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Estimation of Nitrate Nitrogen Concentration in Liquid Fertilizer
Contaminated Areas using Hyperspectral Images
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ABSTRACT

Purpose: As nitrate nitrogen produced during fermentation of liquid fertilizer is a pollution indicator
of water, in this study, four research areas where liquid fertilizer was sprayed were selected, and a
model was designed to estimate the concentration of nitrate nitrogen pollution. Method: Prior to
shooting on site, a spectrum library was constructed by dividing the ratio of liquid fertilizer into 5
groups: 0%, 25%, 50%, 75%, and 100%. PLSR (Partial least squares regression) method was applied to
hyperspectral images acquired in the study area based on the aspect of spectrum. Result: The behavior
of nitrate nitrogen was confirmed by Ist and 2nd differentiation of the spectrum of the constructed
liquid fertilizer. PLSR concentration estimation modeling was implemented using images from field
experiments and compared with actual concentration of nitrate nitrogen. Conclusion: When comparing
the PLSR concentration estimation model with the actual concentration of nitrate nitrogen, it was
measured that the detection is possible in high concentration areas where the concentration of nitrate
nitrogen is 70mg/kg or more.
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Fig. 1. Nitrate nitrogen distribution map of Jeju Island (Jeju Special Self-Governing Province (2019))
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Table 1. Four research areas where liquid fertilizer was sprayed

Site Address
1 AT 5 wete 467-3
2 A=A S gote] 4H0-15
3 A=A ol 877 229
4 A=A ol - 52 4185
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Table 2. Specification of FieldSpec 4 High-Res
2] g A AL
Spectral Range 350 nm ~ 2,500 nm

3 nm @ 700 nm
8 nm @ 1,400/2,100 nm
1.4 nm @ 350 ~ 1,000
1.1 nm @ 1,001 ~ 2,500

Spectral Resolution

spectral sampling (bandwidth)

Scanning Time 100 milliseconds
. e VNIR 0.02%,
Stray light specification SWIR 1 &2 0.01%
Wavelength reproducibility 0.1 nm
FieldSpec 4 High-Res Wavelength accuracy 0.5 nm
Channels 2151
Manufacturer Malvern Panalytical (England)

Fig. 29} o] 54 w8 AHER S Fig. 30 Uehd viel go] 12}, 22} vl gle ol s =2 FAHdols v
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Fig. 2. Spectrum by liquid fertilizer concentration
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Fig. 3. Spectrum with first and second derivatives applied
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Table 3. Specification of FX17e

A 35 A A
Spectral Range 900 ~ 1700 nm
Spectral Resolution 8 nm (mean)
spectral sampling/pixel 3.5nm
Spectral bands 224
SNR @ max. signal 1000:1
Numerical aperture 1.7
Optics magnification 0.8
FX17e Maximum frame rate 527 (FX17e) FPS full range
Weight 1.56 kg
Manufacturer Specim (Finland)
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Table 4. Actual nitrate nitrogen concentration and estimated mean concentration in PLS Regression model

Site AA| ‘5 (mg/kg) el =74 Yot -5k (mg/kg)
1 72.9 107.7
2 286.8 205.59
3 124.6 168.09
4 218.4 200.9

Prediction Mean NO3-N
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Fig. 6. Deviation between measured concentration and predicted concentration
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