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Abstract

A single tree crown extraction is of great importance for forest management and inventory.
In this study, an automated segmentation method that is able to fully utilize the unmanned
aerial vehicle (UAV) data for extracting, and characterizing a single tree crowns with many
geometric and topological properties. UAV becomes one of the appearance technologies that
offers an affordable, cheaper, and faster technology in acquiring data for numerous
applications. This technology had provided the ability to clearly look at a single tree, which
shows opportunities in many activities such as monitoring, tree species mapping and tree
disease mapping. In this study, UAV technology has been taking a look at several algorithms
for estimating tree height value of a single tree crown. The single tree crown was obtained from
the digital surface model by using four algorithms such as watershed segmentation, object-
based image analysis, inverse watershed segmentation and seed generation. As a conclusion,
this study has contributed to the knowledge extension in this area and presented the result of the
tree height values according to the segmentation algorithm at the different flying height data.

Keywords: UAV Imagery. Tree Height Estimation. Tree Crown Extraction

1.0 INTRODUCTION

The forest information such as tree height, crown diameter, tree count is essential for
several applications like forest regeneration, biodiversity assessment, tree growth modelling
and others (Biging & Gong, 2007; lizuka et al., 2018; Mohan et al., 2017; Jaafar et al., 2018).
Those parameters are important in order to sustain the better planning and monitoring of the
forest values and its existence in our global environment. Therefore, the forest information is
critical for the effective analysis and management of forest. However, gathering faster and
more efficient of forest inventory information is presently become one of the concerns and
challenges in forest management (lizuka et al., 2018).
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2.0 LITERATURE REVIEW
2.1 Unmanned Aerial Vehicle

UAV becomes an advanced technology with more cost-effective to airborne LiDAR and
RADAR technologies (Mweresa et al., 2017), controllable, achievable to obtain the high
resolution (Seul et al.,, 2015) and produce 3D images in data processing (Tuominen et al.,
2015). Furthermore, UAV imagery, presently, has been used to systematically observe forest
canopy height (Panagiotidis et al., 2017).

2.2 Tree Height Estimation

Tree height is an important ecological attribute, to determine the trees flourish with
sunlight. Otherwise, the tree becomes die because of no sun exposure. There some studies
were conducted to estimate the tree height for a particular purpose such as estimation of forest
biomass, forest assessment of planning and design (Ritter, 2014), 3D model of forest structure
(lizuka et al., 2018) and model the forest canopy surface (Lisein et al., 2013). Mweresa et al.,
(2017) estimate tree height using the basic calculation technique which is subtracting Digital
Terrain Model (DTM) from DSM. In this study, the estimation of tree height will be based on
tree crown delineation derived from DSM. in this case, four (4) appropriate algorithms are used to
extract tree crown.

3.0 RESEARCH METHODOLOGY

The data acquisition and processing were conducted using quantitative method. It
involves four phases which include preliminary study, data acquisition, data processing, and
results and discussions as shown in Figure 1. In this study, a single tree canopy was used to
conduct the data acquisition process. Phase 1 is on the preliminary study that deals with
determining study area and flight planning. Phase 2 addresses the data acquisition by using
DJI Phantom 4 pro to capture oil palm tree. Phase 3 discusses on data processing. Finally,
phase 4 presents the results and data interpretations.
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Figure 1: Overall Methodology Process.

The study focuses on a single oil palm tree as a case study. It is located at (4°22'50.60" N,
101°01'00.24” E) Kg Bali area within the region of private oil palm plantation. In this study, a
single tree canopy was used to conduct the data acquisition process. A single tree canopy was
selected to see the effectiveness of tree crown based on algorithms approach to determine
tree height value in different flying height.

A single tree canopy was selected to see the effectiveness of tree crown based on
algorithms approach to determine tree height value in different flying height. The UAV was
flown at an altitude 20 meters, 40 meters, 60 meters and 80 meters with an image overlapping
80% front lap and 75% side lap. The image was captured in stereo mode flying view for each
flying altitude. After having the data acquisition, all the acquired raw images data were

processed using Agisoft Photoscan software. All the processes were performed under the
requirement settings and in a fully automated approach. At this stage, there are five processes
to be accomplished (see Figure 2). Firstly, aligning photos which is to find the orientation for
each photo and camera position was set based on onboard positioning. With regard to this, the
selection of the accuracy level is based on four scaling rates, namely the highest, high,
medium, and low processes. It is followed by the process of building dense cloud which is to
perform the image matching automatically. In this situation, the algorithm used to search the
same point for each image before proceeding to the 3D generation. The next process is to

24



Property Talk 2021: Industrial Revolution 4.0 in Malaysian Property

build mesh which is to create the surface by using triangulation method. Finally, is to generate a
digital surface model (DSM) where through it the tree crown can be extracted accordingly.

Align Photos Build Dense Cloud

9

Build Mesl

Figure 2: Image Processing using Agisoft Software.

4.0 RESULTS AND DISCUSSION

By accomplishing all the processes that have been explained above, Figure 3 shows the
tree crown extraction results by segmentations methods and flying height.

) merers

+) mztens

40 mrters

Figure 3: Tree Crown Results by Algorithm Approaches and Flying Height.

Table 1 shows the tree crown diameter reading according to the different segmentation
algorithms and the different flying heights. From the results, it has found that the crown
diameter value is less than 1 meter for all the segmentation heights. The crown diameter
values from OBIA are slightly different which given range of 0.073m to 0.525m at different
flying height. However, the crown diameter values for SG segmentation produced between
0.002m to 0.016m reading at different flying altitude. The reading value for IWS segmentation
indicates that different crown diameter between 0.023m to 0.923m at different flying height.
Meanwhile, the WS segmentation presented the crown diameter between 0.058m to 0.892m.
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Table 1: Crown Diameter Values.

Flying Height {m) Tree Crown Diameter (meter)

WS WS OBIA SG
20 8.037 8.912 8.321 9.473
40 8.960 9.746 8.561 9.471
60 8.937 9.048 8.634 9.457
80 8.301 8.854 8.846 9.473

As indicates in Table 2, the IWS algorithm has recorded a different reading between
0.025m to 1.019m at different flying height. The WS algorithm has recorded a different
between 0.064m to 0.921m tree height value at different flying height. For OBIA algorithm, the
tree height values are recorded of 0.081m to 0.580m at different flying height. Finally, the
values of 0.001m to 0.017m is recorded for SG algorithm at different flying height. As a critical
summary for the findings, each algorithm has of its ability to provide acceptable values for the
tree crown diameter and the tree height. In this case, the algorithm with a higher consistency in
the generating value to be considered as the most appropriate than others. Therefore, among
the four, it has found that the SG segmentation method becomes the most appropriate method
due to having a higher consistency values both measurements. However, other segmentation
methods have also provided consistent results, but the values are greater than the SG
segmentation method.

Table 2: Tree Height Values at Different Flying Height.

Flying Height (m) Tree Height (meter)

IWS WS OBIA SG
20 8.877 9.843 9.190 10.462
40 9.896 10.764 9.455 10.461
60 9.871 9.994 9.536 10.445
80 9.168 9.779 9.770 10.462

5.0 CONCLUSION

As a conclusion. this study has discovered the ability of the UAV technology in estimating
the tree crown and tree height as required information in the multiple fields and future research
applications regarding this forestry area. Therefore, the application of the four segmentation
methods as testing works is appropriate thus shall contribute to the literature enlightened of
both the UAV and forest as well as agricultural development. However, many things are
needed to be done to make this exploration becomes more valuable and acceptable. This will
further discuss in another paper. Worthy to note, at this stage, this study has brought the UAV
technology to the upfront success in this era, standing with other popular technologies such as
LIDAR and Radar in photogrammetry production. However, this study is only at a simulation
stage, where only a single tree as the parameter of measurements. Indeed, this exploration is
still progressing to cover a cluster of tree canopy area.
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