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Monitoring Method for Winter Wheat Leaf Nitrogen Content Based on UAV
Multi-source Remote Sensing Fusion

FAN Jiejie'? FAN Yiguang'® MA Yanpeng'®’ BIAN Mingho'’ FENG Haikuan'"
(1. Information Technology Research Center, Beijing Academy of Agriculture and Foresiry Sciences, Beijing 100097, China
2. College of Information Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China
3. Key Laboratory of Quantitative Remote Sensing in Agriculture, Ministry of Agriculture and Rural Affairs, Beijing 100097, China)

Abstract; Real-time monitoring of nitrogen status is essential for improving fertilizer use efficiency and
crop yield and quality. Nitrogen monitoring plays a key role in precision agriculture ; however, traditional
soil and leaf sampling methods cannot meet the requirements for large-scale, real-time monitoring. Multi-
source data from RGB and multi-spectral sensors were integrated to develop a model for estimating leaf
nitrogen content ( LNC) in winter wheat, with the aim of improving the accuracy and reliability of
nitrogen monitoring. Multi-source features were first extracted from UAV-based RGB and multi-spectral
imagery acquired at key growth stages. Key variables were then identified by using a two-stage feature
selection strategy that combined Pearson correlation analysis and variable importance in projection
(VIP). Color space, texture, and spectral features were subsequently integrated to construct LNC
estimation models. The results showed that the fused models consistently outperformed single-sensor
models across different growth stages. Among the tested methods, the support vector regression ( SVR)
model achieved the best performance, with R® increased by 0.03 ~0.16, RMSE decreased by 0.02 ~
0. 10 percentage points, and NRMSE reduced by 0.61 ~ 3.90 percentage points. These findings
demonstrated that multi-source remote sensing data fusion can effectively improve LNC estimation
accuracy and model robustness. The research result showed that multi-source remote sensing information
fusion can effectively improve the accuracy of LNC estimation, overcome the limitations of a single
sensor, and provide technical approaches and theoretical support for precision agriculture.

Key words:; winter wheat; leaf nitrogen content; UAV remote sensing; multi-source remote sensing

information fusion
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Tab.1 Correlation coefficients between color space, spectral characteristic parameters and LNC
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Tab.2 Correlation coefficients between texture characteristic parameters and LNC
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Fig.5 Radar chart comparing the performence of winter wheat LNC estimation models based on texture

characteristic parameters at different growth stages
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Tab.3 Estimation of winter wheat LNC using color space

parameters combined with texture characteristic parameters

HLES AR K ESE
EEW % RMSE/ NRMSE/ RMSE/ NRMSE/
VRS % % % %
GPR 0.73 0.30 14.19 0.68 0.38 17.26
A5 RFR 0.82  0.25 11.84 0.65 0.39  17.51
SVR 0.81 0.27 12.65 0.67 0.39 17.46
GPR 0.74 0.33 13.80 0.72 0.42 16.31

JF#E# RFR 0.90  0.20 8.28 0.72 0.43 16. 42

SVR 0.81 0.29 12.10 0.70 0.46  17.62
GPR 0.78 0.28 13.37 0.78 0.39  15.55
WS RFR0.80  0.27  13.01 0.78 0.42  16.66
SVR 0.81 0.26 12.18 0.78 0.40  15.98

5 AR RUAR L, R A S R R AR R Y
BFRTE AR, R W6 A5 6] S o B R AR H
A R AR EAME  B0E T RGB A& 25 A2 IR BUAS 4 /N
22 B W i LT T o
2.2.2 ET 20BN A /N & LNC

AW G 1 22 616 BB N A 3 A I
(e J2= RO A 5 1L A VIs AR SROL G HR AL, 45 &
AR 5 VIP J7 150 v G A2 4 . AT GPR
RFR I SVR LRI it 4 /N A LNC A 50 B, 25 2t
W4 WIUES R ERY KT R K 0.59 ~0.60,
RMSE % 0.41% ~ 0.43% , NRMSE & 18.64% ~
19. 46% ; FFAEI R® 24 0.65 ~0.69,RMSE 7 0.42% ~
0.44% ,NRMSE 3} 16.30% ~16.87% ; #EI M R® Ny
0.77 ~0.79,RMSE 4 0.37% ~0.39% ,NRMSE &
14.56% ~15.25% . 3 Ffist 20 75 9 3K ) (9 G 5 4 T
PRATWIRIFAEW 500 R ¥ KT 0. 75, % B i 4
TIE BB A B B e 2 /N2 LNC AR UG, 38 715 300 64 A 340K g

x4 REBESHOEELSNMEZLNCER
Tab.4 Estimation of winter wheat LNC using spectral

characteristic parameters

HLEE R Y E
EEH %Y " RMSE/ NRMSE/ ~ RMSE/ NRMSE/
J5 ik % % % %
GPR 0.70 0.32 14.95 0.60 0.41 18.64
HATW RFR 0.66 0.35 16.29 0.59 0.43  19.46
SVR 0.61 0.36  16.86 0.60 0.41 18.75
GPR 0.74 0.33 13.62 0.69 0.42 16.30
FAEM RFR 0.77  0.31 12,79 0.65 0.42  16.32
SVR 0.74 0.33 13.80 0.66 0.44  16.87
GPR 0.84 0.24 11.47 0.79 0.37 14.56
MMM RFR 0.82 0.25 11.89 0.79 0.37  14.64
SVR 0.81 0.26 12.44 0.77 0.39  15.25

2.3 BELTANSEEREREMGMEL/IE LNC

IR R W], RGB 528 1 5 €5, 2 (W] Fl 80 FRLARAIE
DL R 2 0638 S AR G FRIE Y AT A O T A& N #E
LNC M5, RGB L IREF1E G e 5 2 41y, i £
T 1 A A AL X Al 2 DR 285 SRR ) 40 3 R 21
HMEBE R o AR — AR AR E B 1 R B, A F
FERlG RGB (025 0] 5 2 BRARRAE 1 206 15 FRAE , 14
T 2R AR, AR RS, REKK
FEAE A AL 8 By BEOR A7 0 37, F LA (] 05 A 5 R o
A S AR AT G UL AL, B R S AR 08 A S
I b 2F 2 R RV ERAE X LNC A AR % 52 gk, DA T <2 30
K. 4R WA, SVR BBILE 3 MEF M ¥R
PR, B0 R® 43900k 0. 74 (395 11) (0. 85 (FFAE
1) F10. 82 (HEI M) , RMSE 43524 0.36% .0.32%
M1 0.35% , NRMSE 43 %1 & 16.22% . 12.41% #i
13.95% . 5 9 —fL AR BB A HL , Gl B 114 £ 55
Ko B35 . 5 RGB S2ARBAUA L, Al & A AL 7
AT IF A R SR G R 43 4R S 0. 06 ,0. 13
#10.04, RMSE 43 5 F& 4% 0.02.,0.10.,0. 04 4~ 4y
A5, NRMSE 43 53k /> 1. 04 .3.90 1. 60 1 40 3 5
A 22 618 R AR WA AU AT HE L R 43 90 5 0. 14
0. 16 F10. 03, RMSE 4 3 B&4% 0. 05 .0. 10.,0. 02 A~ &
43 15 NRMSE 43 53k 2> 2. 42 3. 89 0. 61 4~ 4> 4.,
X R, RCB FIZ 1% RRAE 2 8] 1) B4 (15 £ U8
R IR AT B Al G 5ES T LNC Al 58 09 52 8 1k F0
HERRPE o A DL /R A [R5 7 Y fh B R i T
BT A S 5 R4 R O E 5 SC I E LG E
(E6), BIAE TR, &858 7 A [ A 5 10046 5
WEAfE2ZS TP R e fE. SVR BiRL7E £
B WA IO R 1 148, KRB
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Tab.5 Estimation of winter wheat LNC using fused

UAYV multi-source remote sensing information

HL % LA B4

I % RMSE/ NRMSE/ RMSE/ NRMSE/
VRS % % % %
GPR 0.70 0.32 14.94 0.70 0.37 16.68

HAH RFR 0.71  0.32  15.07 0.69 0.38  16.97
SVR 0.81 0.26 12.29 0.74 0.36 16.22
GPR 0.90 0.20 8.42 0.81 0.34 13.28

FAEM RFR 0.93  0.18  7.31 0.82 0.35  13.58
SVR 0.91 0.20 8.14 0.85 0.32 12.41

GPR 0.83 0.24 11.59 0.81 0.35 13.96
WM RFR 0.92  0.17 812 82 0.36  14.41
SVR 0.85 0.24 11.55 0.82 0.35  13.95
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Fig. 6  Scatter plots and fitting curves of measured and versus predicted values for winter wheat LNC

estimation using fused UAV multi-source remote sensing information
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