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SUMMARY 

 

The article examines the possibilities of using unmanned aerial vehicles (UAVs) for performing 
topographic surveys of highways and evaluates their effectiveness compared to traditional surveying 
methods. An experimental study was carried out using the DJI Phantom 4 RTK in two variants: 
without ground control points (using only RTK positioning) and using the classical method with 
ground control points (GCP). The obtained results were carefully compared with reference 
measurements obtained from total station surveys, which are commonly considered a standard of 
accuracy in engineering geodesy. The comparison demonstrated that the root mean square errors in 
both planimetric and altimetric positioning for both UAV-based methods are within the tolerance 
limits established for producing topographic maps at a 1:500 scale. These findings confirm that UAV 
photogrammetry, when supported by modern GNSS technologies such as RTK, can serve as a reliable 
substitute for more time-consuming ground measurements. A review of recent international research 
further supports these results, showing that RTK/PPK positioning can significantly reduce the need 
for dense ground control networks, although the inclusion of a small number of check GCPs continues 
to improve the stability and overall reliability of the models. The practical significance of this study 
lies in validating UAV technology as a cost-effective, rapid, and accurate tool for geodetic support in 
road construction, capable of optimizing survey workflows, reducing labor requirements, and 
ensuring timely monitoring of large linear infrastructure projects. 
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Introduction 

 
The use of UAVs in geodesy and cartography is becoming an important tool, helping to reflect 
changes in geographic space and facilitating the tasks of planning and managing road infrastructure. 
Over the past seven years, the use of unmanned aerial vehicles (UAVs) for engineering geodesy tasks 
in road construction has undergone significant development, especially in the field of topographic 
surveys, digital terrain modeling, and earthworks control. The main attention of scientists is focused 
on comparing the effectiveness of using ground control points (GCP) and RTK/PPK positioning 
technologies to ensure high accuracy of results. 
 
Fiorucci and Di Rita (2025) investigated the specificities of corridor surveys for road projects, 
focusing on the geometric distortions of the image block (the “bowl-effect”). The authors showed that 
the use of RTK or properly positioned GCPs significantly reduces errors and provides adequate 
quality models suitable for road geometry design and control. 
 
In works on construction site research (Gülci & Akay, 2023; Annenkov et al.,2023) shows the 
advantages of the combined use of UAV aerial photography and near-field photogrammetry. The 
conclusions indicate that to achieve centimeter accuracy in road construction practice, it is advisable 
to use RTK/PPK together with verification GCPs. 
 
Zhang Li and Chen (2025) compared the results of direct georeferencing with RTK and a combination 
of RTK+GCP. They found that even a small number of GCPs can improve the accuracy at block 
edges and provide stability in elevation measurements, which is critical for corridor features. Similar 
results were obtained in the paper Atik and Arkali (2025). 
 
Sánchez-Lopez et al. (2023) performed a comprehensive comparison of different approaches (RTK, 
PPK, absolute and relative positioning schemes). The highest accuracy was achieved when using 
RTK/PPK in combination with multiple GCPs, confirming the feasibility of combined schemes for 
road applications. 
 
Núñez-Andrés et al. (2024) compared the accuracy of photogrammetric surveys using RTK-GPS and 
traditional total station techniques. The study confirmed that RTK-UAVs provide a level of accuracy 
comparable to classical methods, but with significantly lower time costs. 
 
In general, most studies consistently emphasize that RTK/PPK technologies can reduce the need for a 
large number of GCPs, but even a few control points significantly increase accuracy, especially for 
long corridor objects. This makes the combined approach the optimal solution for modern geodetic 
support of road construction. 
 
Method and Theory 

 
The object of the study was a section of the M12 highway, which is designed to bypass the city of 
Berezhany, which is an international road of state importance and belongs to the II technical category 
and is located in the Berezhany district of the Ternopil region (Fig. 1). 
 

 
Figure 1. Fragment of the route section 
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Aerial photography processing and subsequent analysis of the accuracy of the work performed were 

carried out in the Agisoft Metashape Pro software, DJI was used as the UAV Phantom 4 RTK. 

 

Two shooting techniques were used: 

1. Shooting without using reference points, the alignment of the images was carried out using 

coordinates obtained from the GNSS module installed on board the UAV in RTK mode. The 

control was carried out using identification marks whose coordinates were determined using 

the GNSS receiver (CP). 

2. Classic survey using reference points (GCP), the coordinates of which were determined using 

a stationary GNSS receiver and used as controls for the first processing option. 

 

For further comparison of methods and their evaluation, it is proposed to construct road surface from 

UAV data taken by both methods and compare them with the results of constructing the surface from 

classical tacheometric survey data. The resulting picture of contour lines and the magnitude of their 

discrepancy will give a first assessment of the quality of UAV survey in general and each of the 

methods used separately. 

 

The next stage is to compare cross-sections on the roadway, seven pieces at a distance of 150 m from 

each other. The comparison is made according to three coordinates between points from the results of 

tacheometric surveying and UAV surveying by two methods. The obtained RMSE will allow us to 

assess their accuracy. 

 

Results 

 

The error in determining the coordinates of reference and control points is presented in Table 1.  

 

Table 1. Errors in determining the coordinates of reference and control points 

name 
Method 1 

type 
Method 2 

type 
RMSE(m) RMSE(pix) RMSE(m) RMSE(pix) 

m15 0.0141 0.306 CP 0.0191 0.323 GCP 

m16 0.0045 0.418 CP 0.0047 0.419 GCP 

m17 0.0088 0.416 CP 0.0087 0.413 GCP 

Accuracy 0.01 0.390  0.0124 0.393  

 

The constructed surfaces are presented in Fig. 2 and Fig. 3, the horizontal lines from the results of the 

tacheometric survey are plotted in black, the horizontal lines from the UAV survey are highlighted in 

red. 

 

 
Figure 2. Comparison of relief from total station survey and aerial photography in RTK mode. 

 

 
Figure 3. Comparison of relief from tacheometric survey and aerial photography with GCPs. 
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In absolute value, the differences between the horizontals in the plan do not exceed 0.25 m. For a 

slope of 0.0310 ‰, on a given section of the road, the excess at a distance of 0.25 m is 0.008 m. This 

value does not exceed the permissible ¼ of the relief cross-section - 0.125 m. 

 

The differences in values in the planned and elevational position along the cross sections are 

summarized in Table 2. 

 

Table 2. Coordinate difference between total station and UAV survey. 

Point No. 
Using RTK, m With GCPs, m 

δx δy δz δx δy δz 

1 0.0039 0 0.0221 0.0498 0.005 0.0264 

2 0.0023 0.0002 0.0063 0.0023 0.0002 0.0007 

3 0.107 0.0108 0.0282 0.107 0.0108 0.0149 

4 0.0199 0.0042 0.0181 0.019 0.0042 0.018 

5 0.0615 0.0271 0.0041 0.0549 0.012 0.0047 

6 0.0551 0.0251 0.0128 0.1151 0.0251 0.0332 

7 0.0637 0.0665 0.0141 0.1018 0.0739 0.0179 

8 0.0436 0.0231 0.0163 0.0231 0.0436 0.0184 

9 0.0794 0.0722 0.0178 0.1365 0.0737 0.007 

10 0.049 0.0204 0.0202 0.1513 0.0639 0.0209 

11 0.0195 0.0081 0.0032 0.0178 0.0126 0.0034 

12 0.0459 0.0191 0.0221 0.0977 0.0605 0.0031 

13 0.0332 0.0042 0.0363 0.0332 0.0064 0.027 

14 0.0052 0.001 0.0084 0.0052 0.001 0.0021 

15 0.0721 0.0409 0.0269 0.0886 0.0461 0.0338 

16 0.0453 0.0008 0.0184 0.0273 0.0008 0.0247 

17 0.0142 0.0004 0.0148 0.0142 0.0004 0.029 

18 0.0654 0.0036 0.0118 -0.021 0.0127 0.0059 

19 0.0341 0.0023 0.0116 0.0107 0.014 0.0061 

20 0.0399 0.0027 0.0288 0.0049 0.0136 -0.011 

21 0.0805 0.0101 0.0301 -0.036 0.0062 -0.012 

RMSE 0.053 0.026 0.020 0.071 0.034 0.019 

RMSE 0.059 0.020 0.078 0.018 

��� 0.101 0.038 0.136 0.035 

 

As can be seen from the analysis results, the mean square errors in the plan using control points and 

RTK are almost the same and are within 78 mm and 59 mm, respectively, and the elevation errors are 

20 mm. Given the permissible errors and we can conclude that the obtained photogrammetric models 

meet the requirements for creating a topographic plan at a scale of 1:500. 

 

Conclusions 

 

The findings of this study demonstrate that the use of the DJI Phantom 4 RTK UAV, both in RTK 

mode and with the incorporation of ground control points (GCPs), ensures an accuracy level sufficient 

for the production of topographic plans at a scale of 1:500. 

 

A comparative analysis between total station measurements and UAV-derived data confirmed that the 

root mean square errors in the horizontal plane range from 5 to 7 cm, while vertical discrepancies 

average approximately 2 cm. These values remain within the permissible tolerances established for 

road engineering applications. 
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The implementation of RTK positioning considerably reduces the duration of fieldwork and 

minimizes the dependence on extensive ground control networks, in some cases rendering their use 

unnecessary. Moreover, the study highlights that, when operating UAVs without an onboard RTK 

module, the deployment of three well-distributed control points per kilometer of a linear corridor is 

sufficient to achieve the accuracy required for topographic mapping at the specified scale. This 

approach contributes to significant reductions in both time and financial resources associated with 

geodetic fieldwork, thereby reinforcing the practical advantages of UAV-based surveying in the 

context of road construction and infrastructure monitoring. 

 

References 

 

Annenkov, A., Medvedskyi, Y., Demianenko, R., Adamenko, O., & Soroka, V. (2023). Preliminary 

Accuracy Assessment of Low-Cost UAV Data Processing Results. International Conference of 

Young Professionals «GeoTerrace-2023», 2023(1), 1–5. https://doi.org/10.3997/2214-

4609.2023510014 [in English] 

 

Atik, M. E., & Arkali, M. (2025). Comparative assessment of the effect of positioning techniques and 

ground control point distribution models on the accuracy of UAV-based photogrammetric 

production. Drones, 9(1), 15. https://doi.org/10.3390/drones9010015 [in English] 

 

Dinh, T. H., Nguyen, T. T., Pham, T. D., & Nguyen, T. (2022). Monitoring and identification of road 

construction safety factors via UAV. Sensors, 22(22), 8797. https://doi.org/10.3390/s22228797 [in 

English] 

 

Eker, R., Alkan, E., & Aydın, A. (2021). Accuracy comparison of UAV-RTK and UAV-PPK methods 

in mapping different surface types. European Journal of Forest Engineering, 7, 12–25. (Cited 

within ISPRS overview). ResearchGateisprs-archives.copernicus.org [in English] 

 

Fiorucci, M., & Di Rita, M. (2025). A case study of UAV photogrammetry in corridor projects. 

Drones, 9(6), 387. https://doi.org/10.3390/drones9060387 [in English] 

 

Gülci, S., & Akay, S. S. (2023). Monitoring study for construction site using UAV photogrammetry. 

AIP Conference Proceedings, 2750, 050028. https://doi.org/10.1063/5.0138366 [in English] 

 

Núñez-Andrés, A., Pérez-García, J. L., & Núñez-Andrés, F. (2024). A comprehensive comparison of 

photogrammetric and RTK-GPS surveying accuracy in construction environments. Buildings, 

14(6), 1863. https://doi.org/10.3390/buildings14061863 [in English] 

 

Sánchez-Lopez, E., Rodríguez-Pérez, J. R., & García-Gago, J. (2023). Accuracy assessment of 

RTK/PPK UAV-photogrammetry projects with differential and absolute approaches. Geografiska 

Annaler: Series A, Physical Geography, 105(3), 267–285. 

https://doi.org/10.1080/10106049.2023.2197507 [in English] 

 

Zhang, Y., Li, H., & Chen, Q. (2025). Evaluating orthophoto mosaic accuracy using RTK UAVs and 

AeroPoints ground control. SciePublish – Geomatics. https://www.sciepublish.com/article/pii/523 

[in English] 


