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HE. #b FAYE (Above-groud biomass, AGB) EAEW K FIEAL A= & H A | EAS bR 2 — ., WAEIE T TE AL
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M A6 RS B S () A AR AE 42, T SO GIE R E M A . SR)5 R ) 54 ( Back propagation, BP) 145
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AR L 6 AU Bt SO RS RRAE (8 A SR S BUERAA o0 , A6 S B = A0 0 i, 470 5 O B BBCAERA00 A 15
STUIMALE G 3-8 ) VB i AR &, 25 BP B BV B A5 DU 9 SRR W] 2R B 51 AGB, i 4R Y REL(RY )
0.87, ¥R 2% (RMSE) K 178. 44 o/m” ; IEHHINIAEE R SN 0. 66, RMSE 4 357. 76 ¢/m” ; I R EHMIA4E R* 4 0. 87,
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Remote Estimation of Rapeseed Above-ground Biomass by Fusion of UAV
Multi-spectral Information and Spatial Distribution Feature of Organs

Qin Dingxin  Xiao Xiaolu Huang Fangyuan Jiang Zhan Duan Bo Ma Ni
(0il Crops Research Institute, Chinese Academy of Agricultural Sciences, Wuhan 430062, China)

Abstract: Above-ground biomass ( AGB) is one of the most important indicators for crop growth
assessment and yield prediction. To establish the rapeseed AGB estimation model based on UAV
multispectral data, a UAV equipped with a 6-band multispectral sensor was utilized to acquire remote
sensing images during the seedling, elongation, flowering, and pod stages of rapeseed. The Fourier
transform was conducted to UAV multispectral images, and frequency — domain features were extracted
based on Fourier spectrum. Then, the correlation between the frequency — domain features and AGB was
analyzed at different growth stages, and the frequency components representing the spatial distribution of
organs (leaves, flowers, and pods) were exiracted and fused with spectral features. Three machine
learning algorithms of back propagation ( BP) neural network, random forest ( RF), and eXtreme
gradient boosting ( XGBoost) were employed to establish AGB estimation models for different growth
stages and the accuracy of AGB estimation with different input variables was compared. The results
indicated that the fusion of spectral features and organ spatial distribution features can improve the
accuracy of AGB estimation model. Among the three machine learning algorithms, BP demonstrated more
stable and better AGB fitting performance with the fused features. Using the reflectance of the six bands
and specific frequency — domain features ( low-frequency components for the leaf and pod stages; high-
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frequency components for the flowering stage; weighted reconstruction of low and high frequency
components for the entire growth stage) as input variables, BP achieved accurate estimation of rapeseed
AGB across different growth stages. The test set results were as follows, coefficient of determination ( R>)
of leaf stage was 0. 87 with root mean square error (RMSE) of 178. 44 g/m”, R® of flowering stage was
0. 66 with RMSE of 357. 76 ¢/m”, R’ of pod stage was 0. 87 with RMSE of 258. 71 g/m” and R’ of entire
growth period was 0.79 with RMSE of 388.90 g/m”. The results can provide technical support for the

precise and efficient acquisition of rapeseed AGB at a regional scale.

Key words: rapeseed;

above-ground biomass; UAV multi-spectral ;

Fourier spectrum; spatial

distribution feature of organs; machine learning
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Tab.1 Statistical descriptions of field measured

rapeseed AGB at different growth stages

wEm pAm A0 (em)

/M SN[ - E
-3 162 780. 01 33340.34  6657.64
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Tab.2 Estimation accuracy of rapeseed AGB based on
different machine learning algorithms
ERs =
RMSE/ RMSE/
(gm™?) (gm™?)
272.52 0.80 212.43
479.22  0.61 558.65
431.15 0.59 556.82
550.28 0.46 429.40
394.77 0.73 1012.55
542.91 0.42 664.17
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505.00 0.37 733.89
460.00 0.28 423.72
580.00 0.36 539.44
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570.00 0.26 609. 54
540.00 0.20 642.45
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345.00 0.57 400.56
490.00 0.44 695.45
445.00 0.34 461.82
565.00 0.42 510.30
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555.00 0.33 580.64
525.00 0.27 615.42
500.00 0.49 455.67
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Fig.3 Fourier spectrum of UAV images at different

rapeseed growth stages
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Tab.3 Estimation accuracy of rapeseed AGB based on fused features

ok A s I BRTEAFAE %S Mk 4
i) e A R? RMSE/(g-m~?) R RMSE/(g-m~2)
SR + AR i -3 7 0.82 246. 17 0. 87 178. 44
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FEREFEE + (AT 53 i35 9 0.55 485.28 0. 46 263. 40
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Tab.4 Accuracy improvement of AGB estimation

based on fused features

[EEIETIN . " B
. WS HHE R MR
A L]
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R s
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