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Tree Species Identification of Broadleaf Mixed Forest Based
on Lidar Data and High-resolution Images
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Abstract: [Objective] By comparing the tree species recognition performance between different models, the
optimal deep learning model is determined. And the specific period of the most suitable tree species recognition is
determined according to the recognition accuracy of different periods. [ Method] In this paper, three dominant tree
species, Castanea seguinii, Quercus glandulifera and Platycarya strobilacea, in Tianma National Nature Reserve,
Jinzhai County, Lu’an City, Anhui Province, were taken as the research objects. The comparative shortest-path
algotrithm integrated in LIDAR360 software was used to segment the point cloud data of deciduous period (March
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2022). The convex hull algorithm in Openi3D was used to determine the boundary of single tree point cloud, which
was projected on the 2D plane to obtain single tree boundary. The individual tree boundary is used to determine the
individual tree canopy range of the high-resolution image. Combining with the manual interpretation, the individual
tree canopy boundary is obtained by local modification of some boundaries. Finally, the canopy image data of each
individual tree in different periods ( April 2022, July 2022, September 2022 ) is obtain by the Arcpy toolkit. The
normalized sample data were randomly divided into training set, test set and verification set according to 6 : 2 : 2.
Three deep learning models of AlexNet, AlexNet-SE and ResNet-50 were constructed under the PyTorch framework.
The training set and test set were used for model training. The optimal model was selected by comparing the loss
value and accuracy. The verification set was used to verify the generalization ability of the model. The overall
accuracy, producer’s accuracy, user’s accuracy and Kappa coefficient were obtained by calculating the confusion
matrix after training. The results of different periods were compared to determine the best tree species identification
period. [Result] In terms of tree species identification accuracy at different times, in April image data, the overall
accuracy of AlexNet was 96.80%, with a Kappa coefficient 0.9518. The overall accuracy of AlexNet-SE was
97.92%, with a Kappa coefficient 0.9687. The overall accuracy of ResNet-50 was 98.87%, with a Kappa coefficient
0.9830. In July image data, the overall accuracy of AlexNet was 96.73%, with a Kappa coefficient 0.9508. The
overall accuracy of AlexNet-SE was 97.22%, with a Kappa coefficient 0.9581. The overall accuracy of ResNet-50
was 98.59%, with a Kappa coefficient 0.9788. In September image data, the overall accuracy of AlexNet was
96.37%, with a Kappa coefficient 0.9453. The overall accuracy of AlexNet-SE was 97.15%, with a Kappa
coefficient 0.9571. In the data of the whole period, the overall accuracy of AlexNet was 95.22%,with a Kappa
coefficient 0.9279. The overall accuracy of AlexNet-SE was 96.30%, with a Kappa coefficient 0.9444. The overall
accuracy of ResNet-50 was 97.82%, with a Kappa coefficient 0.9671. [ Conclusion] In different periods, ResNet-
50 uses residual blocks to deepen the depth of network learning. The accuracy of ResNet-50 is better than AlexNet-
SE and Alex-Net models. AlexNet-SE adds an attention mechanism on the basis of AlexNet. The accuracy of the
verification set of the AlexNet-SE model has always been better than the AlexNet model. According to the accuracy
of tree species identification, it can be determined that the best time for tree species identification in this study area
is in April, the recognition performance in July is slightly worse, and the September is the worst. The model volatility
is not large for entire period data, but the tree species recognition accuracy is reduced.
Key words: lidar; high-resolution images; tree species identification; broadleaf mixed forest.

1437



