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Optimizing Maize Canopy Nitrogen Inversion Models Using
Multi-preprocessing and Feature-selection Combinations
Under UAV Hyperspectral Data
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Abstract: This study focuses on maize and addresses the problem of insufficient accuracy in nitrogen
content monitoring under cold-region cultivation conditions. After comparing multiple preprocessing
methods, the combined use of discrete wavelet transform (DWT) and standard normal variate (SNV)
was adopted as the preprocessing approach, and several feature selection algorithms including com-
petitive adaptive reweighted sampling (CARS) , uninformative variable elimination (UVE) , succes-
sive projections algorithm (SPA ), genetic algorithm (GA ), and genetic algorithm—successive projec-
tions algorithm (GA—-SPA ) were systematically compared. Combined with multiple regression models
such as partial least squares regression (PLSR), support vector regression (SVR), kernel extreme
learning machine (KELM) , deep extreme learning machine (DELM) , extreme gradient boosting
(XGBoost) , and one-dimensional convolutional neural network (1D-CNN), the hyperspectral inver-
sion performance for maize nitrogen content was comprehensively evaluated. The results showed that
full-band modeling achieved high fitting accuracy in the training set but exhibited low predictive accu-

racy in the test set, indicating a clear overfitting issue. After introducing feature selection, model
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performance was significantly improved, with the GA-SPA algorithm performing best in feature ex-
traction and redundancy suppression. The combination of GA-SPA and the DELM model achieved
the highest prediction accuracy, with a test-set R? of 0. 811 1 and RMSE of 0. 493 0, outperforming
other combinations. Moreover, GA—-SPA also maintained high prediction stability in PLSR, KELM,
and SVR models. The findings demonstrate that the DELM modeling framework based on DWT+SNV
preprocessing and GA—SPA feature optimization can effectively enhance the accuracy and generaliza-
tion ability of maize nitrogen content estimation, providing reliable technical support for nutrient
monitoring and precision fertilization in cold-region maize cultivation.

Key words: maize; nitrogen content; hyperspectral technology; GA-SPA; DELM
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Table 1  The predictive performance of spectra on nitrogen content under different preprocessing conditions

Preprocessing R} RMSE, Ri RMSE| LV RPD
RAW 0.8877 0.408 6 0.703 3 0.6177 14 1.851
SG 0.849 7 0.472 8 0.7129 0.607 7 13 1.882
SNV 0.8489 0.4740 0.713 3 0.607 2 10 1.884
MSC 0.7609 0.596 3 0.7282 0.5913 6 1.934
FD 0.8154 0.5240 0.6882 0.6333 4 1. 805

SD 0.7759 0.5774 0.668 0 0.6535 3 1. 749

DT 0.7456 0.6152 0.7257 0.5940 5 1.925
SG+FD 0.7573 0.600 8 0.704 1 0.6170 3 1.852
SG+SD 0.758 8 0.5989 0.674 1 0.647 4 2 1.767
DWT 0.8393 0.488 8 0.7533 0.563 4 14 2.029
DWT+SNV 0.8330 0.498 4 0.7557 0.560 5 12 2. 040
DWT+MSC 0.8347 0.4957 0.7400 0.578 3 12 1.977
DWT+FD 0.748 2 0.6120 0.6856 0.6360 3 1.798
DWT+SD 0.728 5 0.6354 0.658 5 0.662 8 2 1.726
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Table 2 Fitting performance of regression models

Preprocessing Method Model R? RMSE, R’ RMSE, RPD Var
DWT+SNV RAW PLSR 0.8330 0.498 4 0.7557 0.560 5 2. 040 223
CARS 0.7900 0.5589 0.7803 0.5316 2.151 46
UVE 0.764 8 0.591 4 0.760 8 0.5547 2.062 83
SPA 0. 800 2 0.545 1 0.720 1 0. 600 1 1. 906 45
GA 0.7970 0.549 4 0.7818 0.5297 2.159 80
GA-SPA 0. 800 6 0.544 5 0.788 6 0.521 4 2.193 35
RAW SVR 0.7419 0.6196 0. 669 7 0.6518 1.754 223
CARS 0.7540 0.604 8 0.7420 0.576 1 1.985 46
UVE 0.679 0 0. 6909 0.651 1 0.6700 1.707 83
SPA 0.736 6 0.6259 0.705 2 0.6158 1.856 45
GA 0.747 4 0.6129 0.7190 0. 6012 1.902 80
GA-SPA 0.803 5 0.540 5 0.7637 0.5513 2.074 35
RAW XGBoost 0.876 1 0.4292 0.594 4 0.7223 1.584 223
CARS 0.8527 0.4679 0.5383 0.770 5 1.484 46
UVE 0.8120 0.5287 0.5803 0.7347 1.556 83
SPA 0.7450 0.6158 0.5405 0.768 8 1.487 45
GA 0.856 6 0.4618 0.6100 0.708 2 1.615 80
GA-SPA 0.8479 0.4757 0.6121 0.706 3 1.619 35
RAW KELM 0.7977 0.5485 0.7633 0.5518 2.073 223
CARS 0.7918 0.556 4 0.7802 0.5317 2. 150 46
UVE 0.8110 0.5302 0.774 1 0.5390 2.123 83
SPA 0.7837 0.567 1 0.718 4 0.601 8 1.901 45
GA 0.8197 0.5179 0.787 4 0.5230 2.187 80
GA-SPA 0.8335 0.497 6 0.796 5 0.5116 2.235 35
RAW DELM 0.8317 0.5003 0.7576 0.558 4 2.048 223
CARS 0.833 4 0.4977 0.767 8 0.546 5 2.093 46
UVE 0.776 4 0.576 7 0.758 6 0.5572 2.053 83
SPA 0.796 8 0.549 8 0.776 1 0.536 6 2.132 45
GA 0.829 4 0.503 7 0.796 1 0.5122 2.232 80
GA-SPA 0.8300 0.502 8 0.8111 0.493 0 2.321 35
RAW 1D-CNN 0.838 8 0.489 6 0.5796 0.7353 1.556 223
CARS 0. 804 2 0.5396 0. 664 8 0. 6567 1.742 46
UVE 0.7949 0.5523 0. 6507 0.6703 1.706 83
SPA 0.8249 0.5103 0.626 1 0.6935 1.648 45
GA 0.8227 0.513 4 0.670 8 0.650 8 1.757 80
GA-SPA 0.8219 0.5147 0.6777 0.6439 1.777 35
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Inverse map of spatial distribution of

nitrogen content in maize canopy
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