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Abstract: The article presents a scientific study on the use of 

aerial photographs obtained by unmanned aerial vehicle (UAV), 
for the automated collection of data on forest resources in the 
taiga forests of the European North of Russia. 

On the example of the trial plot, a technique is described for 
automated allocation of crown contours, calculation of the trunk 
diameter and timber stock in the forest area. The methodology 
used morphological methods for processing digital images, 
geographic information tools for representing and processing 
spatial information, as well as the results of statistical 
observations of leading scientists in the field of forestry.  

The results have been verified in the field in several plots. The 
technique is applicable to automate the process of thematic 
interpretation of orthorectified aerial photographs with a spatial 
resolution of five to ten centimeters per pixel. The experiments 
presented in the article were carried out on images of forests in the 
north of the European part of Russia. The research results are 
used for regular automated updating of information on forest 
resources. 

 
Keywords: digital image processing, aerial photographs, 

satellite images, UAVs, forest area, updating of information. 

I. INTRODUCTION 

The study of taiga forests using remote sensing data is 
carried out over a long period of time in the articles of many 
scientists [1-3]. Most of the work in determining the 
parameters of forest stands based on remote sensing data was 
focused on satellite imagery data of medium and high 
resolution [4-8]. Moreover, data from spacecraft do not allow 
determining the characteristics of forests with the necessary 
accuracy. 

Increasingly, there are efforts aimed at the development of 
alternative methods for the preparation and updating of forest 
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data [9-12]. One of the priority and cost-effective areas, from 
the point of view of the obtained cartographic and attributive 
material, is data processing from UAVs. Moreover, the 
manual processing of aerial photographs to solve the 
problems of forest inventory is a very time-consuming and 
laborious task. Therefore, the creation of new automated 
techniques and processing algorithms is required. 

II. METHODOLOGY 

The main interpretive features in the study of aerial images 
are: size, tone, shape of tree crowns [1]. An analysis of these 
characteristics was carried out using computer vision 
methods. [13-16]. Fig. 1 shows the initial fragment of the 
UAV image, which depicts a forest plot with a spatial 
resolution of 5 centimeters per pixel. There are crowns of 
trees and inter-crown spaces on image. 
 

 

Figure 1 - An example of digital image from UAV 

A. Highlighting of contours 

The original image was presented in grayscale. An 
alternating sequential filtering (ASF) with a window size of 2 
pixels was applied to the image fragment. This image 
filtering method relates to algorithms for morphological 
processing of a raster. [17]. 
The next step was to determine the regional maxima of the 
raster brightness. 
Then the watershed segmentation was applied to the image. 
When using this method, the raster is represented as a 
three-dimensional surface, the points of which are given by 
two spatial coordinates, and the brightness level acts as a 
height. 
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Application of the segmentation algorithm for watersheds 
often leads to the effect of excessive segmentation caused by 
noise and local extrema in the image. This means getting a 
huge number of areas allocated during segmentation. 
The approach used to control segmentation is based on the 
idea of markers [18, 19].  
A marker is a connected component that belongs to an image. 
In our case, the previously selected local maxima of the 
brightness of the raster were set as markers. The result of the 
proposed methodology will be a set of tree crown contours 
obtained automatically (Fig. 2). After obtaining the contours 
of the crowns, the procedure of vectorizing them was carried 
out with the aim of integration and subsequent processing in 
the geographic information system. 

 

Figure 2 – Highlighted contours 

B. Identification of species 

At the next stage of image processing, tree species were 
divided into deciduous (birch, aspen) and coniferous (spruce, 
pine). 

In the field it was marked model trees, mapped their 
coordinates. For various species, the average brightness of 
the pixels of the digital image was calculated, which allowed 
the classification of the contours. (Fig. 3). 

 

Figure 3 – Classified contours 

C. Wood stock calculation 

One of the most important parameters in assessing forest 
resources is the wood stock. Information on the diameter of 
the crown is enough to evaluate this parameter. 

The diameter of the crown can be found from the area of 
the crown. Based on the fact that the crown has a rounded 
shape, the diameter of the crown can be calculated by the 

following formula: 

4S
D = ,

π
cr  

Studies [20] established the relationship of tree crowns with 
other taxation parameters for different types of forest. For the 
transition from the diameter of the crown to the diameter of 
tree trunk at height of 1.3 m (d1,3) the formula is proposed: 

2
1,3 7,86 0,09 5,22,cr crd D D= − −  

where d1,3 is the diameter of the tree trunk at the height of  
1.3 m, cm; 
Dcr – tree crown diameter, m. 
One of the most significant parameters of forest stands is the 
wood stock (m3/ha). With the help of previously obtained 
diameter values at the height of 1.3 m, it is possible to 
calculate the volume of tree trunks according to the Densin 
formula: 

2
1,30,001 ,V d=   

where V is the volume of the tree, m3. 
The formula gives satisfactory results for tree trunks with 
height of about 25 meters. In other cases, volumes must be 
increased by 3% for each meter in excess of 25 m, and 
reduced by 3% for each meter below. 
Then the stock was calculated by the formula [21]: 

,M n V=   

where M – wood stock, m3/ha; 
n – the number of trees in steps of thickness, pcs. 

III. RESULT 

As an object of research, a plot located in the Shenkursk, 
(Arkhangelsk region, Russia) was chosen. There was a trial 
area of 0.83 ha. The result of determining the wood stock  
according to the method described previously is shown in 
Table 1. 

 
Table 1 – Result of determining of wood stock 

Steps of 
thickness, 

cm 

  

Number 
of trees, 

pcs 

S of tree cross 
section, cm2 

Wood 
stock 

Wood 
stock 

per ha one tree 
all 

trees 
12 7 133,6 935,2   7,2 8,7 

16 20 199,3 
3 

986,0   5,8 7,0 

20 46 312,8 
14 

388,8   21,6 26,0 

24 33 451,2 
14 

889,6   33,7 40,6 

28 24 613,8 
14 

731,2   24,9 30,0 

32 13 789,7 
10 

266,1   15,0 18,0 

36 6 979,1 
5 

874,6   7,6 9,2 

40 1 1314,0 
1 

314,0   2,7 3,2 

Total 150  4793,5 
66 

385,5   118,4 142,6 
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When adjusting for the formula for height, the wood stock 
on the trial plot was 82.7 m3/ha. 

The results were checked at several test plots on the 
ground. Maximum error in the calculation of the stock was 
15%. This error is acceptable when assessing the forest 
resources in accordance with standards in forestry. 

IV. DISCUSSION 

The volumetric functionality presented in modern software 
products designed for thematic processing of remote sensing 
data does not guarantee the rapid receipt of accurate and 
reliable information about the territory. In most cases, the 
development of specialized methods and algorithms aimed at 
solving a specialized problem is required. One such example 
is the method presented in the article for obtaining data of 
wood stock from the UAVs data.  

The methodology described in the article will significantly 
accelerate the process of thematic interpretation and updating 
of data on forest resources, increase the reliability of 
information about forests due to new methods of processing 
aerospace images. 

V. CONCLUSION 

Thus, in the presented article, the authors describe a 
methodology for updating forest resources data based on 
aerial survey data.  

The methodology includes approaches related to the 
allocation of tree crowns, identification of species and wood 
stock. It will be useful for automating the process of images 
with spatial resolution of 5-10 centimeters per pixel. The 
experiments presented in the article were carried out on 
images of forests in the north of the European part of Russia. 

In the future, it is supposed to continue research in the 
direction of developing algorithms for separating crown 
complexes into single crowns, using compact multispectral 
cameras for reliable determination of forest species. 
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