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Abstract 
Photogrammetry and remote sensing provide methods for mapping boundaries of forest stands and tree-crown 
coverage. The aim of this study is to extract accurate data about tree crowns by processing images obtained from 
UAVs. The practical tasks include identifying individual tree locations and delineating the tree-crown contours. The 
specialized software ERDAS IMAGINE provides tools for automated analysis and mapping of boundaries, individual 
tree crowns, and gaps between the trees. Automated tree-crown delineation consists of preprocessing, images 
segmentation, line extraction, contour generation and post-processing. IMAGINE Objective module is used to define 
the model of individual trees, which enables geospatial data layers to be created and maintained. The object-oriented 
method has higher accuracy than other pixel-based classification techniques. 
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INTRODUCTION 

The significance of the problem is in expanding the methodology and approaches for automated and object-oriented 
classification of images in the study of the structure of forest stands (Asenova et al, 2019). The specification of the 
parameters when working with large-scale images obtained from UAVs is important for the next stages of automating 
the processes of forest mapping and extraction of structural data (Gulbe, Mednieks, 2013; Lim et al., 2020). The aim of 
the study is to do the experiment with methods for mapping automatisation of the tree crowns in the forest stands using 
ERDAS modules and other tools. 

The parameters describing the stand structures were obtained by mapping the projections of the tree crowns and the 
spaces between them in a GIS environment (Asenova, 2017). These are the complexity of the forest stands, crown 
closure, density (number of trees per unit area) or average distance between trees, etc. The parameters’ determination 
was based on the area and the number of crowns, the size of the spaces between the crowns (gaps), and areas affected 
by natural disturbances. A disadvantage is that the images do not allow identification of the objects covered by other 
objects located above them (higher or tangential tree crowns, terrain forms). The object-oriented approach can be used 
for automatic mapping of individual tree crowns and in the study of the state of the forest (Li et al., 2022; Onishi et al. 
2021). The base process includes filtering and segmentation of orthoimages to obtain a model of tree crowns and the 
distances between them. 

MATERIALS AND METHODS 

Study sites  

The study was conducted in areas with old-growth forests in Bulgaria within the Steneto Reserve, Central Balkan 
National Park (sites STE1 and STE2) and Parangalitsa Reserve, Rila National Park (PAR site) (Figure 1). The sites in 
both reserves have been the subject of extensive long-term research from 2008 to the present (Panayotov et al., 2011).  
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The Steneto Reserve preserves primary forest systems typical of the middle part of the Balkan Mountains, 79% of 
which are pure beech forests about 150-180 years old. Sample plots (28 points-circular sample areas with a radius of 22 
m) are selected and measured in the field. The Parangalitsa Reserve is dominated by pure spruce forests (75%), but 
there are also mixed spruce-macedonian pine forests and spruce-beech-spruce forests. It preserves some of the oldest 
and best-preserved spruce forests in Europe, with an average age of 160–200 years (Panayotov et al., 2011). In the 
reserve "Parangalitsa", 14 points have been selected, which are terrain test areas. Most forests are mixed with fir-beech-
spruce. Large trees are mostly fir and spruce, and beech is located between them. Some of the sample plots (for mixed 
fir-beech-spruce forests) are circular with a radius of 20 m, and the others are rectangular with a size of 40 x 50 m.                    

 

                 

STE1  STE2  PAR 

 

Figure 1. Study sites in the Steneto Reserve (Central Balkan National Park) and the Parangalitsa Reserve (Rila 
National Park) 

The old-growth forests are suitable for remote sensing and automated mapping (Shashkov et al., 2022; Li et al., 2020). 
The structure of old-growth and primary forests in the reserves is natural, as there is no economic activity in them. Due 
to their great age, the density is relatively low, the crown closure is medium to low, and there are relatively large spaces 
between them. Three approaches have been applied in our development: computer-aided mapping technology, 
automated classification, and an object-oriented approach for mapping the crowns of trees and the spaces between them 
in order to determine the structural elements of the studied forests. The methodology and the technological scheme are 
presented in Figure 2. 

 

Figure 2. Research methodology 

Computer-assisted mapping using open source satellite data 

An analysis and deciphering of the studied primary forests was performed with satellite data. Structural elements of the 
old-growth forests were measured within the boundaries of the sample plots. In the environment of the platform Google 
Earth Pro, the crowns of the trees and the gaps between them are mapped on the satellite images from Landsat 8 for the 
creation of a model of the crowns (Figure 3). 

 

Figure 3. Computer-assisted mapping of the sample plots using open-source satellite data and tree crown models 
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Computer-assisted mapping provided data on the projections of the crowns and the gaps for the three objects STE1, 
STE2 and PAR. The polygon tool is used to create objects (crowns, gaps), which are assigned an identifier, calculated 
area (m2), and the perimeter of the crowns (m). We accept that the minimum value of a mapped unit should be five m2. 
The vector layers for the mapped tree crowns and the spaces between them (gaps) have been created. The received 
vector data was processed using the GIS software MapInfo Professional 15.2 (Asenova et al., 2019). The parameters 
describing the structure of the forest stands were calculated, and a statistical analysis of the data was performed. Based 
on the measurements in the sample plots, the following were calculated: site area, area and perimeter of measured 
crowns; number of crowns, density, and crown closure; minimum, maximum, and average value of crown area and 
perimeter, and others. 

The areas S of the mapped crowns (Figure 3) are obtained by the function Area (analytically by the coordinates of the 
points from their contours). The perimeter P of each crown with the function Perimeter was also obtained. Attributes for 
crowns include object name, sample plot number, perimeter, and crown area, to which the location of the center of the 
crown is added and the X and Y coordinates are written in m using the X centroid and Y centroid functions (Figure. 3). 
The relationship between Dk and the perimeter P is used to determine the diameter Dk of each mapped crown, and the 
relationship between Dk and the area S can be applied. When calculating the crown diameter Dk, it is assumed that the 
projection of the crown is circular and its irregular shape is not taken into account. The obtained results for Dk are the 
basis for the subsequent processing and obtaining the average values in the sample plots through the aggregating 
functions: number (Count), minimum value (Min), maximum value (Max), average value (Avg) and sum (Sum). The 
summary indicators by sample plot and for each study site were obtained through SQL queries to the GIS database. 
After the automated extraction of the crown data, the crown closure and density of the forest stands are calculated. The 
crown closure is determined by the ratio of the sum of the areas of the crowns S for a given sample plot relative to its 
total area Sо (Figure 3). To determine the density (number of trees per unit area), we used the number of crowns, which 
is automatically determined by the Count function in the GIS aggregating functions. 

UAV data and processing 

Survey of objects with an unmanned aerial vehicle  

The study area was surveyed with a WingtraOne unmanned aerial vehicle. The software, Wingtra Pilot, is used to plan 
the flights and calibrate the cameras. Air flights were processed in October 2019 with two types of high-resolution 
cameras. The first camera is a RGB color camera Sony RX1RII 42 MP with GSD (Ground Sample Distance) resolution 
of 4.68 cm/pixel and the second is a MicaSense RedEdge M multispectral camera with NIR (Near Infrared channel) and 
GSD of 8.2 cm/pixel. The air flights are from an altitude of 120 m, over an area of about 230 ha, with a duration of 52 
min. The output coordinate system is WGS84/UTM zone 35N. The images are suitable for studying vegetation and 
extracting accurate geometric and qualitative information about the structure, vitality, and health of forest stands 
(Asenova, 2018; Tubau, Comas et al., 2019; Asenova, Danailova, 2020). 

Image data 

The software products Pix4D Mapper and Pix4D Fields were used for the initial processing of the obtained images and 
the creation of georeferenced orthomosaics. As a result of the processing, high-resolution spatial images (356 RGB 
images and 1055 NIR images) were obtained. The images from the color RGB camera allow the generation of a 
detailed 3D model and orthomosaics. Images from the Sony RX1RII 42 MP are processed into orthomosaics using 
Pix4D Mapper. 

Automated mapping using UAV data  

Image processing and analysis using software ERDAS IMAGINE 

Image pre-processing stages include scaling, analysis and stretching of histograms within the sample plots. This helps to 
decipher the individual trees, the composition of the forests and the tree species. Image quality is suitable for 
interpretation purposes (Tahar et al., 2021). After stretching the histograms with bilinear interpolation, the contrast in 
the free spaces between the crowns is enhanced and this is used in mapping the spaces between the crowns and the 
projections of the crowns. Nest steps are:  

• Visualization of the images and the field sample plots (Figure 4 and Figure 5); 

• Sensor selection and channel combination; 

• The ISO and K-means algorithms, as well as the NDVI vegetation index, were used in the processing;  

Proceedings Vol. 2, 8th International Conference on Cartography and GIS, 20-25 June 2022, Nessebar, Bulgaria 
ISSN: 1314-0604, Eds: Bandrova T., Konečný M., Marinova S.

183



• Vectorization and obtaining a model of the projections of the crowns through polygons. 
 

  

Figure 4. Terrain sample plots and raster data visualized with ERDAS IMAGINE  

 

Figure 5. Visualization of old-growth beech forest (left) and mixed fir-spruce-beech forest (right)  

The identification of the trees by location, tree species, crown parameters (area, perimeter, and diameter), and distances 
between the trees are determined after a process of automated vectorization (raster to vector menu) and the extraction of 
vector data from the orthoimages. For this purpose, direct vectorization and subsequent processing are used to obtain 
the projections of the crowns, their centroids, and other parameters. In the analysis of the input orthomosaics and 
visualization of the studied sites, a color composition of channels 3, 2, 1 and a combination of 4, 3, 2 with the infrared 
NIR channel in false colors was used. The NDVI algorithm was used for analysis of vegetation. We chose a factory-set 
sensor in ERDAS IMAGINE with channels close in range to those of our multispectral camera (Table 2). In this case, 
the best match is Spot XS (http://learningzone.rspsoc.org.uk/index.php/Datasets/SPOT/Characteristics-SPOT). For the 
purpose of the development, algorithms for automated processing of ISO and K-means were applied and the NDVI 
index was used (Figure 6), and the results were vectorized. 

Table. 1. Spectral range of the channels 

Sensor Blue Green Red Near IR 

SPOT XS 450 - 520 520 - 600 630 - 690 760 - 900 

MicaSense RedEdge M 465 - 485 550 - 570 663 - 673 820 - 860 

 

 

Figure 6. Automated image processing and vectorization 
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Processing with GIS software MapInfo Pro  

Figure 7 and Figure 8 show an example of processing through MapInfo Pro of a PAR site, a sample plot N10_5 of a 
vector layer and the resulting thematic map and legend with 5 classes. Classes 1 and 2 have been merged into a new 
layer called "Crown projections", and classes 3, 4 and 5 form a layer called "Gaps" (Figure 8). The processing of the 
vector layer through GIS aims to separate them into vector layers (Figure 9), obtain a model of the crowns (polygon and 
point), extract statistical data for crowns and gaps on sample plots and summarize the data of study sites (Asenova et al., 
2019). 

 

Figure 7. Thematic map by classes - PAR study site, sample plot N10_5 

 

Figure 8. Combining classes 1 and 2 in the "Crown Projections" layer and classes 3, 4 and 5 "Gaps" 

 

Figure 9. Vector and raster data – layer crown projections and sample plots 

CLASSIFICATION OF INDIVIDUAL TREES USING MODULE IMAGINE OBJECTIVE 

This method applies image filtering in order to obtain a more even transition in the values of illuminance, which erases 
the differences inside the tree crowns and avoids their separation into parts - as polygons of tree crowns, parts of them, 
and clusters of trees. One characteristic of this software application is the ability to set the minimum size of the polygon 
from the crown model, to avoid unnecessary division of one crown into a large number of small parts. 
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Stages in image processing and analysis through IMAGINE Objective 

This module IMAGINE Objective provides automation of the process of extracting the characteristics of objects - the 
projections of the crowns of trees and the gaps between them on their images (https://www.hexagongeospatial.com). 
The process is modeled with the participation of the interpreter and the visual system for image interpretation. The 
characteristics of the objects are determined by the operator through training samples for tree crowns (Figure 10) and 
other objects and various parameters, through which the analysis software components are trained for automated 
processing and classification of tree crowns. Then these learned characteristics and models are applied to images to 
extract data on the model of tree crowns. The preparation of the tree crown model from UAV orthomosaics follows this 
order:  

• Variable Setup and Feature Model; 

• Raster Pixel Processor - Choose SFP (Single Feature Probability), draw polygons with AOI (Area of Interest), 
and training samples; 

• Raster Object Creators - Select Threshold and Clump, Delate; 

• Raster Object Operators - Add the Dilate operators, Choose Size Filter, and enter the Minimum Object size in 
pixels; 

• Raster to Vector Conversion; 

• Vector Object Operators – Select Island Filter, the Generalize operator, and the Split operator; 

• Object Classification - Vector Object Processor, Enforce Distribution (min, max), Select Geometry: Area; Tree 
crown - Select training samples as samples for both Pixels and Objects, select Area Object Cue node, 
Distribution statistics (Min, Max, Mean and Standard Deviation (SD) values); Values are proven effective - 
Select Geometry: Circularity, Linear Distribution, Min-Max (Figure 11); 

• Vector Cleanup Operators – Select Min Probability, Convex Hull. 
 

 

Figure 10. Creating of training samples for trees and gaps 

 

Figure 11. Automated object classification  
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RESULTS AND DISCUSSION 

The final data and products from the UAV shoot are high-quality images (color and multispectral) and orthomosaics of 
the entire captured area for each study site (Figure 12), 3D models, and projects ready for visualization and analysis in 
the Pix4D mapper and ERDAS IMAGINE environment. 

 

Figure 12. Orthomosaics of Steneto Reserve (STE1 and STE2) and Parangalitsa Reserve (PAR) 

Statistical data of remote mapping in sample plots is summarized for three study sites: STE1 includes 14 sample plots, 
STE2 includes 14 sample plots, and PAR includes 11 sample plots. For each of the three study sites, the average 
indicators are calculated with GIS modules and are given in Table 2. 

Table. 2. Statistical data for the measured crowns in the terrain sample plots (TSP) 
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Name 
N sample 

plots ha m2 m2 n n/ha m2 m2 m2 m m m 

STE1 № 302_1, 302_2, 303_1, 303_2, 304_1, 304_2, 362_1, 362_2, 363_1, 363_2, 364_1, 364_2, 422_1, 422_2 

  44.4 1519.8 803.0 22 145.2 14.6 86.5 39.7 14.5 35.5 23.4 

STE2 № 426_1, 426_2, 427_1, 427_2, 428_1, 428_2, 429_1, 429_2, 487_1, 487_2, 488_1, 488_2, 547_1 547_2 

  51.4 1519.8 762.8 13 83.2 31.1 145.3 72.3 20.7 46.8 31.7 

PAR № N1_1, N2_1, R1_1, R1_2, R1_3, R2_1, R2_2, R2_3, W1_1, W3 

  13,1 1594.2 681.4 29 186.0 8.3 55.0 23.4 11.0 29.2 18.5 

 

The results of the automated analysis and mapping by ERDAS Objective include a model of tree crowns; a model of 
gaps; models of the location of the stems and the distances between them (Figure 13). Vector layers obtained by 
segmentation consist of multiple polygons, and virtually every crown of an individual tree is divided into numerous 
polygons of different shapes and sizes. This is especially true for orthomosaics from test areas with beech and oak 
forests, where tree crowns are larger and have more shades of green within a tree crown.  
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On the other hand, in the ornaments of test areas in coniferous forests, unification of one-color or similar-in-color 
neighboring crowns is often observed in one polygon, most often in areas with higher density, where the crowns touch 
or overlap. In both cases, a process of processing the polygon layer to a model is required, in which only one polygon of 
the model corresponds to each crown of a tree. The tools used in the study for segmentation of orthomosaics do not give 
quite satisfactory results, as each model requires adjustments. 

 

Figure 13 Results of the mapping – canopy map and tree crowns model 

The use of large-scale UAV images and the application of object-oriented analysis have a significant impact on the 
quality of the process. New options should be sought for the use of different software products and tools for the 
automated delineation of tree crowns within the modeled area. The result of the performed segmentation of the 
orthomosaics, after processing and verification of the polygon layers, are models of the tree crowns. 

CONCLUSIONS 

With the advancement of geospatial technologies, the work processes of digital image mapping are successfully 
automated. Traditionally used automated classifications (unsupervised and supervised with training samples) have been 
developed to extract information from satellite images and are limited in terms of their resolution. Modern high-
resolution satellites and UAV imagery analysis techniques are object-oriented and useful for creating and maintaining 
large-scale cartographic and geospatial databases. In the present study of primary forests, the classic mapping methods 
were compared with the newer technologies via images captured by UAVs. 

IMAGINE Objective software provides tools and systems for building and implementing special methods for image 
processing of specific groups of objects such as buildings, roads, various types of land cover and, in particular images 
of vegetation and old-growth forests. Through the user interface, models of functions necessary for extracting 
projections of tree crowns from old-growth forests on large-scale and high-resolution UAV images have been 
experimented. 

Factory models and functions are used, which are improved and perfected through the user interface and which are 
applicable to other types of images. We used computer-assisted analysis of satellite images and automated methods for 
classifying UAV orthomosaics to test whether this approach could be used to complement classical field measurements 
to detect and describe old-growth forests. This type of forest has lower crown closure and density compared to other 
forests, the distances between trees are greater and, therefore, the free areas are  more, which allows more reliable 
identification and more reliable results in automated crown mapping and the creation of the tree crown model. 
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These approaches allow automated mapping and statistical GIS analysis of the distribution and parameters of the tree 
crowns and the spaces between them, which are key characteristics of old-growth forests. The applied part of the study 
shows several main advantages of using remote sensing data and UAV imagery: 

• Due to the efficiency of the technology, it provides access to actual data about the forests obtained from UAVs; 

• In the event of natural disturbances, there is the possibility of rapid mapping and remote assessment of the 
condition of old-growth forests; 

• It provides the calculation of many statistics on the structure of forests in the GIS environment, which can be 
integrated with field data and other data; 

• Allows users to easily access and retrieve forest data via free satellite data; 

• A wider range of users can apply compiled tree crown processing and mapping models to their own raster data. 
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