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Abstract: Tree optical porosity is characterized by the pore structure of trees, and studying its measurement methods is crucial
for research on tree thermal comfort regulation. Traditional tree optical porosity measurement methods are cumbersome,
constrained by the difficulty of acquiring photographic images, making them impractical for measuring horizontal porosity of
individual trees. Moreover, measurement accuracy is easily affected by natural light. This paper employs 3D point cloud
technology to explore an efficient workflow for extracting individual tree canopy openness parameters. After distinguishing the
similar concepts of tree optical porosity and clarifying the research objects of this paper, five commonly used garden trees in
urban greening in the north and south are randomly selected, and their point cloud data and photographic images are collected
respectively. By means of the 2D-binning concept and point cloud boundary extraction method, the number of grids in the pore
area and non-pore area of the orthographic projection plane silhouette of tree point clouds is counted. The tree porosity based
on the point cloud is calculated, and it is compared with the traditional method using tree photographic images as a reference.
Then, error tests and accuracy tests are conducted on the point cloud method to validate its effectiveness. Verification
demonstrates that the canopy optical porosity results measured by the point cloud method show a high correlation with those
from the traditional method, with a close 1 : 1 relationship. The proposed 3D point cloud-based method for measuring tree
canopy openness exhibits high accuracy and can be successfully applied to horizontal canopy openness measurements. The
research results can replace traditional methods for the efficient extraction of individual tree canopy openness parameters,
successfully addressing the limitation of conventional approaches in measuring horizontal canopy openness. This establishes
a practical foundation for refining assessments of tree shade benefits and thermal comfort regulation.
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Table 1 Comparison of optical porosity measurement methods based on photographic imaging in different research fields
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Table 2 Schematic illustration of photographic images of research subjects
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Table 3 Processed point cloud images and photographic images of individual trees
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Table 4 Tree canopy horizontal plane image captured from the human-eye perspective
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the tree trunk the tree trunk
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2 20 100 8 120 100
3 20 150 9 120 150
4 70 50 10 170 50
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6 70 150 12 170 150
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Fig. 1 Technical roadmap for tree optical porosity

measurement
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Fig. 2 Schematic diagram for principle of discrete point coordinate rounding
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Fig. 3 Schematic diagram for principle of ten-fold magnification of coordinates to improve measurement accuracy
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Table 5 Results of vertical porosity measurement of trees using two methods

T EL A 2 AR TR T e 25 A
e — Vertical surface measurement results ~ Horizontal level measurement results
NS i ES N . P S .
, 155 1PP Jr ik R JTiE L5 1PP ik JECRYIRIS
Tree number Tree species
Traditional IPP Point cloud Traditional IPP Point cloud
methods methods methods methods

PO RS

1 0.163 0.171 0.203 0.201
Malus micromalus

Kt

2 0.727 0.739 0.051 0.052
Cinnamomum septentrionale Hand.-Mazz
A
3 0.213 0.207 0.018 0.019
Celtis sinensis
R
4 0.080 0.077 0.085 0.087
Yulania denudata

Kt vt

5 0.243 0.228 0.301 0.298

Ligustrum lucidum
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Table 6 Paired-sample t-test on vertical surface optical porosity of trees measured by two methods

2E{E 95% EAF XA
N o 95% confidence interval for ER:iA EE
BRA T4 bR : T o
the difference Degrees of  Statistical
Data name Mean  Standard deviation T-value
TR IR freedom  significance

Lower limit  Upper limit

FEGEM T VR = DT 1%

Traditional Measurement methods minus ~ 0.005 00 0.074 12 -0.004 803  0.005803 0.213 9 0.878
point cloud measurement methods
fEGE 4t T
0.208 40 0.203 735
Traditional measurement methods
Jee i iR

0.207 90 0.206 489
Point cloud measurement methods
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Table 7 Percentage differences in vertical surface optical porosity measurement results of trees by two methods
e H BB [ T 22 51% KT 1 73 L2253/ %

WA S L ENUIES _ _ ) _
) Percentage difference in Percentage difference in
Tree number Tree species . . . .
vertical surface porosity horizontal permeability
PUFHESE
1 4.908 -0.982
Malus micromalus
PNUECY
2 1.651 1.961
Cinnamomum septentrionale Hand.-Mazz
A
3 -2.817 5.556
Celtis sinensis
SRR
4 -3.750 2.353
Yulania denudata
Kt
5 -6.173 -0.997

Ligustrum lucidum
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Fig. 5 Regression analysis of measurement results from
two methods
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