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Abstract

The increasing availability of consumer-grade drones has made them more common and affordable. Today, access to
consumer-grade drones is widespread, which raises an important question: can an adequate 3D model of a site be
created using such a drone and be used to create a map? The more important question that will be answered is how its
performance compares to that of a professional survey-grade drone. This study presents a comparative analysis
between a consumer drone equipped with a rolling shutter camera and a professional survey-grade RTK drone
equipped with a mechanical shutter camera. The impact of varying numbers and configurations of ground control
points (GCPs) on the quality and accuracy of the 3D model will be studied for both drones. They are deployed over the
same test site, under the same conditions. Flight parameters such as altitude, image overlap, and ground sampling
distance were selected to be as comparable as possible between the two platforms in order to ensure a fair and
repeatable comparison, and the acquired image datasets are processed using an identical photogrammetric workflow.
Due to differences in camera shutter mechanisms, the datasets are filtered and processed using different camera
optimization strategies to compensate for rolling shutter effects in the consumer-grade drone and the mechanical
shutter characteristics of the professional survey-grade drone. Model accuracy is evaluated using independent check
points. A map is created based on the 3D model.
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INTRODUCTION

In today’s world, consumer-grade unmanned aerial vehicles (UAVs) have become widely available and much more
affordable than professional survey-grade systems. Nowadays, almost anyone can purchase a drone with very good
camera parameters at only a fraction of the cost of a survey-grade UAV (Colomina, 1., & Molina, P. 2014). This
naturally raises an important question: can a consumer-grade drone be used for high-accuracy photogrammetric
mapping in the same way as a professional survey UAV, and how close can the results be? There are several important
differences between these two types of UAVs. The first thing that usually comes to mind is the camera system. In most
cases, consumer-grade drones are equipped with a rolling (electronic) shutter camera, which captures the image line by
line. This can lead to geometric distortions, especially when the drone is moving, and these distortions may affect the
final accuracy of the 3D model. Another major difference is the positioning system. Survey-grade UAVs are usually
equipped with a high-precision GNSS receiver, often with RTK capabilities, which greatly improves the image
positioning accuracy and reduces the need for a large number of ground control points (GCPs). Consumer-grade drones,
on the other hand, rely much more on external control and careful fieldwork in order to achieve similar accuracy.
Another point that is often overlooked is the software environment used for flight planning and data acquisition.
Professional survey UAVs are usually supported by dedicated mission-planning software that allows the user to create
automated flight plans for different sites while fully controlling parameters such as flight height, overlap, speed, and
image geometry. This makes the data acquisition process highly repeatable and minimizes the influence of the human
factor. Consumer-grade drones are often more limited in this aspect and may require manual flying or simplified
mission control, which can introduce additional variability in the dataset. While many studies have already shown that
consumer UAVs can be used for general photogrammetric applications, there is still not enough focus on how the
number and spatial distribution of GCPs affect the final 3D model accuracy when comparing consumer and survey-
grade platforms directly. This is especially important when working with rolling shutter cameras, where optimized
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control geometry and processing settings may play a key role (Arévalo-Verjel et al., 2025). The main goal of this study
is to evaluate how capable a consumer-grade UAV is for creating a high-accuracy map and to compare its performance
directly with that of a professional survey-grade RTK UAV under the same conditions. Both systems are tested over the
same site, using as similar flight parameters as possible, in order to make the comparison fair and repeatable. Special
attention is given to the effect of different numbers and placements of GCPs, as well as to the use of different camera
optimization strategies based on the shutter type of each UAV. The idea is to better understand how much each platform
depends on ground control, operator input, and processing strategy, and whether a consumer-grade drone can
realistically produce results close to those of a professional survey system.

SURVEY AREA

The survey area selected for this study was a medium-scale area characterized by diverse surface types, including a
football field, surrounding vegetation, running tracks, and parking lots. This combination of open flat spaces and
structured elements provided a realistic environment for testing UAV performance, incorporating both simple and
complex geometries suitable for photogrammetric reconstruction. The site was specifically chosen to reflect typical
conditions encountered in medium-scale mapping projects, enabling the evaluation of performance over homogeneous
surfaces as well as geometrically intricate features, such as track boundaries and parking lot edges. This makes it
particularly suitable for assessing differences in reconstruction quality, edge distortions, and overall model accuracy
between consumer-grade and survey-grade UAV platforms.

EQUIPMENT

The data used in this study was acquired using two different UAV platforms, while the ground control measurements
were carried out using a GNSS receiver.

The UAV platform representing the consumer-grade category is the DJI Mini 2/SE/4K (Fig. 1). This drone is equipped
with a compact 1/2.3-inch CMOS sensor with a 12 MP resolution, and its camera system uses a rolling shutter
mechanism, which means that the image is captured line by line (DJI, 2023). Due to its small form-factor design and
consumer-oriented software environment, this platform is much more dependent on the operator during flight execution
and does not provide the same level of automated mission control as professional survey UAVs. This is a low-cost
consumer-grade drone, with a price of approximately €280, making it a widely accessible solution for general aerial
imaging and photogrammetric tasks.

Figure 1. DJI Mini 2 SE drone and the DJI RC-N1 controller

The second UAV platform was the DJI Matrice 4 Enterprise (Fig. 2), representing the survey-grade category. This
system is equipped with a 4/3-inch CMOS sensor with 20 MP resolution, a mechanical shutter camera, and an RTK
GNSS positioning unit, allowing for high-quality image capture, stable geographic positioning, and more reliable flight
execution through automated mission planning (DJI Enterprise, 2025). This platform is specifically engineered for
professional mapping and surveying applications, with an approximate cost of €4,500.



Figure 2. DJI Matrice 4 Enterprise and DJI RC Plus 2 Enterprise controller

For the measurement of highly accurate ground control points (GCPs), a CHCNAYV 176+ GNSS receiver (Fig. 3) was
used. All control points were measured using the rapid static GNSS method, ensuring positional accuracy suitable for
evaluating the geometric quality of the generated 3D models.

Figure 3. CHCNAV i76+ and GNSS receiver

The use of these three systems made it possible to compare the photogrammetric performance of a low-cost consumer
UAV against that of a professional survey-grade UAV, while maintaining reliable geodetic control throughout the
study.

All photogrammetric processing was carried out using Agisoft Metashape Professional v2.2.2.
SURVEY METHOD

The survey methodology was designed to compare the influence of flight speed, terrain-following optimization, and
ground control points on the final 3D model accuracy for both UAV platforms. All flight missions were flown at a
height of 65 meters relative to the take-off point, using a —90° camera angle for nadir image capturing. For the survey-
grade UAYV, the planned image overlap was set to 80% frontal and 70% side overlap (Haala, N., M. Cramer, M.
Rothermel, 2013). However, it was not possible to maintain the same overlap for the consumer-grade UAV due to
software limitations. The ground sampling distance (GSD) also differs between the two drones because of the difference
in camera sensor size. An important limitation of the consumer-grade UAV is that image overlap cannot be directly set



or controlled through dedicated mission-planning software, unlike the survey-grade platform. As a result, the final
overlap depends largely on the operator’s flight execution, speed consistency, and trajectory control, introducing an
additional human factor into the dataset (Haala, N., M. Cramer, M. Rothermel, 2013).

Figure 4 shows that the survey-grade UAV is supported by specifically designed mission-planning software (DJI Pilot
2), which allows precise control over multiple flight parameters, including GSD, flight altitude relative to the take-off
point or terrain, flight speed, camera angle, and image overlap. The software also provides an elevation optimization
option (Fig. 5), which captures additional images at approximately —45° toward the center of the object, further
improving 3D reconstruction quality. In contrast, the same parameters cannot be accessed through the DJI Fly
application (Fig. 6) used for the consumer-grade drone. This means that tasks automatically executed by the survey-
grade UAV must instead be performed manually by the operator when using the consumer platform, further increasing
the influence of the human factor on the resulting dataset.

RTK (139

N mode - Standby a3y Rel |l ey

S > | Vg 2% : ection m Jollection
Mapping Area Est. Duration Est. Storage X ; UDiigue Gollectio
45812.3m* 2m52s 162 ¥ P

-~

’ s 1229
A b 47. 8
/ T S 'O'm 3 !
AT, b-!/
¢ RER = e
- : 55.1m
._A«‘ Bt

g A Smart Oblique @

Local Mapping @

Altitude Mode

Route Altitude

Elevation Optimization @ ‘

Ltk 0.0 VS %)

i @F ALT s Safe Takeoff Altitude @ (2~1500m)
< \

Figure 4. Mission planning interface of the survey-grade UAV in DJI Pilot 2.
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Figure 6. Interface of the consumer-grade UAV in DJI Fly.
e Scenario 1 — RTK Only

Scenario 1 represents the fastest and most commonly used professional survey workflow. The survey was carried out
using RTK positioning only, without the use of ground control points, at a flight speed of 15 m/s, with elevation
optimization disabled. This scenario is highly practical because it minimizes the required field time by removing the
need for establishing and measuring GCPs, making it a preferred solution for fast data acquisition over larger areas. The
use of RTK positioning alone allows the drone to maintain accurate image georeferencing while keeping the workflow
simple and efficient. The selected flight speed of 15 m/s allows for rapid site coverage and reflects a realistic production
workflow often used in professional practice. However, the higher speed may introduce small variations in image
overlap consistency and image sharpness, which can later influence the final 3D model accuracy. For this scenario, the
flight was performed at a constant height relative to the take-off point without adapting to terrain elevation changes.

e Scenario 2 — RTK Only with Elevation Optimization

Scenario 2 follows the same general workflow as Scenario 1 and was designed to evaluate the effect of the elevation
optimization option on the final 3D model accuracy. The survey was again carried out using RTK positioning only,
without the use of ground control points, at a flight speed of 15 m/s. The difference in this case is that the elevation
optimization option was enabled, which generates additional images taken at approximately 45° toward the center of the
object. This option is particularly useful because the additional oblique images improve the visibility of vertical
surfaces, object edges, and central geometric details, which can significantly improve tie point generation and the
overall stability of the photogrammetric reconstruction. By keeping the same speed of 15 m/s as in Scenario 1, the effect
of the additional oblique image geometry can be evaluated directly without introducing changes related to flight speed.
This makes the comparison between the two scenarios useful for understanding whether the extra 45° center-oriented
imagery improves the geometric quality of the final 3D model. Because no GCPs were used, this scenario also
demonstrates the realistic performance of an RTK-only workflow enhanced by additional oblique support imagery,
which is often useful for more complex objects and areas requiring stronger 3D reconstruction.

e Scenario 3 — Reduced Flight Speed with Elevation Optimization

Scenario 3 follows the same workflow as Scenario 2, with the main difference being the reduced flight speed of 10 m/s.
The survey was again carried out using RTK positioning only, without the use of ground control points, while the
elevation optimization option remained enabled, generating additional images taken at approximately 45° toward the
center of the object. The purpose of this scenario is to evaluate how a lower flight speed affects the final 3D model
accuracy when the same image geometry is preserved. By reducing the speed from 15 m/s to 10 m/s, the UAV has more
time to capture each image position more consistently, which can improve overlap stability, reduce the risk of image
blur, and strengthen tie point generation during processing. This scenario is particularly important for understanding
whether a slower but still highly efficient professional workflow can provide a measurable improvement in model
quality compared to the faster acquisition used in Scenario 2. Because the same RTK-only and oblique image setup was
preserved, the comparison between Scenarios 2 and 3 isolates the direct influence of flight speed on the
photogrammetric results.



e Scenario 4 — GCP-Supported Reduced-Speed Survey with Elevation Optimization

Scenario 4 represents the most optimized professional survey workflow used in this study. The mission was carried out
using the DJI Matrice 4 Enterprise with RTK positioning, while also using ground control points (GCPs), a reduced
flight speed of 10 m/s, and the elevation optimization option enabled, which generates additional images taken at
approximately 45° toward the center of the object. This scenario combines the benefits of the previous setups with the
added reliability of external control points. The use of GCPs strengthens the absolute orientation of the
photogrammetric block and reduces any residual positioning errors that may remain even when RTK image positions
are used. The reduced speed of 10 m/s helps maintain stable image overlap and improves image sharpness, while the
additional 45° center-oriented images improve the reconstruction of edges, height variations, and other complex
geometric details. Together, these settings should result in the highest-quality and most stable dataset among the
professional survey scenarios. The purpose of this scenario is to evaluate the highest achievable geometric accuracy
from the survey-grade UAV and to use it as a benchmark for comparison with both the RTK-only workflows and the
consumer-grade UAV dataset.

e Scenario 5 — Consumer-Grade UAYV with GCPs

Scenario 5 was designed to evaluate the performance of a low-cost consumer drone in a photogrammetric workflow
using ground control points (GCPs) for georeferencing. The survey was conducted using the DJI Mini 2/SE/4K under
the same general flight height conditions as the professional UAV scenarios. Unlike the Matrice 4 Enterprise, the Mini
2 does not have an RTK GNSS receiver, so it cannot provide centimeter-level positioning on its own. Additionally, the
drone is equipped with a rolling shutter camera, which captures images line by line and can introduce small distortions
during motion (Arévalo-Verjel et al., 2025). The Mini 2 also does not allow automated control of image overlap,
mission area definition, or automated flight path execution, meaning that the entire mission must be carried out
manually by the operator. As a result, overlap consistency and overall dataset quality depend heavily on the operator’s
skill and flight stability. By including GCPs in this scenario, the workflow compensates for the lack of RTK and
strengthens the absolute orientation of the photogrammetric block, providing a reliable basis for comparison with the
professional UAV. However, due to the drone’s compact camera sensor, the ground sample distance (GSD) is
inherently larger than that of the Matrice 4, even at the same flight height of 65 m. This scenario allows us to directly
assess how close a consumer-grade UAV can come to professional survey-grade results, while also quantifying the
influence of manual flight execution, camera limitations, and the absence of RTK on the accuracy of the resulting 3D
model. Table 1 summarizes all flight scenarios included in this study.

Table 1. Summary of all flight scenarios

Scenario | UAV RTK GCP Speed Elevation Purpose
(m/s) optimization

1 Matrice 4 Enterprise | ON NO 15 m/s OFF Fastest workflow

2 Matrice 4 Enterprise | ON NO 15 m/s ON Testing the effect of elevation
optimization

3 Matrice 4 Enterprise | ON NO 10 m/s ON Testing the effect of reduced
speed

4 Matrice 4 Enterprise | ON YES 10 m/s ON Getting the best possible
accuracy of the 3D model

5 Mini 2/SE/4K NA YES - - Comparison between consumer-
grade and survey-grade UAVs

e  Measurements of GCP

For this study, 15 ground control points (GCPs) were measured using the CHCNAYV 176+ GNSS receiver using rapid
static method (Santos, 2000). The points were distributed around the perimeter and center of the survey area to allow
later analysis of the effect of GCP number, placement, and configuration on 3D model accuracy. The rapid static GNSS
method is a high-precision surveying technique in which the receiver collects data at each point for a short, predefined
period—in this study, approximately 3 minutes per point. This method provides centimeter-level positional accuracy,
suitable for geodetic control in photogrammetric surveys, while requiring significantly less field time than classical
static surveys. Rapid static is ideal when only a single receiver is used, as in this study, because it still allows for high-
accuracy positioning by averaging multiple GNSS observations over the short collection period, compensating for
satellite and atmospheric errors.




COMPARATIVE ANALYSIS

In the first step, the three professional UAV scenarios without GCPs (Scenarios 1, 2, and 3) were compared to
determine which flight setup produced the most accurate 3D model based solely on RTK positioning and elevation
optimization options (Barba, S., M. Barbarella, A. Di Benedetto, M. Fiani, L. Gujski, 2019). For each scenario, the total
number of images captured and the flight duration were recorded. Scenario 1, flown at 15 m/s with elevation
optimization off, generated 158 images over 2 minutes and 52 seconds. Scenario 2, with elevation optimization enabled,
produced 189 images over 3 minutes and 7 seconds, reflecting the extra angled shots taken toward the center of the
object. Scenario 3, flown at the slower speed of 10 m/s with elevation optimization on, captured 153 images over 4
minutes and 5 seconds. The slightly lower number of images in Scenario 3 is due to the drone using a timed interval
shooting mode to improve the quality of the point cloud, rather than simply increasing image count. Including this
information provides context for the efficiency of each workflow and highlights how flight parameters and shooting
modes affect both data volume and field time, which is critical for planning professional surveys.

The 3D models generated from each scenario were evaluated using positional accuracy. The results show differences in
both horizontal (X/Y) and vertical (Z) errors depending on flight parameters and elevation optimization. Scenario 2,
with elevation optimization enabled, generally produced the most accurate model, while Scenario 3, despite having a
slower flight speed, showed slightly higher errors due to fewer images and the interval shooting mode. Scenario 1 had
the lowest accuracy among the three but was the fastest workflow.

Table 2. Errors of Flight Scenarios

Scenario | Number of images Flight time Horizontal error | Vertical error | Total error
X7Y) (2]
1 158 2.52 min 5.45276 cm 18.8071 cm 19.5816 cm
189 3.07 min 2.81555 cm 1.73063 cm 3.30491 cm
3 153 4.05 min 1.19529 cm 2.79339 cm 3.03838 cm

Figure 7.1, 7.2 and 7.3 present the accuracy reports for the three professional UAV scenarios. It is clearly visible that
Scenario 1 (Fig. 7.1) exhibits the largest positional errors, especially along the edges and corners of the surveyed area.
This highlights the limitations of a high-speed, RTK-only workflow without elevation optimization. In Scenario 2 (Fig.
7.2), accuracy improves significantly thanks to the inclusion of elevation optimization, with additional angled images
enhancing the reconstruction. However, some distortion is still noticeable around the corners, and the images taken with
elevation optimization in Scenario 2 are still less accurate compared to those in Scenario 3 (Fig. 7.3). Scenario 3
demonstrates the smallest distortions at the edges, which can be attributed to the slower flight speed of 10 m/s, allowing
for more stable image overlap and sharper captures. Despite this improvement, the northern part of the site shows
slightly higher errors, likely due to the smaller number of images captured in that area. Overall, the comparison
illustrates how flight speed, elevation optimization, and image density collectively influence the geometric accuracy of
the 3D model, emphasizing the importance of careful mission planning for survey-grade UAVs.
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Figure 7.1. Accuracy report of scenario 1
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Figure 7.2. Accuracy report of scenario 2
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Figure 7.3. Accuracy report of scenario 3

During the photogrammetric processing of the survey-grade UAV datasets, a camera optimization was performed to
improve the geometric accuracy of the 3D models. For the Matrice 4 Enterprise camera, the intrinsic parameters were
optimized, including focal length (f), radial distortion coefficients (k1, k2, k3), tangential distortion coefficients (pl,
p2), and principal point coordinates (cx, cy) (Agisoft LLC, 2025) (Fig. 8). Additionally, the tie point covariance
estimation was enabled to provide a measure of uncertainty for each matched point in the photogrammetric block. This
step ensures that the 3D reconstruction is as accurate as possible, compensating for minor lens distortions and
improving the overall quality of the dense point cloud and the resulting 3D model.

N
w
N



Optimize Camera Alignment

General

Fit f Fit o, cy
Fitkl Fitpl
Fitk2 Fitp2
Fitk3 Fitb1
Fitk4 Fitb2

Advanced

Adaptive camera model fitting
Estimate tie point covariance

Fit additional corrections

o | e |

Figure 8. Agisoft Metashape Pro used camera optimization options

These camera optimizations significantly improved the quality of the 3D reconstruction, and the resulting model
accuracies are summarized in Table 3.

Table 3. Errors of flight scenarios after camera optimization

Scenario | Number of images Flight time Horizontal error | Vertical error | Total error
X7Y) (2]
1 158 2.52 min 1.70103 cm 4.33314 cm 4.65507 cm
189 3.07 min 1.79197 cm 0.847676 cm | 1.98235 cm
3 153 4.05 min 1.20988 cm 0.828278 cm | 1.46624 cm

Despite the noticeable differences in accuracy observed in Scenario 1, the scenarios with elevation optimization
consistently outperformed the simpler workflow. This clearly demonstrates that the additional angled images provided
by elevation optimization significantly improve the reconstruction of complex surfaces and height variations. Among all
tested professional scenarios, Scenario 3 produced the best results, representing the model with the highest and most
reliable accuracy. Therefore, in the next step, to add GCPs which will further improve the absolute accuracy and
achieve a positional precision to 1.1 cm. This optimized survey-grade model will serve as the benchmark for
comparison with the consumer-grade UAV dataset.

With the optimized survey-grade model established, the next step is to compare it with the consumer-grade UAV
dataset captured using the DJI Mini 2/SE/4K. Unlike the Matrice 4 Enterprise, the Mini 2 does not feature RTK
positioning or advanced mission planning capabilities. Its software is very limited: it does not allow setting precise
image overlap, defining the mission area, or creating automated flight paths. As a result, every aspect of the flight must
be performed manually, making the final data heavily dependent on the operator’s skill and consistency. In this
comparison, all of the measured GCPs were placed, resulting in a positional accuracy of 3.8 cm, which is quite good
and fully sufficient for most mapping tasks at this scale. When tested with the same strategically placed GCPs (Parvu, 1.
M., Cuibac, 1., & Spiroiu, 1. 2024) as the survey-grade drone, covering the perimeter and the center of the object (Fig.
9), the accuracy remained high at 3.2 cm. This demonstrates that the distribution of GCPs can be just as important as
their number: well-positioned control points effectively anchor the photogrammetric block and allow for reliable results,
even with fewer points, while reducing fieldwork time. After camera optimization, including focal length (f), radial
distortion coefficients (k1, k2, k3), tangential distortion coefficients (p1, p2), and principal point coordinates (cx, cy),
and additionally applying rolling shutter compensation (Agisoft LLC, 2025), the accuracy improved further to 3.4 cm
with all GCPs and 2.4 cm with the selected points.



Figure 9. Distribution and layout of ground control points (GCPs)

The next step in the comparative analysis focuses on evaluating the accuracy of Scenario 3 (survey-grade UAV with
full optimization) against Scenario 5 (consumer-grade Mini 2 with 8 strategically placed GCPs). For this comparison,
only the cases with 8 GCPs (Fig. 9) were considered for both UAV platforms, as this configuration provides higher
accuracy while remaining practical for field deployment. The 8 GCPs were positioned at the perimeter and the center of
the object, ensuring that both datasets are anchored effectively for absolute orientation. For Scenario 3, the survey-grade
UAYV achieved a positional accuracy of 0.008 m, which represents the highest level of precision among all professional
workflows tested. The optimized camera parameters, slow flight speed, and elevation-optimized angled images
contributed to this great performance. In the case of Scenario 5, the Mini 2, despite lacking RTK positioning and
advanced mission planning, achieved a positional accuracy of 3.2 cm with the 8 strategically placed GCPs. After
applying camera optimization and rolling shutter compensation, the accuracy improved further to 2.4 cm. While this is
lower than the survey-grade system, it still demonstrates that consumer-grade UAVs can provide reasonably high
accuracy for medium-scale mapping tasks when control points are used effectively. The summarized results are
presented in Table 4:

Table 4. Summarized results of survey-grade and consumer-grade UAVs

UAYV Platform Flight time | GCPs | Accuracy (before | Accuracy (after | Number of images
used | optimization) cm | optimization) cm
DIJI Matrice 4 Enterprise | 4.05 min 8 1.1 cm 0.8 cm 153
DIJI Mini 2/SE/4k 18.08 min 8 3.2cm 24 cm 226

This shows that the consumer-grade UAV can also be used for high-accuracy mapping tasks, despite its limitations. In
this study, precise mapping is required because the site is rented per square meter, making accurate area estimation
essential. The resulting photogrammetric model allows reliable boundary extraction and area calculation, showing that
low-cost UAV systems can still provide practical and sufficiently accurate results for engineering applications when
properly processed.



CREATING A 3D MAP FOR SPORT EVENT

In the final step of this study, the generated 3D model was used to create a practical site map for a sports event. The
selected site, a football field, was organized for hosting the finals of the Bulgarian Flag Football Cup. Based on the
accurately reconstructed 3D model, the area was divided into several functional zones, including two separate playing
fields, two stands, toilets, official merchandise zone, a medical station, an information point, two food and beverage
zones for spectators, a music stage, a children’s playground and dedicated changing rooms for the teams. This spatial
planning demonstrates the practical application of UAV-based photogrammetry beyond technical analysis, showing
how high-accuracy 3D models can be used for real-world event organization and infrastructure layout. The processing
of data from the 3D model and the layout of the map were done in Civil 3D in Autodesk Civil 3D. The final generated
map is presented in Figure 10, illustrating the complete arrangement of all functional zones within the site.
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Figure 10. The generated map for a sport event

CONCLUSION

This study shows that both survey-grade and consumer-grade UAVs can produce usable photogrammetric results, but
their performance differs clearly in terms of accuracy, efficiency, and workflow complexity. The main advantage of the
consumer-grade UAV is its low cost and accessibility. Despite its limitations, it can still deliver sufficiently accurate 3D
models for tasks such as area calculation, medium-scale mapping, and event planning, especially when supported by
well-distributed ground control points (GCPs). In this study, it achieved centimeter-level accuracy under such
conditions, making it a practical option for budget-sensitive projects. However, several limitations were observed. The
consumer-grade UAV lacks RTK positioning, advanced mission planning, and precise control over key flight
parameters such as overlap, speed, and automated flight paths. It also requires fully manual operation, which increases
dependence on the operator and can affect data consistency. In addition, it does not support professional features like
elevation optimization workflows and uses a rolling shutter camera, which may introduce small geometric distortions
during flight. In contrast, the survey-grade UAV provides a fully integrated and controlled workflow, including RTK
positioning, automated mission planning, consistent overlap control, and advanced image acquisition strategies such as
oblique imaging. These capabilities lead to more stable data capture and higher overall accuracy. Overall, the results



confirm that consumer-grade UAVs can be used effectively for practical mapping when properly planned and
processed, but survey-grade systems remain superior in terms of accuracy, repeatability, and efficiency.
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