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INTRODUCTION
In order to implement field observations, there are several 
methods using different technologies or approaches. The main 
issue for those positional evaluations arises from the required 
precision of the subject, the offered accuracy of the method 
and the accomplished detail level of the scene (building, field, 
etc.), whether it is a direct technique or an indirect method. In 
this context, total station, Global Navigation Satellite System 
(GNSS), laser-scanning and terrestrial/aerial photogrammetry 
are the most common procedures today. However, the final 
solution for all those methods includes the representation of 
the field, whether by a 2D/3D point cloud (laser scanning and 
photogrammetry) or the characteristic edges of the scene 
material (total station and GNSS) (1-4).

Unmanned Aerial Vehicles, known as UAVs or drones, are 
commonly used in many applications to acquire point clouds, 
which include high-precision observations of an area. With 
the possibility of collecting digital images and technological 
advancements within UAVs, it is possible to create a 3D model 
of a ground surface in a short time period economically 
using an aerial photogrammetric approach (5-7). This 
technique requires less expensive equipment and minimal 
time-consuming process in the field compared to the other 
mentioned methods above with several advantages, which 
include:

- High-precision and dense point cloud data,
- Economic evaluation of metric information from the 3D 
model (volume, area, etc.), 
- Repeated measurements on the model at any time 
without new flights or processes (6-9).

During the process, acquired data including overlapped 
images from the field lead to the creation of point clouds, 
orthophoto maps and DTMs which can be used in mapping, 

inspection of constructions, emergency applications, 
archaeology, architecture, monitoring topographic alterations, 
preservation of cultural heritage, etc. (4, 10-15). The main 
output of those photogrammetric procedures includes the 
processing of multi-spectral, thermal, or visible-light images 
taken at regular intervals from the scene and linking them 
to the ground coordinate system. That process is defined 
as “georeferencing” and has two different approaches: (i) 
direct and (ii) indirect georeferencing. The direct method 
is implemented by using the camera’s position information 
collected by an onboard GNSS receiver. The other method 
can be performed by using the coordinates of specific points 
(GCPs) on the ground but requires additional observations 
on the field. The accuracy of those methods generally 
depends on the flight route and height, image resolution, 
and especially preferred georeferencing solution. Either way, 
those approaches enable operators to link their 3D model to 
the ground truth, which is produced by Structure from Motion 
(SfM), a multi-image photogrammetry technique, and have 
an arbitrary reference coordinate system for the final outputs 
(6-7, 9, 14, 16-18).

The 3D positioning accuracy of a UAV model strongly 
depends on the GNSS type used on the board. If the GNSS 
sensor has the ability to process code-based signals, the 
accuracy is about ±5-10 m in both horizontal and vertical 
directions, but the capability to use dual-frequency satellite 
signals enables the procurement of cm-level 3D positioning 
(7, 18-20). The first case requires additional fieldwork. Here, 
GCPs are essential to convert the photogrammetric model 
into a ground coordinate system by scaling the whole cloud 
of points, and according to the current regulations in Türkiye, 
one should conduct at least 2 hours of GNSS observations 
(rapid-static surveys) on all of the GCPs in the scene (6, 21). 
There is no consensus on the number and distribution of the 
GCPs in a scene, but some theoretical studies indicate that a 
well-distributed 5-10 GCPs are sufficient to create a 3D model 
independent from the area of the process. If the number of 
GCPs increases, operating costs will also rise accordingly (4, 7, 
22). The other case can be achieved by using UAVs with Real-
Time Kinematic (RTK) capabilities which allow the collection 
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of field data with direct georeferencing. That situation 
eliminates the need for GCPs (4, 23-25). 

Photogrammetric solutions based on either of those 
approaches have specific drawbacks inherent to the 
techniques themselves. They include gathering permissions 
for each flight, weather conditions, flight duration, time 
window during the daylight, GCP establishment and 
observation via GNSS, etc., and the after-flight process of 
constructing a DTM. Nevertheless, a general evaluation of 
those methods indicates that GCP establishment in the field 
is the most prominent obstacle to 3D model creation (18, 26-
29).

In this study, the positional accuracy of three different 
models generated from UAV flights at altitudes of 30, 45, 
and 60 meters over a test field were tested against GNSS 
observations on the same object points. The position data 
of those points were generated using the photogrammetric 
point clouds, and the correlation with the reference 
coordinates was examined. That situation enables the test 
for whether the photogrammetric models could achieve the 
theoretical accuracy of GNSS observations based on the 
Continuously Operating Reference Stations (CORS (TUSAGA-
AKTİFTR)) system (23). Additionally, the necessity of GCPs, 
which are considered C3-level reference points according 
to regulations in Türkiye and used for georeferencing, was 
comparatively analyzed. UAV-based photogrammetry in 
large-scale mapping and terrestrial positioning projects was 
also evaluated, while the effects of UAV flight altitudes on the 
current map production accuracy were examined in detail. 
This study also aims to evaluate the accuracy and reliability 
of UAV-based photogrammetric methods and to reveal 
their compatibility with terrestrial GNSS measurements. 
Additionally, by discussing the role and necessity of GCPs 
in photogrammetric processes, important insights into how 
those technologies can be used more effectively within the 
framework of existing regulations in Türkiye were presented.

METHODOLOGY
Test field assessment and CP selection
To compare GNSS observations with the UAV photogrammetric 
model in terms of precision, an area with prominent markers 
was selected (Figure 1). This test field is the parking lot of the 
Faculty of Science and Literature at Hitit University in Çorum 
Province, Türkiye, and was chosen due to the presence of 
distinctive and well-distributed markers.

The absence of obstacles at the specified flight altitudes is 
another reason for selecting this site. Also, the calculated 
ground height of selected Control Points (CP) were used with 
their original computed elevation, because no embossed 
paint was applied. One can assume that this situation in 
the field simulates real-world conditions often encountered 
in practice for distinctive objects, such as road edges, field 
boundaries, and building corners. Therefore, CPs are selected 
as features like road edge lines and arrows (Figure 2).

Figure 1 Test field used in this study. A well-distributed set of 22 
points was chosen from the parking lot (mostly covered with straight 
lines and arrows).

Figure 2 West side of the parking lot from 30 m flight altitude. CPs on 
this part of the field were marked with red circles (CPs 3-6 and 20).

GNSS observations
A total of 22 distinctive objects in the field were selected as 
CPs, and their coordinates were calculated as the average of 
two different GNSS sessions with one-hour intervals. During 
the process, a GNSS receiver compatible with the CORS-TR 
network was used, and calculated positions of the CPs were 
considered as reference coordinates for further evaluation. 
Such observations are considered as RTK or Network-RTK, 
according to the used base stations. This is accomplished 
by using a base station (via RTK) or a whole network 
(Network-RTK) that sends correction vectors to the rover 
(in this case GNSS receiver and UAV) and applying those 
values to precisely generate the 3D position. Network-RTK 
observations, preferred to collect the reference coordinates 
in this study, offer real-time corrections for centimeter-level 
accuracy theoretically. Although current regulations in Türkiye 
suggest a minimum of 3 epochs for detail points, 10 epochs of 
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observations were executed for each session, adhering to the 
primary criterion for polygon coordinate calculations (21, 31).

UAV flights
Autonomous flights over the field were performed with a 
UAV with RTK capability at altitudes of 30, 45, and 60 meters. 
The UAV used in this study was the DJI Mavic 3 Enterprise, 
which offers robust performance with a weight of 915 grams 
and a maximum flight speed of 15 m/s. It is equipped with 
a GNSS system which can operate with multiple satellite 
constellations, and a wide camera sensor with a resolution of 
20 megapixels, producing images up to 5280 x 3956 pixels. 
The UAV’s gimbal stabilization is three-axis, ensuring stable 
and clear images and the RTK module positioning accuracy is 
within 1 cm + 1 ppm horizontally and 1.5 cm + 1 ppm vertically 
(Table 1).

Table 1 Key specifications of the UAV used in this study (URL-5).

Brand/Model DJI/Mavic 3 Enterprise

Weight 915 g

Max flight speed 15 m/s

Used GNSS GPS+Galileo+BeiDou+GLONASS

Wide camera sensor 4/3 CMOS, 20 MP

Max image size 5280x3956

Gimbal stabilization 3-axis

RTK module positioning 
accuracy (RTK Fix)

Horizontal: 1 cm + 1 ppm
Vertical: 1.5 cm + 1 ppm

During the UAV flights, a GNSS receiver inside the parking lot 
is used as a reference station. In this step, a random location 
for the point was selected, and 3D coordinates were computed 
with a 60-epoch observation. The coordinates were then used 
as reference coordinates for all the photogrammetric models. 
Then, the GNSS receiver was linked to the UAV control unit 
and started to send correction values via Bluetooth during the 
flights. 

Figure 3 Top view of the flight routes and initial image positions for 
30-45-60m flights, respectively. The green line represents the flight 
route of the UAV, with a big blue dot (starting point) and black dots 
(camera positions). Direct lines from the last points of the routes to 
the center of the models represent the UAV height correction route. 
That feature enables the collection of images with a 45-degree 
camera angle and develops the estimation of the whole model’s 
elevation data (URL-5).

A total of 138, 65, and 39 digital images were collected during 
the autonomous flights at 30 m, 45 m, and 60 m altitudes, 
respectively. Forward and side image overlap ratios were 
selected as 80% and 70% respectively, to ensure an accurate 
3D photogrammetric model of the field with a 90-degree 

camera angle. The camera, which is embedded in the UAV 
(M3E_12.3 RGB), provides sufficient resolution for all flights 
in the study; and the ground sampling distance (GSD), area 
covered, and the number of images for each flight altitude 
detailed in Table 2. This setup ensured comprehensive 
coverage and high-resolution data collection for subsequent 
photogrammetric processing (Figure 3, 4, 5).

Table 2 Specifications of flight altitudes. Processed areas differ 
from each other; thus, the flight altitudes enable to collect images 
with a larger perspective as the height increases. This situation has a 
drawback on the Ground Sampling Distance.

Flight Altitude Ground Sampling 
Distance (GSD)

Area Covered Number of 
Images

30 m 0.85 cm 1.6673 ha. 138

45 m 1.27 cm 2.3190 ha. 65

60 m 1.68 cm 3.2324 ha. 39

Photogrammetric model generation
To generate a 3D DTM of a field, third-party applications 
such as Agisoft Photoscan, Pix4D, and Terra can be used. 
Those software programs can process all the aerial digital 
images with aerial triangulation and bundle block adjustment 
procedures to generate ortho-mosaic maps and point clouds. 
In this study, Pix4D was selected for all the digital processing 
steps. That software enables users to create point clouds, 
orthophotos, and accurate DTMs from aerial images (7, 9, 22, 
33). The generated point clouds then were used to derive the 
3D coordinates of the CPs.

The processed data enables high-resolution ortho-mosaic 
images and detailed DTMs for each flight altitude, and those 
are critical for assessing the accuracy and reliability of the 
photogrammetric models. The ortho-mosaic images provide 
a precise and geometrically corrected view of the field, 
ensuring that spatial relationships are accurately represented. 
The DTMs, on the other hand, represent the elevation data of 
the field’s surface, capturing the subtle variations in height 
that are crucial for various analytical purposes (Figure 4). 

In Figure 4, details and covered area have an inverse 
proportion; as the altitude increases, the area increases, but 
resolution decreases as expected. That can be observed 
clearly on the roof of the building in the north-west.

In order to assess the reliability of the models, geolocation 
variance for all flights has significant importance (Table 3). 
Those values indicate the difference between the 
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Figure 4 Ortho-mosaic and DTM were generated for 30-45-60m UAV 
flights, respectively. 

According to Table 3, even with the higher altitudes up to 60 
m, the 3D positional accuracy of the models is adequate for 
further evaluation. Also, all the geolocation errors are below 
1 cm, but vertical accuracy might need careful consideration. 
Overall, the 45m flight offers the best correlation between 
horizontal and vertical precision. 

Table 3 Geolocation errors for all photogrammetric models. 

Geolocation 
Error X

Geolocation 
Error Y

Geolocation 
Error H

RMS Error (m) [30 m] 0.005488 0.006392 0.006464

RMS Error (m) [45 m] 0.004127 0.004216 0.005418

RMS Error (m) [60 m] 0.003225 0.003213 0.007683

Data comparison and discussion
To analyze the differences between the ground truth at the 22 
CPs and the photogrammetric models, all data was evaluated 
to determine if they have a normal distribution or not. For 
this purpose, the Shapiro-Wilk test was executed to assess 
the normality of the differences in all 3 axes, and the Paired 
t-test and Wilcoxon tests were applied, when necessary,
to figure out if there was a systematic diversity (34-36). In
addition, the mean error, root mean square error (RMSE), and 
standard deviations (σ) were calculated for each coordinate
diversity pair to verify the variability and reliability of the

photogrammetric models. Those analyses are crucial for 
evaluating the accuracy and reliability. Specifically, the mean 
error indicates the degree of deviation in the models, while 
the RMSE and σ values are important metrics for assessing 
the overall accuracy and data dispersion.

RESULTS
The average coordinates of two different GNSS sessions for 
22 different CPs in the field were accepted as the reference 
coordinates. Subsequently, the coordinates of those points 
were calculated from each point cloud generated using Pix4D 
software for the 30, 45 and 60 m flights (22). As expected, 
there are distinctive differences in the Y, X, and H coordinates 
between the data sets (Table 4, Figure 5).

According to Table 4, the differences are below the specified 
values required by regulations in Türkiye (21). Maximum 
deviation and mean error for all axes promote the situation. 
Specifically, elevations for all altitudes indicate a careful 
approach for this axis.

Figure 5. Coordinate differences for all axes. Average and maximum
 deviations (as absolute value) are given under the graphs.
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Table 5. Tests for coordinate differences. According to Shapiro-Wilk 
test results, Paired t-test was applied to 30 m (Y) and 45 m (Y, X, 
H) flights. Values without normal distribution are evaluated through
Wilcoxon test.

Metric 30m 45m 60m

Shapiro-Wilk 
Test (Y)

W=0.9707, 
p=0.7282

W=0.9543, 
p=0.3826

W=0.9693, 
p=0.6955

Shapiro-Wilk 
Test (X)

W=0.8644, 
p=0.0062

W=0.9283, 
p=0.1129

W=0.9825, 
p=0.9507

Shapiro-Wilk 
Test (H)

W=0.8475, 
p=0.0031

W=0.9510, 
p=0.3303

W=0.9643, 
p=0.5808

Paired t-test 
(Y)

t=6.632, 
p=1.449e-06

t=3.1813, 
p=0.0045

-

Paired t-test 
(X)

-
t=-5.3123, 
p=0.0000

-

Paired t-test 
(H)

-
t=-8.5361, 
p=0.0000

-

Wilcoxon Test 
(Y)

- -
W=92.5, 

p=0.2902

Wilcoxon Test 
(X)

W=33.0, 
p=0.0041

-
W=59.5, 

p=0.0893

Wilcoxon Test 
(H)

W=0.0, 
p=4.768e-07

-
W=1.0, 

p=9.536e-07

At this step, it is necessary to statistically evaluate whether 
those differences are significant or systematic. For this 
purpose, the Shapiro-Wilk test was initially used to determine 
whether the coordinate differences for all three axes have 
a normal distribution or not (35). The components with a 
normal distribution (p>0.05) were assessed using the Paired 
t-test, while those without a normal distribution (p≤0.05)
were evaluated by a non-parametric (Wilcoxon) test (34, 36).
For this purpose, the test results for each flight at 30, 45, and
60 meters were examined (Table 5).

The results of the Shapiro-Wilk test indicated that only the 
Y coordinate differences at 30m and all axes for 45m have 
a normal distribution. The paired t-test results showed 
significant differences in the Y axis at 30m and in the Y, X, 
and H axes at 45m. Also, 60m altitude does not have a normal 
distribution; thus, the Wilcoxon test is applied for this flight 
route. The analysis of the differences in coordinates obtained 
from GNSS and photogrammetric methods for flights from 30 
m and 45 m altitudes indicates varied statistical significance. 
That leads to systematic differences amongst them. Despite 
those differences, RMSE and σ values indicate that both 
the photogrammetric model and GNSS measurements are 
generally consistent and reliable, and systematic errors may 
arise from the uncertainty in the RTK technique (Figure 6). 
However, the photogrammetric model from the 60 m flight 
altitude exhibits different characteristics from the other 
models. In this case, coordinate differences along Y and X 
axes are not significant, indicating random errors around this 

Table 4. CP Coordinate differences between GNSS observations and photogrammetric models.

30m flight 45m flight 60m flight

# ΔY(m) ΔX(m) ΔH(m) ΔY(m) ΔX(m) ΔH(m) ΔY(m) ΔX(m) ΔH(m)

1 0.024 0.009 -0.039 -0.006 0.000 -0.083 -0.016 0.020 -0.086

2 0.006 0.014 -0.066 -0.004 0.004 -0.032 -0.004 0.004 -0.080

3 0.014 -0.011 -0.020 0.014 -0.011 -0.047 0.005 0.000 -0.019

4 0.005 -0.010 -0.028 -0.015 -0.009 -0.031 -0.015 -0.009 -0.047

5 -0.007 -0.011 -0.012 -0.007 -0.011 -0.030 -0.027 -0.010 -0.047

6 0.010 -0.029 -0.025 0.010 -0.039 -0.046 0.010 -0.029 -0.067

7 0.009 -0.011 -0.021 -0.001 -0.010 -0.027 0.009 -0.011 -0.064

8 0.011 -0.002 -0.037 0.001 -0.001 -0.050 0.011 -0.012 -0.049

9 0.002 0.014 -0.022 0.002 0.004 -0.050 0.002 0.004 -0.038

10 0.023 -0.017 -0.005 0.013 -0.027 -0.031 0.023 -0.017 -0.044

11 0.023 -0.019 -0.026 0.013 -0.019 -0.041 0.023 -0.009 0.003

12 0.028 -0.015 -0.033 0.018 -0.005 -0.024 0.018 -0.005 -0.043

13 0.011 -0.013 -0.020 0.021 -0.003 -0.018 0.01-2 0.007 -0.032

14 0.009 -0.016 -0.017 0.019 -0.016 -0.016 -0.001 -0.005 -0.039

15 0.019 -0.011 -0.014 0.018 -0.021 0.012 0.009 0.000 -0.030

16 0.019 0.000 -0.026 0.019 -0.010 -0.023 0.020 0.010 -0.021

17 0.010 -0.010 -0.019 0.010 -0.010 -0.047 0.010 -0.010 -0.048

18 0.002 -0.009 -0.026 0.002 -0.019 -0.055 -0.008 -0.008 -0.046

19 0.007 -0.014 -0.020 0.007 -0.014 -0.039 -0.003 -0.023 -0.053

20 0.008 -0.010 -0.025 -0.002 -0.010 -0.029 -0.011 0.001 -0.077

21 0.015 -0.012 -0.012 0.005 -0.011 -0.013 -0.004 0.009 -0.027

22 0.012 -0.010 -0.017 0.012 -0.010 -0.031 0.002 0.001 -0.084
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flight route and no systematic error. Also, height coordinate 
observations require careful examination due to their higher 
variability across all the photogrammetric models. 

Figure 6. RMSE, σ and confidence intervals (95%) for all altitudes.
 
According to Figure 6, similar RMSE and σ values were 
calculated for the Y and X coordinate differences at 30 m and 
45 m, an increase in RMSE and sigma values was observed for 
the H axis. This indicates that there is more deviation in the 
H coordinate measurements as the height increases, which 
is supported by the statistical test results (Table 5). Also, the 
95% confidence intervals provide important information for 
assessing the reliability and accuracy of the measurements. 
Particularly at the 60 m height, the wide confidence interval 
and high RMSE value for the H coordinate suggest that 
measurements at this height require careful assessment.

DISCUSSION
In this study, the 3D coordinates of 22 CPs were calculated as 
the average of two different GNSS sessions and results were 
accepted as reference coordinates for further evaluations. 
Then, autonomous photogrammetric flights were conducted 
at 30, 45, and 60 meters in the same test field using a Mavic 

3E UAV. The data obtained from those flights were processed 
using Pix4D software to create point clouds for each flight. 
The 3D coordinates of CPs were determined using the models. 
Those two data sets were analyzed for statistical significance. 
Photogrammetric models derived from different UAV 
altitudes enable comparison of the precision and accuracy 
of the data sets. Here, the RTK capabilities of the Mavic 3E 
UAV and the Pix4D software made it possible to create highly 
accurate 3D models. Calculating the differences between the 
GNSS data and photogrammetric models and statistically 
analyzing those differences provide ability to evaluate the 
reliability and accuracy of different methodologies.

This study aims to examine the coordinate differences 
between GNSS and photogrammetric data, demonstrating 
the accuracy and reliability of photogrammetric methods. 
Additionally, the results provide crucial information for 
evaluating UAV-based photogrammetry in large-scale 
mapping projects. In this context, the comparisons also 
contribute to identifying necessary improvements to enhance 
the accuracy of photogrammetric models.

Statistical Analysis
The Shapiro-Wilk test was applied to evaluate the normal 
distribution of all data sets. The results of this test led to the 
selection of appropriate statistical tests and enhanced the 
accuracy of the analytical process. Then, the paired t-test was 
used for differences with normal distribution, while the non-
parametric Wilcoxon test was applied for the data outside of 
that kind. Those statistical tests are critical for assessing the 
accuracy and reliability of photogrammetric flights conducted 
at different altitudes. Additionally, the RMSE, confidence 
intervals, and σ values were used to determine the numerical 
variances of coordinate differences and the reliability of 
photogrammetric flights. RMSE values help to assess the 
magnitude of the errors in each axis, while confidence 
intervals indicate the statistical reliability and precision of the 
results. σ values measure the spread and degree of deviation 
in the data, playing a crucial role in comparing UAV flights. 

Those comprehensive statistical analyses allowed for an 
in-depth examination of the reliability and accuracy of the 
data obtained from the flights. Understanding the numerical 
variances of coordinate differences is essential for evaluating 
the performance of the flights conducted at different altitudes. 
Also, RMSE, confidence intervals, and σ values facilitate a 
thorough interpretation of the results. Those analyses have 
established a significant basis for comparing the precision of 
photogrammetric methods and GNSS measurements.

Findings
The results indicate systematic and significant differences 
between the GNSS measurements, and the photogrammetric 
models conducted at 30 m and 45 m altitudes. For the 60 m 
flight, the errors in the Y and X axes were random, while the H 
differences remained significant and systematic, as observed 
in the other photogrammetric models. Those results are 
crucial in terms of the usability of photogrammetric models 
in projects requiring high accuracy. Regulatory standards, in 
particular, stipulate that differences between horizontal and 
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vertical coordinates should not exceed ±7 cm in large-scale 
map production, thus, almost all the differences are below 
these limits, especially for 30 m and 45 m UAV models. Those 
results indicate that GCP establishment in the field may not 
be essential while using RTK-UAVs. This step is significant 
to ensure both compliance with existing regulations and to 
obtain higher accuracy data.

Regulatory Implications
According to Türkiye’s “Regulation on the Production of 
Large-Scale Maps and Map Information,” the differences 
between reference and observed coordinates must not exceed 
±7 cm in both horizontal and vertical values (22). The results 
demonstrate that photogrammetric models can achieve 
better accuracy than the specified limit. This suggests that 
UAV-based photogrammetry, using embedded RTK modules, 
can be utilized as an alternative to traditional GNSS-based 
methods for certain applications. The UAV data collection 
without the use of any GCPs in the field may eliminate the 
necessity for rapid/static GNSS observations at any ground 
point in the field. This may require updating the relevant 
articles of the regulation to reflect current conditions.

The accuracy of photogrammetric models satisfying the 
regulatory limits enhances the potential of UAV use in 
large-scale mapping projects. This can accelerate the 
data-gathering process and reduce costs in areas where 
field conditions are challenging or with limited access. For 
instance, UAVs can collect data more quickly and reliably than 
traditional methods in areas such as forests, mountainous 
regions, or urban areas.

Furthermore, the RTK-UAV approach can offer significant 
advantages in fields such as disaster management, 
agriculture, urban planning, and environmental monitoring. 
This technology’s rapid data collection and analysis 
capabilities can provide assistance for quick responses in 
emergencies and expedite decision-making processes. 
Additionally, in agriculture, this technique may contribute to 
the development of precision farming applications such as 
plant health monitoring and yield prediction.
Updating current regulations and eliminating the GCP should 
cover not only the accuracy criteria for photogrammetric 
methods of this kind but also the standards for equipment 
and software used in data collection processes. That will 
enable more consistent and reliable data acquisition for all 
stakeholders.

CONCLUSION
This study highlights the potential of using RTK-embedded 
UAVs to achieve high-accuracy 3D positioning similar to 
traditional GNSS techniques without the need for any 
GCPs in the field. The results demonstrate that UAV-
based photogrammetry can provide reliable and precise 
measurements, making it a viable alternative for various 
geospatial applications.

Furthermore, it is suggested that the current regulations in 
Türkiye should be updated to accommodate advancements 
in UAV technology. The existing regulations are primarily 

designed with traditional surveying methods in mind and may 
not fully reflect the capabilities and advantages of modern UAV 
systems. Updating the regulations could significantly reduce 
the time and effort required for large-scale map production, 
thereby enhancing efficiency and cost-effectiveness. This is 
particularly important in contexts where rapid data collection 
and processing are critical, such as disaster response, urban 
planning, and environmental monitoring.

Future research should focus on further enhancing the 
capabilities of UAV photogrammetry, specifically improving 
the accuracy of photogrammetric models in H axis. This may 
involve refining the algorithms used for data processing and 
exploring new methods for integrating UAV data with other 
geospatial data sets.

Additionally, optimizing UAV flight parameters and RTK 
capabilities is of critical importance. The impact of different 
flight altitudes, speeds, and patterns on data accuracy 
and reliability can help developing best practices for UAV 
operations in various environments under different conditions.
In conclusion, this study reveals that RTK-based UAV 
photogrammetry is a reliable and effective tool for large-scale 
map production and other applications, meeting regulatory 
requirements and without GCP establishment. Updating the 
regulations will facilitate the wider use of this technology and 
make map production processes more efficient and less time-
consuming.
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