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Fig. 2 Spectral reflectance curves of potato in tuber

formation period

2.2 HERK

Wit DA S A F H DSM 5 # + 1] DSM 2 8] 1) 22 {4
B, B 5 A E WIS 240 4 Heo 300E . B H 592w H
HATRMERLS , B R WE 3 R, HE 3 A, #E Ho,
5 H 84 0ok R 0.86, RMSE Jy 2.66 cm,
NRMSE 2} 10. 23% . W FEF DSM LB Hyo BA 1 5EM
R DRI H SRR B S 4.

57 roa221
R2=0.86 - T
40 RMSE=2.66cm P
NRMSE=10.23% p
354
30
g
o
< 254
T
20
o
Sl 2 - .
151 [ % B BREREAR A
g -oo L
101 (] — B ELL
|}
5

5 10 15 20 25 30 35 40 45
H/em
B3 DHRERNGSEXUkKSITLESH
Fig. 3 Comparative analysis of extracted plant height
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Fig. 5 Correlation analysis results of extraction parameters and plant nitrogen content at different growth stages

Note: dotted line represents the correlation significant at 0. 01 level

2.5 DHREBMESEHE
2.5.1 FARLEFLLEIHKRALSE

BT & AT WPk E M & & 2 % (optimal GEP,
OGEP) Fl £ 4. il & 4% 1 2 81 (optimal FFP, OFFP), F|f —
JUER PR H # 5 A H A PNC A S B AL, LR 5T
OGEP il OFFP 1% o £ 2 PNC 1 fig 71 . i @B 4E F e
TEAE SR A5 2 45 2 B I BTRL (A S bR % 2 RISk 3 R .
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Table 2 PNC of potato estimated by using optimal green edge parameter

HEH OGEP £ it
R? RMSE/ % NRMSE/ % R? RMSE/ % NRMSE/ %
P Daum 0. 54 0.55 14. 97 0.77 0.37 14. 21
HeZE 9 5 ) Daum 0. 44 0. 46 14.53 0. 80 0.37 14. 32
H 25 48 K 4 D¢/ Denin 0.47 0. 44 16. 46 0.48 0.39 16. 63
TE B B Rinax 0.47 0. 34 11.92 0. 45 0. 36 11. 54
AR Dium 0. 49 0.37 14. 02 0.31 0.37 13.33
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Table 3 Estimated values of potato PNC with optimal fusion feature parameters

jeigi 8 IE
W OFFP el i
R? RMSE/ % NRMSE/ % R? RMSE/ % NRMSE/ %
A SDg/1+VC 0. 68 0. 46 12.50 0.77 0.38 11. 29
B 298 SDy/1+VC 0.67 0.35 11. 07 0. 86 0. 25 10. 41
Pk K Diumn/1+VC 0.78 0. 281 0.52 0.76 0. 25 10. 14
TE R A 2] D /14+VC 0.53 0.34 11.35 0.72 0. 30 10. 82
D Dy/1+VC oy 0. 30 0.43 16. 47 0.47 0.38 16. 43
x4 ETPLSRIMANN FEMESRERREETH PNC
Table 4 PNC estimations of potato at different growth stages by using PLSR and ANN
PLSR ANN
EE T it LA jEig LA
M %W, RMSE NRMSE ,  RMSE NRMSE ,,  RMSE NRMSE _,  RMSE NRMSE
/% /% /% /% /% /% /% /%
- GEPs  0.73  0.42 11.61  0.77  0.41 10.47  0.77  0.43 11.89  0.81  0.39 10. 09
FFPs  0.74  0.41 11.35  0.78  0.41 10.48  0.84  0.34 9.30  0.86  0.32 8.08
- GEPs  0.72  0.32 10.30  0.68  0.35 10.38  0.74  0.33 10.47  0.72  0.40 12.03
FFPs  0.77  0.29 9.32  0.85  0.28 8.55  0.80  0.27 8.70  0.84  0.30 8.96
- GEPs  0.50  0.42 15.94  0.62  0.34 12.25  0.57  0.39 14.72 0.67  0.30 10. 93
FFPs  0.79  0.28 10.38  0.77  0.25 9.22  0.83  0.25 9.51  0.79  0.25 9.09
- GEPs  0.47  0.34 11.9  10.47  0.36 11.50  0.55  0.33 11.56  0.50  0.36 11. 36
FFPs  0.67  0.29 9.71  0.73  0.29 10.53  0.71  0.27 9.05  0.74  0.29 10. 44
- GEPs  0.53  0.35 13.5  10.47  0.34 12.18  0.64  0.32 12.22 0.46  0.33 11. 88
FFPs  0.37  0.41 15.57  0.51  0.33 11.98  0.53  0.36 13.66  0.42  0.34 12.16

. P1—P5 20 2R BUE T . He2500 O . 2R R L 3 b AR 20 R A )

Note: P1—P5 represent budding stage, tuber formation stage, tuber growth stage, starch accumulation stage and maturity stage respectively
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B 7 ET FrPs 7 ANN i 5 50 F PNC HR
Fig. 7 PNC estimation of potato based on FFPs using ANN
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Abstract  Acquiring the plant nitrogen content (PNC) information of crops quickly and accurately is the key to agricultural
meticulous management and a research hotspot in the development of digital agriculture. In recent years, with the development of
UAYV and sensor technology, the use of various sensor information to monitor the physical and chemical parameters of crops has
gradually attracted the attention of scholars at home and abroad. This study takes potato as the research object. Firstly, based
on the UAV, the hyperspectral images and digital images of the potato budding stage, tuber formation stage, tuber growth
stage, starch accumulation stage and maturity stage were obtained. At the same time, the digital camera was used to
synchronously obtain the ground digital images of five growth periods, and the three-dimensional spatial coordinates of eleven
ground control points (GCPs) and plant height (H), PNC were measured. Secondly, the digital surface model (DSM) of the
test area was generated by using UAV digital images combined with GCPs. The accuracy of the extracted VC,,, and Hg,, is
verified by the calculated coverage (VC) of the digital image and the measured H. Then, the green edge parameters (GEPs)
were calculated according to the hyperspectral images, and four fusion feature parameters (FFPs) of GEPs X Hy,, * VC..
GEPs/(1+VC,.), (GEPs+VC,.,) X Hy, and GEPs/(1+ Hg,,) were constructed, fusion of hyperspectral image information
and digital image information. Finally, the correlation between GEPs extracted and FFPs constructed in each growth period with
PNC were analyzed, and the PNC linear estimation models of five growth periods were constructed based on the optimal GEP and
optimal FFP respectively. According to the GEPs and FFPs with high correlation, the multiple parameters estimation models of
PNC were constructed by using partial least squares (PLSR) and artificial neural network ( ANN). The results show that:
(1) Hy,, and VC,,, extracted from UAV digital images have high accuracy , which can replace the measured H and VC to
estimation physical and chemical parameters (2) Compared with GEPs, most of the constructed FFPs have stronger correlation
with PNC in the first four growth stages, and could better reflect the nitrogen nutrition status of potato. (3) Linear estimation
models of potato PNC were constructed based on the optimal green edge parameter (OGEP) and the optimal fusion feature
parameter (OFFP), respectively. The results showed that the effect of OFFP in estimating PNC was better than that of OGEP.
(4) Compared with the single-parameter model, the accuracy and stability of the model constructed by using PLSR and ANN
based on GEPs and FFPs are significantly improved. Among them, the models constructed with FFPs as the model factor have
the best effect. (5) The ANN method is better than the PLLSR method in estimating PNC in each growth period. Therefore, the
fusion of the hyperspectral green edge parameters and the plant height and coverage information extracted by the high-definition
digital camera sensor can improve the estimation accuracy of PNC, which provide a reference for the non-destructive dynamic

monitoring of potato nitrogen nutrition status and the application of multi-source sensors information.
Keywords Plant nitrogen content; UAV; Multi-source sensor; Green edge; Plant height; Coverage
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