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UAV Measurement of Plant Height of Breeding Wheat Based on
Fine-scale Correction

WU Tingting' LIU Xinzhe' NIE Ruigi’ LIU Jia® WU Lu' LI Tao'
(1. College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China
2. College of Agriculture, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract; In the field experiment of wheat breeding, an important measurement index is the plant height
of the plot population. To solve the problem of low accuracy of wheat plant height measurement based on
UAV remote sensing, two methods were proposed, including a nearest neighbor correction method
(NNCM) and a spectral index correction method ( SICM ). NNCM based on the true value of manual
measurement, the height information of the community group was obtained, the elevation correction was
carried out in combination with the ridge, and then the accurate plant height of the community was
obtained by sliding correction according to the true value of the neighbor. SICM of multi-spectral + RGB
data fusion, by calculating vegetation index and performing index optimization, an accurate inversion
model of plant height-vegetation index was constructed. The test results showed that the relative root mean
square error (RMSE100) of the traditional UAV crop height measurement method in the six periods with
ground truth were 11.15% , 59.44% , 11.76% , 12.31% , 8.05% and 59.76% ; the RMSE100 of
NNCM were 7.17% , 8.18% , 5.70% , 5.62% , 5.65% and 7.74% ; the RMSE100 of SICM were
7.33% , 8.17% , 6.05% , 6.15% , 6.45% and 10.50% ; the NNCM and SICM kernel density
distribution curves were closer to the ground truth, and the median, quartile, maximum, and minimum
deviations did not exceed 0. 5% . These indicated that both the proposed methods can correct the plant
height traits on the grain size of breeding plots measured by UAV. The two models proposed had high

accuracy and strong robustness. NNCM was suitable for the scene of random sampling of ground truth on
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the ground, while SICM was used for plant height detection of large-scale farmland, and different methods

were selected according to the using conditions.

Key words: wheat; plant height; UAV remote sensing; vegetation index; multispectral imaging; high

throughput phenotype
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Tab.1 Channel of RedEdge — MX multispectral
camera nm
BRI bR 2
Blue 475 20
Green 560 20
Red 668 10
Red_edge 717 10
NIR 840 40

2021 4F 10 H 31 H & 2022 4 5 A 31 H, 815
R H B RGB 5 2615430 31 ). NIRIE
B 0T, 5 IS R 048 FA AR ] 11:00—15:00
ZIa), e Je AHL A S M KAT X3 150 m x
100 m, €47/ BE 25 m, KATHE 2 m/s, fiji 0] 5 & %
85% , 5% ] 5 % 80% , HH AL I B 4%, 471 R 8] B B
B 1 s,
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4 H 51327 H;RAHEBE R 10:00—11:00, &
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H .4 H 27 HiRZEER, X & m TN AT & B E
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Tab.2 Comparison of plant height based on traditional UAV measurement and ground measurement cm
3HTH 3HI11H 3H27H 4HSH 413 H 4 7427 H
/N R
UAV GM UAV GM UAV GM UAV GM UAV GM UAV GM

W13 28.34 25.00 12.01 33.00 45.09 54.00 50.52 57.50 65.75 65. 00 36. 47 69. 00
J& % 36 26. 66 24.50 9.97 30. 00 41.77 50. 00 56. 54 54.00 69. 63 68. 00 38.17 83.00
JA % 18 29.93 24.00 11.13 33.00 42.36 50. 00 58.85 55.00 64. 62 69. 00 78.19 83. 00
24 FH 31 26. 13 22.80 12.22 33.00 48.07 52.00 65.55 60. 00 69. 49 68. 00 58. 66 85.00
x9S 26.57 24.50 9.13 31.00 44.24 50. 00 25.15 62. 00 72.85 70. 00 52.05 82.00
P75 24.52 22.00 7.42 28. 00 39. 84 18. 00 56.01 61.00 68. 25 68. 00 56.98 80. 00
Br A 44 26. 38 23.00 10. 53 30. 00 41. 66 45.00 63. 87 59. 00 76. 80 69. 00 76.73 89. 00
JE # 18 28. 14 24.00 15.18 30. 00 45.34 50. 00 65. 67 61.00 72. 60 70. 00 92.11 84.00
e 14 24.79 25.50 8.26 30. 00 41.37 52.00 55.32 56. 00 60. 54 65. 00 65.95 68. 00
RMSE100/ % 11.15 59. 44 11.76 12.31 8.05 59.76
R 0. 66 0. 68 0.82 0.74 0.91 -0.36

TE:UAV SRR T AN S 5 B8, GM 37 st 1T 0 45k 4 0908
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Tab.3 Correlation coefficient between vegetation index and plant height in different periods

LR E R 2022 -03 -07 2022 -03 11 2022 -03 -28 2022 -04 - 05 2022 -04-13 2022 - 04 —27
NDVI 0.13 0.07 -0.27" -0.66" -0.65"" -0.22
BNDVI 0.12 0.08 -0.41" -0.64" -0.61"" -0.25"
BNDREI 0.26™ 0.28 ™ -0.01 -0.34" -0.40"" 0.12
NGBDI 0.23 0.31™ 0.25* 0.01 -0.15 0.24
NormB -0.02 -0.19 -0.28" -0.35" -0.22 -0.32"
GLI 0.23 0.25™ 0.08 -0.44™ -0.47"" 0.07
GR 0.13 0.13 -0.13 -0.55" -0.56"" -0.05
ExG 0.28 ™ 0.37™ 0.56 " 0.39" 0.42" 0.59*
MSR 0.26™ -0.08 -0.48" -0.33" -0.28"" 0.07
CIRE -0.04 -0.13 -0.58" -0.58" -0.60"" -0.56""
MCARI 0.22 0.26 ™ 0.42" 0. 06 -0.11 0.47"
TCARI 0.22 0.26 ™ 0.42" 0. 06 -0.11 0.47"
TVI 0.18 0.17 18 -0.31™ -0.32"" 0.11
RNVI 0.14 0.08 -0.24™ -0.66" -0.64"" -0.19
NLI 0.19 0.12 -0.13 -0.61" -0.61" -0.20
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Tab.4 Results of different models on different dates

RMSE/  RMSE100/
H i AR R?
cm %

™ 0. 66 2.72 11. 15

2022 -03 -07 NNCM 0.79 1.72 7.17
SICM 0. 54 0.73 1.79 7.33

™ 0.68 17. 80 59. 44

2022-03-11 NNCM 0.79 2.44 8.18
SICM 0.57 0.75 2.46 8.17

™ 0.82 6.25 11.76

2022 -03 -28 NNCM 0.92 3.03 5.70
SICM 0.79 0.89 3.25 6.05

™ 0.74 8.06 12. 31

2022 -04-05 NNCM 0.94 3.72 5.62
SICM 0. 86 0.93 4.04 6. 15

™ 0.91 6.29 8.05

2022 - 04 —13 NNCM 0.96 4.45 5.65
SICM 0. 89 0.94 5.05 6.45

™ -0.36 58.34 59.76

2022 -04 —27 NNCM 0.91 7.41 7.74
SICM 0. 64 0. 80 10. 18 10. 50
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Fig.5 Accuracy of model estimation results and time series change analysis
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