
 

 

Abstract: Tree crown diameter, which is the 
diameter of the circle enclosing the projection of 
tree crown, is one of the most important stand 
parameters that should be identified before the 
production of forest management plans. This 
feature is generally obtained with terrestrial 
measurements, which may not be time- and cost-
efficient in most cases. The use of advanced 
satellites and Unmanned Aerial Systems (UAS) 
would be of help to calculate this parameter with 
high accuracy. This study aims at determining the 
diameter of each tree crown by using a Canopy 
Height Model (CHM) extracted from the aerial 
photos acquired by a UAS. The CHM was 
segmented with the Multiresolution (MR) and 
Region Growing (RG) segmentation techniques to 
delineate each tree crown. The results showed that 
the MR and RG segmentation techniques 
calculated the tree crown diameters with RMSs of 
1.59 m and 1.76 m, respectively. 

 
Index Terms: Tree crown diameter, image 

segmentation, multiresolution segmentation, 
region growing segmentation, unmanned aerial 
systems 

1. INTRODUCTION 

orests have a huge importance, not only for 
human life, but also for a wide variety of 

organisms living in forests, which makes them 
valuable. For this reason, their sustainability 
should be maintained. This is possible by proper 
management of forests. Forest management 
plans play a significant role in forest 
management. In Turkey, forest management 
plans are produced for 10- or 20-year periods [1]. 
Collection of forest inventory is essential to 
produce forest management plans. Forest 
inventory involves the boundaries of stands, 
heights and ages of trees, closure ratio among 
trees, tree crown diameters, diameters at breast  
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heights etc. This inventory information is 
generally collected by terrestrial measurements, 
which may not always be time- and cost-efficient 
[1-3].  
 

Since today’s sophisticated satellites and 
UASs are able to provide accurate spatial and 
spectral information about the surface of the 
earth, they can be used to collect precise forest 
inventory information. Since laser beams are able 
to penetrate through the vegetation and reach the 
ground [4], LiDAR (Light Detection and Ranging) 
point clouds provide multiple returns, which 
constitute a big advantage when deriving forest 
attributes. This is the main reason that most of 
the forestry-themed studies are conducted with 
the aid of LiDAR point clouds. 
 

Tree crown diameter, which is the diameter of 
the circle enclosing the projection of a tree crown, 
is essential for accurate understanding of 
ecosystem [5]. Crown diameter defines to what 
degree a tree can spread. It is the average of two 
measurements conducted in two perpendicular 
directions, both centered on top of a tree [6]. In 
other words, it is the average of the longest and 
shortest spread of a tree. Crown diameter is 
generally obtained with terrestrial measurements. 
Since measuring the crown diameters of trees is 
challenging and time consuming, a significant 
body of research focused on measuring this 
property with remotely sensed data. Panagiotidis 
et al. [7] estimated the crown diameters of trees 
by performing inverse watershed segmentation to 
the CHM extracted from the aerial photos taken 
from an Unmanned Aerial Vehicle (UAV). 
Popescu et al. [8] calculated the tree crown 
diameter by fitting a fourth-degree polynomial on 
two perpendicular profiles, centered on the top of 
a tree. They computed the crown diameter by 
computing the distance between critical points of 
the fitted polynomial. Roberts et al. [9] located the 
crown edge in cardinal directions from tree tops 
to estimate the crown diameters. Haara and 
Haarala [10] calculated crown diameters from 
segments generated with a segmentation method 
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based on recognition of tree crown patterns at 
subpixel accuracy. Ke and Quackenbush [11] 
computed crown diameters with the aid of the 
watershed segmentation, region growing and 
valley-following segmentation techniques. Two-
dimensional spatial wavelet analysis was used in 
[12] to delineate trees and calculate their crown 
diameters. Ke and Quackenbush [13] used the 
active contour method together with the hill-
climbing method to delineate the trees on high 
spatial resolution imagery. Afterwards, they 
calculated the crown diameters from the 
segmentation result. Morsdorf et al. [14] 
determined the crown diameters by applying the 
k-means clustering algorithm to a LiDAR point 
cloud. Wu et al. [15] used a voxel-based marked 
neighborhood searching method to identify trees 
and estimate their morphological parameters 
including crown diameter, tree height, diameter at 
breast height etc. Falkowski et al. [16] performed 
the spatial wavelet analysis and variable window 
filters techniques to detect trees and estimate 
their heights and crown diameters. 

 
In this study, the crown diameters of the trees 

were determined by applying the MR and RG 
segmentation techniques to the CHM extracted 
from the aerial photos taken from a UAS. Further 
information about the followed methodology is 
given in Section 2. 

2. MATERIAL AND METHODOLOGY 

2.1 Study Area 

The study area is a small part of the Firat 
University campus, which is located in the city of 
Elazig, Turkey. The study area is shown in Figure 
1. 
 

 
 

Figure 1. Study area. 

2.2 Data Preparation 

Seven ground control points (GCP) were 
established in the Firat University campus prior to 
the conduction of the flight. Plenty of attention 
was paid to distribute the GCPs over the whole 
campus. Then, the 3D positions of these GCPs 
were measured by means of the GPS technique. 
The flight was planned by defining the flight 
altitude and number of flight paths. Afterwards, 
321 aerial photos were captured for the entire 
campus with the FC300X digital camera mounted 
on the DJI Phantom 3 UAS. The flight was 
conducted along 19 paths from an altitude of 141 
m. Figure 2 shows the DJI Phantom 3 UAS and 
Figure 3 shows the technical specifications of the 
DJI Phantom 3 UAS and FC300X digital camera. 
 

 
 

Figure 2. DJI Phantom 3 UAS (http://www.dji.com). 

 
Table 1. Technical specifications of the DJI 
Phantom 3 UAS and FC300X digital camera 

(http://www.dji.com). 

DJI Phantom 3 
Weight 1216 g 

Max speed 16 m/s 
Max tilt angle 35° 

Max angular speed 150 °/s 
Max flight time 25 minutes 

Operating temperature range 0° to 40° 
Satellite positioning system GPS 

FC300X digital camera 
Sensor 1/2.3" CMOS 

Effective pixels 12 M 
Lens f/2.8 

ISO range (photo) 100-1600 
Image size 4000x3000 

Shutter speed 8-1/8000 s 
Operating temperature range 0° to 40° 

 
The acquired aerial photos were processed by 

using the Agisoft Photoscan Professional 
software. This software computes the 3D 
positions of the key points by means of automatic 
aerial triangulation [17]. After this process, a 
sparse point cloud with a point density of 0.3 
point/m2 was generated. Since this study aimed 



 

at determining the crown diameters with a high 
accuracy, the sparse point cloud was densified 
and a point cloud with a density of 154.6 point/m2 
was obtained. The software utilizes depth 
information calculated for each photo to generate 
denser clouds [18]. Visual observation of the 
produced point cloud revealed that the software 
generated some erroneous points due to 
incorrect point matching. These points were 
removed manually. All points were then 
interpolated to generate the 20-cm DSM (Digital 
Surface Model) of the study area. In order to 
produce the DTM (Digital Terrain Model) of the 
study area, the point cloud was filtered to remove 
the points belong to the above-ground objects. 
The ground points were then interpolated to 
produce the 20-cm DTM of the study area. The 
20-cm CHM to be used for segmentation of trees 
was then determined by subtracting the DTM 
from DSM. As a final step, the 5-cm orthophoto 
image, which is shown in Figure 1, was produced 
for the study area. 

 

2.3 Methodology 

The trees in the study area were delineated 
with the MR and RG segmentation techniques on 
the produced CHM. The crown diameters of the 
trees were then calculated from the circles 
enclosing the tree segments. Following is the 
theoretical background of the MR and RG 
segmentation algorithms. 

 
The MR segmentation algorithm is a bottom-up 

region merging technique [19], starting with one-
pixel objects and merges them with neighboring 
pixels by considering a homogeneity criterion, 
which is a combination of the color and shape 
criteria. This algorithm utilizes three parameters 
as scale, shape and compactness. Scale 
parameter is used to determine the size of the 
objects (segments) [20]. Compactness is the ratio 
of the perimeter of an object to the square root of 
the number of pixels in the object. Smoothness is 
the ratio of the perimeter of an object to the 
perimeter of the bounding box of the object [21]. 
The eCognition software, which was used to 
implement the MR segmentation, uses a shape 
criterion between 0 and 0.9. This criterion 
calculates a relative weighting against color. 
Similarly, the compactness parameter defines 
whether or not the smoothness affects the 
segmentation [22]. Examination of the previous 
studies revealed that optimum segmentation 
parameters are usually found by trial and error 
method. In this study, the scale, shape and 
compactness parameters were taken as 15, 0.4, 
and 0.5, respectively. 

 
The RG segmentation algorithm [23-26] uses 

some seed points (tree tops) to start growing, i.e. 
merging similar-valued pixels to form image 
segments. Seed points are generally retrieved 
with local maxima filtering approaches, in which a 
point with greatest magnitude within a window is 
found. This segmentation algorithm uses some 
similarity tolerance values to grow regions. If a 
neighboring pixel is within a predefined tolerance, 
then this point is considered to belong to the 
same region as the seed point [27]. In this study, 
the local maxima of the CHM were determined by 
employing a window sized 26x26. The window of 
this size was choosen because the crown 
diameter of the largest tree in the study area is 
approximately 26 pixels. In this study, the RG 
segmentation was implemented by using the 
SAGA (System for Automated Geoscientific 
Analyses) toolbox [28] embedded in the QGIS 
software. The similarity threshold parameter was 
set to 0.005. 

3. RESULTS 

Figure 3 shows the tree segments obtained 
with the MR and RG segmentation techniques.  
 

 
 

Figure 3. Results of the MR (above) and RG (below) 
segmentation algorithms. 

It should be noted that the over-segmentation 
problem that arose in two segmentation results 



 

was tackled by merging over-segmented regions 
with adjacent regions. Figure 4 shows the circles 
enclosing the tree segments that were found by 
the used segmentation methods. In order to 
visually examine the segmentation results, 
derived circles were overlaid with those 
generated manually from the very high-resolution 
orthophoto. 

 

 
 

Figure 4. The circles enclosing the tree crowns 
(yellow ones: MR segmentation-derived circles, white 

ones: RG segmentation-derived circles, red ones: 
reference circles). 

 
 As seen in Figures 3 and 4, segmentation 
algorithms missed a few trees. There are 63 
trees in the study area. Both the MR and RG 
segmentation algorithms detected 57 of them 
correctly, which leads to a detection accuracy of 
90% for both algorithms.  
 The RMS (Root Mean Squared) error was 
calculated between the estimated and reference 

crown diameters. The RMS errors calculated 
between the reference crown diameters and MR 
and RG segmentation-derived crown diameters 
were calculated as 1.59m and 1.76m, 
respectively. 

4. CONCLUSIONS 

This paper investigates the performances of 
the MR and RG segmentation techniques with 
respect to the tree crown diameters. As can be 
clearly seen from the results, segmentation would 
be of help to estimate stand parameters with high 
accuracy. The main disadvantage of these 
segmentation algorithms is that their results 
highly depend on the parameters. Since there is 
no specific methodology to estimate the optimum 
parameters, users generally try a large number of 
parameters until they find the optimum ones, 
which makes the segmentation process more 
challenging. Another factor that affects the 
success of the segmentation process is the 
closure ratio among the trees. It is more 
challenging to delineate the trees close to each 
other. Future studies will focus on determination 
of stand parameters in much more complex 
terrains.  
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