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SUMMARY 

 
 

Widespread aerial photography with UAVs as a new and reliable method of obtaining data for 

calculating earthworks. A typical photogrammetric process of aerial photography is aimed at 

obtaining a dense cloud of points, which most accurately describes the shape of the terrain. But such 

technologies require financial infusions and do not always recoup the money invested in surveying 

equipment. The classic and most reliable methods of data acquisition include tacheometric survey and 

ground-based laser scanning. These methods are best suited for calculating simple geometric shapes 

(cube, cylinder, pyramid, etc.), because when using them it is very time consuming to perform 

detailed surveys. The aim of the work is to compare the method of determining the volume of 

earthworks using a total station and the photogrammetric method using a UAV. We used the 

photogrammetric method for two cases of modeling the surface of the pit - based on a network of 

aerotriangulation points (abbreviated photogrammetric processing) and with the construction of a 

dense cloud of 3D points (complete photogrammetric processing). Based on the construction site 

survey in Lviv, it is shown that surface modeling of the pit by a network of aerotriangulation points is 

a more efficient and accurate method compared to the construction of a dense cloud of 3D points with 

its subsequent rarefaction. The positive and negative features of the proposed approach are described. 
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Introduction 
 
The method of determining volumes is described in sufficient detail in the scientific literature, but 
each object has its own characteristics in the calculation and will be different for different source data. 
In particular, to determine the amount of waste MSW, using geodetic and cartographic data was 
presented in (Fys et. al., 2021) and the accuracy of volume determination was evaluated (Lozynskyi 
et. al., 2020). Another approach has been used to determine the volumes of the glaciers of Galindez 
and Winter islands, basing on data RSE (Marusazh, 2020). A slightly different approach to 
determining the volume during a construction process, in particular, during reconstructing of the 
embankment, digging a pit, designing roads, etc. was applied on the basis of classical geodetic 
methods which are presented in some scientists’ works. (Abd Hamid, 2019; Haronian & Sacks, 2020, 
Savchyn et. al., 2020; Klym et. al., 2020, Garasumchuk, 2003). The newest methods of obtaining data 
for the calculation of earthworks include photogrammetric and laser scanning, since they can provide 
a cloud of points which most accurately describes the shape of the terrain. However, such methods 
require financial injections and do not always recoup the money invested in surveying equipment. The 
point cloud represents a data set about points in some coordinate system, in particular in three-
dimensional one, the points are determined by coordinates X, Y and Z and are often intended to 
represent the outer surface of the object. Traditional methods include data acquisition by total station 
and GNSS method. These methods are best suited for calculating simple geometric shapes (cube, 
cylinder, pyramid, etc.), because using them is very time consuming, if it is necessary to obtain 
millions of points in the cloud, as it is possible when using a drone or a laser scanner. Also, the 
advantages of these classical methods are less investment (compared to a ground-based laser scanner), 
so when obtaining data where it is difficult to work with drones, the use of a total station will be more 
appropriate. Total stations and GNSS methods can be used for common forms in construction. 
 
Method and Theory 
 
A typical technology for determining the volume of pits, quarries and other construction sites usually 
involves a full cycle of photogrammetric processing of aerial photographs from UAV. A somewhat 
simplified (primarily sparse) surface model obtained from a dense cloud of 3D points is used to 
calculate volumes and areas. At the same time, quite expensive (in the sense of machine time) 
algorithms of global or semi-global pixel-by-pixel identification of the corresponding points of digital 
stereo pairs of aerial photographs are used. Let us note that the removal of such objects from low 
altitudes creates good conditions for obtaining a high-density cloud of points (given the problem - 
clearly excessive) and to create a reliable network of aerotriangulation points (Schwind & Starek, 
2017). In our opinion, a 3D point model can be used to solve the problem of calculating areas and 
volumes. It can be obtained at the previous stage of computer photogrammetric processing to create a 
dense cloud of points, namely a network of 3D aerotriangulation points. The points of such a network 
are determined with an accuracy of the order of the first centimeters in almost any scheme of 
reference geodetic support (He et. al., 2018). About 80% overlapping of aerial photographs and 
complete provision of the photogrammetric unit with reference points with practical accuracy in 
determining the spatial coordinates ½ GSD (Ground Sampling distance) is typical for the construction 
of construction sites (Haala et. al., 2013). 
 
To create an aerotriangulation network, computer programs for automated UAV image processing 
identify the corresponding points of digital stereo pairs of aerial images according to algorithms that 
provide more reliable (compared to methods of creating a dense cloud of points) identification and 
identification of stereo pairs. As a rule, their work is based on the selection of characteristic points 
with the subsequent comparison of the set of such points on a sequence of aerial photographs. 
Identification occurs for a fairly large array of points (their number can reach several hundred per 
stereo pair). The selection of points from this set (about 20 pieces for each stereo pair) is done to 
determine the elements of orientation of aerial photographs. For all other points, the spatial 
coordinates are determined by the method of direct photogrammetric serif. As we mentioned above, 
this is the set of points we propose to use to calculate volumes and areas instead of using a dense 
cloud of points. 
 
The pit which has similar constant slopes around the perimeter, rectangular bases and is located on a 
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site with slopes not exceeding 0.01 is considered an obelisk (Fig. 1). Its volume is determined by 
formula (1): 

 
Figure 1 The scheme of the pit being considered an obelisk 

 
V = h / b  ·  [a  ·  b  +  c ·  d  +  ( a + c ) · ( b + d )]                                (1) 

 
where h is the depth of the pit, m; a and b are width and length of the sole of the pit, m; c and d are 
width and length at the top of the pit, m. 
 
Pits of a complex contour for calculation of earthworks are divided into parts which are the 
rectangular contours embedded into the plan. The total volume of the pit is determined as the sum of 
the volumes of several obelisks. The total volume of the pit is determined as the sum of the volumes 
of individual sections closed between the vertical planes and at the ends of the pit (slopes and corner 
pyramids) (Kyzyma et al., 2011). The aim of the work is to compare the method of determining the 
volume of earthworks using a total station and the photogrammetric method using a UAV. We used 
the photogrammetric method for two cases – the first one based on a network of aerotriangulation 
points and the second with the construction of a dense cloud of 3D points. 
 
Results of investigations 
 
The selected object of study is a site with the dimensions 50 m x 34 m on the street Perfetskoho in the 
city of Lviv, where the pit is located (Fig. 2), which is intended for the construction of a multi-storey 
building. 

 
Figure 2 General view of the object of study 

 
At this building site, the geodetic survey of the pit from three stations was performed to evenly cover 
the survey area, with the use of an electronic total station Leica TS06. The image-making stations 
themselves were chosen so that they could be captured, and in the future, it would be possible to link a 
cloud of points into one coordinate system. Specialized photogrammetric software is used to process 
aerial photography materials. The main task of digital photogrammetric processing is the repetition of 
geometric characteristics, generation of digital terrain models, construction of phototriangulation, 
creation of orthophotomap, construction of topographic renewal of various maps, design modeling. 
 
Processing of photographic materials was performed with the use of the following software packages: 
Agisoft Photoscan, Autodesk ReCap, Cloud Compare, Global Mapper. The first step is to process the 
images in Agisoft Photoscan software. The project in this program is created, and the elements of 
image orientation are determined, a network of aerotriangulation points and a dense cloud of 3D 
points are created. The second step was to eliminate the unnecessary information from the cloud of 
points. This process is very important, because even one point incorrectly classified as the earth's 
surface component can significantly affect the result of the calculation of the volume in Autodesk 
ReCap software. Moreover, this program allows creating cross-section profiles which can 
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qualitatively remove redundant information.  
 
The third step is the process of optimizing the point cloud using Cloud Compare software, namely, 
thinning out the point cloud to 0.3 m to ease the work with it in Global Mapper. To calculate the 
volume of the excavation, the reference surface was a surface taken with an electronic total station 
Leica TS06 before excavation (digging a pit), and the comparison surface was the surface obtained 
from quadcopter data (aerotriangulation points and cloud points). In the course of our study, we 
performed the estimation of the density of the network of aerotriangulation points and point clouds. 
Relevant maps have been built in Global Mapper (Fig.3 а, b). 
 

  
a) b) 

Figure 3 Density map of points a) aerotriangulation b) dense cloud of 3D points 
 

According to these maps, a dense cloud of 3D points created automatically in the settings typical for 
processing images from UAVs has the density of 2-3.5 thousand points / m2 in areas of the 
construction site outside the pit and on the sloping bottom of the pit. This density increases to 6.5 
thousand points / m2 on the walls of the pit in accordance with the known conditions of the 
photogrammetric process on surfaces close to vertical ones (Dorozhynskyy & Kolb, 2018). 
Obviously, this number of points is too large to perform volume calculations. Therefore, this cloud 
was thinned out according to the principle described above to a density of 10-12 points / m2. This 
density is obviously provided by the use of aerotriangulation points as a surface model of the network 
(Fig.3). The analysis of this map shows the density of 1-10 points / m2 in the areas of the construction 
site outside the pit and on a sloping bottom of the pit with an increase of up to 60 points or more on 
the walls of the pit. Assuming that the accuracy of determining the spatial coordinates of the 
aerotriangulation points and the dense cloud are identical, it can be concluded that it is not appropriate 
to create and use a dense cloud to determine the volume of earthworks. 
 
Moreover, for comparative analysis, the excavation volumes were calculated using an electronic total 
station Leica TS06, the surface was created from a relatively small number of pickets. Data 
processing and work algorithm from electronic total station data is much simpler compared to 
photogrammetric. This method does not require a large number of step-by-step data processing 
programs, it is enough to download the data from the electronic total station to a PC using a 
specialized program, such as LEICA Flex Office Standard, and perform data processing in Global 
Mapper software. 
 
Conclusions 
 
Comparing two methods of obtaining spatial data for calculating the volume of the foundation pit, we 
obtained values that differ within the tolerances set by the technical regulations. Our research shows 
that if the pits do not have vegetation or are not filled with construction equipment, then there is no 
need to create and thin out a dense cloud of 3D points to measure the volume of earthworks by 
photogrammetric method. It is sufficient to use a network of aerotriangulation points as a model of the 
pit surface. At the same time, the results of volume calculations are more accurate with a significantly 
shorter cycle of photogrammetric processing. It is possible to obtain high accuracy of 3D model 
construction by photogrammetric method, but under the condition of sufficient number of identifiers 
and proper design of aerial photography. According to the results of the experiment, aerial 
photography was performed from the UAV of the construction site. The volume of the pit, calculated 
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according to the tacheometric survey is 3603.97 m3, and by the photogrammetric method for a sparse 
dense cloud of points - 3632.08 m3 (the difference in volume compared to the tacheometric survey is 
28.11 m3, or 0.8%). The volume of the pit, calculated at the points of the aerotriangulation network, is 
3617.23 m3 (the difference in volume compared to the tacheometric survey is 13.26 m3, which is 0.4% 
of the volume). The advantages of the photogrammetric method with the use of UAVs are: lower 
equipment cost, high speed of data acquisition and processing, the ability to shoot without stopping 
construction work. The disadvantages of using UAVs are the dependence on weather conditions and 
the desired lack of vegetation. 
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