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Mobile 3D Mapping Using Geodetic Drones and GPS Navigation

Abstract. The paper examines current trends in the development of geodetic mapping, with a particular focus on comparing
traditional methods with innovative approaches. It is noted that classical techniques, such as the use of theodolites, levels, and
GPS receivers - are still widely employed in engineering geodesy, although they present several limitations, including high labor
intensity, the need for qualified personnel, and significant time consumption. At the same time, there is growing interest in
automated solutions, particularly the use of unmanned aerial vehicles (UAVs), which enable rapid and accurate spatial data
acquisition with minimal resource expenditure. The article emphasizes the importance of evaluating the effectiveness of different
mapping methods in terms of accuracy, execution speed, and cost-efficiency, which is especially relevant in the context of the
rapid development of the engineering and construction sectors.
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Research objective

The purpose of this study is to conduct a
comprehensive analysis and comparison of the
efficiency, speed of execution and economic feasibility
of two geodetic mapping methods. The first method is
based on the use of unmanned aerial vehicles (UAVS)
equipped with geodetic sensors, which makes it
possible to automate the process of collecting spatial
data. The second method involves the use of traditional
means, in particular GPS receivers and theodolite,
which is a generally accepted approach in the field of
topographic and geodetic work. In the course of the
study, key parameters are considered, such as the
accuracy of the data obtained, the time spent on
measurements and further processing, as well as the
total material and labor resources required for the
implementation of each of these methods. The results

obtained will allows to draw reasonable conclusions
about the feasibility of introducing modern
technologies in the field of geodetic mapping.

Problem statement

The study aims to conduct a comparative study
evaluating the effectiveness of two geodetic mapping
methods, particularly analyzing the time and economic
resources associated with using unmanned aerial
vehicles (UAVSs) with geodetic sensors and traditional
methods such as GPS receivers and theodolites.
Evaluate the accuracy of the data obtained, the time
spent on taking measurements and processing them, as
well as the material and labor resources required to
implement each method.

Main material
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A fundamental stage in construction planning,
natural resource assessment, landscape modeling, etc.
is geodetic surveying of the terrain. Traditional
methods, such as tacheometric imaging, require
significant labor and time costs. Laser scanning
(LIDAR) in combination with unmanned aerial
vehicles (drones) is a promising technology that allows
to effectively solve the problem of high-precision
terrain surveying.

An organized set of hardware, software, personnel,
and geographic data designed for the efficient input,
storage, retrieval, processing, analysis, and
visualization of all types of geographically organized
information is a geographic information system (GIS).
In other words, GIS is a system that allows for
professional spatial visualization of population
mobility in individual settlements, districts, regions,
and the country as a whole [1].

Vertical take-off and landing UAVs with three-
dimensional stabilization of the position can be the best
choice for solving various industrial tasks: aerial
photography, industrial inspection with UAVSs,
mapping, construction monitoring, agricultural land
diagnostics, creation of three-dimensional models of
large-scale objects [3].

The principle of the remote sensing method, which
uses laser pulses to determine distances to objects
LIDAR (Light Detection and Ranging), is quite simple
and understandable, it is similar to the principle of
operation of a reflectorless electronic total station and
consists in measuring the time it takes for a laser beam
to travel from the emitter to the reflecting surface and
back to the receiver. By dividing this time by the speed
of propagation of the laser beam, the distance to the
object is determined [6].

In traditional methods of geodetic mapping, the use
of the Global Positioning System (GPS) plays an
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important role, allowing to determine the exact position
and speed of movement of an object on the Earth's
surface. The GPS receiver installed on the object works
on the principle of trilateration, calculating coordinates
(latitude, longitude and altitude) using signals from
several satellites [9].

This method is the basis for obtaining data in
traditional approaches to topographic and geodetic
work. However, despite its accuracy, it has certain
limitations, in particular in terms of the time spent on
measuring and processing data, which, compared to
new technologies such as unmanned aerial vehicles
(UAVs), can be less efficient.

One of the traditional tools in geodetic and
surveying work is a theodolite - a device used to
measure horizontal and vertical angles on the ground.
Theodolite is essential in a variety of geodetic,
surveying, astronomical, and other types of work where
measurement accuracy is crucial [4]. It is worth noting
that the cost of a theodolite directly depends on its
accuracy and functionality. However, as the study
shows, this method requires significant time and labor
costs for measuring and processing data, which limits
its effectiveness compared to more modern
technologies, such as unmanned aerial vehicles
(UAVs), which are capable of performing similar tasks
with fewer resources.

To study the time and economic costs associated
with the survey of the object, it is necessary to choose
a real object for mapping and determine its area. This
will allow to estimate not only the time spent on
measurements, but also the costs associated with the
use of various geodesy methods. The territory of the
National University " Yuri Kondratyuk Poltava

Polytechnic" was chosen. The area is determined using
the index map of the land cadastre, which is equal to
94960,89 m? (Fig. 1).

2
Figure 1 — Territory of the National University ""Yuri Kondratyuk Poltava Polytechnic"
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The main advantages of mapping with UAVs are
the speed of work, but despite everything, there are
other significant advantages. The method of laser
scanning from drones allows to obtain data with high
accuracy (up to 2-5 cm), even in difficult conditions.
LIDAR effectively penetrates vegetation, allowing for
the creation of accurate digital models of the earth's
surface. Drones ensure safety and efficiency of filming
in hard-to-reach areas (mountainous areas, wetlands),

which greatly facilitates the work, but there are also
disadvantages in this method - the high price of devices,
which in some cases can make it impossible to carry out
work, the great dependence of the UAV on weather
conditions [7].

For better comparison and understanding of the
survey, it is possible to use two types of geodetic
quadcopters for example, namely Leica BLK2FLY and
DJI Matrice 300 RTK.

Table 1 - Main characteristics of the UAVS

Name Leica BLK2FLY DJI Matrice 300 RTK
Flight time 15 min 50 min
Flight altitude 1800 m 7000 m
Sight 360° 300°
Wavelength of vision 830m 450 m
Measurement speed 420000 dots/sec 240000 dots/sec
Measurement accuracy 20 mm to 50 m/20 mm 50 mm to 50 m/10 mm
vertical/horizontal to 50 m to 50 m
Price 2 669 265 UAH 721 079 UAH

Comparing the parameters of two geodetic UAVSs,
the following conclusions can be drawn: The DJI
Matrice 300 RTK has a significantly longer flight time,
exceeding the Leica BLK2FLY on 233%. The flight
altitude is also significantly higher — 289% more,
making it more suitable for surveying large areas.
However, the field of view of the DJI Matrice 300 RTK
is 16.7% smaller than that of the Leica BLK2FLY, and
the visual wavelength is 45.8% shorter, which may
affect scanning accuracy under certain conditions. DJI
Matrice 300 RTK significantly outperforms the Leica
BLK2FLY in measurement speed, which is 471%
faster. This allows you to process large areas faster. In

terms of measurement accuracy, the DJI Matrice 300
RTK performs 150% worse in the vertical direction, but
in the horizontal direction, the accuracy, on the
contrary, is 80% higher. One of the most significant
factors is the price: the DJI Matrice 300 RTK is 73%
cheaper, making it a more cost-effective option. So, the
DJI Matrice 300 RTK surpasses the Leica BLK2FLY
in measurement speed, flight altitude, and cost, but is
inferior in wavelength, field of view, and vertical
measurement accuracy. Based on the result of the
comparison, it can be concluded that in most
parameters, the DJI Matrice 300 RTK leaves far behind
its opponent, so its choice is a more expedient option.

Table 2 - Comparative Analysis of the Accuracy of Geodetic Measurements Using the
Trimble R8 S and Leica GS08 GNSS Receivers

Name

Trimble R8 S Leica GS08

Measurement accuracy in plan: static shooting

3mm+0,5mm/km | 3 mm+ 0.5 mm/km

Accuracy of height measurements: static shooting

5 mm + 0,5 mm/km 6 mm + 0.5 mm/km

Accuracy of measurements in plan:
shooting

kinematic

8 MM + 1 mm/km 10 mm + 1 mm/km

Accuracy of height measurements: kinematic shooting

15 mm + 1 mm/km 20 mm + 1 mm/km

Accuracy of measurements in plan: diff. Shooting

8 mm + 1 mm/km 10 mm + 1 mm/km

Accuracy of measurements by height: diff. shooting

15 mm + 1 mm/km 20 mm + 1 mm/km

Price

360 000 UAH 155 000 UAH

Performing a task using GPS and a theodolite can
provide quick results, sometimes even in real time. The
ability to determine coordinates in daylight and dark,
the ability to operate in difficult meteorological
conditions — this method of shooting has a large number
of advantages, but among them, compared to UAVS,
one can single out the low price of equipment and less
dependence on weather conditions. This method also
has significant drawbacks - a deterioration in the
quality of results when working in a zone of high

interference, next to intense sources of electromagnetic
radiation, as well as in conditions of significant limited
visibility of the celestial hemisphere, in comparison
with geodetic drones, much more time is spent.

For better comparison and understanding of the
shooting, for example, it is possible to use two types of
GNSS receivers, namely Leica GS08 and Trimble R8S.
When choosing a GNSS receiver, it is important to
consider not only the price, but also the accuracy of
measurements. Consider the percentage difference
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between the two popular models: The Trimble R8S
demonstrates higher accuracy in kinematic and
differential shooting, second only to the Leica GS08 in
cost. In particular, in high-altitude accuracy during
kinematic shooting, the Trimble R8S is 33% more
accurate, and in planned accuracy during differential
shooting - by 25%. This makes it an ideal choice for
applications where maximum precision is required.
However, the Leica GS08 has a significant cost
advantage - it is 132% cheaper than the Trimble R8S.
This makes it an attractive option for those who are
willing to sacrifice some precision for cost savings.
Thus, the choice between these receivers depends on
priorities: if accuracy comes first, the Trimble R8S is
the undisputed leader. If budget is the key factor, the
Leica GS08 offers acceptable accuracy at a much lower
price, or rather a price difference of 132%.

When comparing Trimble R8S and DJI Matrice 300
RTK for georeconnaissance, it is worth considering
their key features: DJI Matrice 300 RTK has a long
flight time (50 minutes) and an average stabilized flight
altitude (2000 m), which allow to cover large areas.
High measurement speed (240,000 dots/sec) and
measurement accuracy. However, it has a limited field
of view (300°) and a shorter viewing wavelength (450
m). Significantly cheaper than the Leica BLK2FLY,
making it an economically attractive option.

Trimble R8S - high accuracy in static and kinematic
measurements (3-8 mm in plan, 5-15 mm in height). It
is more suitable for detailed local geodesy, in particular
differential surveying. More expensive than the Leica
GS08, but 25-33% more accurate in different modes.
Less depends on weather conditions and obstacles,
unlike UAVs.

Based on the above facts, we can draw the
following conclusions, if georeconnaissance requires
large-scale coverage of areas with a high data collection
rate, DJI Matrice 300 RTK will be a better choice, but
if maximum measurement accuracy is required for

local areas (e.g. detailed topography, terrain mapping),
Trimble R8S will be more appropriate.

But taking into account our task, we can say with
confidence that DJI Matrice 300 RTK will be many
times more efficient, since the studied area of the
territory is quite large.

Now you can imagine how the study will take place.
Before starting work, the operator sets up the mission
in the software, setting the flight path and shooting
altitude. The optimal height for such a task is 50-100
meters, which provides detailed coverage of the area.
Due to the high speed of measurements (240,000
dots/sec), the drone is able to completely cover the
studied area in 1-2 flights. The time of one flight is 50
minutes, which allow to quickly get the necessary data.
Using the RTK module, the drone provides maximum
accuracy of the coordinates of each point of the terrain.
During shooting, the laser sensor creates a detailed 3D
terrain model, which allows you to identify surface
features, assess altitude differences, and prepare an
accurate topographic map. The obtained data is
transmitted to a computer, where it is processed in
specialized geodetic programs. Thanks to DJI Matrice
300 RTK, geodetic surveying of an area of 94,960 m?
is performed many times faster than traditional
methods, which saves time and resources.

Conclusion

So, after the study, we can make the following
assumption: each of the above methods of geodetic
survey is relevant and in demand in its field. However,
each of them has its own advantages and disadvantages.
At the same time, when trying to reach a specific
conclusion, the use of unmanned aerial vehicles
(drones) for filming will look more effective. This is
confirmed by the results given in the tables, which
show a significant reduction in time costs, a decrease in
economic costs and an increase in accuracy, which
allows you to achieve maximum efficiency compared
to traditional method.
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MobinbHe TpMBUMIpHE KapTorpadyBaHHS 3a [,0MOMOroH
reofesvuHux gpoHis Ta GPS

AnHoTaLjs. CyyacHWiA po3BUTOK reof,e31YHOr0 KapTorpadyBaHHS XapaKTepU3yeThCsl LLUPOKUM CTMIEKTPOM METOS|B, KOXKEH 3 KX MaE
CBOI 0CO6/MBOCTI, MepeBary Ta obMeXXeHHs. TpagMuiiHi Nigxopy, Taki K BUKOPUCTAHHS reofesnyHMX Npunagie — TeomoniTie,
HiBenipie Ta GPS-npuiiMauiB, [oci 3aCTOCOBYHOTBCA B iHXeHepHil reofesii. MpoTe Lel MeTon, Mae 3HauHi OBMEXEHHS: BUCOKY
TPYAOMICTKICTb, HEOBXiAHICTb 3anyyeHHs KBanidikoBaHMX crewjanicTiB Ta 3HauHi YacoBi BUTPATM Ha NPOBEAEHHS BUMIPHOBAHb i
06pobKy paHux. OCTaHHIM YacoM CrocTepiraeTbCsl TeHAEHUS A0 aBTOMaTU3aLji reofe3nyHNX NPOLECiB, Lo [O3BOSSE MiABULLMTY
TOUHICTb, WBUAKICTb Ta EKOHOMIYHY edheKTUBHICTb BUKOHaHHS KapTorpadiyHux po6iT. OpHWM i3 nepcreKTMBHUX HampsiMiB €
BUKOPUCTaHHs Ge3ninoTHUX fitanbHux anapatie (BIM1A), ocHalleHUX Cy4YacHWUMU CeHCopaMu Ta KamepaMu BUCOKOI PO3AiNbHOT
3paTHocTi. IHHoBajiHi TexHonorii BIUTA 3a6esneuyloTb onepaTWBHUIA 36ip MPOCTOPOBMX AAHWUX 3 MiHIManbHUMKM 3aTpaTamu
NOACbKNX PecypciB, BiAKPMBaoUM HOBI MOXIMBOCTI /1 CTBOPEHHS AeTaNbHUX KapTorpadiuHux MaTepianis. Hesga)aroum Ha rnosisy
iHHOBALLjiHMX pilleHb, 3Ha4Ha KiNbKiCTb KOMMaHil1 y caepi reofesii AOCi BUKOPUCTOBYE TPAAML|iHI iHCTPYMEHTU OIS BUKOHaHHS!
TororpadiuHUX 3HiMaHb Ta [OCIIKeHHS perbedy MicLIeBOCTi. Takui Miaxif, 3aNMLLETbCS TPYAOMICTKUM, BUMara€ 3HauHUX YacoBUX
BUTPaT i 3aNyyeHHs KBanithikoBaHWX CrieLianicTi, WP MoXe 6yTU KPUTUYHMM Y yMOBax LUBMAKOrO po3BUTKY bypiBenbHol Ta
iHXeHepHoI ranyseit. ToMy BUHUKAE aKTyasbHe MUTaHHST YK € anbTepHaTUBHI MeToaM KapTorpadyBaHHs, siki 6 3abesneuyBanu BuLLy
etheKTUBHICTb, CKOPOUEHHS BUTPAT Yacy Ta pecypciB 6e3 BTpaTH SKOCTi OTPUMaHMX AaHUX. 3 OrNisy Ha Lie, BXIMBUM € NOPiBHAHHS
TPagMLiHUX i CyvacHUX MeTOfB KapTorpadyyBaHH 3 MeTOH OLHKM TX edeKTUBHOCTI, WBUOKOCTI BUKOHAHHS Ta €KOHOMIYHOI
JoLiNbHOCTi.

Knio4oBi croBa: reopesis, kapTorpadyBaHHs, 6e3nifoTHI NiTanbHi anapatk, TeoponiT, Hieenip, GNSS
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