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Abstract-Unmanned Aerial Vehicles (UAVs) are increasingly 

used in forestry as they are economical and flexible. This study 

aims to present the advantages of the drone photogrammetry 

method in collecting individual tree crowns, as individual tree 

crown detection could deliver essential ecological and economic 
information. The referred accuracy for individual tree crown 

extraction is 79.2%. Only crowns that were clearly visible were 

selected and manually delineated on the image because the 

distribution of the true crown size is significantly different from 

the segmented crowns. The aim of this study is to investigate 

UAVs orthomosaics in individual tree crown detection. The 

objectives of this study are to produce the orthomosaic of tree 
crown extraction mapping using the Pix4D software and analyze 

the tree crowns using tree crown delineation and the OBIA 

algorithm. Data processing involves the processing of aerial 

images using Pix4Dmapper. Automatic tree crown detection 

involves a tree crown delineation algorithm and OBIA operations 

to process the tree crown extraction. The crown delineation 
algorithm and OBIA algorithm operation will be compared to the 

actual tree crown measurement in terms of diameter and area. 

The tree crown delineation method obtained a 0.347m mean 

diameter difference from the actual tree crown diameter, while 

the OBIA approach obtained 4.98m. The tree crown delineation 

method obtained 97.26% of the actual tree crown area, while 
OBIA obtained 91.74%. 

Keywords-orthomosaic; unmanned aerial vehicle; digital 

surface model; digital terrain model; tree crown 

I. INTRODUCTION 

Individual tree crown extraction parameters deliver 
essential ecological and economic information to decision 
makers [1]. The accurate extraction of the tree crown is a 

necessary precondition to derive tree position and dimensions 
such as height, width, and volume. A tree crown is a distinct 
object with a strong spectral variability [5, 6]. Tree crown can 
be defined as the top part of the tree which features branches 
that grow out from the main trunk and support the whole 
leaves. Tree crown is essential as it strongly links with other 
tree parameters that are used to estimate the growing stock [2]. 
Tree crowns can be divided into four classes, namely dominant, 
codominant, intermediate, and overtopped. Dominant crowns 
extend above the general level of the canopy. They are the 
largest and fullest crowns in the stand as they receive full light 
from above and some light from the sides [3]. Codominant 
crowns make up the general level of the canopy [4]. They are 
shorter than the dominant crowns and they receive direct light 
from above but little or no light from the sides. Intermediate 
crowns occupy a subordinate position in the canopy. They are 
narrow in position and shorter than dominant and codominant 
crowns. They receive some direct light from above but no light 
from the sides. Overtopped crowns are below the general level 
of the canopy.  

This study presents the advantages of the drone 
photogrammetry method in collecting individual tree crowns. 
Unmanned Aerial Vehicles (UAVs) have been increasingly 
used in forestry as they are economical and flexible. A UAV 
can be defined as an aircraft that can navigate without a human 
pilot on board or can fly autonomously through software-
controlled flight plans. To take measurements from 
photographs, a camera is mounted on the UAV and pointed 
vertically towards the ground. The output of UAV 
photogrammetry is typically a map or 3D model of a real-world 
object [7]. Many products can be extracted by aerial imagery, 

Corresponding author: Khairul Nizam Tahar



Engineering, Technology & Applied Science Research Vol. 11, No. 2, 2021, 7047-7053 7048 

 

www.etasr.com Tahar et al.: Individual Tree Crown Detection Using UAV Orthomosaic 

 

including surface models, orthophotos, 3D building models, 
contour maps, and volumetric surveys [8]. A drone-based 
technique for topographic analysis has better accuracy than 
satellite remote sensing, which has limited resolution and 
quality depending on various factors, resulting in 
discontinuities in obtaining correct land information. UAV-
derived photogrammetric data are relatively more sensitive, 
cheaper, and more productive than data from other platforms 
such as airborne LIDAR systems [9].  

Orthomosaic mapping has been used in many commercial 
sectors such as surveying, mining, construction, and agriculture 
for its precise measurement and calculations [10, 11]. 
Orthomosaics are very useful for analyzing the features of a 
large plot or area of land. An orthomosaic can be divided into 
two parts, i.e. ortho and mosaic. Ortho is defined as 
straightening and mosaic is defined as piecing things together 
[12, 13]. The orthomosaic allows the drones to take many 
photos from above and stitch these images together into a 
single scene. To stitch these images together, every photograph 
must be ortho- and geo-rectified in terms of lens distortion, 
camera tilt perspective, etc. In other words, an orthomosaic can 
be defined as an aerial image of an area that is composed of 
multiple photographs stitched together using photogrammetry, 
which has been scaled and geographically corrected for 
accuracy [14, 15]. Generally, orthomosaic derives a much 
bigger resolution and detail compared to satellite imagery. The 
automatic individual tree crown delineation in a highly diverse 
tropical forest using WorldView22 satellite is presented in [16, 
17]. The method works in successive steps that involve pre-
processing, selection of forested pixels, enhancement of 
borders, detection of pixels in the crown’s borders, correction 
of shade in large trees, and finally, segmentation of the tree 
crowns. These methods are done in hierarchical stages to 
produce accurate individual tree crown delineation. The 
reported accuracy in individual tree crown extraction is 79.2%. 
Only crowns that are clearly visible are selected and manually 
delineated on the image. Authors in [18, 19] identified false 
positives and false negatives of tree crown extraction. False 
positives identified a crown where there was no crown, and 
false negatives did not identify a crown where there was a true 
crown. This situation happened as the true crown size 
distribution was significantly different from the segmented 
crowns. This approach overestimated the size of small crowns, 
when it was less than 5m. 

In the current study, the UAV-based photogrammetric 
approach is used in individual tree crown extraction as aerial 
photos have proved useful in the efficient conservation and 
management of forest inventory. A drone-based approach can 
provide a more accurate result compared to satellite images. 
The image quality in terms of spectral and radiometric 
resolution can help produce tree crown inspection more 
accurately. The aim of this study is to investigate UAV 
orthomosaic in individual tree crown detection. 

II. MATERIALS AND METHODS 

The objectives of this study are to detect tree crowns using 
a crown delineation algorithm and analyze the individual tree 
crown result with the actual tree crown. The preliminary study 

is the initial exploration of tree crown extraction that involves 
review and research. A preliminary study involves designing 
the problem statement, aims, and objectives. Data collection 
involves the fieldwork observation to extract the tree crown. 
After data collection, the data will be processed using the 
necessary software, then, the results are analyzed to determine 
the accuracy of the outcome. Figure 1 illustrates the workflow 
of this study in detail. 

 

 
Fig. 1.  Research methodology. 

The study area is located in Fasa 1b Seri Manjung, Perak, 
Malaysia. The coordinates of the survey area are 4°12'12.14"N 
and 100°40'21.41"E. The study area covers 54.6243 acres. The 
selection of the study area focused on the area that contains 
trees. The types of trees in the study area were not a concern as 
tree crown detection can be done on any kind of tree. 

A. Flight Planning 

 

 
Fig. 2.  Flight route planning in Altizure. 
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For flight planning, altitude, overlap, and side lap should be 
considered. The altitude in this flight planning was 120m. The 
overlap was 70%, with a side lap of approximately 50%. The 
software used in designing the flight plan during data collection 
is Altizure. The application automatically generates the fly 
paths over the study area. The capturing of data is designed for 
generating a 2D orthomosaic as it captures vertical photographs 
(Figure 2). 

B. Image Processing  

In Pix4Dmapper, the initial processing includes computing 
keypoints on the images. The keypoints will then be used to 
find matches between the images. This initial processing also 
allows the software to run an automatic aerial triangulation and 
bundle block adjustment. After that, point cloud and mesh take 
place. This processing option allows the setting of parameters 
for point cloud densification. The image scale was set to half 
image size, and multiscale was checked to compute additional 
3D points on multiple image scales. The point density chosen 
was "optimal". For the minimum number of matches, the 
default value "3" was chosen to allow each 3D point to 
correctly re-project at least three images. The final process is 
the Digital Surface Model (DSM), the orthomosaic, and the 
index operation. The processing options allow changes of the 
desired outputs for DSM and orthomosaic generation to be 
made. For this step, DSM and orthomosaics are automatically 
generated. Canopy Height Model (CHM) represents the height 
between the ground and the top of the object above the ground. 
The CHM is used for automatic tree crown detection. The 
CHM is generated by subtracting the DTM from the DSM. 

C. Tree Crown Delineation Algorithm  

The tree crown delineation algorithm was implemented on 
ArcMap software. The tools involved in the automatic tree 
crown detection processing are the focal statistics tool, the 
raster calculator, the slope tool, and the export polygon 
operation. To generate local maxima, the focal statistics tool 
should be used first. The focal statistics tool performs a 
neighborhood process that calculates an output raster where the 
value for each output cell is a function of the values of all the 
input cells that are in a specified neighborhood around that 
location. In the window, CHM was the input raster. The 
neighborhood chosen had a "rectangle" shape, with a 
neighborhood setting of 3×3 (height×width). The option 
selected for statistic type was "mean". Local maxima are 
individual pixels that represent high surfaces. To compute local 
maxima, focal statistics were needed. The local maxima 
operation was operated using a raster calculator. The slope 
operation allows the creation of a tree crown outline. This 
operation involves CHM as the input raster. The extracted tree 
crown will then be converted to polygon.  

D. Object-Based Image Analysis Algorithm Technique  

Object-Based Image Analysis (OBIA) is the most accurate 
relevant technique. OBIA produces higher accuracy than pixel-
to-pixel analysis. The OBIA technique used in this research is 
multiresolution segmentation. The segmented orthomosaic was 
then used for thresholding features indices and classification in 
order to detect tree crowns. This algorithm allowed the 
identification of one pixel size for single image objects. It also 

merged them with neighboring pixels based on relative 
homogeneity. For this research, multiresolution segmentation 
was performed against red, green, blue, and near-infra-red 
bands. The scale parameter was set to 90 and the image layer 
weight for near-infra-red was set to 2. For shape and 
compactness, the value was set at 0.3 and 0.7 respectively. The 
thresholding features indices used were NDVI and NPV. NDVI 
threshold was performed for tree detection, while NPV 
threshold was performed for non-tree detection. The arithmetic 
threshold for NDVI involved the near-infra-red and red bands, 
while NPV involved green and blue bands. Reclassification of 
tree and non-tree indices was performed next. Classification 
was performed to discriminate tree from non-tree features. The 
classification was performed using the assign class tool. For 
tree classification, the condition of thresholding was set at 
NDVI>0.08 for tree and NPV>0 and for non-tree. 

III. RESULTS AND DISCUSSION 

Aerial image processing was conducted to generate the 
orthomosaic. The orthomosaic generation was conducted with 
the Pix4D software. There were three main processing stages, 
namely initial processing, point cloud and mesh, and DSM, 
orthomosaic and index. The orthomosaic was generated for 
individual tree crown detection analysis. Figure 3(a) shows the 
orthomosaic mapping of Fasa 1B Seri Manjung, Perak. 
Orthomosaic products are free from any distortion and can be 
used for true measurement [20]. Figure 3(b) shows the DSM 
and Figure 3(c) shows the Digital Terrain Model (DTM) of the 
study area. The DSM includes all objects like buildings, trees, 
and cars to generate the earth’s surface. DTM, on the other 
hand, excludes all objects on the earth’s surface and represents 
the bare earth. 

A. Tree Crown Delineation (TCD) 

The CHM represents the height between the ground and the 
top of the objects above it. Figure 4(a) shows the CHM model 
on the orthomosaic. The CHM can be generated by 
substracting the DTM from the DSM. In Figure 4(a), the white 
cell indicates trees in the CHM model that are located along the 
road. Figure 4(b) shows the output of the focal statistics 
operation which was used for generating the local maxima. The 
focal statistics tool performs a neighborhood process that 
calculates an output raster where the value for each output cell 
is a function of the values of all the input cells that are in a 
specified neighborhood around that location. In Figure 4(b), the 
white cell shows tree features along the road. Local maxima are 
individual pixels that represent high surfaces. Local maxima 
were computed to find the tree tops. The output of the local 
maxima was then converted into points. Figure 4(c) shows the 
local maxima output and converted points. Figure 5(a) shows 
the tree crown outline after the extraction process using tree 
crown delineation algorithm. The results were obtained from 
the CHM model as input raster using the slope tool. The tree 
crown is outlined in red. It can be seen that the outlined tree 
crown is along the road side. In Figure 5(b), the left image 
shows the result of tree crown extraction using slope operation. 
The right image shows the tree crown outline overlays with the 
orthomosaic at 40% transparency. Figure 5(c) shows the final 
result for this approach on the orthomosaic. The tree crowns 
can be seen in red line.  
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(a) 

 

(b) 

 

(c) 

 

Fig. 3.  Results. (a) Orthomosaic, (b) DSM, (c) DTM. 

(a) 

 

(b) 

 

(c) 

 

Fig. 4.  TCD results. (a) CHM model, (b) focal statistic, (c) converted local 
maxima in points (right). 

B. Object-Based Image Analysis Algorithm  

Multiresolution segmentation operation could turn each 
pixel segmented into single image objects. Figure 6 shows the 
result of the multiresolution operation. The operation 
approached the scale parameter at 90 with shape and 
compactness of 0.3 and 0.7 respectively. The thresholding 
feature indices involved two features indices, which are NDVI 
and NPV (Figure 7(a)). NDVI indices are used for tree 
detection while NPV indices are used for non-tree detection. 
Both indices are computed to discriminate trees from non-trees. 
The threshold of NDVI was set at >0.08 for tree detection, and 
the threshold of NPV was set at >0 for non-tree detection. In 
Figure 7(b), the detected trees can be seen as green lines, and 
detected non-trees as red lines. From the final result, it can be 
said that NDVI indices are not suitable for this process as they 
detect other green areas like grass despite extracting only trees. 
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(a) 

 

(b) 

 

(c) 

 

Fig. 5.  Crown results. (a) Tree crown outline, (b) tree crown outline (left) 
and tree crown outline overlay with orthomosaic (right), (c) final tree crown 
delineation overlay with the orthomosaic. 

The final result of the OBIA method is affected by a few 
conditions. Yhe classification of tree and non-tree is affected 
by the thresholding features indices, which are NDVI and NPV 
(Figure 7(c)). Both thresholds are suitable as both detect 
features into their own classes, which are tree and non-tree. The 
scale parameter during segmentation operation also affects the 
final result. The scale parameter should be set below 90 as the 
scale parameter value affects the object classification.  

 

 
Fig. 6.  The result of multiresolution segmentation. 

(a) 

 

(b) 

 

(c) 

 

Fig. 7.  OBIA result. (a) Thresholding, (b) reclassification, (c) final result. 
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C. Accuracy Assessment  

1) Diameter Assessment 

Accuracy assessment operation involves analyzing the 
comparison between the actual tree crown, the tree crown 
delineation algorithm approach, and the OBIA algorithm 
approach in terms of diameter and area. The comparison was 
conducted based on ten samples. The comparison results were 
then converted into a line graph. In Figure 8(a), the tree crown 
delineation method shows small differences of actual tree 
crown diameter compared to the OBIA approach, which shows 
big differences from the actual tree crown diameter. All the 10 
samples of the TCD method in red lines are closer to the actual 
tree crown diameter measurement in blue lines compared to the 
OBIA method in green lines. 

 

 
(a) 

 
(b) 

Fig. 8.  Tree crown diameter. (a) Measurements of actual, tree crown 
delineation, and OBIA, (b) difference between actual and tree crown 
delineation and actual and OBIA. 

Figure 8(b) shows the tree crown diameter comparison 
between the actual tree crown with TCD method and the actual 
tree crown with the OBIA method. The difference in diameter 
between the actual tree crown and the TCD method had a mean 
value of 0.347m over 10 tree samples, while the OBIA method 
obtained a mean value of 4.98m. The difference between the 
actual tree crown and TCD in purple lines is not big. The 
difference between the actual crown and the OBIA method is 
slightly bigger. 

2) Area Assessment 

Figure 9(a) shows the small differences from the actual tree 
crown area compared to the OBIA approach. It can be seen that 
the TCD method is close to the actual tree crown. Figure 9(b) 
shows the comparison between the actual tree crown with the 
TCD method and between the actual tree crown with the OBIA 

method. The TCD and the OBIA methods obtained the 97.25% 
and the 91.74% of the tree crown area respectively. The 
difference between the actual crown and the TCD is not big. 
The difference between the actual crown and the OBIA method 
is bigger. 

 

(a) 

 

(b) 

 

Fig. 9.  Tree crown area. (a) Measurements of actual, tree crown 
delineation, and OBIA, (b) comparison. 

This study has almost similar results with previous relevant 
studies. Authors in [21] correctly classified 95% of individual 
trees, authors in [22] also successfully detect 90% of individual 
trees using fuzzy system, and authors in [23] used the deep 
learning approach to detect individual trees and the result of 
tree detection was about 90%. Therefore, the results achieved 
in this study have an improvement of about 2.25% by using the 
TCD method.  

IV. CONCLUSIONS 

The differences between the actual crown and the TCD and 
OBIA results are affected due to a few conditions in terms of 
diameter and area measurements. The tree crown measurement 
differences may be due to the number of overlapping images. 
Based on the aerial image processing, the trees along the road 
are located under less than five overlapping images. This may 
affect the results of the tree crown diameter and area 
measurements between the actual crown, the TCD method, and 
the OBIA method. The process of an automatic tree crown that 
uses two different software may also affect the final result of 
both methods compared to the actual tree crown measurement. 
The OBIA method result may be due to the scale parameter 
value during segmentation operation. 
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