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Abstract: To address the limitation that traditional TDLAS systems fail to meet the millisecond-scale
transient combustion measurement requirements of engines because of processing delays introduced by
complex spectral line fitting and numerical inversion algorithms, a rapid hardware-based spectral process-
ing system using logarithmic amplification is proposed and developed. The study covers the overall system
architecture, the design of an automatic background radiation subtraction circuit, the logarithmic amplifica-
tion circuit, algorithmic correction methods, and the real-time data processing framework. In the analog

front end, a proprietary background radiation subtraction circuit and a logarithmic ratio amplifier based on

W Fm B H#A:2026-03-04; 1&1T H #1 : 2026-04-03.
HE4mBA: B % &80 & 8 % 8 W H (No. 2023YFF0716400) ; 2 #0 & FF 3 81 357 3% R 31 %) % By 5 H
(No. 202523j08050005)



5515 44 72 R, S R TR B A I 05 AN X B0 K AY TDLAS BRI B P o Jz Jii 2303

the LOG114 chip are employed to directly output a voltage signal proportional to absorbance. In the digital
section, a field-programmable gate array (FPGA) is used for high-speed data acquisition and absorbance
integration accumulation, followed by temperature inversion calculations implemented on a microcon-
troller. Experimental results show that, at a scanning frequency of 100 kHz, stable background radiation
subtraction is achieved, and a single temperature calculation requires approximately 2.5 ms. The system
is therefore capable of rapidly measuring high-temperature flow fields at millisecond intervals and is expect-
ed to capture transient combustion variations in engines.

Key words: TDILAS; combustion field; high frequency response; logarithmic ratio amplification; back-

ground radiation subtraction; quick measurement
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TDLAS high-frequency response real-time online temperature measurement system based on logarithmic amplification
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