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Abstract. Tunable diode laser absorption spectroscopy (TDLAS) technology has the characteristics of
high sensitivity, selectivity and rapid response. The tunable and narrow linewidth of semiconductor
lasers are used in this technique to realize the rapid and accurate online detection of target gas
concentration, through the method of selecting the absorption line of the target gas to exclude the
interference from other gas. This paper introduces the system and experiment of gas concentration
detection based on TDLAS and studies the influence of temperature on gas measurement.
Furthermore, a method of temperature measurement to reduce the error of the concentration
measurement is presented in this paper, which uses the second harmonic peak ratio of the target line to
measure temperature and compensate temperature in the case of unknown concentration. The final
experimental results has validated the rationality of the temperature compensation method and further
improved the accuracy of the gas concentration detection based on TDLAS technology.

Introduction

With the rapid rising of semiconductor laser industry, the gas spectral absorption detection methods
have gradually matured. Among them, the tunable diode laser absorption spectroscopy technology
(TDLAS) has become one of the core technology of gas detection. TDLAS has been widely applied in
the fields of air pollutants detection, environmental supervision, commercial manufacture and the
source of energy and electricity, for its high sensitivity, short response time , non-contact measurement
and so on'""™. However, due to the dependency between the absorption line type and temperature of
the gas, the absorption line intensity and line width will change with the change of the temperature and
the concentration of the gas, which has a direct impact on the line type and amplitude of the second
harmonic signal and therefore brings about the measurement error. Thus, the temperature
measurement is required and the temperature compensation can decrease the measurement error of gas
concentration”!. Nowadays, the technology of gas temperature measurement mainly contains contact
temperature measurement technology and non-contact infrared radiation temperature measurement
technology, both of which have demerits when being used. The thermocouple temperature log will
probably disturb the temperature field to be examined, causing the measurement error and high
temperature and corrosive gas can obviously decrease the life of elements. The infrared radiation
measurement cannot disturb the temperature field but can be largely influenced by the gas
environment™ .

In this paper, the TDLAS system is used to analyze the two absorption spectra, using the second
harmonic peak ratio of the target line to measure temperature and the temperature dependence formula
of linear intensity in HITRAN data base to compensate temperature in the case of unknown
concentration. Thus, the measurement error of the concentration can be reduced and the accuracy of
TDLAS sensors for measuring gas concentration can be further improved.
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The principle of gas detection based on TDLAS technology

We use the tunable diode laser to scan the target gas, when single frequency laser with the frequency of
v through the target gas with the temperature of T, the pressure of P, the concentration of C, and the
optical distance of L. According to the Beer-Lambert absorption theory, we know that

I (u)=1,(u)expg S(T)F (u)CPLY (1)

Where, Iy(v) and 1(v) represent the incident light intensity of the laser and emitted light intensity of
the laser, linear function determines the shape of the measured gas absorption lines, line strength is a
function of its temperature dependence can be expressed as
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In the formula, when the reference temperature of S(Ty) is Ty ,we can get the strength of the
measured absorption lines from HITRAN spectral database. Q(T) and Q(T)) is the partition function of
the measured gas at different temperatures, E"is the low energy transition state, v; is transition

frequency , h is Planck constant, k is Boltzmann constant , c is the speed of light. According to Eq.2,
we can get the proportion of the strength of the measured absorption lines at T as follow
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According to the function, R is the function of temperature T, we can get the value of T through
measuring the value of R. Thus we choose a pair of acetylene (C,H,) absorption lines with the wave
number of 6534.36345 cm™ (Line A) and 6529.171909 cm™ (Line B) to measure the temperature.
They have a better absorptive capacity and their strong line ratio is the monotonic function of
temperature. The big difference of low energy can ensure a higher measurement sensitivity. The
frequency interval is small, so they are in the laser frequency tuning rage. The Fig. 1 shows the
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absorption spectroscopy of the selected line pair at different temperature from -20°C to 60°C.
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Fig. 1. Absorption spectroscopy of the selected line Fig. 2. Diagram of experiment system structure

In order to restrain a variety of background noise during measurement and improve the detecting
resolution, we use wavelength modulation spectroscopy technology. As the absorption of the gas
which near the infrared is small, and the concentration of the gas is low in industrial emissions, the
second harmonic signal is directly proportional to concentration that

Ly 11 S(TF (u)CL Q)]
Because the gas concentration is unknown, we can’t get the temperature through a measurement of

the second harmonic signal of a spectral line. So we use a pair of spectral lines to make ration
calculation. We can know from Eq.4 that

R =S (T)l,(u)F (u])/(SZ(T)IO(uz)F (uz)) )
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According to Eq.5, Ry relates to R and @ after eliminating the influence of the incident light
intensity. And @ is not only related to T, but also related to the P. But the change of P almost has the
same influence on the linear function of the pair of spectral lines. So, R, is mainly decided by R, and it
is the monotonic function of T. We can realize the measurement of the gas temperature by measuring
R, and we can make temperature compensation through R.

Experimental Device and Process

The experimental system diagram is shown in Fig. 2, the laser beam from the DFB (Distributed
Feedback Laser) pass through the measured gas, and then it is received by sensor through photoelectric
conversion to electrical signals. The signals are acquired by the oscilloscope after amplification,
filtering and other processing. Then we can get first harmonic signal and the second harmonic signal
respectively, after evaluate its peak and thus the concentration of the gas is obtained.

In order to get the second harmonic signal, we use MATLAB to process the signals collected by the
oscilloscope. Using peaks correspondence of first harmonic and second harmonic to eliminate the
influence of the disturbance of input light intensity on second harmonic peak, then we obtain the peak
value of second harmonic in addition to the direct current component as shown in Fig. 3.
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Fig. 3. Waveform of the second harmonic  Fig. 4. Second harmonic peak of Line A and Line B
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Temperature experiment adopted the C,H, gas of 2%, set the temperature from -20°C to 60°C,

record the data oscilloscope acquired, and carry on data processing. As shown in Fig. 4, the second
harmonic peak decreases with the increase of temperature. Linear fitting the second harmonic peaks of
absorption lines separately, then calculate the ratio to get the curve of the ratio decreases
monotonically while the temperature drop as shown in Fig. 4 embedded graphic.

Temperature Compensation

According to previous analysis, the relationship between the strength of absorption spectral lines and
temperature is similar to the variety of the second harmonic peaks when temperature changes. And we
can make the measurement of temperature through the ratio of two absorption spectral lines’ strength.
Thus we can get the value of the line strength of spectral Line A and Line B in HITRAN database.
According to it, we can get the curve Scom, of the value of spectral Line A’s strength and the curve of
the ratio Ry of two absorption spectral lines’ strength when temperature changes, as shown in Fig. 5.
Then we can get the equation of Scon; and Ras, and record the polynomial parameters in Table 1.

Combine Eq.6 with formula Eq.4, set the reference temperature as Ty. Cpefore 1S the concentration of
C,H, before correction, and C,g., is the concentration of C,H, after compensation. So we can get the
compensation formula shown in Eq.8.

Table 1 Reference value

Equation Parameter Value Parameter Error R’
Scom m -4.16667E-23 3.63696E-25 0.99939
n 1.30778E-20 1.18783E-23
Ras a 3.42279E-6 2.59906E-7 0.99964
b -0.00101 1.19481E-5
C 1.06053 2.0443E-4
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Fig. 5. Line strength of Line A and Line B Fig. 6. The result of temperature compensation
We can get the ratio of the absorption spectral line of second harmonic peck in the temperature
experiment, then put it into Eq.7 to get the value of measured gas temperature., then use Eq.8 to make

temperature compensation of absorption Line A, which is based on 20°C. The result shows in Fig. 6.

According to the result, the second harmonic peak of Line A changes little in different temperature
after temperature compensation. And its variation range is only a quarter of that before compensation.

Comparing with the standard value in 20°C, the maximum error of the second harmonic peak of Line A

1s 5.76% after compensation, largely reducing the temperature influence on the second harmonic peak
of absorption line, improving the accuracy of gas concentration measurement of TDLAS system.

Conclusion

In this paper, we use TDLAS system to analyze two scanned spectral lines, and get the gas temperature
through the ratio of the second harmonic peaks. Then according to temperature relationship equation
of line strength in HITRAN database, we make temperature compensation to reduce measurement
error of concentration. The experiment proves that, there is a large decrease in variation range of the
second harmonic peak on the influence of temperature after temperature compensation. And thus can
further realize a higher precision measurement of gas concentration.
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