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Fig.1 Flowchart of predicting diameter of tree at breast height
based on unmanned aeria vehicle image analysis
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b. Ginkgo biloba L.No.3 at 40 m
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a Ginkgo biloba L. No.1at 60 m

c. Piil—5, KATEE25m d. VER TS, KATEE 40m
c. Platanus orientalis Linn. No.Lat 25 m  d. Platanus orientalis Linn. No.2 at 40 m

s B a-c A E SRR 2.88 mx1.92 m, B d R S BRTTA Y 0.3 mx
0.4m.
Note: Actual areaof whiteflagis2.88 mx1.92 minfig.a~cand 0.3 mx 0.4 minfig.d.
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Fig.2 Unmanned aerial vehicle orthoimages of Ginkgo
biloba L. and Platanus orientalis Linn.
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Fig. 3 Type-2 fuzzy c-means based image segmentation results
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Fig. 4 Treecrown extraction results
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Table2 Rate of mis-segmentation of tree crown region
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Prediction of trees diameter at breast height based on
unmanned aerial vehicleimage analysis

Liu Wenping, Zhong Tingyu, Song Yining
(College of Information, Beijing Forestry University, Beijing 100083, China)

Abstract: The diameter of tree at breast height (DTBH) is an important parameter in the evaluation of forestry assets. The
traditional method of obtaining the DTBH requires the field survey by the forest workers. To explore the feasibility of the
image analysis technique in the evaluation of forestry assets, this article proposes a new approach to predict the DTBH based
on the remote sensing imaging technology of the unmanned aerial vehicle (UAV). Tree species used in our experiments include
Ginkgo hiloba L. and Platanus orientalis Linn. which are from Tancheng District, Linyi City, Shandong Province, China. In the
past few years, many studies have shown a high correlation between the DTBH and the crown diameter of tree. This paper
explores the correlation between the tree crown region in the image and estimated DTBH. First, the tree crowns in the image
are segmented using a Type-2 fuzzy c-means algorithm. Then, the actual area of tree crown (AATC) is calculated from the
segmented image. Finaly, the correlation between the AATC and measured DTBH can be established. The detail steps of this
method are described as follows: 1) The individual tree crown is segmented from the ortho images taken by the UAV using a
Type-2 fuzzy c-means algorithm in order to obtain the pixel area (pixel number) of tree crown (PATC) in the image. 2) A white
flag with the size of 2.88 m x 1.92 m or 30 cm x 40 cm is used in our study. The ratio of the pixel areain ortho image to the
actual area of the flag is calculated. Based on this ratio and the segmented PATC, the AATC is uniform for different flight
height. 3) Multiple trees are chosen as training samples, and their measured DTBH is used to derive the correlation function
between the AATC and DTBH. 4) The above correlation function is used to calculate the DTBH of the other trees for the
validation, and the estimated DTBH and actually measured DTBH are compared to obtain the DTBH error. All of them are less
than 1 cm which isthe forestry standard. In this study, we model a small area of the forest. The reason to choose a small areais
that a huge forest with different landscapes or tree ages will have an impact on deriving a precise correlation function. Hence, a
small forest area of 20 m x 20 m is selected as a sample site to establish the correlation function between the tree crown area
and the measured DTBH by using multiple tree samples. The DTBH in the other areas of the forest with the same tree species
can then be predicted according to this correlation function. Experimental results demonstrate that the proposed method is
feasible and effective. Based on our preliminary experiments, the average error between the actually measured and calculated
DTBH of Ginkgo biloba L. with 1.2 m height is 0.31 cm, and 0.27 cm for Platanus orientalis Linn. with 1 m height. Both
errors are less than 1 cm which is acceptable by the forestry standard. This automatic measurement method has the advantages
of simplicity, high efficiency, and low cost. The proposed method can be generalized to other species in the forestry. At the
same time, this new method provides an intelligent exploration method and informative way for the forest asset evaluation.
Keywords. unmanned aerial vehicles; image analysis; prediction; Type-2 FCM; crown area extraction; diameter of tree at
breast height prediction; forestry assets evaluation



