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INTRODUCTION

In recent years, drones have found many dif-
ferent, unusual applications and have become a 
space for scientific research [Prisacariu 2017]. 
They are used, among others, in geology, to 
make observations, on the basis of which maps 
and 3D models are created. They are the tools 
that quickly provide a lot of data in sufficient 
resolution for analysis and research [Bemis et 
al. 2014]. Almost every branch of geodesy uses 
technological innovations. Drones are consid-
ered as an alternative way to update the existing 
land and building registry resource sets (EGiB) 
[Plichta et al. 2017]. Environmental protection is 
also applied to unmanned aerial vehicles as mo-
bile stations for monitoring the concentrations of 
particulate matter and other pollutants in the air 

[Adamski et al. 2018; Villa et al. 2016]. Ecolo-
gists look for solutions using photogrammetry 
and the 3D model obtained in the process of im-
age processing as research material [Ourloglou 
et al. 2020]. In mining, unmanned aerial vehicle 
(UAV) monitors the condition and operation of 
the mine [Ren et al. 2019]. In forestry, the poten-
tial of drones has also been used to replace the 
traditional, unprofitable and cyclically repeated 
forest inventories [Mohan et al. 2017, Mikita et 
al. 2016]. Due to the many design advantages and 
possibilities to enrich them with different sen-
sors, the development of their use has long been 
predicted. Most often, the UAV are equipped 
with cameras, mainly registering visible light in 
the form of high-resolution digital photography. 
They give the products which are the easiest to 
process for professional and advanced users using 
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the photogrammetric methods [Villa et al. 2016, 
Niethammer et al. 2011]. In addition to the photos 
obtained from drones, terrestrial photographs in a 
dynamic projection, taken using smartphones and 
classic digital cameras, are used increasingly of-
ten. They are increasingly becoming the basis for 
the 3D reconstruction using algorithms instead of 
the classic photogrammetric conversions [Abed 
Al Aziz et al. 2015]. Already in 2011 it was con-
firmed that the results obtained with a low-quality 
phone camera are intriguing and prospective for 
the future [Sarhan 2011]. Owing to the size of the 
phones and their ease of use, they can be taken 
anywhere. Additionally, the technology of taking 
pictures with them is cheap and common. The ex-
amples of photograph applications appear in the 
inventory of architectural monuments [Aicardi et 
al. 2014] and natural objects – e.g. Bossea Cave 
[Dabove et al. 2019].

Due to the growing number of acquired pho-
tographs, there is a need to search for the tools that 
will allow transforming a tens or even hundreds 
of overlapping photographs, perform 3D recon-
structions in order to enable conducting further 
analyses on them. On Internet forums and web-
sites [Uebel 2020, Corrigan 2020], scientific and 
professional literature [Królikowski 2017, 2018] 
has repeatedly tried to classify the existing free 
and commercial photogrammetric or computer 
vision (CV) applications for UAV images, cam-
eras and phones. Their disadvantages, advantages 
and possibilities were evaluated. Each program 
works on different processing algorithm. There 
are no objective lists, because the evaluation of a 
program depends on many factors.

Expensive laser scanners can be used to ob-
tain a point cloud for modeling. An alternative for 
reconstruction, documentation and inventory pur-
poses is to process the photos in an appropriate 
program based on 3D modeling and reconstruc-
tion [Rahaman, Champion 2019].

The photogrammetric processing of photos is 
always based on similar steps of the transforma-
tion algorithm performed from photos to 3D geo-
spatial products:
•• taking digital photographs and adding them in 

to the program environment,
•• detection of objects in photos, matching, re-

construction of internal orientation [Wilfried 
2009],

•• reconstruction of a sparse point cloud, recon-
struction of the beam of rays and determi-
nation of external orientation, triangulation 

(determination of position in space) [Kurczyński 
2014],

•• creating a texture [Rahaman, Champion 2019], 
•• creating a digital terrain model (DTM),
•• creating an orthophotomap on the basis of 

DTM, 
•• sharing available end products [Preuss 2014].

On this basis, individual products that can be 
obtained in the processing process are visible: 
parameters of internal and external orientation, 
point clouds, 3D models, numerical terrain mod-
els and orthophotos.

This paper involves a comparison of the pos-
sibilities of using free and commercial applica-
tions available on the market to process the imag-
es of various objects from UAVs, traditional digi-
tal camera and smartphone, with a view to use the 
products for inventory purposes. The most com-
mon environments were selected based on the lit-
erature. The presented commercial programs, i.e. 
Agisoft Metashape, DroneDeploy and COLMAP, 
and VisualSfM, were used to present open-source 
solutions. Then, they were used to process three 
sets of data and evaluate the received products, 
which in the long run can be used in processing 
for the inventory and research goal.

MATERIAL AND METHOD

Evaluation criteria for software

During the search for suitable application 
examples for the processing of the research 
material, an attempt was made to specify vari-
ous criteria for evaluation and comparison. The 
basic, most important of them are the available 
application functions and the type of the final 
product of the study. In practice, the selection 
of the application usually starts with identify-
ing the products that users want. Among the tes-
ters of free and commercial programs there is a 
large variety of needs and skills, so in addition 
to the effects of work for potential users, other 
components are also important. Among other 
things, the possible workflows and their degree 
of automation must also be taken into account. 
Professionals and scientists usually look for the 
programs with the ability to edit parameters. 
Hobbyists and laymen pay more attention to 
the simplicity of program operation [Rahaman, 
Champion 2019]. The tools for checking and 
validating the results to evaluate the generated 
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material are also welcome in applications [Sona 
et al. 2014]. Another aspect of evaluation will be 
the performance of the program, sometimes in-
dependent of hardware capabilities and the algo-
rithm used. Of course, the fastest possible pro-
cessing is most beneficial. In addition to photo 
processing, the data analysis tools would be an 
ideal addition to the application. Distance, area 
and more advanced measurements i.e. maps of 
slopes, exposure [Zou et al. 2016]. Additionally, 
we have to check the types of sensors the prod-
ucts of which are supported in the application 
(e.g. multispectral photos). The last important 
element are the hardware requirements in rela-
tion to the type of program and duration of its 
use. Sometimes, it may be more profitable to 
work in the cloud than to buy expensive equip-
ment [Królikowski 2017].

Description of the study area

The computer used to develop the test block of 
photos was equipped with an Intel (R) Core (TM) 
i7–9700K CPU 3.00 GHz, 32 GB RAM and an 
NVIDIA GeForce RTX 2070 graphics card with 
CUDA Compute Unified Device Architecture 
(CUDA) support, a technology that allows using 
the computing power of the graphics card to solve 
general numerical problems [Błaszczak-Bąk et al. 

2016]. The computer is running the Windows 10 
Professional operating system.

Three types of data were used to perform the 
processing in selected applications. The photos of a 
fragment of the Jaroty estate, a data sample provid-
ed by Agisoft – the building, and smartphone im-
ages of the remains of a tree trunk after its cutting. 

The first data sample used for processing 
were the photos from the flight taken over the 
Jaroty housing estate in Olsztyn. They presented 
various terrain forms, from buildings to green ar-
eas and forests. The flight was carried out with the 
DJI Inspire 1 PRO multi-rotor UAV. The platform 
was moving at a constant speed and the photos 
were taken at regular intervals. About 80% trans-
verse and longitudinal coverage was obtained. 
The flight was carried out in 9 rows at a height of 
100 m above the ground level. In total, 63 parallel 
images were obtained (Fig. 1). 

The drone transported a DJI Zenmuse X5 
camera with a focal length of 15 mm with a field 
of view of 720 and a 4/3 CMOS matrix with a 
resolution of 16 Mpix. The stabilization of the 
sensor in flight was provided by a three-axis gim-
bal. It allowed the orientation of the camera axis 
with an accuracy of 0.02° [DJI 2017]. The photos 
were taken in the resolution of 4000 x 3000 pixels 
with an aperture of f/2.8, ISO 100 and a different 
exposure time.

Fig. 1. Distribution of the photo projection centers over the imaged area
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Before the flight, seven ground control points 
(GCP) were marked in the field with yellow neon 
paint (Fig. 2).

Additionally, thirty-five check points were 
selected including permanent and unambiguously 
identifiable points in the field in the form of curbs, 
wells, and sewage grids (Fig. 3).

GCP and check points were measured with 
the Leica CS15 receiver with the GS08plus an-
tenna. The flat coordinates were determined in 
the PL2000 coordinate system for zone 7, while 
the heights were determined in the Kronsztad 
PL-KRON86-NH system. In the course of data 
processing, the coordinates were transformed, as 
required, using TRANSPOL 2.06 software.

The photos of the building provided by 
Agisoft [https://www.agisoft.com/downloads/
sample-data/] were used as another research ma-
terial. The data sample consists of 50 convergent 
terrestrial photographs taken with a Canon EOS 
5D digital camera with a focal length of 24 mm. 
The resolution of the images is 4368 x 2912 pix-
els. Natural light was used. The aperture unit was 
f/9, ISO 200 and the exposure time was 1/200 s. 
The subject was photographed only from the side. 
It has many characteristic elements, regular con-
struction. There are no photos showing the roof 
covering. Its location is unknown, and it is miss-
ing in the EXIF file of the photos. The examples 
of photographs are shown in Figure 4.

The last processed set of data were photos 
taken for the purpose of research, showing a 
fragment of a tree trunk (Fig. 5). The object is 
asymmetrical, with many colors and an irregular 
surface. The images were taken with a Xiaomi 
Redmi Note 7 smartphone equipped with a 

48 Mpix camera, which takes photos at a resolu-
tion of 6000 x 8000 pixels. 5 mm focal length. In 
total, 92 convergent photos were acquired, also 
from the top of the object, at different distances 
around, under a cloudy sky. The aperture value 
was f/1.8, ISO 800, the exposure time was 1/60 s. 
The phone created EXIF files which also contain 
the GPS location.

All the photos used show a range of different 
objects that can be modeled – from engineering, 
land development to natural objects.

Description of tested programs

Many lists of the programs used were found 
in literature and online sources. After reviewing 
them, four programs (two free and two paid) were 
selected for processing, which were most often 
and best rated. In order to make the presenta-
tion of the commercial programs more attractive, 
one desktop program (Agisoft Metashape) and 
one working in the cloud (DroneDeploy) were 
selected. The examples of free applications are 
COLMAP and VisualSfM.

Agisoft Metashape 1.5.4

Produced by Agisoft LCC. Agisoft Metashape 
is a program for processing digital images (aerial 
and terrestrial) from RGB, thermal and multi-
spectral cameras into dense point clouds, textured 
3D and DEM models, orthophotos. The program 
is based on the Python programming language, 
but the exact operation algorithms are unknown. 
It has an extensive interface and Python console. 
Two processing paths are possible. The first is 

Fig. 2. View of the marked GCP
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automatic step-by-step guidance through the sub-
sequent stages of development. The second way 
is advanced, enabling to change many param-
eters at each stage of development. Detailed set-
tings concern products and program operation. It 
comes in two extensions: Professional and Stan-
dard Editions. The mentioned software belongs to 
the group of stationary, paid programs. Package 
prices start from approx. PLN 900 to even PLN 
17000 for a professional user [Agisoft].

DroneDeploy 2.69.0.

A cloud-based tool with declared by the 
manufacturer, easy-to-use and fast processing for 

a) b)

Fig. 4. Examples of photos of the processed object – building

Fig. 3. Examples of check points

a) b)

Fig. 5. Examples of photos of the processed object – a fragment of the trunk
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professional and beginner users. A comprehen-
sive application that enables to: plan UAV flight, 
take photos, send materials, process them into 
maps and 3D models, share results and reports. 
All work takes place in the cloud in real time. 
The entire workflow takes place without instal-
lation, in one environment, after logging in to a 
web browser window and does not depend on the 
hardware resources available. Work only possible 
in one way – the automatic path. The application 
operation algorithm is unknown, and the modifi-
cation of parameters is possible in a very small 
way. There are three versions of the app for pur-
chase: pro and business (individual users) and en-
terprise (multi-user). The license for working in 
the cloud is available in a monthly subscription. 
The cost of the pro version is about PLN 400/
month, whereas the business version is about 
PLN 1200/month [DroneDeploy].

VisualSfM

VisualSFM is another completely free sys-
tem. The name itself indicates the method used 
to build point clouds from Structure-from-Motion 
(SfM). There are two modes of operation in the 
system: command line or GUI. A Google Design-
er – developer Changchang Wu adopted VisualS-
fM as part of another research. The environment 
includes basic and extended functions, so that 
each user can find something for themselves – a 
quick process or the ability to edit each parameter 
separately [Uebel 2020]. The developer declares 
that the program will run very smoothly by using 
parallel processing and multi-core code to build 
the reconstruction [http://ccwu.me/vsfm/]. Build-
ing a dense point cloud in VisualSFM is achieved 
by integrating two pieces of software: Patch-
based Multi-view Sterego – PMVS (developed 
by Y. Furuwak, J. Ponce) and Clustering Views 
for Multi-view Stereo – CMVS (developed by Y. 
Furuwak) [Morgan, Brogan 2016].

COLMAP 3.6

COLMAP 3.6 is free software available for 
download from the GitHub website hosting ser-
vice. Processing can be started both from the 
command line and from the graphical user inter-
face. COLMAP is created by the scientific com-
munity. The program can generate a 3D mesh, 
but also work with a dense point cloud. The ap-
plication uses the SfM algorithm to calculate the 

initial orientation of photos and the MVS Multi-
View Stereo (MVS) as the basis of its operation 
[Schoenberger 2020].

RESULTS AND DISCUSSION

Processing 

In order to check the functionality of the 
programs in more detail, three types of pictures 
were used: parallel from a drone (Jaroty estate), 
convergent from a digital camera (building) and 
convergent from a smartphone (a fragment of a 
tree trunk). Three sets of data, in different envi-
ronments, may have given different processing 
effects (not every set of photos allows for all pro-
cessing steps). In each of the programs, if it was 
possible to choose, an automatic processing path 
with medium calculation accuracy was used. The 
instructions and recommendations from the web-
sites were followed. In order to make a compari-
son, it was necessary to carry out the processing 
in the selected applications and to check the pos-
sibilities of manufacturing products in different 
environments, while evaluating their additional 
aspects [Remondino et al. 2012].

Application features and processing products

After completing the entire processing paths, 
the information about the possibility of producing 
given products in the analyzed environments was 
obtained. The obtained elements of photogram-
metric photo processing in four environments 
were summarized. The results are presented 
in Table 1. 

Undoubtedly, Agisoft Metashape is at the 
forefront of the paid programs when considering 
the issue of available functions and products. The 
applied algorithms allowed obtaining correct re-
constructions of objects, regardless of the type of 
photos. The advantage is the division of work into 
steps and the option of exporting the results. At 
each stage, it was possible to change the param-
eters, which resulted in the selection of the opti-
mal settings, and thus influenced the final result. 
Unfortunately, without sufficient knowledge, the 
end result can easily be worsened. Additionally, 
the license price is high. The program allowed 
for the development of typical photogrammetric 
products, such as DTM (Fig. 6b) or orthomo-
saic (Fig. 6a).
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In four programs, processing was carried out 
for two sets of photos: the Jaroty estate and photos 
of a trunk fragment. The third set of photos of the 
building, not having the location data in the EXIF 
file, made it impossible to apply them to Drone-
Deploy. This program is not suitable for modeling 
reality with photos without georeference. In addi-
tion, Drone Deploy has a path of work that is sim-
plified to a minimum, and also limits the access to 
intermediate products, and does not describe their 
properties. The cloud app only showed one point 
cloud, it did not classify it as sparse or dense. 
On the other hand, it has the ability to plan, per-
form a UAV raid, send data in real time and give 
the opportunity to perform chamber work on a 
regular basis to another person in the office. An 

orthophotomap (Fig. 7a) and DTM (Fig. 7b) were 
also generated using a commercial DroneDeploy.

The most abundant dense point clouds come 
from Metashape. Approximately four times low-
er point cloud density was generated in VisualS-
fM, and the rarest cloud is created by COLMAP. 
On the example of the photos of the building be-
ing developed in the tested programs, it can be 
stated that Agisoft unnecessarily builds a cloud 
of points from the photos on which fragments of 
the sky are visible, which is its serious disadvan-
tage (Fig. 8).

None of the free programs create DTM 
and orthophotos. VisualSfM does not gener-
ate a dense cloud of points from parallel pho-
tos (Jaroty estate). Among the free programs, 

a) b)

Fig. 6. Orthophotomap and DTM made in Agisoft Metashape

Table 1. Possible to produce products in relation to the application and the data set used

Products Agisoft Metashape DroneDeploy VisualSfM COLMAP

Object O1) B2) P3) O1) B2) P3) O1) B2) P3) O1) B2) P3)

Elements of internal (I) and 
external (E) orientation (export)

I: -  
E: +

I: -  
E: -

I: +  
E: +

I: -  
E: +

Sparse point cloud + + + + - One cloud 
(no description)

+ + + + + +
Dense point cloud + + + + - - + + + + +
Mesh + + + - - + -4) -4) -4) + + +

Texturing + + + - - - -4) -4) -4) -4) -4) -4)

Digital terrain model + - - + - - - - - - - -

Orthophotomap + - - + - - - - - - - -
1) Jaroty estate. 
2) Building. 
3) Tree trunk. 
4) Possible in free Meshlab.
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a) b)

Fig. 8. View of the dense point cloud of the building from Agisoft Metashape (a) and COLMAP (b)

a) b)

Fig. 7. Orthophotomap and DTM made in DroneDeploy

COLMAP produced more products. In con-
trast, VisualSfM generates more complex point 
clouds, both sparse and dense from convergent 
images (Fig. 9).

The free programs have lesser processing 
capacity than the paid ones, which can be cir-
cumvented by using more free applications like 
Meshlab [Khalil, Grussenmeyer 2019]. Both 
free and commercial programs allow obtaining 
3D models that have a wide range of applica-
tions and are an alternative to expensive laser 
scanning. For modeling, it is possible to use the 
photos of engineering structures (Fig. 10) as 
well as nature objects (Fig. 11). The more di-
verse the object is, the better the program does 
with matching.

Ways and comfort of work

During the work, attention was paid to the 
possibility of adapting the program to the user 
and the availability of analysis and accuracy 
control tools. Particular attention was paid to the 
construction of the interface and the existence of 
a command line that could be used by advanced 
users. The observations are presented in Table 2.

Each of the tested programs allows editing 
the graphic user interface to a greater or lesser 
extent. Agisoft has the most extensive menu, and 
DroneDeploy the most simplified, and does not 
allow image processing using a programming lan-
guage code. Only VisualSfM does not allow pro-
cessing photos through an automatic workflow. 



221

Journal of Ecological Engineering 2021, 22(2), 213–225

Nevertheless, the interface is quite intuitive and 
easy to learn [Vacca et al. 2018]. COLMAP and 
VisualSfM do not have data accuracy and analy-
sis tools, only commercial environments have 
them [Niederheiser et al. 2016].

Working time

Due to the fact that the program’s work path 
was analyzed on one computer, the speed of the 

performed processing can be compared. Process-
ing of three sets of photos was performed in the 
average quality determined by the given appli-
cation. The program work times on some of the 
modeling stages performed were compared. The 
study boundaries, which were automatically set 
by the programs, have not been edited (Table 3).

The free programs take longer to load photos. 
Of course, cloud computing is the quickest. The 
process itself takes place regardless of the user’s 

a) b)

Fig. 9. View of a dense tree trunk point cloud from COLMAP (a) and VisualSfM (b)

a) b)

Fig. 10. View of building models COLMAP (a) and Agisoft Metashape (b)

a) b)

Fig. 11. View of a model of a tree trunk fragment from DroneDeploy (a) and Colmap (b)
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computing power, and an automatically sent e-
mail informs about its completion. However, a 
stable internet connection is required. There is a 
significant difference between Agisoft Metashape 
and COLMAP in the time of working with photos 
of the estate, which unfortunately does not trans-
late into the number of points generated [Jiang et 
al. 2020]. Colmap builds clouds faster for parallel 
photos, whereas Agisoft Metashape – for concur-
rent photos. In the case of 92 converging images 
of the trunk, despite the average result number 
of reproduced points, the process in VisualSfM 
finishes work much faster than the other applica-
tions. Smaller collections of photos are processed 
the fastest in Colmap. 

Depending on the program and processing al-
gorithm, different numbers of points were created 
in the models (Table 4).

Agisoft generates the most points, regardless 
of the data set. A similar assessment was made 
during other studies, during which point clouds 
were also generated on various sets of photos 
[Jiang et al. 2020]. DroneDeploy does not provide 
the information about the size of the generated 

cloud or does not create it (photos without EXIF).  
Desktop programs are primarily based on the 
work of the graphics processor, the efficiency of 
which is crucial for the processing time. The free 
programs will also achieve similar results, but the 
user must be more patient. 

The use of GCP and checkpoints

When preparing the UAV photos of a frag-
ment of Olsztyn, attempts were also made to 
use the ground control points and checkpoints at 
hand. They were included in the analysis process 
in three programs – without COLMAP. Addition-
ally, the value of the aerotriangulation adjustment 
error and information about the coordinate sys-
tem of the environment were searched (Table 5).

The paid programs allow the use of GCP and 
checkpoints in the process of aerotriangulation 
and modeling, which makes it possible to geo-ref-
erence the products and extend the analysis. Ad-
ditionally, the coordinate system can be adjusted 
to the data held. VisualSfM is a free environment 
that will suit the needs of non-commercial users 

Table 2. Work methods and data analysis tools

Work methods and data analysis tools

Object Agisoft Metashape DroneDeploy VisualSFM COLMAP

Graphical user 
interface – adaptation

Yes, division into 
several dialog boxes, 

freely selectable

Application opened in 
the browser, can not be 

customized

On/Off possibility event 
log and photo windows

On/Off possibility 
event log and photo 

windows
Command line + - + +

Automatic workflow + +, only one automatic path - +

Accuracy control tools + + - -

Data analysis tools + + - -

Table 3. Processing times for selected stages

Processing time

Object Agisoft Metashape DroneDeploy VisualSFM COLMAP

Jaroty estate

Loading image: - 
Matching: 47 s 

Dense cloud: 13 min 30 s 
Mesh: 13 min 30 s 

DEM: 3 s 
Orthophotomap: 1 min

Depending on internet connection, 
no information (notification of e-mail 

processing)

Loading image: 17 s 
Matching 2 min 41 s 
Dense cloud: 16 min 

55 s

Loading image: 11 s 
Matching: 14 s 

Dense cloud: 4 min 
6 s

Building

Loading image: - 
Matching: 6 s 

Dense cloud: 40 s 
Mesh: 28min 56 s

Not processing photos without 
georeferencing

Loading image: 14 s 
Matching:1 min 17 s 
Dense cloud: 10 min 

50 s

Loading image: 9 s 
Matching: 17 s 

Dense cloud: 1 min 
20 s

Tree trunk

Loading image: - 
Matching: 43 s 

Dense cloud: 46 min 23 s 
Mesh: 1 h 48 min

Depending on internet connection, 
no information (notification of e-mail 

processing)

Loading image: 56 s 
Matching: 7 min 56 s 
Dense cloud: 10 min 

50 s

Loading image: 
1 min 31s 

Matching: 1 min 19 s 
Dense cloud: 2 h 

52 min 14 s
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for photogrammetric dense cloud generation; 
adding GCPs is, unfortunately, more complicated 
and time-consuming. 

For other characteristics, specific hardware 
requirements were checked – only COLMAP re-
quires the CUDA graphics card support. It is also 
worth noting that Agisoft accepts most of the in-
put photo formats. Other programs use JPEG as 
the basic format. Point cloud export formats for 
commercial programs are, among others, LAS, 
XYZ, TXT. The free applications mainly save 
them in NVM and PLY extensions.

CONCLUSIONS

The presented analysis of the workflow in 
different types of programs shows a wide range 
of available functions in the programs available 
on the market. Many studies are trying to evalu-
ate the best software, but for each user a differ-
ent program may become the most suitable. Each 
program has its strengths and weaknesses (a given 
functionality will be beneficial for one group, and 
not for another). The only way to choose the best 
working environment is to test and learn about its 
performance characteristics. It is not possible to 
objectively compare applications. It all depends 
on the user’s knowledge, desired products, finan-
cial and computational capabilities, and the pur-
pose of processing. The free programs have many 
more limitations, but they will find supporters 
among the amateurs who are looking for interest-
ing solutions in 3D modeling, and the accuracy of 
development is not the most important factor for 
them. Scientists, on the other hand, have a chance 
to develop the proposed algorithms and improve 

them. The commercial systems have greater func-
tionality and are more convenient, but the opera-
tion itself is performed in the so-called black box, 
the algorithms are not widely known and cannot 
be modified. At the same time, it is possible to 
achieve relatively accurate results, and this, in 
turn, is important for the people who perform pro-
cessing for profit. 

Among the programs tested, when looking at 
the aspect of data analysis, one can see a signifi-
cant difference between the paid and free applica-
tions. The commercial software allows generat-
ing a full report of the processed data. Both free 
and paid programs create products necessary for 
3D modeling, but they differ in detail. Users must 
decide for themselves whether they should work 
in the cloud or invest in hardware. It is neces-
sary to determine whether the product received 
in the tested application will be final or further 
processed, and then pay attention to the available 
export formats. By comparing the compatibility 
of the result sets and the ability to export them 
to common formats, both commercial and free 
programs offer a wide range of possibilities. The 
work performed on a free program can be con-
tinued in a paid one. The free programs require 
greater knowledge because they are usually the 
result of scientific work, so they do not have ex-
tensive forms of support and technical assistance. 
Not every program has an automatic workflow, 
which suggests that it can be used mainly by ad-
vanced users. In case the calculation time is not 
crucial, some funds can be saved by choosing free 
software. To summarize, the topic of the work is 
very extensive, and this work indicates its com-
plexity and the need to continue research.

Table 4. Number of points in the formed dense clouds

Number of points in the formed dense clouds

Object Agisoft Metashape DroneDeploy VisualSFM COLMAP

Jaroty estate 6 250 851 No information Not processing 1 492 015

Building 4 804 480 Not processing 1 598 601 783 053

Tree trunk 23 052 354 No information 5 422 083 3 340 206

Table 5. The use of GCP and check points in the analysis

Georeferencing for the object Jaroty estate

Object Agisoft Metashape DroneDeploy VisualSFM COLMAP

Ground control point + (RMSE=1,97353) + (RMSE= -) + (RMSE=0,666349) - (RMSE= -)

Check pont + + - -

Cooridinate system variable (EPSG) variable (EPSG) UTM -
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