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Hyperspectral Estimation of Total Nitrogen Content in Orchard Soil
Based on Shuffled Frog Leaping Algorithm
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Abstract; Soil total nitrogen is an important nutrient index of soil. The soil of pear orchard of Jiangsu
Academy of Agricultural Sciences was taken as the research object, the soil spectral reflectance data were
obtained by hyperspectral imaging technology, the shuffled frog leaping algorithm and competitive
adaptive reweighted sampling in total nitrogen content in orchards was studied and constructed based on
hyperspectral data, which provided a method for accurately detecting soil total nitrogen content. The
competitive adaptive reweighted sampling were introduced for spectral feature extraction, and the partial
least squares regression, support vector regression, random forest and convolutional neural network
models were used to estimate the total nitrogen content of the soil by using the full band and the
characteristic band, respectively. The results showed that after the original spectrum was processed by a
variety of preprocessing methods, it was found that the total nitrogen prediction model constructed by SG
convolution smoothing combined with standard normal transform pretreatment had the best performance.
Based on the shuffled frog leaping algorithm, totally ten key bands were extracted, accounting for 4. 08%
of the total number of bands, which effectively reduced the data dimension. The convolutional neural

network model constructed based on the shuffled frog leaping algorithm to extract feature bands performed
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well, and the coefficient of determination of the model test set was 0. 95, the root mean square error was

0.21 g/kg, and the relative analysis error was 3.97. The results showed that the shuffled frog leaping

algorithm can efficiently extract the feature bands, reduce the data dimension, and improve the estimation

accuracy of soil total nitrogen content, which provided a reference for the accurate estimation of soil total

nitrogen content in orchards.

Key words: orchard; soil total nitrogen; prediction model; hyperspectral imaging technology; shuffled

frog leaping algorithm; convolutional neural networks
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Tab.1 Statistics of soil total nitrogen content

B A mKME, RBOME/ BME/ PRERS BRAR

KA B (gke™) (grke™!) (gke™) (gokg™') BU/%
BEEA 90 3.91 0. 86 1.68 0.93  55.36
Y 60 3.91 0.86 1. 69 0.94 55.62
M4 30 3.87 0.88 1.65 0.93  56.36

RARAEVIZRAE AR AE 2 A S oA By
SV RN 2 AR LT 90 A L IEREA HEATRENL R
a3, VAR 22 150 0 I SR e Fnimi e . Il gl S50
BERTE IR R/ ME A B 22 55 51 HE b
5 BHAREE, B 5 RN 55.62% F
56.36% ,RMAIZGLESMEA A SE> M LR
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Fig.2 Original average spectral curves
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Fig.3 Original spectral curves of soils with

different total nitrogen contents
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Tab.2 Establishment and validation of predictive

models for soil total nitrogen content

i pllEzRS R4
W U Al i
RMSE/ RMSE/

Tk ik R? RPD R? RPD
(g-kg™") (g-kg™")

I 0.85 0.27 2.58 0.68 0.49 1.8l

SG + MSC 0.87 0.24 2.82 0.73 0.45 1.95
PLSR SG +SNV 0.87 0.23 2.86 0.71 0.46 1.90
SG + FD 0.90 0.29 3.21 0.68 0.49 1.80
SG +SD 0.92 0.26 3.58 0.42 0.48 1.34
& 0.91 0.20 4.50 0.86 0.38 2.94
SG + MSC 0.92 0.18 4.23 0.8 0.35 2.68
RF SG + SNV 0.95 0.16 4.75 0.91 0.26 3.49
SG +FD 0.94 0.18 4.73 0.78 0.31 2.98
SG +SD 0.92 0.25 3.59 0.79 0.31 214
¥ 0.93 0.19 4.23 0.66 0.45 1.74
SG + MSC 0.95 0.22 4.71 0.72 0.45 1.96
SVM  SG + SNV 0.94 0.24 4.64 0.72 0.48 1.88
SG + FD 0.98 0.19 4.74 0.51 0.48 2.31
SG +SD 0.95 0.20 4.62 0.66 0.46 1.92
¥ 0.96 0.22 3.89 0.74 0.49 2.0l
SG + MSC 0.98 0.24 3.26 0.74 0.45 2.22
CNN  SG + SNV 0.97 0.25 3.96 0.76 0.42 2.87
SG + FD 0.98 0.21 3.81 0.75 0.38 2.67
SG +SD 0.97 0.23 3.55 0.72 0.36 2.26
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Fig.4 Correlation analysis of soil total nitrogen

content and spectral data
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Fig.5 SFLA band selection probability
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