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Early fire warning system based on digital lock-in
amplifier using laser spectroscopy technology

Wei Yongbo' , Qiu Xuanbing' ;Zhang Enhua',Li Jie' ,Li Ning' ,Li Chuanliang' ,Zang Zhenzhong® , Yang Ming®

(1.School of Applied Science, Taiyuan University of Science and Technology, Taiyuan 030024, China;

2.Key Laboratory of Modern Preparation of TCM, Ministry of Education,Jiangxi University of Traditional Chinese Medicine, Nanchang 330004 , China)

Abstract : In order to achieve rapid and accurate early fire warning,a laser-based CO sensor was developed with a distrib-

uted feedback laser(DFB).The system-on-chip(SoC)chip of STM32H743 is utilized as the main controller. Wavelength modula-

tion technology and digital lock-in amplifier(DLIA)are employed to achieve highly sensitive detection of CO gas.The laser cur-

rent modulation signal was drived by the internal 12-bit digital-to-analog converter peripheral(DAC)as well as the spectroscopy

signal was acquired by the internal 16-bit analog-to-digital converter peripheral(ADC).The DLIA algorithm is realized through

the digital correlation operation by multiplication of the internal reference 2-cosine signal,integral operation and the first-order

infinite-length impulse response filtering method. Therefore, the second demodulation signal of the spectral signal is obtained

from the DLIA algorithm.The calibration test of the sensor,which is carried out by using the standard gas proportioning meth-

od,shows that the linear correlation coefficient is up to 0.998 8.The field smoldering application of beech, PVC, polyurethane

foam, cotton cloth and A4 paper indicates that the growing times for the CO volume fraction of 5X 10 ° are 340,150,250,250,

110 s respectively. The sensor is validated that it has fast and accurate early fire warning advantage.

Keywords: fire warning;digital lock-in amplifier; wavelength modulation;laser spectroscopy technology
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