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 The aim of this study was to compare the performance of the Support Vector Machine (SVM) 
algorithm with pixel and basic object-oriented approaches for identifying the crown of single 
pine trees in a man-made forest. For this purpose, the SVM algorithm was evaluated based on 
four different kernels: Linear, Polynomial, RBF and Sigmoid. In pixel base approach, the ROI 
obtained from the user's choice, and in the object-oriented approach, the ROI obtained from 
segmentation for part of the image. Then, the results of crown area estimation in both 
approaches were compared with each other and in-situ data. The results showed that using 
ROI from the object-oriented provides accurate result with less run time consuming. The SVM 
classification algorithm with RBF and ROI obtained from segmentation were showed the best 
performance in comparison to other approaches. 

 
 
 
 
 

1. Introduction  
 

The area of tree crown is constantly changing for 
various reasons such as growth process, age, amount of 
sunlight, as well as the surface microclimate of each 
region (Miraki et al. 2021). In fact, crown area has a 
different growth rate due to the conditions of the region, 
season, and type of each tree unequally in different 
directions. Also, the crown of trees, even if they are of the 
same type, has a variable area, making it difficult to 
measure (Wu et al. 2021). On the other hand, accurate 
calculation of crown area is an essential parameter in 
physiological models (Ding et al. 2022). Ecologically, the 
size of the crown directly affects many plant and animal 
components by regulating the penetration of sunlight 
and precipitation into the lower layers, while 
maintaining forest moisture. Traditionally, the 
characteristics of a crown are determined by its length 
and width (maximum dimensions on perpendicular 
axes), the area and generalities of the crown shape 
(Shovon et al. 2022). Previous research has also 
highlighted the importance of measuring tree crown area 

(Ahongshangbam et al. 2019; Ouattara et al. 2022). Since 
accurate measurement of the physical characteristics of 
a crown depends on direct measurement of its size in all 
directions. Therefore, crown measurements based on 
data, sample diagrams and tables and their 
generalization to the whole region, while providing far-
fetched results, also violate the assumption of error 
independence between observations. Therefore, the use 
of UAVs (Unmanned aerial vehicle) has been welcomed 
by providing very high spatial resolution information, the 
need for less infrastructure, more accurate postal 
harvesting of land elevations in forests, and the 
possibility of indirectly measuring tree characteristics 
(Chianucci et al. 2016; Tang and Shoa 2015). 

UAVs have been used in many man-made forest 
research over the past few years to significantly save 
time, workforce, funding for various projects, and reduce 
the cost of maintaining and continuously Monitoring 
man-made forests (Matese 2020 ;Paneque-Gálvez et al. 
2014) which require sufficient and continuous 
knowledge and application of effective methods in the 
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correct diagnosis and extraction of the crown, which can 
be referred to as two methods of classification of pixel 
base and object-oriented (Region Of Interest from 
segmentation). SVM classification methods work based 
on spectral information. As the power of spatial 
resolution increases, classification based solely on 
spectral data creates many problems. One of these 
problems is the variability of spectral information at the 
level of the crown of trees due to the shadow of one part 
of the crown and the location of the other part facing the 
sun. This effect is especially pronounced in the morning 
or afternoon. Therefore, samples in supervised methods 
cannot be very effective and practical in increasing the 
accuracy of classification in such conditions. Also, in the 
forest environment, surface features such as grasslands 
with tree crown are very similar in terms of spectral 
characteristics and the amount of gray value, and 
practically their proper separation from each other only 
on the basis of spectral information with only three RGB 
bands (blue, green and red) Is not well possible (Li et al. 
2017). Choosing an ROI (Region of Interest) is also very 
time consuming and fraught with error. On the other 
hand, the implementation of segmentation algorithm 
with all its advantages is a big problem and it takes a very 
long time (multiple times of classification), especially for 
images with very high spatial accuracy (such as UAV 
images) compared to classification, which is the use of 
segmentation algorithms. It faces limitations, especially 
if the area has a large area and spatial resolution. These 
limitations become even more severe, requiring a 
powerful processor and more time. To solve this problem 
and simultaneously use the advantages of segmentation 
and classification and eliminate the limitations (for 
example, lack of spectral bands and long processing 
time), a combination of both methods was used. In this 
study, we will specifically compare the estimation of the 
crown area with the basic and object-oriented pixel 
methods and compare it with the ground data in the 
eldarica pine man_made forest (known as Tehran pine). 
 

2. Method 
 

2.1. Study area 
 

Pardisan Park of North Khorasan is located at the 
eighth kilometer of Bojnord-Mashhad Road (37° 28 ʹ 57 
N ʺ-57° 25 ʹ 49 ʺ E, Zone 40 N), at an average altitude of 
1080 meters above sea level. This complex is purely 
covered with Tehran pine (Pinus eldarica). The region is 
cold semi-arid according to the coupon criteria and has a 
relatively high slope in terms of topography (altitude 
range 1112 to 1037 meters). The average rainfall and its 
temperature according to the statistics of Bojnurd 
Airport Meteorological Synoptic Station (the closest 
station to the study area) for a period of 10 years (2011-
2021) are 260 mm and 15 ° C, respectively. 

 
2.2. Data 

 
In this study 324 trees were selected and 

determined their location using GNSS. Two diameters 
perpendicular to each other were also used to determine 
the field area of the crown using a standard metal meter. 

Then, using the Phantom 4 Pro UAV with forward and 
side overlap coverage of 80% and 40% Respectively and 
a height of 40 meters, 952 ortho images were obtained 
from the study area at 14:30 local time on March 4, 2021. 

 
2.2.1. Tree crown area estimation  

 
Two basic and object-oriented pixel approaches were 

used to estimate the crown area of pine trees. In the pixel 
base approach, due to the knowledge of the site and 
having an image with high spatial resolution after 
selecting the ROI by the user with the appropriate scatter 
and number, SVM classification algorithm with RBF, 
Sigmoid, Polynomial and Linear functions to extract 
Estimation of the crown area of pine trees was performed 
(Lou et al. 2021). 

In the object-oriented method, due to the reduction of 
processing time and introduction of parts, using 
segmentation of part of the image (not the whole image), 
the parts were presented as ROI to the SVM classification 
algorithm. In the segmentation process, according to the 
shape of the crown of pine trees as well as previous 
studies (Gu et al. 2020; Iqbal et al. 2021; Mesner and Ostir 
2014) and the conditions of the study area, appropriate 
coefficients for segmentation parameters (Scale 
Parameter = 25 Pixel, Shape = 0.1, Compactness = 0.5 per 
pixel) was determined to accurately detect the crown of 
trees. Then, in the smaller fragmented image, the crown 
pieces were extracted as a training sample in separate 
layers with pixel format to distinguish them from other 
existing features (shadow and soil). Then, by comparing 
the area of tree canopies, the execution time of the 
algorithm and comparing it with direct field perceptions 
for both SVM approaches with Linear, Sigmoid, 
Polynomial and RBF functions were discussed. Finally, by 
introducing the crown layer as the ROI of the image, the 
SVM classification algorithm was implemented and 
finally in both approaches, the error matrix was 
calculated. 

 
3. Results  

 
Pine trees with different crown areas were directly 

measured in the field and photographed by UAV. 
summarizes the field measurements in the study area 
shown in “Table 2”. According to the results, in general, 
the use of ROI from segmentation and its use for 
classification has given better results in the extraction of 
crown pixels and also has the closest crown area to the 
area obtained from field data “Fig. 1” and “Table 3”.  
 
 
4. Discussion 
 

Based on the data in “Table 3”, the identification of the 
general shape of the crown, followed by the estimation of 
the area in the segmentation, has been done with better 
accuracy. Unlike the classification methods used in this 
study (SVM), in segmentation, three parameters, scale, 
compactness and shape, are simultaneously involved in 
selecting a set of pixels to be placed in a single segment. 
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Table 2. Summary of statistical characteristics of the crown area of 324 Tehran pine trees Estimated UAV events 
Characteristic MIN Max Mean STD CV 

Height (meters) 0.5 13.1 6.6 2.6 38.9 

Small diameter of the crown 1.0 7.8 4.3 1.1 25.4 

Large crown diameter (meters) 2.3 11.6 5.8 1.4 23.4 
Crown area (square meters) 0.8 49.9 15.9 7.9 49.7 

 
Table 3. Classification results with ROI resulting from user selection and ROI derived from object-oriented method 
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Figure 1. Extraction of pine tree crown with object-
oriented approach (red border), pixel base (yellow 
border), and center of tree (black point) 

 
Each of these parameters can weaken the use of each 

other in solve single parameter mode, which leads to 
higher efficiency. The effect of segmentation capabilities 
in this study, in which pixels with close gray levels 
(crown and grass on the ground) and similar spectra in a 
phenomenon is more obvious.   

The use of segmentation, despite the effect of shadow 
on the crown and the angle of sunlight on the surface of 
the tree crown (facing the sun or behind it) has separated 

the crown well and has been more stable in recognizing 
the main shape of the tree and its shadow effect. The 
existence of empty space between the branches of a tree, 
which is originally part of the crown, is not considered 
part of the crown in the classification, but is correctly 
part of the crown area in the segmentation “Fig. 1”. The 
results of this study also showed that the use of 
segmentation method works well even with a small 
number of bands (RGB), while the use of segmentation, 
especially in features with varying gray value(such as 
crown and shadow) requires more bands that cost, time 
And will result in heavier processing. In addition, the 
time-consuming selection of ROIs and the selection of a 
sufficient number of pixels for which there is no specific 
rule are among the reasons for the lower accuracy of 
classification in the pixel basic approach compared to the 
object-oriented approach “Table 3”. According to the 
information in “Table 3”, the classification accuracy with 
the ROI resulting from segmentation, with a smaller 
number of pixels, has increased the “overall accuracy” 
and “kappa coefficient”. Also, processing time was 
measured in completely similar system modes in both 
approaches, which results in a significant reduction in 
time (even up to 60%) when using segmentation ROIs for 
classification. Examining the accuracy of Omission and 
Commission in “Table 3”, it can be seen that the use of 
SVM method with RBF function in ROI mode resulting 
from segmentation has the least difference with the area 
obtained from field data collection compared to other 
methods used in “Table 3”. Only 8% of the pixels are not 
in the crown category (Omission). While 4% of the pixels 
belong to another class in the crown class (Commission). 
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5. Conclusion  
 

Although having a point cloud can easily distinguish 
the crown of trees, but sometimes due to high cost, 
technical limitations and the impossibility of providing a 
three-dimensional model in inappropriate forward and 
side overlap coverage, the point cloud is not available to 
everyone. Therefore, it is suggested to use the ROI 
obtained from segmentation to classify the crown in RGB 
images. However, the purpose of the work in choosing 
the final method can make a difference. 
 
Acknowledgement 
 
The authors of the study are grateful to the General 
Directorate of Environmental Protection of North 
Khorasan province. Also, part of the costs of this research 
has been provided through the plan number 4003393 
approved by the Fund for Support of Researchers and 
Technologists of the country. 
 
References  
 
Ahongshangbam, J., Khokthong, W., Ellsaesser, F., 

Hendrayanto, H., Hoelscher, D., & Roell, A. (2019). 
Drone‐based photogrammetry‐derived crown 
metrics for predicting tree and oil palm water use. 
Ecohydrology, 12(6), e2115. 
https://doi.org/10.1002/eco.2115 

Chianucci, F., Disperati, L., Guzzi, D., Bianchini, D., 
Nardino, V., Lastri, C., & Corona, P. (2016). Estimation 
of canopy attributes in beech forests using true colour 
digital images from a small fixed-wing UAV. 
International journal of applied earth observation 
and geoinformation, 47, 60-68. 
https://doi.org/10.1016/j.jag.2015.12.005 

Ding, J., Li, Z., Zhang, H., Zhang, P., Cao, X., & Feng, Y. 
(2022). Quantifying the Aboveground Biomass (AGB) 
of Gobi Desert Shrub Communities in Northwestern 
China Based on Unmanned Aerial Vehicle (UAV) RGB 
Images. Land, 11(4), 543. 
https://doi.org/10.3390/land11040543 

Gu, J., Grybas, H., & Congalton, R. G. (2020). Individual 
tree crown delineation from UAS imagery based on 
region growing and growth space considerations. 
Remote Sensing, 12(15), 2363. 
https://doi.org/10.3390/rs12152363 

Iqbal, I. A., Osborn, J., Stone, C., & Lucieer, A. (2021). A 
Comparison of ALS and Dense Photogrammetric 
Point Clouds for Individual Tree Detection in Radiata 
Pine Plantations. Remote Sensing, 13(17), 3536.  

      https://doi.org/10.3390/rs13173536 
Li, Q. S., Wong, F. K. K., & Fung, T. (2017). Assessing the 

utility of UAV-borne hyperspectral image and 

photogrammetry derived 3D data for wetland species 
distribution quick mapping. The International 
Archives of Photogrammetry, Remote Sensing and 
Spatial Information Sciences, 42, 209. 
https://doi.org/10.5194/isprs-archives-XLII-2-
W6209-2017 

Lou, X., Huang, Y., Fang, L., Huang, S., Gao, H., Yang, L., & 
Hung, I. K. (2021). Measuring loblolly pine crowns 
with drone imagery through deep learning. Journal of 
Forestry Research, 1-12.  

      https://doi.org/10.1007/s11676-021-01328-6 
Matese, A. (2020). Editorial for the Special Issue 

“Forestry Applications of Unmanned Aerial Vehicles 
(UAVs)”. Forests, 11(4), 406.  

      https://doi.org/10.3390/f11040406 
Mesner, N., & Ostir, K. (2014). Investigating the impact of 

spatial and spectral resolution of satellite images on 
segmentation quality. Journal of Applied Remote 
Sensing, 8(1), 083696.  

      https://doi.org/10.1117/1.JRS.8.083696 
Miraki, M., Sohrabi, H., Fatehi, P., & Kneubuehler, M. 

(2021). Individual tree crown delineation from high-
resolution UAV images in broadleaf forest. Ecological 
Informatics, 61, 101207.  

      https://doi.org/10.1016/j.ecoinf.2020.101207 
Ouattara, T. A., Sokeng, V. C. J., Zo-Bi, I. C., Kouamé, K. F., 

Grinand, C., & Vaudry, R. (2022). Detection of Forest 
Tree Losses in Côte d’Ivoire Using Drone Aerial 
Images. Drones, 6(4), 83.  

      https://doi.org/10.3390/drones6040083 
Panagiotidis, D., Abdollahnejad, A., Surový, P., & 

Chiteculo,, V. (2017). Determining tree height and 
crown diameter from high-resolution UAV imagery. 
International journal of remote sensing, 38(8-10), 
2392-2410. 
https://doi.org/10.1080/01431161.2016.1264028 

Shovon, T. A., Sprott, A., Gagnon, D., & Vanderwel, M. C. 
(2022). Using imagery from unmanned aerial vehicles 
to investigate variation in snag frequency among 
forest stands. Forest Ecology and Management, 511, 
120138. 
https://doi.org/10.1016/j.foreco.2022.120138 

Tang, L., & Shao, G. (2015). Drone remote sensing for 
forestry research and practices. Journal of Forestry 
Research, 26(4), 791-797. 
https://doi.org/10.1007/s11676-015-0088-y 

Wu, S., Wang, J., Yan, Z., Song, G., Chen, Y., Ma, Q., & Wu, J. 
(2021). Monitoring tree-crown scale autumn leaf 
phenology in a temperate forest with an integration 
of PlanetScope and drone remote sensing 
observations. ISPRS Journal of Photogrammetry and 
Remote Sensing, 171, 36-48.  
https://doi.org/10.1016/j.isprsjprs.2020.10.017 

 

 

https://doi.org/10.5194/isprs-archives-XLII-2-W6
https://doi.org/10.5194/isprs-archives-XLII-2-W6

