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Table 2 - A summary of the quantitative characteristics of YYY¥Eldarica pine trees measured in the present study
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Figure 2 - Location map of pine trees recorded in field data (a) and the crown of pine trees determined by the local
maximum filter (b) on the orthophoto of the study area
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Table 3 - A summary of the statistical characteristics of the crown area of YYY¥eldarica pine trees estimated by UAV
events in the present study (unit of numbers is square meters)
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Figure 3 - Two examples of comparison of the crown border of pine trees identified on the color image (a) and cloud
points (b) of UAV data in the study area
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Figure 4- One-by-one diagram of real values of the canopy area of 324 pine trees with estimated values on color images

(a) and cloud points (b) of the drone in the study area (red linear regression line fitted to the data and continuous black
line Is one to one).
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Figure 5- One-by-one diagram of real values of the canopy area of 324 pine trees with estimated values in three classes:
small (less than 12 square meters), medium (18-12 square meters) and large (larger than 18 square meters) on color

images (A, B, C) And UAV cloud points (d, e, and f) in the study area (number of trees per floor is approximately 108
bases) (red dashed linear regression fits the data and continuous black line is one-to-one line)
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Abstract

Application of unmanned aerial vehicles (UAVS) is
widespread in  measurement of  quantitative
characteristics of single trees such as crown area.
However, the efficiency of different types of data
collected by UAVs are less compared. Therefore, the
aim of this study was comparison of UAV RGB
imagery and point clouds in crown area estimation of
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individual pine trees within a man-made forest in
Pardisan Park, Northern Khorasan province, Iran. Both
datatypes were analyzed by similar segmentation
method (Marker-Controlled Watershed algorithm) to
estimate crown area of 324 sample pine trees.The
results showed that the crown area measured on the
point clouds had higher accuracy and precision
compared to RGB imager (Spearman correlation of 0.95
and 0.81, coefficient of determination of 0.97 and 0.59,
p-value of 0.97 and 0.001, respectively). Additionally,
crown area of pine trees with large crown (> 18 m?)
delineated on the point clouds showed the highest
accuracy in comparison to trees with small and medium
crowns. In general, it was concluded that segmentation
of UAV point clouds was more efficient than RGB
imagery segmentation in quantification of crown area of
pine trees within the study area.

Background and objectives

Man-made forests are established with ecological
scopes such as conservation of soil and water
resources and economic aims like wood production
and in general, reduction of pressure on natural
forests. The ecological and economic aims of man-
made forests are closely related to above-ground
biomass (AGB) of their single trees. Tree crown is
one of important quantitative characteristics that
has different functions such as CO, absorption,
energy and oxygen release through photosynthesis
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in addition to its participation in AGB.
Additionally, size of grown is closely related to
tree growth, therefore, it is considered in forest tree
inventory. Considering the importance of tree
crown, there are diverse techniques to measure it in
field  mensuration. However,  field-based
techniques are costly and difficult.

One of techniques recently considered by forest
researchers and managers is application of UAV
(Unmanned Aerial Vehicles) RGB imagery and
point clouds. The efficiency of theses data in
estimation of tree crowns in man-made forests
were reported separately. However, this question
needs to be answered that between RGB imagery
and point clouds available after UAV imaging,
which data is more efficient in accurate estimation
of crowns of single trees in a man-made forest.
Therefore, this study aimed at comparison of RGB
imagery and point clouds captured by UAV in
estimation of crowns of Pinus eldarica single trees
in a man-made forest. The achievements of the
present research is considered an important step
toward obtaining the information necessary to
sustainable management of man-made forests.

Materials and Methods

In accordance with the aims of this study, a 14-ha
plot was selected in pure man-made forests of P.
eldarica in Pardisan Park, Northern Khorasan
province, Iran. Trees were planted in two years of
2004 and 2010 with three meter spacing. All trees
(i.e., 324 individuals) within the plot were
measured in five days. In addition to spatial
location of each tree, their characteristics such as
perpendicular crown diameters, diameter at breast
height and height were measured. Moreover, the
area was photographed by DJI Phantom 4 pro
UAYV on 4 March 2021 at 2:30 p.m.

Image collection was performed at 40 m height and
vertical position with end- and side-lap of 80 and
40 percent, respectively. Georeferencing and
mosaicking of the imagers were performed by 14
ground control points. After necessary processing,
a 3D model was constructed from RGB imagery
based on structure from motion (SFM) algorithm.
In the next step, a point cloud was produced with
density of 1.27 points cm™. Crown area estimation
of pine trees on RGB imagery was obtained by
multi-resolution segmentation of green and red
bands. According to crown shape of pine trees and
status of the study area, suitable segmentation
parameters were selected for precise delineation of
crown boundaries. Finally, the crown area of each
pine tree in the study plot was estimated by

determining the area of crown boundary. A crown
height model (CHM) was constructed from the
point clouds and marker-controlled watershed
(MCW) algorithm was used for its segmentation.
The identified crowns of pine trees was used for
estimation of crown area of each tree. The
measured crown areas in the field and those
estimated on RGB imagery and point clouds were
statistically compared by appropriate tests.
Additionally, cross-check plots were made
between the measured and estimated values and
their correlation was evaluated by Pearson
coefficient. The results were also evaluated by
stratification of tree crowns into small (<12 m),
medium (12 m < ~ <18 m) and large (>18 m)
crowns and cross-check plots were assessed in
each stratum. The precision of results was
evaluated by relative root mean squared error
(RRMSE), model efficiency (ME) and bias score
(BS).

Results and Discussion

The crown area of 324 individuals found within the
study areas was estimated by segmentation of RGB
imagery and point clouds. The efficiency of MCW
algorithm used for CHM segmentation in this
study was shown in previous research. Paired
comparison of estimated crown areas with the true
values showed that the crown areas of pine trees
obtained from point clouds were not significantly
different from the true values (p = 0.97). However,
the crown areas provided by segmentation of RGB
imagery were different from the true values (p <
0.05). Spearman correlation coefficients of crown
areas on RGB imagery and point clouds and true
values were 0.81 and 0.95, respectively.
Furthermore, the crows-check plots indicated that
the coefficients of determination (CoD) of
comparisons were 0.59 and 0.97, respectively.
Precision assessment of crown areas estimated on
RGB imagery and point clouds showed RRMSE of
30 and 15%, ME of 0.24 and 0.31, and BS of 1.32
and 0.93, respectively. Moreover, comparison of
crown area estimation in three strata of small,
medium and large indicated that the highest and
the lowest aggrement with the true values were
observed in crowns of large trees on point clouds
(CoD = 0.93) and crowns of medium trees on RGB
imagery (CoD = 0.14).

Conclusions

In general, the achievements of this research
showed that RGB imagery was less efficient than
point clouds in crown area estimation of single P.
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eldarica trees. Furthermore, the crown areas of
large trees were estimated more accurately than
small and medium trees on UAV point clouds.
Efficiency of point clouds compared to RGB
imagery in crown area estimation of single P.
eldarica trees within similar conditions (i.e., UAV

type, spatial and temporal imaging conditions,
segmentation algorithm) in this research can be
additionally investigated in future studies.
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