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Abstract - Air environment regulations have been strengthened due to increasing air pollutant emissions,
the target of reducing emissions has increased and interest in gas measurement methods is also increasing. The
sampling method is mainly used, but due to the spatial and temporal measurement limitations, the laser absorp-
tion spectroscopy which is a real-time and in-situ method is in the spotlight. In this study, we studied the wave-
length modulation spectroscopy and described the calibration-free algorithm. The developed algorithm was
modified to reflect 46 multi-absorption lines and was applied to light absorption signal analysis in visible and
mid-infrared regions. In addition, the difference between the modulation parameters of laser was analyzed. As
a result of reviewing the performance through O, and NO gas measurement experiments of various concen-
tration conditions, the linearity was R%02=0.99999 and R%yo=0.99967.
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Fig. 1. Schematic diagram of experimental set up
1) incident laser intensity, Io(t) 2) trans-
mitted laser intensity through the etalon,
Ig(t) 3) transmitted laser intensity through
the gases, I(t).
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Table 1. Reference gas and Measured gas con-

centration
Avg. Ei
Reference gas (%) | 1 | 5 | 10 | 50 :fte (f;‘)’r
0
Measured O, (%) 09 | 50 | 10.1 | 50.3
29
Error rate (%) 10 0 1 0.6
Avg. Ei
Reference gas (ppm) | 30 75 | 150 | 299 :aie (;r;)r
0
Measured NO 71 | 100 | 418 | 843
old algorithm (ppm) 132.6
Error rate (%) 136.6| 33.3 |178.6|181.9
Measured NO 20 | 67 | 147 | 297
6 line strength (ppm) 116
Error rate (%) 3331106 | 2 0.6
Measured NO 28 | 72 | 153 | 300
46 line strength (ppm) 32
Error rate (%) 6.6 4 2 0.3
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Fig. 8. a) 0.76um b) 5.18um laser concentration
measurement linearity results.
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H AU (FAME : 2E30860-20-P051)
ARB7|1s

a : modulation depth [cm™]

f,  :modulation frequency [Hz]

/s : scanning frequency [Hz]

", : modulation amplitude [V]

V,  :scanning amplitude [V]

H(t) :wavelength intervals per time

5,(7) : line-strength [cm*/atm]

P : pressure [atm]

X, :mole fraction of species

L : optical path-length [cm]

G :electro optical gain [V]
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I,(t) :incident laser intensity [V]
L(t) :transmitted laser intensity through the gases
I,(t) : transmitted laser intensity through the etalon
I,(t) :simulation laser intensity
JeiA 2R}
v(t)  :laser frequency
v : Start frequency of the measured frequency
range [cm'l]
1) : phase shift
Av/2  : half width [cm™]
a : absorbance

#; (v(t)) : line-shape function
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