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Figure 1 Distribution map of test area
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Figure 4 General diagram of hardware system composition
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different fertilization levels
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Figure 8 Spectral reflectance curves of rice leaves under different data transformation methods
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Figure 9 Unsupervised feature visualization analysis diagram of rice leaves under different data transformation methods
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Figure 10 Vegetation index distribution map of rice samples under different fertilization levels
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Table 2 Hyperspectral feature band selection results
UVE CARS IRIV VISSA
i % mi /% 1 L o b/ % 7 UL X di b/ % i X At/ %
B R OG 16 8.12 27 13.71 29 14.72 19 9.65
MSC 38 19.29 25 12.69 42 21.32 27 13.71
SNV 32 16.24 28 14.21 48 24.37 21 10.66
NL 23 11.68 23 11.68 52 26.40 36 18.27
MAS 29 14.72 21 10.66 21 10.66 18 9.14
S-G-S 21 10.66 25 12.69 38 19.29 26 13.20
2.5 MERFEREERSW e b BRS04 BOG IS B A g3 A i LSSVR
2.5.1 BTGk ik B it gk 2 RO 25 R A b PSO-LSSVR,PLSR . 1IDCNN-WN 4 Ft iz 3 £ 5 | L)
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Table 3 Inversion results of LSSVR, PSO-LSSVR, PLSR and IDCNN-WN models based on different data transform spectral data
LSSVR PSO-LSSVR PLSR 1IDCNN-WN

R* RMSE R* RMSE R* RMSE R* RMSE

s 0.562 2.343 0.573 2.311 0.57 2.328 0.574 2.305
MSC 0.591 2.276 0.570 2.322 0.627 2.163 0.587 2.288
SNV 0.553 2.362 0.557 2.354 0.649 2.128 0.669 1.955

NL 0.613 2.212 0.622 2.173 0.611 2.239 0.559 2.353
MAS 0.587 2.287 0.646 2.134 0.550 2.379 0.67 1.954
S-G-S 0.600 2.266 0.614 2.208 0.649 2.131 0.665 1.961
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0.646, RMSE } 2. 134, ki F AL B LA U2 T T
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Figure 11  Validation results of predicted versus measured chlorophyll content using the optimal model across the full spectral bands
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Table 4 The inversion results of LSSVR, PSO-LSSVR, PLSR and IDCNN-WN models based on different data transformations and

characteristic variables

LSSVR PSO-LSSVR PLSR 1IDCNN-WN
R* RMSE R RMSE R RMSE R RMSE
UVE 0.621 2.178 0.652 2.117 0.654 2.101 0.636 2.147
. CARS 0.563 2.337 0.572 2.314 0.561 2.344 0.612 2.225
il IRIV 0.629 2.157 0.583 2.293 0.61 2.239 0.57 2.321
VISSA 0.56 2.349 0.634 2.15 0.656 2.046 0.65 2.127
UVE 0.631 2.151 0.653 2.116 0.642 2.138 0.593 2.274
. CARS 0.569 2.332 0.65 2.125 0.594 2.27 0.587 2.284
Mse IRIV 0.573 2.311 0.615 2.193 0.66 1.97 0.668 1.959
VISSA 0.565 2.336 0.582 2.296 0.611 2.232 0.67 1.953
UVE 0.64 2.144 0.573 2.307 0.658 1.987 0.681 1.935
CARS 0.553 2.369 0.644 2.135 0.616 2.184 0.658 1.977
SNV IRIV 0.58 2.298 0.641 2.142 0.605 2.252 0.687 1.863
VISSA 0.631 2.152 0.608 2.246 0.652 2.122 0.685 1.913
UVE 0.554 2.36 0.653 2.11 0.579 2.303 0.676 1.948
CARS 0.603 2.26 0.611 2.229 0.601 2.264 0.663 1.964
A IRIV 0.609 2.242 0.604 2.258 0.651 2.124 0.584 2.29
VISSA 0.578 2.305 0.656 2.01 0.622 2.174 0.678 1.941
UVE 0.551 2.378 0.607 2.249 0.657 1.992 0.66 1.966
CARS 0.635 2.148 0.624 2.169 0.581 2.297 0.675 1.95
VIAS IRIV 0.63 2.152 0.656 2.085 0.601 2.261 0.625 2.166
VISSA 0.613 2.214 0.611 2.225 0.608 2.245 0.678 1.944
UVE 0.592 2.274 0.553 2.376 0.657 2.001 0.673 1.951
o CARS 0.636 2.144 0.586 2.29 0.589 2.279 0.68 1.939
>e IRIV 0.616 2.185 0.63 2.153 0.598 2.269 0.682 1.919
VISSA 0.618 2.181 0.628 2.158 0.624 2.17 0.616 2.186
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Figure 12 Verification of predicted and measured chlorophyll content using the optimal model with sensitive spectral bands
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Figure 13 Fertilizer prescription map
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Study on hyperspectral chlorophyll retrieval methods
for cold—region rice oriented toward UAYV variable
fertilization

Li Hongbo' ?, Tan Boyuan', Li Zhenyang' ?, Zhang Yanhong',
Lin Tenghui®, Su Zhongbin' *

(1. College of Intelligent Science and Engineering , Northeast Agricultural University, Harbin 150030, China;
2. Key Laboratory of Northeast Smart Agriculture Technology, Ministry of Agriculture and Rural Affairs, Harbin
150030, Chinas 3. College of Agricultural Equipment and Energy Engineering, Harbin 150030, China)

Abstract: Unmanned aerial vehicle (UAV)-based fertilization is increasingly applied in rice production; however, fertilization
prescriptions are still largely dependent on empirical knowledge and lack decision support based on real-time crop nutrient
status. Meanwhile, limitations in hyperspectral data processing and model construction restrict the high-precision estimation
of chlorophyll content in cold-region rice, thereby constraining the accurate implementation of variable-rate fertilization. To
address these issues, this study combined multiple spectral preprocessing methods with feature variable selection techniques,
including uninformative variable elimination (UVE), competitive adaptive reweighted sampling (CARS) , iterative retention
of informative variables (IRTV), and variable iterative space shrinkage approach (VISSA), to extract key spectral bands.
Models including least squares support vector regression (LSSVR) , particle swarm optimization-based LSSVR (PSO-
LSSVR) , partial least squares regression (PLSR) , and a deep learning model (IDCNN-WN) were developed for
chlorophyll content inversion. Based on the inversion results, nitrogen fertilization prescription maps were generated to guide
UAV-based variable-rate fertilization at the tillering stage. The results showed that the SNV-IRIV-1DCNN-WN model
achieved the highest inversion accuracy under the optimal preprocessing and feature selection combinations, with an R* of
0.687, which was 0.047, 0.031, and 0. 027 higher than those of SNV-UVE-LSSVR, NL-VISSA-PSO-LSSVR, and
MSC-IRIV-PLSR, respectively, while the RMSE was reduced by 0.281, 0.147, and 0. 107. The coefficients of variation
for no fertilization (NO), low fertilization (N1), standard fertilization (N2), and excessive fertilization (N3) treatments were
6.08%, 4.16%, 3.42%, and 3.07%, respectively, indicating good fertilization uniformity. These findings provide
theoretical support and technical guidance for hyperspectral-based chlorophyll inversion and precision fertilization in cold-
region rice production.

Keywords: cold-region rice; hyperspectral; chlorophyll inversion; precision fertilization; unmanned aerial vehicle; machine

learning
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