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Fig.1 Survey map of the study area ( b and c are UAV images of high canopy density forest and
low canopy density forest, respectively )
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(c) R50-C4 (d) R50-DC5

(a) ZE K&
(a) Reference image () R101-C4
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Fig. 2 Visual segmentation results of low/high canopy density forest images(c ~ i, | ~ r are R50-C4, R50-DC5,
R50-FPN, R101-C4, R101-DC5, R101-FPN and X101-FPN instance segmentation results)
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Table 3 Evaluation table of crown width and area extraction of single tree

gﬂ;ﬁd Pafiter Evaluiiﬁ\;‘?ﬂi cator R60-C4 R50-DC5 R50-FPN R101-C4 R101-DC5 R101-FPN X101-FPN
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FPEIE RMSEIm 0.390 0643 0490  0.397 0.591 0.369 0.476
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Fig. 4 Scatter plots of single tree number prediction in low/ high canopy density forest
(a—~g, h—~n are low/high canopy density scatterplots, respectively)
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Fig. 5 Scatter plots of canopy density number prediction in low/high canopy density forest
(a—~g, h—~n are low/high canopy density scatterplots, respectively)
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Tree Crown Extraction of UAV Remote Sensing High Canopy
Density Stand Based on Instance Segmentation

XIE Yun-hong, JING Xue-hui, SUN Zhao, DING Zhi-dan, LI Rui, LI Hao-wei, SUN Yu-jun

(National Forestry & Grassland Administration Key Laboratory of Forest Resources & Environmental Management, Beijing
Forestry University, Beijing 100083, China)

Abstract: [Objective] To obtain canopy information in high canopy density forest by remote sensing im-
ages. [Method] A single tree crown extraction method of UAV remote sensing image based on instance
segmentation model was tested. Seven residual networks were selected for feature extraction of the mod-
el, and the single tree crowns of pure Chinese fir forests with different canopy density were extracted one
by one. [Result] The results showed that the average boundary AP value and mask AP value of seven in-
stance segmentation models for canopy segmentation of low canopy density forest were 55.89% and
57.29%, respectively. The average RMSE of east-west crown width, north-south crown width and crown
area parameters was 0.161, 0.179 and 0.341, respectively. The R?> was 0.912, 0.918 and 0.957, respect-
ively. The average boundary AP value of canopy segmentation and the average AP value of canopy cover
of high canopy density forest were 46.00% and 44.45%, respectively. The average RMSE of east-west
crown width, north-south crown width and crown area parameters was 0.479, 0.497 and 1.256, respect-
ively. The average predicted R* was 0.806, 0.762 and 0.936, respectively. [Conclusion] The extraction ac-
curacy of each parameter is higher than the traditional survey accuracy, and this method can obtain crown
information automatically, rapidly and accurately.

Keywords: remote sensing; UAV; deep learning; instance segmentation; Mask R-CNN; crown extraction
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