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Figure 1. VMD-HT second harmonic demodulation process
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Figure 2. Transmitted light intensity signal
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Figure 3. Intrinsic mode functions (IMFs)
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Figure 4. Instantaneous envelope
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Figure 5. VMD-HT tuning second harmonic signal
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Figure 6. LIA tuning second harmonic
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Figure 9. Hilbert-Huang transform method second harmonic extraction
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Figure 11. Peak comparison between VMD-HT and LIA methods
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