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Abstract. Visible light imaging is becoming an effective tool for high-throughput plant phenotyping and
genetic research due to its advantages of rapidity, economy and non-destructiveness. However, the
evaluation of yield phenotypic characteristics that are invisible to the naked eye based on visible light
images remains to be solved. A technical method for evaluating sorghum aboveground biomass by fusing
multi-class features with multi-view images was proposed to address the problem of limited image data
accuracy due to overlapping plant leaf occlusion and single variable scale. A two-factor ( water and
nutrient) and two-level ( high and low) experiment was conducted on 300 sorghum plants of 15

germplasm genes. Based on a rotating platform, totally ten side-view images and one top-view image were
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automatically collected at equal angles for each sorghum plant by using a visible light camera. The
morphological characteristics (top-view and side-view projection area) , color characteristics ( RGB pixel
values) and texture characteristics ( mean, covariance, homogeneity, etc. ) of each sorghum plant were
extracted through plant mask images. The information from multiple perspectives was averaged, and 16
color vegetation indices were constructed based on the image R, G, and B pixel values. The results
showed that compared with considering image information of a single type of variable and a single
perspective, the fusion of morphological, texture and color features based on multi-perspective average
image information can significantly increase the ability to obtain the aboveground biomass phenotype of
sorghum. The SVR, RF and BPNN algorithms were used to fuse 21 sets of optimized image data variables
to construct a regression model for aboveground biomass of sorghum. The RF algorithm model with the
highest accuracy had a test set determination coefficient ( R>) of 0.881, a root mean square error
(RMSE) of 60.714 g/m”, and a mean absolute error ( MAE) of 42.364 g/m’.
optimize the parameters of the RF algorithm model, GA, GS and SSA were selected to optimize the
hyperparameters of the RF algorithm model. The results showed that the test set R* of the SSA — RF
optimization model was increased to 0.902, the RMSE was 48.706 ¢/m’, and the MAE was 39.877 g/m’.

Based on the fusion of multi-view image morphology,

In order to further

color and texture features, more effective
information can be derived from limited information for estimating the aboveground biomass of sorghum,
thereby providing a theoretical basis and technical support for sorghum growth monitoring, stress
detection, precise application of water and fertilizer, and rapid screening of improved varieties.

Key words: multi-view image; aboveground biomass; morphological features; color features; texture
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Tab.1 Vegetation indices developed from RGB images
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Fig.4 Color vegetation index visualization image
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Fig.5 Texture feature visualization image

2.4.2  RIRVRRAE 2 BE

TEFE ) 22 B 5 AR B K SCmR R I R
FRIE 5 R AL Z R B AH OC R AR T 0. 4 RPAT ALy i 3
G, 25 A ia R ) 25 A 1 G R AE AR 8 7T DL 5
FRAT R R B A R T T AR SO v R T O R R S
Hbu b A R DG ZR O TR A ART R ) A0 A A AR AR
NSRRI B SR 21 AR RN T, N TR
Fe S B AR B 1 3 B I A5 000 1) B4 4R AE 43 S
Fi TV .SV AERRTE X 4, 40 TV — ASM 2 75 I # 1&]
141 B SV — HOM 22 725 0 0 18 4% 1y ) ot ek
ST A AL A B N3 3 R .

3 MLTE
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Tab.4 Aboveground biomass estimation results

based on different algorithm models
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SVR 0.851 45.271 29.858 0.809 65.068 51.216
RF 0.943 36.290 26.670 0.881 60.714 42.364
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Tab.5 Optimal parameters of RF model after optimization
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Fig. 6 Accuracy comparisons after model optimization
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Fig.7  Violin plots of aboveground biomass of sorghum in different treatments and genotypes
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