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Estimation of Summer Corn Fractional Vegetation Coverage
Based on Stacking Ensemble Learning

ZHANG Hongming' CHEN Lijun' LIU Wen' HAN Wenting® ZHANG Shuyin' ZHANG Fan'
(1. College of Information Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China
2. College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract; Based on the UAV multi-spectral image, the summer corn vegetation index was extracted as a
feature variable, and the Pearson correlation coefficient combined with the random forest algorithm was
used to reverse the verification weight method for feature selection and redundant features were removed.
Random forest, gradient boosting tree, support vector machine and ridge regression were used as the
primary learner, and ridge regression was used as the secondary learner to establish a summer corn
coverage estimation model based on Stacking ensemble learning, and 5-fold cross-validation was used to
further improve model generalization ability, a combination of random search and grid search was used to
optimize model hyper parameters, four regression indicators were used for model accuracy evaluation, and
the following year’s data was used to verify its robustness. The experimental results showed that compared
with a single model and decision tree, Xghboost, Adaboost, and Bagging integrated framework, the
Stacking integrated learning model had higher accuracy and stronger robustness. The R was 0.950 9,
which was an average improvement of 0.036 9 than that of the single model. Compared with other
integrated models, the average increase was 0. 041 7; RMSE, MAE and MAPE were 0.043 2, 0.033 0
and 5.01% , respectively, which were 0. 013 8, 0.013 0 and 2. 14 percentage points lower than that of
the single model, and 0.018 5, 0.012 6 and 2. 15 percentage points lower than that of the other
integrated models. The research result provided a method and effective support for the estimation of
summer corn coverage.

Key words: summer corn; fractional vegetation cover; Stacking ensemble learning; unmanned aerial
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Fig.1 UAV image in research area
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Tab.1 Main parameters of multispectral camera
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Tab.2 Correlation analysis results of characteristic

variables and FVC of test samples
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Tab.3 Importance of vegetation index
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Tab.4 Main parameters of each base learner
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Fig.4 Spatial distributions of FVC of summer

corn in study area
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Tab.5 Comparison between the single model

and Stacking model

i MAPE/ % RMSE MAE R?

RF 6. 60 0.0545 0.043 0 0.9218
GBDT 7.57 0. 060 7 0.048 4 0.903 1
SVM 6.33 0.0523 0.043 1 0.9279
U [ 1 8. 12 0.060 6 0.049 6 0.903 2
Stacking 5.01 0.0432 0.0330 0.9509
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Tab.6 Comparison with other methods

A MAPE/ % RMSE MAE R?
S ) 7. 10 0.071 0 0.0449 0.908 3
Xghoost 7.74 0.0617 0.049 2 0.8999
Adaboost 6.72 0.054 8 0.0429 0.920 8
Bagging 7.09 0.059 1 0.045 4 0.908 0
Stacking 5.01 0.0432 0.0330 0.9509
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