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Note: In figure b, the inner circle indicates recognized error clusters; in figure c, the rectangles represent the AABB bounding boxes for each cluster; in figures d and f,

the solid circles indicate the extracted key points
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Fig.3 Key point extraction from UAV and ground-based image point clouds
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Note: In the coarse registration results and the fine registration results, purple represents the ground image point cloud, green represents the UAV image point cloud; in
the local details of the fine registration, yellow represents the ground image point cloud, and red represents the UAV image point cloud.
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FEH 4 Sample plot 4 3802408.61 1.21 1.28 1.22 0.80 0.07 0.07
FeHh 5 Sample plot 5 3801 829.81 1.63 1.42 1.43 0.86 0.08 0.07
3 6 Sample plot 6 3801 836.33 1.90 1.87 1.76 1.40 0.18 0.05
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113 m > Bk 0.75 m > FRAH 0.52 m), 17 A [F] 4 Fofe 5
FH O AE 2 BN (W 0.13 m > A5 B 0.08 m > kb
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Forest point cloud registration using the tree top and the
ground-level tree center

LIU Jincheng' , GUO Yijun' , ZENG Jia! , CHEN Zhuo' , WANG Haiming® , YU Qiang™**

(1. College of Natural Resources and Environment, Northwest A & F University, Yangling 712100, China; 2. College of Soil and Water
Conservation Science and Engineering , Northwest A & F University, Yangling 712100, China)

Abstract: Unmanned aerial vehicle (UAV) and ground-based photogrammetry have been essential to the forest resource
surveys, due to the low cost, high efficiency and scalability. However, the complex and heterogeneous nature of forest
environments can often lead to the UAV platforms with the less understory information. While the ground platforms can
frequently miss the canopy details. The information gaps can be caused by different observation perspectives from UAVs and
ground platforms. Some challenges are also remained to efficiently register photogrammetric point clouds. In this study, a point
cloud registration was proposed for forest images, according to three-dimensional (3D) point cloud from UAV and ground
photogrammetry. Key points of feature were then extracted using coarse-to-fine registration, including the tree top and the
ground-level tree center. The specific procedures were as follows: 1) Image Point Cloud Acquisition. In UAV platforms, DJI
Phantom 4 RTK UAV were used to capture plot images via oblique photogrammetry. In ground platforms, a "simulated flight
path" was employed to obtain the plot images. 3D reconstruction was implemented to generate 3D point cloud data. 2) Feature
Point Extraction. Single tree segmentation was combined with AABB bounding boxes and Euclidean clustering. The highest
points of individual UAV tree canopies were extracted as feature points. Euclidean clustering was used on ground image point
clouds. Single trees were then segmented to extract the ground-level tree center as ground feature points. 3) Coarse
Registration. Feature points were mapped from 3D to 2D. Transformation relationships were calculated using improved
simulated annealing, partial/full point pair transformation and scale adjustment. The coarse registration was achieved in the
original point cloud. 4) Fine Registration. Precise registration was achieved to reduced further error using iterative closest point.
A series of tests were performed on six sample plots with different tree species. The results demonstrated the following: 1) The
high accuracy and reliability were validated experimentally in the single tree segmentation with AABB bounding boxes and
Euclidean clustering. 2) The better performance and stability were achieved in the forest image point cloud registration with
improved simulated annealing and iterative closest point. The average errors of coarse and fine registration were 0.09 and
0.06 m, respectively, in the six sample plots. The coarse registration was closely matched the fine registration, indicating the
refined registration of image point clouds from UAV and ground platforms. 3) Poplar trees shared a greater impact on coarse
registration, compared with ginkgo and catalpa trees. While there was the minimal impact of different tree species on the fine
registration. 4) Scale differences were emerged as the influencing factors on forest image point cloud registration. It was
necessary to consider and correct during registration. Therefore, cross-platform registration was successfully implemented on
the forest image point clouds using UAV and ground-based photogrammetry. A promising approach was presented to tackle the
challenges of forest image point cloud registration. This finding can also provide the sound support to forest resource surveys,
and 3D forest reconstruction in the wide application of image point clouds. Furthermore, the practical insights can be offered
for the precision and intelligent forestry production.

Keywords: UAV; point cloud; forestry; tree top; terrestrial photogrammetry
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