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Abstract 
Tunable Laser Absorption Spectroscopy (TDLAS) has more advantages than 
conventional monitoring methods in terms of measurement accuracy, real-time 
performance, monitoring target types, and measurement range, and it is more widely 
used. When applying this technology for gas analysis, the first task is to select the 
appropriate target spectrum. At present, the selection of spectral lines is done manually, 
which is time-consuming and labor-intensive. This paper designs an automated spectral 
line screening software, which can greatly improve the efficiency of spectral line 
selection, which is of great significance to the application of TDLAS. Use the VPL 
molecular spectrum search engine to view the maximum absorption range of the 
spectrum of H2O, CH4, CO2 and other gases. Enter the HITRAN spectral database to 
download the relevant spectral line data. On the basis of understanding the principle of 
laser absorption spectroscopy detection and the principle of spectral line screening, 
programming is based on MATLAB to achieve the purpose of software design. In the 
process of design, organize the downloaded spectrum data and call them through the 
program. For spectral line screening, the absorbance is calculated and the spectral lines 
with sufficiently large absorption intensity are screened. Calculate the line width of the 
spectral line and determine whether each spectral line band overlaps with the 
interference spectral line band. At the same time, consider ignoring interference 
spectrum lines with too small line strength. The final output of the filtered ideal 
spectrum. 
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1. Introduction 

1.1 Research Background and Significance 

With the rapid development of industry and agriculture, power system safety protection and 
environmental protection have become more and more worthy of attention. Many poisonous and 
harmful gases from factories affect people's lives. The current pollution situation in our country 
cannot be underestimated. Keep abreast of the occurrence and development of accidents and pollution 
in time, do everything possible to reduce the hazards of gas, monitor them in real time, and understand 
the real-time situation of pollution, which is of great significance to the safety of industrial and mining 
production and environmental protection. 

Nowadays, tunable laser absorption spectroscopy (TDLAS) technology has developed into a very 
sensitive and commonly used technology for monitoring trace gases in the atmosphere. When 
applying this technology for gas analysis, the first task is to select the appropriate target spectrum. 
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For different applications, there are corresponding spectral line screening principles, and the 
screening principles are relatively complicated. In order to ensure the sensitivity and resolution of 
detection, select the spectral line with strong absorption as much as possible, and pay attention to 
avoiding the same kind of gas and other gases. The interference of adjacent spectral lines, and the 
influence on temperature and pressure must also be taken into account. At present, the selection of 
spectral lines is done manually, which consumes manpower and is of low quality. It does not conform 
to the principle of high efficiency and high quality work at all, which hinders the development of 
production. Based on this, using computer screening instead of manual screening can quickly and 
accurately find the spectral lines with relatively minimal interference and relatively high sensitivity 
in a specific spectral line database. The design of automated spectral line screening software can 
greatly improve the spectral line selection. Efficiency is of great significance to the application of 
TDLAS. It is a worthwhile and progressive work, and it also has a certain role in improving the rigor 
of the project. 

1.2 Current Status of TDLAS Technology 

TDLAS technology provides basic experimental data and has made significant contributions to the 
fields of environmental physics and chemistry. The technology has high sensitivity, good real-time 
performance, and millisecond level, and can measure multiple components at the same time. It has 
high selectivity while being dynamic and fast. The environmental protection industry is a hot spot in 
today's society. More companies use TDLAS technology to improve the level of environmental 
monitoring and make a contribution to the cause of environmental protection. 

Gas concentration detection based on TDLAS technology has been studied earlier abroad, and this 
technology is now widely used in high-sensitivity detection of multiple gases. It is the successful 
application in the engineering field that has promoted many companies to continuously innovate their 
own technologies and explore deeper applications. 

2. Theoretical Basis of Absorption Spectroscopy Technology 

2.1 Absorption Line Type and Line Width 

The spectral profile of each spectral line under ideal conditions can be represented by a geometric 
line with no width. Observing the spectrum with a spectrometer, it is found that the actual situation 
is that the emission spectrum or the absorption spectrum has a certain contour and width, which is 
called the line type and width of the spectrum [1]. The atomic structure and the temperature and field 
strength of the light source are all related factors. The spectral line can be represented by Figure 1. 
When the intensity drops to half, the corresponding frequency interval  is called the full half-width 
of the spectral line, referred to as the spectral line width or the spectral line half-width. Line width 
plays an important role in linear functions. 

 

 
Figure 1. Line width of absorption spectrum 
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Gauss line, Lorentz line, and Voigt line are the three main absorption line types of molecules. Figure 
2 shows three types of lines. 

 

 
Figure 2. Gauss, Lorentz and Voigt line type (v) under the same line width and integrated 

absorption intensity. 

2.2 Lambert-beer Law 

Lambert-Beer law is the theoretical cornerstone of absorption spectrum measurement. In the direct 
absorption spectroscopy measurement, the intensity of the incident light is iI , and the intensity of the 

light transmitted by the sample gas is tI , as shown in Figure 3. When the frequency of the laser 
resonates with a certain transition of the gas molecule, the energy of the incident light will be due to 
Absorb and weaken. The attenuated laser energy dI- is related to the differential element dl of the 
path traversed, and is quantitatively described by the Einstein theory of radiation [2]. 

 

 
Figure 3. Schematic diagram of direct absorption spectrum measurement 
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Among them, Iv is the laser energy,  atmP is the total pressure of the gas,  lx is the mole fraction of 

the absorbed gas,   KlT is the temperature,  cmv is the linear function of the gas absorption line, 

and  12  atmcmSi is the line intensity. 

According to equation (1),The laser passes through the measured gas with an optical path length of
L ,The transmittance  is expressed by the formula as: 
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Among them, 0I is the light intensity received when there is no absorption under the same conditions 
[3]. In actual measurement, due to the existence of non-resonant transmission loss such as window 
attenuation and soot scattering, 0I is less than the incident light intensity iI . In the wavelength 

scanning direct absorption measurement, 0I is obtained by fitting the non-absorption area, avoiding 
the complicated interference of factors such as laser intensity fluctuations and non-resonant 
transmission loss [4]. If the non-absorption area cannot be obtained within the scanning range of the 
laser wavelength, such as harsh conditions during measurement, the absorption line is affected by 
pressure broadening. At this time, use non-absorbent gas to sweep the area to be measured, and then 
the measured transmitted light intensity can be approximated as 0I . 

Define the absorbance v as: 
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The normalized characteristic of the linear function v is 1
- v 



dv , and the integrated absorbance 

of the spectrum is  1cmA . The area covered by the absorption spectrum can be calculated by the 
following formula: 
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When the gas temperatureT and concentration value x along the measurement path are constant, the 
equation (2.14) is simplified to the Lambert-Beer law most commonly used in DAS: 
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The corresponding absorbance and integrated absorbance are simplified to: 

 

  LTSxP viv                                 (6) 

 

  LTSxPA i                                  (7) 

 

It can be seen from (7) that when the measured gas is uniform, the product of the gas pressure, path 
length, molar concentration, and line intensity at the measured temperature is the integrated 
absorbance. 
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2.3 HITRAN Spectral Database 

The HITRAN spectral database appeared in the 1960s and was edited and published by a number of 
experts, which combined the theoretical and experimental research results of atmospheric molecular 
spectroscopy. The HITRAN database is a recognized international standard for a wide range of 
applications, including terrestrial atmospheric remote sensing, transmission simulation, basic 
laboratory spectroscopy research, industrial process monitoring, and pollution supervision research. 
The database was developed by the U.S. Air Force Geophysical Laboratory to study the spectral 
characteristics of atmospheric molecules. It is a standard for calculating and simulating the 
transmission and radiation of atmospheric molecules in the microwave to ultraviolet bands, as well 
as a standard for calculating the transmission spectrum of atmospheric molecules [5]. Each update of 
the library absorbs the latest research results on the spectral characteristics of atmospheric molecules, 
such as expanding the spectrum coverage and improving the accuracy of parameters. HITRAN 
database parameters are shown in Table 1. 

 

Table 1. HITRAN Database Parameters 

Parameter 
symbol 

Parameter name Unit supplement 

  Wave number 1-cm   

S  intensity  21 /  cmmoleculecm  296K 

A EinsteinA coefficient 1s   

air  Air pressure broadening 11cm  atm  HWHM 

self  Self-expanding 11cm  atm  HWHM 

at 296K 

''E  Lower energy 1-cm  0 potential energy 
point 

airn  Temperature-induced broadening 
factor 

Non-dimensional  

air  Pressure induced frequency shift 
factor 

11cm  atm  296K 

3. Spectral Line Screening for Concentration Measurement 

3.1 Principles of Spectral Line Selection 

TDLAS is a high-resolution laser absorption spectroscopy method, which measures molecular 
absorption lines. The choice of wavelength is particularly important. In general, the following aspects 
should be considered in the selection of gas molecule absorption lines according to the HITRAN 
database: 

(1) The absorption line of the molecule to be tested should be separated from the absorption line of 
other interfering gases. For example, H2O, CO2 these more abundant atmospheric components may 
be interference lines. 

(2) Since the tuning range of the diode laser is not continuous in a large range, it is very narrow. 
Therefore, in the tuning range of the laser (typically 100 cm-1), it is very necessary to select a 
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wavelength range with multiple strong absorption lines to ensure that at least one absorption line is 
available [6]. 

(3) Try to choose a line separated from other absorption lines of the gas, with a certain line spacing, 
but this is not an absolute requirement. For gas molecules with particularly complex structures, it is 
particularly difficult to achieve. 

(4) In order to improve the sensitivity, for the monitoring of trace gases, a strong absorption line needs 
to be selected; for the gas with strong absorption and high concentration, in order to avoid nonlinear 
response, a weak absorption line needs to be selected [7]. 

3.2 Design Ideas 

3.2.1 The Overall Design Process 

Download the relevant spectral line data through the HITRAN spectral database, and use MATLAB 
to write a series of programs to achieve: the construction of the GUI module, the reading of the data 
for software screening, the calculation of various data (such as line width, etc.) of the spectral line, 
the interference of the gas Judgment of the situation. Finally, the spectral lines that meet the screening 
rules are screened out. The details are shown in Figure 4. 

3.2.2 Read Spectrum Data 

Check the maximum absorption range of the spectrum of N2O, CH4, CO2, O2 and other gases 
through the VPL molecular spectrum search engine. Enter the HITRAN spectral database to 
download the relevant spectral line data. Open the file, read the data line by line, and determine 
whether the reading is complete through a judgment statement about the number of lines. 

 

 
Figure 4. Flow chart of overall design 

3.2.3 Calculation of Spectral Line Data 

Use the findpeaks function, that is, the local maximum method to find the center of the spectrum, and 
record the wave value and line intensity of the center of the spectrum. Combining the knowledge of 
Lorentz line shape, using its own widening coefficient self and air widening coefficient air to find the 
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half-height and half-width of each spectrum, determine the width of the spectrum, and then calculate 
the front and back ends of each spectrum. Calculate the actual absorption value of each spectral line 
using Lambert-Beer law. 

3.2.4 Judgment of Spectral Line Interference 

The interference gas in the spectral line data is complicated and diverse, and the overlap between the 
bands will cause interference. By judging whether there is an intersection between each spectral band 
of the target gas and each spectral band of the interference gas, the judgment statement is executed 
continuously, the judgment is repeated, and all the spectral bands with interference are finally 
screened out, thereby avoiding the interference spectrum Impact. 

3.2.5 GUI Design 

Because there are many types of gases in the software and many screening conditions, and the purpose 
of this article is to select the spectrum that meets the screening principles in different situations, a 
visual simulation platform can be built using MATLAB's GUI module. Use the simulation platform 
to simulate the spectral line screening software, and display the results on the simulation platform. 

Before running the simulation platform, package the GUI related fig files, m files, and m files for 
spectral line screening and put them under the running folder of MATLAB. Run the m file of the GUI 
and follow this path to display the software platform interface, as shown in Figure 5. 

 

 
Figure 5. MATLAB simulation platform startup interface 

 

From the interface point of view, the user can set T, P, c, L, MIN, corresponding to the temperature, 
pressure, concentration, distance, and the lowest absorption intensity of the spectrum. A and B 
represent the target gas and the interference gas, respectively. Several interference gases can be 
selected for one target gas at the same time. Under the influence of multiple factors, the most ideal 
spectrum can be screened out to the greatest possible extent, which basically realizes the task of 
screening spectrum lines. 

3.3 Verification of Simulation Results 

When the temperature is 296K and the pressure is a standard atmospheric pressure, the optical path 
is 100cm. We choose three situations: target gas CO, interference is H2O; target gas H2O, 
interference is CO2 and O2; target gas N2O, interference is CH4. In a certain waveband, the online 
simulation website is compared with the theoretical spectrum to verify the correctness of the 
simulation results. The three situations correspond to Figure 6, Figure 7, and Figure 8 respectively. 

 



International Core Journal of Engineering Volume 8 Issue 3, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202203_8(3).0016

 

102 

 
(a)                                          (b) 

Figure 6. Comparison of actual absorption spectrum and theoretical spectrum of target gas CO 

(a)Theoretical spectrum; (b) Actual absorption spectrum 

 

 
(a)                                          (b) 

Figure 7. Comparison of actual absorption spectrum and theoretical spectrum of target gas H2O 

(a)Theoretical spectrum; (b) Actual absorption spectrum 

 

 
(a)                                          (b) 

Figure 8. Comparison of actual absorption spectrum and theoretical spectrum of target gas N2O 

(a) Theoretical spectrum; (b) Actual absorption spectrum 
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It can be seen from these three figures that the target gas's spectral line spectrum screened in a certain 
band under the interference of one or more gases is basically consistent with the theoretical spectrum. 
The absorption intensity of the spectral line is appropriate, and there is no interference gas spectral 
line. Considering the principle of comprehensive spectral line selection, the screening purpose is 
basically achieved. 

4. Summary 

This subject integrates the principles of laser absorption spectroscopy detection, the principle of 
spectral line screening, HITRAN spectrum database, Lambert Beer's law, MATLAB programming 
and other knowledge to realize the design of automated spectral line screening software. The software 
specifically realizes the screening of the spectral lines used for concentration measurement. This topic 
comprehensively considers many factors of screening. For example, when screening the spectrum, 
the separation of the target spectrum from the impurity spectrum and the sufficient absorption 
intensity of its own should be considered. By screening the read data, the spectrum line that meets 
the standard can be accurately selected. This subject involves a wide range of areas, and finally 
completed the design of the automatic spectral line screening software. Compared with the time-
consuming and laborious manual screening, it has taken an innovative step. 
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