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Three-dimensional Point Cloud Automatic Registration for Dwarf
and Dense Planted Jujube Tree Based on Skeleton Points

MA Baojian'® YAN Jinshan' WANG Le' JIANG Huanyu'
(1. College of Biosystems Engineering and Food Science, Zhejiang University, Hangzhou 310058, China
2. College of Mechanical and Electrical Engineering, Xinjiang Institute of Technology, Aksu 843100, China)

Abstract; The current planting pattern of dwarf and dense jujube tree was increasingly conducive to
mechanized harvesting, spraying and automated pruning, in which pruning of jujube tree removed
redundant or overgrown branches and controlled tree structure to increase yield and extend life cycle.
There were two main pruning methods: artificial pruning and whole geometric pruning. The quality of
artificial pruning which was low efficiency, high labor cost and labor intensity was high. Higher efficiency
can be achieved through whole geometric pruning with pruning machine adopted fixed distance, but wrong
and missing pruning was serious. Automatic selective pruning reduced cost of labor, with a large number
of useful branches being protected. In order to meet the requirement of automatic selective pruning of
jujube tree, a complete 3D model of tree was needed. To ensure that two frames of point clouds of two
fixed cameras were matched together with high accuracy, point cloud registration revisited algorithm was
used. A system platform was built with two Azure Kinect DK depth cameras to obtain two fames of point
clouds of a same tree in two positions with 55 degrees rotation difference. In order to register these two
frames automatically, skeleton points based registration pipeline was proposed. Firstly, skeleton points’
eigenvectors were calculated with fast point feature histograms ( FPFH). Then, sample consensus initial
alignment (SAC —TA) was applied for rough registering. Finally, fine registration with ICP algorithm was
done with KD-tree acceleration to obtain a completed 3D branches model. The registration precision and
time for the different natural environments were compared in the experiment, and results showed that

illumination had a significant influence on the number of point clouds of jujube tree collected by the
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system. As a result, jujube branches 3D model were partially incomplete in sunny days, while complete

jujube branches can be reconstructed in cloudy days and at night. In sunny days, the registration time

was the minimum, only 0. 09 s, and error was the largest with fitting score of 0. 000 29 ; in cloudy day the

registration time was 0. 12 s between sunny days and night, and the error was the smallest with fitting

score of 0. 000 11. Compared with sunny and cloudy days, registration time was the longest at 0. 16 s at

night, and the error was between sunny and cloudy days.

Key words: jujube tree; RGB — D camera; selective pruning; skeleton points; point cloud registration
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Fig.1 Dwarf and dense planted jujube tree
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Fig. 10 Overall process of jujube tree reconstruction
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Tab.2 Analysis of point cloud registration in sunny day
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2 i ICP 42062 0.33 0.007 10
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A SOk 24 0.09 0. 000 29
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Tab.3 Analysis of point cloud registration in cloudy day

i ¥ 7 1 VU ARG BOMERS RS A B
2 i ICP 51153 0.26 0. 006 50
SIFT — ICP 1089 1.47 0. 000 20
ISS — ICP 946 1.07 0.000 19
HARRIS — ICP 9893 11.33 0.000 19
A CEE 24 0.12 0.000 11
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Tab.4 Analysis of point cloud registration at night
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Tab.5 Numbers of jujube branch and breakpoint
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A i 5 . Boga Mk S R
) SH Kt B B
Tree — 1 5 28 5 28 3
Tree —2 2 15 2 15 0
Tree —3 3 20 3 20 2
Tree — 4 4 24 4 24 2
Tree —5 3 18 3 18 1

x6 ERARBMAELZR

Tab.6 Results of jujube point clouds registration

- ENERg
[EPR 4PN T (1]
Tree — 1 0. 000 31 0.000 13 0. 000 21
Tree —2 0. 000 25 0. 000 08 0. 000 17
Tree — 3 0. 000 28 0. 000 10 0. 000 19
Tree —4 0. 000 30 0.000 11 0. 000 20
Tree —5 0. 000 27 0. 000 09 0. 000 18
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