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Abstract: To obtain above-ground biomass information quickly and accurately facilitating crop growth monitoring and yield pre-
diction, this study was to evaluate a new method to extract the biomass of feed rapeseed based on UAV with visible-light cameras.
The experiment was conducted at the rapeseed experimental base of Huazhong Agricultural University in 2018. To estimate
above-ground biomass of rapeseed, a UAV (unmanned aerial vehicle) platform equipped with a five-camera oblique photography
system was used to simultaneously obtain images of rapeseed during final flowering period from multiple angles. Three flight
altitudes (40, 60, and 80 m) and three seeding densities (3.00x10°, 5.25x10°, and 7.50x10° plant hm™) were carried out to assess
biomass predictions in a single-camera vertical imaging pattern. Firstly, the rapeseed canopy coverage and plant height informa-
tion from the image of the UAV were extracted. Secondly, the volume model of rapeseed was obtained by the addition of plant
height on the covering area. Finally, a linear regression model was established based on volume model and measured biomass to

“ ” (2018YFD1000900)

(2017ABA064)
This study was supported by the National Key Research and Development Program of China “Physiological Basis and Agronomic Manage-
ment for High-quality and High-yield of Field Cash Crops” (2018 YFD1000900) and the Major Special Projects of Technological Innovation
of Hubei Province (2017ABA064).
’ (Corresponding author): , E-mail: wangbo@mail.hzau.edu.cn

: E-mail: jz@mail.hzau.edu.cn
Received ( ): 2020-09-16; Accepted ( ): 2021-01-21; Published online ( ): 2021-02-25.

URL: https://kns.cnki.net/kems/detail/11.1809.S.20210225.1144.004.html



1817

predict the dry weight of rapeseed. The results were as follows: (1) With the decrease of the flight height of the UAV of the three
flight altitudes, the accuracy of biomass prediction was on the rise, and when the flight height was 40 meters, the accuracy of
rapeseed biomass estimation was the best (calibration set: = 0.792, RMSE = 125.0 g m %, RE = 13.2%; validation set: r = 0.752,
RMSE = 139.1 g m™%, RE = 15.3%). (2) When the planting density of rapeseed was higher, the actual biomass was smaller, and
the prediction of biomass had a better result by volume model. (3) There was no significant difference in the accuracy of rapeseed
biomass estimation between multi-angle imaging and single-camera vertical imaging, both of which had the best results at the
flight height of 40 meters with correlation coefficients  of 0.772 and 0.742, respectively. This study indicated that it was feasible

to obtain images for extracting rapeseed biomass by a UAV, which could provide the reference for efficient and accurate pheno-

typic information of field crops.
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Fig.1 Overview of the experimental areas and UAV platforms
A: ; B: ; C:
A: layout of experimental areas; B: plots and sampling areas; C: oblique photography system with five cameras.
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Table 1 Information of CSM and RGB image at three flight heights

CSM
Flight height (m) Number of images Res?cl?r:ig&;f_gSM Resolut(iccirri gifxl:g? image
40 1020 1.96 0.49
60 698 3.00 0.75
80 536 4.16 1.04
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Table 2 Descriptive statistics of rapeseed biomass
1 2 3
Statistics Density 1 (g m™) Density 2 (g m™) Density 3 (g m™)
Min. 516.9 371.3 359.5
Max. 1230.4 1161.3 1194.2
Mean 816.6 816.4 761.3
SD 200.0 163.1 182.7
1:3.00x10°  hm™; 2:5.25x10°  hm™; 3:7.50x10°  hm™
Density 1: 3.00x10° plant hm™; density 2: 5.25%10° plant hm™?; density 3: 7.50x10° plant hm™>.
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Fig. 2 Flow chart of biomass acquisition based on VSD method
A: ; B: ; C: ; XY: s Z:

A: the acquisition of crop canopy height; B: the acquisition of crop canopy coverage area; C: the acquisition of volume model; XY: the area of

crop canopy; Z: the height of crop canopy.
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Table 3 Biomass extraction results at three flight heights
Calibration set Validation set
Flight height (m) Prediction model RMSE RE RMSE RE
(gm?) (%) ’ (gm”) (%)
40 y=456.962x—17.227 0.792 125.0 13.2 0.752 139.1 15.3
60 y =443.694x+8.513 0.745 130.2 13.7 0.764 133.9 14.9
80 y=445.053x-24.698 0.722 138.4 14.4 0.674 152.3 16.7
x >y

x represents crop volume model and y represents the predicted biomass. r: correlation coefficient; RMSE: root mean square error; RE: relative

€rror.

22 3
3
9 1 9
2 3 ( 2
. 3 « 3.
2 3 ,
40 m ,2 r 0.8, RMSE
120 g m™ 1 )
80 m N s
0.57 1 3 RMSE
124 g m™2 , 2 3 RMSE
124 gm™
0.85 136
0.80F {132
075 128
)
~070F 1124
w2
0.65F 1120 2
0.60 F 1116
0.55 . : . 112
40 60 80
Flight height (m)
—a— R (D1) —e— R (D2) —— R (D3)

-m-RMSE (D1) —e-RMSE (D2) —- RMSE (D3)

B3 FARMEZEETEMETNMALE R LR

Fig. 3 Comparison of biomass prediction under different

planting densities

r ; RMSE: ; RE: ; D1: 3.00x10°
hm™; D2: 5.25x10°  hm%; D3: 7.50x10°  hm™

r: correlation coefficient; RMSE: root mean square error; RE: rela-

tive error; D1: 3.00x10° plant hm™%; D2: 5.25x10° plant hm; D3:

7.50x10° plant hm™.
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Table 4 CSM resolutions of the oblique photography system
and single vertical camera

Type of images (cm pixel™)

Flight height
(m) Oblique photography Vertical photography
40 1.96 1.90
60 3.00 2.92
80 4.16 4.06
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Fig. 4 Biomass estimation between oblique photography system and vertical photography

CVM = ;40 m: 40 m; 60 m: 60 m; 80 m: 80 m 3
CVM = Crop Volume Model; 40 m: the flight height was 40 meters; 60 m: the flight height was 60 meters; 80 m: the flight height was 80
meters. Abbreviations are the same as those given in Fig. 3.
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Table 5 Comparison of CSM obtained by the oblique photography system and single vertical camera

Flight height
40 m 60 m 80 m
Statistics (cm)
Rapeseed Road Soil Rapeseed Road Soil Rapeseed Road Soil
Maximum 5.68 4.13 0.91 1.34 0.10 -2.53 2.53 0.45 -3.86
Minimum  -14.95 -8.36 -8.38 -17.94 -16.26 -16.93 —8.89 -10.99  -13.89
Mean 3.38 291 4.62 7.88 5.12 9.26 4.94 3.51 8.28
Range 20.63 12.49 9.29 19.28 16.36 14.40 11.42 11.44 10.03
SD 3.24 2.72 225 3.24 2.79 2.83 2.57 2.08 2.05

The mean values were calculated based on the absolute value of all data.
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