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Abstract: The accuracy of unmanned aerial vehicle (UAV) products is affected by many parameters, such as ground control points
(GCPs), flight plans, overlap rates, flight altitude, etc. Flight patterns could be another factor that influences UAV product accuracy, but
is not given as much attention in the literature. The impact of seven combinations derived from Single (S), Double (D), and Circular (C)
flight patterns on point formation is analysed in this study. It was also evaluated the positional accuracy and number of points in both
horizontal and vertical planes within three-dimensional (3D) models. For each model, 15 common comparison surfaces (CSs) (10 vertical
and 5 horizontal) were selected, and a point cloud generated by a robotic total station was used as a reference to generate reference planes
(RPs), which were utilized to compute surface scoring and root mean square (RMS) error of the models. Ultimately, two separate analyses
were conducted. Each model's demonstration level of the chosen horizontal and vertical planes is rated in the first analysis. In the
subsequent analysis, the RMS values were determined based on the distance between the model points and the generated RPs. The study's
results indicate that the D pattern offers the best option for only one flight. Furthermore, the D+C flight combination yielded the best
results among the evaluated models when multiple flights were conducted.
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IHA ugus giizergahi sekillerinin ii¢ boyutlu fotogrametrik iiriin dogruluguna etkisi

Oz: insansiz hava araclar (IHA) ile elde edilen iiriinlerin dogrulugu, yer kontrol noktalari, ugus planlari, bindirme oranlari, ucus
yiiksekligi gibi bir¢ok parametreden etkilenmektedir. Ugus desenleri de IHA idiriin dogrulugunu etkileyebilecek baska bir faktor olabilir,
ancak literatiirde bu konuya ¢ok fazla onem verilmemistir. Bu ¢alismada, Tekli (S), Ciftli (D) ve Dairesel (C) ugus desenlerinden tiiretilen
yedi kombinasyonun nokta olusumu iizerindeki etkisi incelenmistir. Ayrica ti¢ boyutlu (3B) modellerde secilen yatay ve diisey diizlemlerin
konumsal dogruluk ve nokta sayilar da degerlendirilmistir. Her model igin 15 ortak karsilastirma yiizeyi (10 diisey ve 5 yatay) se¢ilmis ve
referans diizlemleri (RD’ler) olusturmak icin robotik total station tarafindan iiretilen nokta bulutu referans olarak kullanilmistir. Bu
RD ler, modellerin yiizey puanlamasi ve karesel ortalama hatasinin (KOH) hesaplanmasinda kullamilmistiv. Sonug olarak iki farkl analiz
gerceklestivilmistir. Ilk analizde, secilen yatay ve diisey diizlemlerin her modeldeki temsil seviyesi derecelendirilmistir. Ikinci analizde ise
model noktalari ile iiretilen RD’ler arasindaki mesafeye dayali KOH degerleri hesaplanmistir. Calismanin sonuglari, tek ugus i¢in D
deseninin en iyi se¢enegi sundugunu gostermektedir. Ayrica, ikili uguslar i¢cin D+C kombinasyonu degerlendirilen modeller arasinda en
iyi sonug¢lari vermigtir.

Anahtar Sézciikler: IHA fotogrametrisi, Ucus desenleri, Yiizey ¢ikarimi
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MUAV flight path impacts on three-dimensional photogrammetric product accuracy

1. Introduction

With the development of Structure-from-Motion (SfM) technology, unmanned aerial vehicles (UAVs) equipped with non-
metric digital cameras have become rapidly developing tools for constructing 3D models of objects (Varbla et al., 2021; Yang
et al., 2013). There are two steps to the 3D topography reconstruction using UAVs. The UAVs' cameras take a series of
pictures of the terrain as the initial step. Afterwards, feature extraction, point matching, and the vision system's prior

knowledge are combined by SfM to enable a 3D model (Byrne et al., 2017).

Software that can handle these steps and whose functionality has been demonstrated in several studies includes packages
such as Pix4DMapper, Photoscan, DJI Terra and ContextCapture (V. Casella et al., 2020; Jeon et al., 2017; Kameyama &
Sugiura, 2021; Mitka et al., 2023). UAVs offer distinct advantages over satellite-based remote sensing and conventional
piloted aircraft, particularly in terms of cost, operational flexibility, and improved temporal and spatial resolution. They now
have more civil uses thanks to their recent significant advancements and the production of microsensors (Agiiera-Vega et al.,
2017; Colica et al., 2021). In the literature, there are various and well-documented research based on UAVs: 3D modelling
and virtual reconstruction of archaeological sites (Carvajal-Ramirez et al., 2019; Waagen, 2019); documenting of building
facades (Roca et al., 2013; Russo et al., 2019); disaster damage estimation (Dominici et al., 2017; Kakooei & Baleghi, 2017);
cultural heritage documentation (Bakirman et al., 2020); monitoring of road condition (Roberts et al., 2020); change detection
in river topography and vegetation (Watanabe & Kawahara, 2016); landslide mapping (Gupta & Shukla, 2018); coastal

change monitoring (Gongalves & Henriques, 2015); precise agriculture (Messina et al., 2020), etc.

One advantage of UAV-borne sensors is the capacity to collect data at close range from various angles of view. UAV surveys
are typically nadir, meaning the camera axis is vertically aligned. This allows for a forward overlap between shots as well as
a side overlap between lanes, enabling a 3D reconstruction of the surveyed area or object (Vacca et al., 2017). However, this
kind of survey ignores the 3D geometry of a scene. Specifically, they are not the best for recording features exposed along
vertical facades because these features are more likely to be excluded from nadir-view sensors or to deform more than other
features (Nesbit & Hugenholtz, 2019). Recently, oblique photogrammetry, in which the camera axis is at an angle with respect
to the vertical, has gained a lot of attention. It captures more of the side structure of the target, thereby overcoming the

drawbacks of nadir photography (Lin et al., 2021).

After exporting the final outputs (point cloud, DSM, etc.), it's vital to assess the accuracy of the photogrammetric project.
The root mean square (RMS) is generally used to evaluate the accuracy (Martinez-Carricondo et al., 2018) of UAV
photogrammetry determined by a wide range of factors, such as flight plan, camera image quality, camera modelling
technique, SfM algorithms, ground control points (GCPs), and georeferencing strategy. In addition to maintaining a consistent
height over the ground and uniform coverage over the whole region, the flight plan should incorporate sufficient forward and
side overlaps (Sanz-Ablanedo et al., 2018; Zhao et al., 2021). Mesas-Carrascosa et al. (2016) analyze the influences of flight
parameters such as flight altitude, forward and side overlaps on orthomosaics and suggest higher percentages of forward and
side overlap for UAV flights. Akturk and Altunel (2019) focus on the accuracy assessment of the digital elevation model
(DEM) generated by low-cost UAVs in challenging terrain and the influences of GCPs. Their findings showed the total error

at z values was reduced by 6 cm with the addition of GCPs.

GCPs are typically used to georeference the 3D point cloud produced during the photogrammetric process. The control points
for the flight might be either fixed ground features or pre-flight reference targets dispersed throughout the ground. Their exact

coordinates must be surveyed as accurately as possible to improve the model. Georeferencing requires a minimum of three
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GCPs; however, to enhance the accuracy of the photogrammetric outputs, it is highly recommended to increase the number
of GCPs (Ferrer-Gonzalez et al., 2020). Most of the studies conducted about the accuracy of UAV photogrammetry products
are related to GCP, flight altitude, and overlap rates (E. Casella et al., 2020; Elkhrachy, 2021; Frey et al., 2018; Liu et al.,
2022; Ridolfi et al., 2017; Turk et al., 2025).

Except for these parameters, flight patterns may influence the accuracy of the output. Various flight patterns can be created
based on the dimensions of the study area and the required data. In the field of earth sciences, on the other hand, the most
common patterns for flight lines are either double grid (also known as perpendicular) or single grid (also known as
lawnmower) (Chaudhry et al., 2020). Furthermore, a circular flight plan is also employed, in which the UAV captures images

from all angles around an object (Chiabrando et al., 2017; Zhang et al., 2020).

While previous studies have generally examined the effects of GCP distribution, flight altitude, and image overlaps on UAV
photogrammetry accuracy, the impact of different flight patterns has not been thoroughly examined. The aim of this study is
to fill this gap by systematically analyzing how various UAV flight patterns and their combinations influence the accuracy
of 3D models. The primary research question of this work is how different UAV flight patterns affect point cloud formation
and the resulting model accuracy in horizontal and vertical planes. To address this question, an experiment was conducted in
an area of approximately 10 hectares, featuring various structures such as trees, buildings, and parking areas, to test the

accuracy of models based on different flight patterns and their combinations.

Three flight patterns: Single (S), Double (D), and Circular (C), with nadir and oblique axes, were flown. Seven combinations
of these flights (S, D, C, S+D, S+C, D+C, and S+D+C) were processed, and 3D models were produced. Reference Planes
(RPs) were extracted from a reference point cloud generated using a highly sensitive robotic total station to test the accuracy
of the models. A total of 15 comparison surfaces (CSs) were determined on building facades, parking areas, and roads. Two
analyses were conducted: one based on the distribution and number of points on the CSs, and the other on the RMS values
of distances between the points and RPs, to determine how accurately the points in the models represent RPs. As a result, the

impact of flight patterns on point formation and accuracy in horizontal and vertical planes was examined.

The models in this study were processed using Pix4Dmapper, which provides a stable workflow for UAV-based image
processing. While different software, such as Photoscan, ContextCapture, or DJI Terra, may apply distinct image matching
and dense point cloud generation algorithms, previous studies (Aicardi et al., 2016; Jeon et al., 2017) have shown that such
differences mainly affect the absolute accuracy rather than the relative performance among models. In this context, comparing
different flight patterns made with the same study area and UAV platform provides a more objective comparison plane by
minimizing the impact of environmental and software variations. Nevertheless, future studies could further validate these
findings using alternative software to better understand potential software-based variations in reconstruction accuracy and

point density.

2. Materials and Methods
2.1 Study Area

The study site is a 10.37 ha area located on the Ondokuz Mayis University Campus in Samsun, Tiirkiye (Figure 1). The site
includes two buildings of the Engineering Faculty, which are 6 and 2 floors high. Apart from the buildings, the area features

roads, parking lots, and green spaces with small trees.
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Figure 1: Study area (a) the distribution of GCPs, (b) the first group of GCPs, (c) the second group of GCPs

2.2 Ground Control Points

A total of 37 GCPs used for geo-referencing are divided into two groups:

e The first GCP group consists of 11 permanent points on the ground distributed systematically across the study area
(red triangles in Figure 1a). Metal screws were installed into the ground and painted red (Figure 1b). Four hours of
static GNSS observations were conducted using Topcon HiperPro multi-frequency GNSS receivers. The static
GNSS observations were processed using the Grafnet static baseline processor and network adjustment package
(URL-1). The continuously operating reference stations’ static data, updated at 1-second intervals, serves as a
reference for static processes. Highly accurate and reliable position information was obtained in the ITRF96 datum

—2005.0 epoch at these GCPs.

e The second GCP group consists of 26 temporal points on the ground (blue circles in Figure 1a) made from vinyl
(Figure 1c). These points were located in the field for densification aim where the first GCP group points were
sparse. These points’ coordinates were determined with 1-2 cm-level accuracy by using Topcon HiperV based on

the real-time kinematic (RTK) GNSS observation technique.

2.3 Data Acquisition with UAV

We used the DJI Phantom 4 Pro UAV equipped with a 1-inch CMOS 20-megapixel sensor for the flights (URL-2). Three
flight patterns —Single, Double, and Circular — were applied (Figure 2).
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Single Double Circular

Figure 2: Flight patterns (URL-3)

One flight of 14 minutes was sufficient to cover the area with a Single pattern at a nadir angle. Four flights lasting a total of
60 minutes were made with a Double pattern at an oblique angle. In the Circular pattern, two flights were conducted for two
buildings, each lasting 8 minutes. Additionally, some flight parameters, such as altitude, camera angle, and overlap rates, are

listed in Table 1.

Table 1: UAV flight plan parameters

Altitude The angle of the Front overlap Side overlap  Duration Number
Flight mission
(m) camera (degree) (%) (%) (min) of flights
Single grid (S) 60 90 80 70 14 1
Double grid (D) 40 60 80 70 60 4
Circular (C) building 1 /2 40/30 45/45 - 90 /90 8/8 2

2.4 Flight Data Processing

We used Pix4Dmapper photogrammetry software for the processes (URL-3). The collected UAV flight data from three flight

patterns were processed in seven variations (Table 2). The same hardware was used for all processes.

Table 2: The number of photographs used and processing outputs

Processes Number of GSD* of sparse point Number of RMS error Process
photographs cloud (cm/pixel) GCPs (cm) duration
Single (S) 244 1.59 37 5.0 0d 12h 09m 32s
Double (D) 1056 1.24 37 24 0d 20h 16m 37s
Circular (C) 295 6.20 37 3.5 0d 07h 16m 40s
S+D 1300 1.33 37 2.5 0d 22h 07m 36s
S+C 539 1.80 37 2.6 0d 18h 15m 57s
D+C 1351 1.33 37 2.5 0d 23h 01m 10s
S+D+C 1595 1.41 37 24 1d 00h 33m 11s

* GSD: Ground sampling distance

The ground sampling distance (GSD), which is directly dependent on parameters such as flight altitude and camera angle, is
a critical parameter in UAV-based mapping studies (Mesas-Carrascosa et al., 2016). This variable significantly affects both
the amount of data produced and the total flight time. This is convenient for Table 2 results, considering the flight durations
in Table 1. Because of the circular and single processes, the RMS errors may seem confusing at first glance; however, the
single process generated seven times more points than the circular process. So, the RMS errors and point numbers should be
considered together. The point number is as significant as the RMS errors because it gives more detailed and softer

environmental information (Figure 3).
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Figure 3: Obtained models with processing types (point numbers are given in parentheses)

2.5 Reference Data Collection

A Leica TS16 robotic total station was used to scan the building surfaces and the ground (URL-4). This automatic total station

delivers highly accurate and reliable angle and distance measurements in any environmental circumstances. The robotic total
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station was set to the 11 permanent GCPs that were determined by static processing, and a reference point cloud was obtained
(Figure 4). The surfaces were scanned with a spacing between 0.2 and 0.5 grads in horizontal and vertical angles. These
values have been determined by considering the time and energy consumption, as well as the best representation of the target

surfaces.

Figure 4: Reference point cloud

To test the accuracy of the processes, 15 CSs were equally distributed across the study area, with 5 in the horizontal plane
(H1, H2, ..., H5) and 10 in the vertical plane (V1, V2, ..., V10) (Figure 5). CloudCompare software was used for point cloud
operations (URL-5).

Figure 5: Comparison surfaces

CSs were chosen from the facades of buildings for vertical accuracy evaluation (Figure 6) and from roads and parking areas
for horizontal accuracy evaluation (Figure 7). The horizontal CSs were selected close to the total station with the highest
point density. Then, RPs are obtained by fitting a plane to the points in CSs from the reference point cloud. Plane fitting was
performed using the least squares method implemented in CloudCompare. In this approach, the most suitable plane is
determined by minimizing the sum of the squares of the perpendicular distances between the plane surfaces and the points.
Additionally, the RMS fitting error reported by CloudCompare was used as an indicator of local surface accuracy. RMS
values of RPs are in the range of 0.3-1.8 cm (Table 3).
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Figure 6: Vertical RPs
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Figure 7: Horizontal RPs

Table 3: RMS values of RPs

RP RMS(cm) RP  RMS (cm)

H1 0.6 Vi 0.3
H2 0.3 V2 0.3
H3 1.2 V3 0.7
H4 1.3 V4 0.4
H5 0.7 V5 0.4
A 13
V7 0.8
V8 1.8
A% 0.7
V10 0.7
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3. Results and Discussion

To compare the accuracy of point clouds created by UAV photogrammetry across different flight and processing types, seven
distinct point cloud models were generated. A point cloud created using a terrestrial scanning system was used for reference.
Two different analyses were carried out. The first analysis evaluates how well each model represents the selected horizontal
and vertical planes. Five-point density criteria were established in this respect, and scores were assigned to these surfaces on

a scale of 0 to 4 (Figure 8).

No Point Very Loosely Loosely Dense Very Dense
(1) (2) (3) (4)

(0)

Figure 8: Scoring scale

To compare the results of the first analysis, the scores of all processes in both horizontal and vertical planes were considered
in three different ways. Firstly, the sum of all horizontal plane scores of each process is named as total H for horizontal
evaluation; secondly, the sum of all vertical plane scores of each process is named as total V for vertical evaluation; and
lastly, the sum of all scores of each process was taken for a general assessment. Compared to other processes, the single-
process results were below average in total. However, when looking at the total H value, it received the maximum score
possible. It has been observed that the single process is generally inadequate because its performance in vertical planes
remains relatively low. The double process received almost the highest score on all surfaces. However, its performance in
the V7 and V8 planes is low compared to the other planes because the flight route is very close to the buildings at that point.
The circular process received an above-average score. But, unlike the single process, this method performs poorly in
horizontal planes. S+D and S+C processes produced nearly identical results to the Double process, except for V7 and V8
planes. The D+C process received the highest score on almost all surfaces. The S+D+C process received maximum scores
on every surface, both horizontally and vertically. As a result of the scoring, it was seen that the S + D + C process gave the

best results on all surfaces. Then, D+C followed it very closely, followed by S+D, D, S+C, C, and S, respectively (Table 4).

Table 4: The results of surface scoring

Process HI H2 H3 H4 H5 VI V2 V3 V4 V5 V6 VI V8 V9 VIO Total
S 4 4 4 4 4 1 2 1 0 2 1 1 2 3 1 34
D 4 4 4 4 4 4 4 4 3 4 4 1 2 4 4 54
C 2 4 3 4 3 4 2 4 4 3 4 3 3 3 3 49
S+D 4 4 4 4 4 4 4 4 3 4 4 2 2 4 4 55
S+C 4 4 4 4 3 4 2 4 4 3 4 3 3 4 3 53
D+C 4 4 4 4 4 4 4 4 4 4 4 3 3 4 4 58
S+D+C 4 4 4 4 4 4 4 4 4 4 4 3 4 4 4 59

Heat maps were created to better visualize the distribution of surface scores (Figures 9 and 10). The D+C and S+D+C

processes consistently demonstrated high scores, confirming their high-quality restructuring performance.
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Figure 9: Heat map of surface scoring results for horizontal planes

35
4
3
- . - . ) . s - : 3 1R
12}
2
8 S+D 4 4 4 3 4 4 4 4 = 2
o
s«Cl 4 - 4 4 3 4 3 3 4 3 o 12
1
D+C [ 4 4 4 4 4 4 3 3 4 4 =
0.5
s+D+«Cl 4 4 4 4 4 4 3 4 4 4
| | | | | | | | | | 0

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10
Vertical Planes

Figure 10: Heat map of surface scoring results for vertical planes

In the second analysis, RMS values were calculated based on the distance of the points in the models from the RPs (Table
5). The single process delivered very precise and cm-level results in horizontal planes. However, it generally did not provide
accurate results in vertical planes and was unable to produce any data in the V4 plane. In general, its accuracy remained at
the dm-level in vertical. The double process generally offered results with cm-level in both horizontal and vertical planes.
However, its accuracy decreased to the dm-level in the V7 and V8 planes. All processes except the Circular process generally
generated accurate results in horizontal planes. The Circular process yielded results at the dm level in horizontal planes. The
combined processes (S+D, S+C, D+C, and S+D+C) produced similar overall accuracies, with minor variations. However,
the number of points in the planes is also significant in terms of evaluating RMS values. While the Single process delivered
a very high number of points in most horizontal planes, it was generally below the average in vertical planes. The double
process generally yielded a high number of points in both horizontal and vertical planes. The circular process produced the
lowest number of points in horizontal planes. Generally, processes, including the circular process, have low points in
horizontal planes. However, the D+C process showed an exception at this point. S+D, D+C, and S+D+C processes had high

points in both horizontal and vertical planes (Table 6).
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Table 5: The RMS values (cm) of the distances between processing models and reference planes

Mean Mean

Process H1 H2 H3 H4 H5 RMS Vil V2 V3 V4 V5 V6 V7 V8 V9 V10 RMS

S 4 4 3 4 2 34 10 7 4 - 7 25 6 10 12 13 11.9

D 2 2 1 2 1 1.6 6 6 4 7 2 5 18 8 8 5 6.9

C 13 3 4 10 4 6.8 5 7 4 5 7 13 17 9 6 9 8.2

S+D 2 2 1 2 1 1.6 5 6 4 7 3 8 17 7 7 4 6.8

S+C 3 2 3 6 3 34 5 7 4 4 5 14 17 6 6 8 7.6

D+C 2 2 2 3 2 22 5 6 3 6 3 10 21 13 7 6 8.0

S+D+C 3 2 2 4 2 2.6 6 5 4 6 4 6 21 10 7 6 7.5

Table 6: The number of points on horizontal and vertical planes

Process H1 H2 H3 H4 H5 V1 V2 V3 V4 V5 Vo6 \%} V8 A\ V10
S 20475 28604 37174 32409 101334 193 1020 204 0 1239 16416 514 4029 6215 371
D 10883 18347 17759 27319 96612 3865 2669 5222 5624 7123 75416 752 5673 11065 11988
C 175 5857 2853 4584 30317 4122 567 9213 8627 1074 37835 10242 3239 3352 3347
S+D 12860 20694 23632 32286 121187 4043 2959 4933 6338 7792 86784 1748 3467 10703 10693
S+C 3224 9406 7913 11404 54855 6291 753 7393 6111 1781 42846 10829 2849 4726 2855
D+C 11205 22693 21262 29555 150242 7854 2937 9459 11331 7761 78428 12759 10220 12635 12941

S+D+C 13524 25492 27426 31397 170405 7757 2850 10231 13052 8003 89982 10709 10165 13943 10642

3.1 Statistical Analysis of the Results

To assess whether the differences observed in surface scoring and RMS-based analyses were statistically significant, a one-
way analysis of variance (ANOVA) was used. The test was performed using the anoval function in MATLAB with a default
significance level of 0.05. ANOVA tests were performed separately for horizontal and vertical planes based on the results in
Tables 4 and 5. The ANOVA results revealed statistically significant differences between the models in terms of point
formation in both horizontal and vertical planes; the p-values were 0.01 and 1.6 X 107, respectively. In contrast, when
ANOVA was applied to RMS-based results, statistically significant differences were observed only for horizontal planes

(p = 0.02), and no significant difference was found for vertical planes (p = 0.73).

Statistical tests indicate that flight patterns and processing types have a significant impact on point formation, as reflected in
surface scoring results, and that both horizontal and vertical planes exhibit significant differences. This affects the overall
representation quality across all planes. In contrast, RMS-based analysis revealed significant differences only in the horizontal
plane, while changes in the vertical plane were not statistically significant. This may indicate that, although the models differ
in terms of point distribution density (scoring), the deviations of the points from the reference planes are more consistent in
the vertical direction. In other words, while horizontal accuracy is more sensitive to the choice of flight-processing strategy,

vertical accuracy remains relatively constant across the tested models.

A potential concern regarding this study is that the flight patterns were performed in different flight configurations; this could
affect the accuracy of the photogrammetric outputs. However, these differences primarily stem from the unique flight
geometry requirements of each pattern. Although such variations could potentially affect model accuracy, their impact is not
expected to be significant. Phojaem et al. (2025) systematically investigated the effect of flight altitude, camera angle, and
overlap percentage on RMSE across 27 UAV configurations. Their results showed that lower altitudes and higher overlaps
generally improved spatial accuracy (e.g., RMSE increased from 2.30 cm at 30 m to 3.37 cm at 60 m, and deteriorated below
60% overlap); however, these effects were found to be within a few centimeters and primarily due to image redundancy.

Therefore, within the relatively narrow parameter ranges adopted in this study, changes in height, overlap, and camera angle

J. Geod. Geoinf., 2026, 13(1):33-48
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may cause marginal accuracy differences; however, these are unlikely to cause systematic or significant degradation in the
final reconstruction. Thus, these parameter differences do not systematically correspond to the accuracy variations observed

between different flight configurations and cannot fully explain the larger inconsistencies reported in this study.

4. Conclusion

This study analyzed the positional accuracies of the models obtained using three flight patterns and various combinations of
these flights in UAV photogrammetry. For reference, a robotic total station was used to create a point cloud with high
precision in both angle and distance. For analysis, common horizontal and vertical CSs were selected in the models. Two
different analyses were carried out to evaluate the accuracy of the models. A statistical analysis was then applied to the results

to evaluate the significance of the differences.

In the first analysis, the density of points on the comparison surfaces and their plane representation levels were compared.
For this purpose, the point density and distribution of the planes were scored on a scale of 0 to 4. The S process received the
lowest score in vertical planes; however, it received one of the highest scores in the horizontal planes. Therefore, in an
experiment where vertical details are unimportant, the S process may be preferred, considering time and labor. The D process
demonstrated higher-than-average success on both horizontal and vertical surfaces. So, if favourable results are expected in
both horizontal and vertical planes by using only one flight data, it is seen that the best flight pattern is D. On the other hand,
if the vertical details of one object are essential, the C flight pattern may be preferred. When it comes to flight combinations,
in general, dual flight combinations had very accurate results. However, the D+C combination gave the best result among the
dual combinations. Therefore, D and C flights should be preferred if a two-flight is to be made. Although the S+D+C process
produced the best results, implementing the three flight patterns is the most demanding in terms of time and labor.
Additionally, when comparing the D+C process with the S+ D+C process, no significant difference was observed in terms

of positional accuracy on horizontal and vertical surfaces.

In the second analysis, the RMS values of the distances between the RPs and the model points corresponding to these planes,
as well as the density of these points, were examined. The S model performs poorly in vertical planes, while the C process
performs poorly in horizontal planes. Apart from that, generally all processes possess cm-level accuracies. When the average
of the RMS values is taken as a criterion, the D and S+D models give the best results. However, it has been observed that
although RMS values alone are sufficient to describe the accuracy of the models, they are insufficient to explain how well
they define those planes. For this reason, point numbers should also be taken into account. For example, while the S process
generated approximately 30,000 points in the H2 plane and had an error of 4 cm, the C process produced approximately 6,000
points in the H2 plane and had an error of 3 cm. Therefore, although its accuracy is higher than that of the single process, the
score of the C process in the H2 plane is below that of the S process because it cannot fully define that plane with 6,000
points. In summary, it is impossible to obtain complete information about whether the models can determine those planes,
just by using the RMS values. In this respect, the D process yielded the most optimal results when considering the processes
of a single flight. If more than one flight is to be made, D and C flight combination have been observed to provide the best

results among the models.

Subsequent statistical analyses also supported these results. One-way ANOVA tests confirmed statistically significant
differences in surface representation for both horizontal and vertical planes. However, RMS-based results, which provide a
measure of the spatial differences between model points and reference planes, found statistically significant differences only

for horizontal planes. This demonstrates that flight patterns and process types have a substantial impact on point cloud models
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in terms of horizontal accuracy and reconstruction capability. Vertical accuracy, on the other hand, tended to be more stable.
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