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Fig. 2 Feature importance assessment results and OOB accuracy of different feature combination models
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Fig. 3 Paddy rice distributions based on different images of phenological phases in Panjin City in 2020
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Table 2 Paddy rice classification accuracy based on

feature—optimized random forest in Panjin City in 2020
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Table 3 Paddy rice classification accuracy without
red—edge information based on feature—optimized

random forest in Panjin City in 2020
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Table 4 Paddy rice classification accuracy without bands
B7 and B8 based on feature—optimized random forest
in Panjin City in 2020
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Remote sensing extraction of paddy rice in Northeast China from GF-6
images by combining feature optimization and random forest

ZHANG Yueqi, REN Hongrui

College of Mining Engineering, Taiyuan University of Technology, Taiyuan 030024, China

Abstract: Searching for an efficient, high-precision method for mapping paddy rice planting distribution in Northeast China has important
implications for accurate paddy rice yield estimation and agricultural policy making.

In this paper, paddy rice planting distribution was mapped by feature optimization random forest method in Panjin City, Liaoning
Province. Based on the land coverage types, 2000 samples of 1000 paddy rice samples, 250 water samples, 300 wetland samples, 150 dry
land samples, and 300 construction land samples were acquired. Training samples and testing samples accounted for 70% and 30%,
respectively. In addition, 36 paddy rice field validation points were obtained through field surveys. The spectrum features, vegetation
indexes, water index, and red edge indexes were constructed by using the GF-6 WFV images taken in the periods of May 11, May 25, June
1, June 6, July 20, and August 22 in 2020, and these images corresponded to the trefoil stage, transplanting stage, returning green stage,
booting stage, and heading stage according to the phenological phase of paddy rice in Panjin City, respectively. The returning greening stage
image was covered by June 1 and June 6. The feature importances of single temporal images and time series images were calculated, and out-
of-bag (OOB) estimations on different feature combination models were performed based on OOB data. The optimal input features were
selected after comprehensively considering the accuracy and complexity. Then, the feature optimization random forest model was established
to extract the paddy rice planting area and spatial distribution information in Panjin City in 2020.

According to the testing samples and the paddy rice field validation points, the accuracy evaluation of classification results showed the
following: (1) Based on the single temporal images with different phenological phases, all the classification accuracies were 94% and above.
The classification result of the image in the paddy rice transplanting stage was the best that the overall accuracy, F1 score (paddy rice),
Kappa coefticient, and field validation point accuracy were 97.67%, 98.84%, 0.97, and 97.22%, respectively. (2) On the basis of comparison
with the classification results of single temporal images, using time-series images for land coverage classification and paddy rice information
extraction effectively improved the classification accuracy and reduced misclassification and omission, and the paddy rice classification map
polygons were more regular. The overall accuracy, F1 score (paddy rice), Kappa coefficient, and field validation points accuracy with time
series images were 99.33%, 100%, 0.99, and 97.22%, respectively. (3) Through analyzing of the paddy rice extraction results with or
without red edge bands and red edge indexes, the classification accuracy was improved by the introduction of red edge information. This
paper proved that based on the feature optimization random forest model, the paddy rice information was accurately extracted by using the
single temporal image of paddy rice transplanting stage. Compared with single temporal image, using time-series images improved the
classification accuracy. Considering the complexity and running speed of the model, the single temporal image of paddy rice transplanting
stage was used to extract paddy rice planting area to meet the accuracy requirement in practical applications. (4) Through analyzing the
results of paddy rice extraction without purple band and the yellow band, this paper proved the introduction of purple and yellow bands can
improve the classification accuracy, but the effect of improving the accuracy of the classification result was inferior to the red edge
information.

Improving the classification accuracy of paddy rice and enhancing crop recognition capabilities by red edge information, purple band,
and yellow band, showed the GF-6 satellite had broad application prospects in crop precise identification and area extraction.

Key words: remote sensing, random forest, red edge band, feature optimization, GF-6, paddy rice, purple band, yellow band
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