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Study on the Concentration Estimation Equation of Nitrogen
Dioxide using Hyperspectral Sensor
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Abstract The CleanSYS(Clean SYStem) is operated to monitor air pollutants emitted from specific
industrial complexes in Korea. So the industrial complexes without the system are directly monitored by
the control officers. For efficient monitoring, studies using various sensors have been conducted to
monitor air pollutants emitted from industrial complex. In this study, hyperspectral sensors were used
to model and verify the equations for estimating the concentration of NOa(nitrogen dioxide) in air
pollutants emitted. For development of the equations, spectral radiance were observed for NO; at various
concentrations with different SZA(Solar Zenith Angle), VZA(Viewing Zenith Angle), and RAA(Relative
Azimuth Angle). From the observed spectral radiance, the calculated value of the difference between the
values of the specific wavelengths was taken as an absorption depth, and the equations were developed
using the relationship between the depth and the NO; concentration. The spectral radiance mixed gas
of NO; and SOx(sulfur dioxide) was used to verify the equations. As a result, the R*(coefficient of
determination) and RMSE(Root Mean Square Error) were different from 0.71~0.88 and 72~323 ppm
according to the form of the equation, and R® of the exponential form was the highest among the
equations. Depending on the type of the equations, the accuracy of the estimated concentration with
varying concentrations is not constant. However, if the equations are advanced in the future,
hyperspectral sensors can be used to monitor the NO; emitted from the industrial complex.
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Table 1. Technical specifications of the hyperspectral
sensor

Model OCEAN FX-XR1 Appearance
Spectral range 200~1,025 nm
Ethernet Gigabit
WiFi 802.11 a/b/g/n
Weight 0.4 kg
Size 89 X 64 X 52 mm
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Fig. 1. Observation setting to estimate spectral
radiance of NO; using the hyperspectral
sensor
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Fig. 2. NO; spectral radiance. a for develop, b for
examination of concentration estimation
equations
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Table 2. Calculated absorption depth for developing
the concentration estimation equations

Conen. Absorption depth

(ppm) Min. Max. Mean Std.
25 0314 0.527 0.407 0.054
50 0.250 0.457 0.368 0.051
100 0.208 0.383 0.293 0.040
200 0.219 0.373 0.299 0.042
500 0.215 0.379 0.269 0.043
800 0.188 0.313 0.231 0.029

Table 3. Concentration estimation equations with R*

and RMSE
Model a b R’ RMSE
y=axe?*) | 03714 | -0.0006919 | 058 | 0.046
y=axaz’ 0.6650 | -0.1558 | 0.70 | 0.040
y=axIn(z)+b| -00480 | 05516 | 0.69 | 0041

—y=0.37147¢(-0.0008919%)

y=0.665x0-15%)
06 —y=-0.048"In(x)+0.5516

Absorption depth

50 100 150 200 600 650 700 750 800

250 300 350 400 450 500 550
Concentration(ppm)

Fig. 3. NO; concentration versus absorption depth
with three concentration estimation equations
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Table 4. Absorption depth according to NO;

concentration
Canen. Absorption depth
(ppm) Min. Max. Mean Std.
50 0.298 0.330 0.314 0.013
200 0.263 0.283 0.275 0.008
500 0.233 0.260 0.246 0.012
800 0.200 0.233 0.216 0.014
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Table 5. The statistics of measured concentration by the concentration estimation equations with measured

concentration
Mean(ppm) Standard deviation(ppm)
Measured Conc. 50 200 500 800 50 200 500 800
y=axet*® 24556 | 43484 597.63 786.87 60.78 44.55 68.47 95.02
y=axz’ 12857 294.45 618.21 1477.71 34.55 61.51 18227 601.35
y=axIn(z)+b 146.48 321.93 597.12 1127.28 39.82 59.02 141.48 324.36
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Fig. 4. Relationships between measured concentration
and estimated concentration
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