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Abstract: The goal of this study was to evaluate the quality of digital products obtained in topographic surveys using remotely piloted aircraft for the
georeferencing of rural properties. The study was conducted at the Federal Institute of Education, Science, and Technology of Maranhao, Sdo Raimundo
das Mangabeiras Campus. Three areas with different terrain slopes were selected: 0 to 5%, 5 to 10%, and 10 to 20%. In each area, geodetic surveys were
conducted using GNSS and aerial photogrammetry with a remotely piloted aircraft (at three flight altitudes: 70, 80, and 90 meters) to collect coordinates
of photo-identifiable topographic points, totaling nine combinations of slope and flight altitude. Digital image processing was carried out using the
Structure from Motion technique, resulting in orthomosaics and digital elevation models for each area/flight altitude as the final products. The generated
images were evaluated according to the criteria established by the ABNT NBR 13.133/2021 Technical Standard and the Technical Manual for the
Georeferencing of Rural Properties - 2nd Edition. It was possible to obtain digital products with high planimetric and altimetric positional accuracy when
compared to similar studies found in the literature. It can be concluded that the flight altitude should be configured according to the terrain slope to be
mapped. In areas with steeper slopes, it is recommended to conduct flights at lower altitudes to ensure greater planimetric accuracy of orthomosaics and
digital elevation models.

Keywords: Planialtimetric Survey, Flight parameters, Accuracy assessment.

Resumo: O objetivo deste estudo foi avaliar a qualidade de produtos digitais obtidos em levantamentos topograficos com aeronave remotamente pilotada
para fins de georreferenciamento de iméveis rurais. O estudo foi realizado no Instituto Federal de Educagao, Ciéncia e Tecnologia do Maranhao, Campus
Sao Raimundo das Mangabeiras. Foram selecionadas trés areas com diferentes declividades no terreno: 0 a 5%, 5 a 10% e 10 a 20%. Em cada 4rea foram
realizados levantamentos geodésicos com GNSS e aerofotogramétrico com aeronave remotamente pilotada (em trés alturas de voo: 70, 80 e 90 m) para
coletar as coordenadas de pontos topograficos foto identificaveis, totalizando nove combinagdes de declividade e altura de voo. O processamento digital
das imagens foi realizado tendo como base a técnica Structure from motion, tendo como produto final o ortomosaico e o modelos digital de elevacdo de
cada area/altura de voo. As imagens confeccionadas foram avaliadas conforme os critérios estabelecidos pela Norma Técnica ABNT NBR 13.133/2021
e pelo Manual Técnico para o Georreferenciamento de Iméveis Rurais — 2* Edigdo. Foi possivel obter produtos digitais com alta precisdo posicional
planialtimétrica quando comparada a trabalhos similares encontrados na literatura. Pode-se concluir que a altura de voo deve ser configurada de acordo
com a declividade do terreno a ser mapeado. Em areas com maior declividade recomenda-se que os voos sejam realizados em alturas menores para
garantir uma maior precisdo planialtimétrica dos ortomosaicos e dos modelos digitais de elevagao.

Palavras-chave: Levantamento planialtimétrico, Pardmetros de voo, Avaliagdo da precisdo.
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1. Introduction

The use of near-range aerial photogrammetry for topographic purposes has increased notably during the last decade
due to the improved availability of more efficient digital imaging systems, along with the advancement of easier techniques
for digital image processing (DIP) (SADEQ, 2019).

Topographic data are widely used as great support information in various areas of research and civil applications such
as environmental management, agriculture, and land regulation (PIJL et al., 2020), in addition to being an indispensable
tool in most agricultural experiments. The gathering of topographic data, however, has always been a relatively slow
activity, requiring a high degree of technical knowledge and costly.

Seeking a solution to this problem, the use of Remotely Piloted Aircraft (RPA) for the gathering of geographic data
was initiated. The first recorded commercial use of an RPA was in the early 1980s in Japan, when it was used to apply
pesticides to rice farms, however the technology for the time was expensive and very heavy (WONZOSKI & OLIVEIRA,
2020).

RPAs are very efficient equipment in the acquisition of large-scale cartographic and geospatial data, which can be used
to generate various products in the various fields of sciences, such as digital surface models (DSM), orthophotos, 3D
models of buildings, topographic maps, planimetric features and quantitative surveying, among others. These products are
crucial in different areas, such as topographic mapping, urban and rural planning, management of agricultural activities,
modeling of environmental phenomena, among others (COLOMINA & MOLINA, 2014; OLLERO, 2015).

The modernization of remote sensing techniques for topography has made it possible for topographic data obtained by
aerial photogrammetry with RPAs to be increasingly accessible and accurate (SILVA et al., 2022). In order for this data
to be accurate, a series of configurations and methodologies need to be applied, such as flight height, GSD size, flight
speed, percentage of image overlap, number and location of control points, among others.

The main topographic products of a survey done using aerial photogrammetry are orthophotos and digital terrain and
elevation models. These products are generated based on the SFM (structure from motion) technique, which is an image
processing technique used to reconstruct three-dimensional structures from sequences of two-dimensional images collected
on moving sensors (JIANG et al., 2020).

Any image obtained through the SFM technique can have georeferenced coordinates in a geographic reference system.
This can be done through the location data recorded by the RPAs in the metadata of the images, which have sensors with
a Global Positioning System (GPS) for navigation with low topographic accuracy, as well as with the insertion of photo-
identifiable reference points with previously known geographic coordinates in the area to be surveyed, called control points
(PC) (SANZ-ABLANEDO et al. 2018).

In order for the digital products obtained in topographic works with RPAs to be used in the georeferencing of rural
properties, a series of accuracy standards must be respected. In Brazil, the National Institute of Colonization and Agrarian
Reform (INCRA) published in 2022 the Technical Manual for the Georeferencing of Rural Properties — 2nd Edition
(INCRA, 2022), which cites the criteria that must be met when using aerial photogrammetry for the purpose of
georeferencing rural properties.

Observing the importance of incorporating new technologies in data surveys by different professionals in the exact
sciences, the objective of this study was to evaluate the quality of digital products obtained in topographic surveys with
remotely piloted aircraft for the purpose of georeferencing rural properties.

2. Methodology

The study was done at the Federal Institute of Education, Science and Technology of Maranhdo, Sdo Raimundo das
Mangabeiras Campus, within the scope of the research group GECEM - Study Group in Geotechnology of the Cerrado
Maranhense. Three areas were selected on a rural property, with different slopes on the terrain to be used as experimental
areas: 0 to 5%, 5 to 10% and 10 to 20% slope, as shown in Figure 1.
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Figure 1 — Study area with geographical distribution of control and verification points. (A) — 0 to 5% slope, (B) — 5 to
10% slope, (C) — 10 to 20% slope.
Source: Authors (2024).

After selecting the experimental areas, geodetic surveys were performed in accordance with the Brazilian Association
of Technical Standards (ABNT) NBR 13.133/2021, which deals with the procedures inherent to topographic surveys
(ABNT, 2021). This step consisted of collecting the geographic coordinates of photo-identifiable locations, then they were
divided into control points (PCs) and verification points (PVs). The PCs were used to define the relationship between the
coordinate systems of the image and the coordinate systems of the terrain (georeferencing of the image). Regarding the
PVs, it was used in the statistical verification of the accuracy of the generated products. The data obtained from the geodetic
surveys were applied as a reference standard in the evaluation of the results.

A pair of devices embedded with the Global Navigation Satellite System (GNSS) identified by the FOIF A30 model
was used, with an accuracy of 10 mm + 1 ppm horizontally and 20 mm + 1 ppm vertically, in RTK (Real-Time Kinematic)
mode. A reference point was installed at a central location in the experimental area, and these data were processed through
the Precise Point Positioning technique by the IBGE-PPP platform - Online service for post-processing of GNSS data,
which processes GNSS data collected by receivers to obtain coordinates referenced to SIRGAS 2000 (Geocentric
Reference System for the Americas) (IBGE, 2021). Based on the precise coordinates of the base provided by the platform,
the coordinates collected from all points of the survey were corrected.

All collected points (GPC and PV) were marked on the ground with white paint/powdered plaster to facilitate
photoidentification during the DIP.
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Then, aerial photogrammetric surveys were done using a DJI multirotor remotely piloted aircraft (RPA), model Mavic
Air 2S. The specifications of the RPA used are presented in Table 1. In each experimental area (0 to 5%, 5 to 10% and 10
to 20%) three surveys were performed, differing from each other in flight height: 70, 80 and 90 meters, respectively,
totaling nine combinations.

Table 1 — Specifications of the remotely piloted aircraft used in the study.

Attributes Specifications Image
Brand DIl
Model AIR 28
Takeoff weight 595 ¢
Open Dimensions 183%253x77 mm
Max. flight time (no wind) 31 minutes
Max. flight distance (no wind) 18.5 km
Max. flight speed 19 m/s (S mode)(/clfnrcl)léz)(N mode) /5 m/s /J. ->\
Operating temperature range 0° to 40°C } ' ‘=‘ (
Operating frequencies 2.4 GHz - 5.8 GHz
GNSS GPS+GLONASS+GALILEO
Sensor 1" CMOS
Effective pixels 20 MP; 2.4 um pixel dimensions
Aperture /2.8
Image size 20 MP; 5472x3648 (3:2); 5472%3078 (16:9)
Stabilization Triaxial (pitch, swivel, swivel)

Source: Manufacturer's website (https://www.dji.com/br/support/product/air-2s).

The flights were planned with the Drone Harmony mobile software, speed of 8 m 5! and 80% lateral and longitudinal
overlap. The survey areas were delimited in order to collect all the topographic points (PC and PV) implanted throughout
the perimeter of the study area.

Digital image processing (DIP) was done based on the SFM technique, which is an image processing technique used
to reconstruct three-dimensional structures from sequences of two-dimensional images collected from moving sensors
(JIANG et al., 2020).

The preparation of topographic products through the DIP followed the ensuing workflow: adding photos, aligning
photos, pointing out PCs, realigning photos, generating a dense point cloud, generating and exporting a digital elevation
model (DEM) and finally, generating and exporting orthophotos. At the end of the DIP, the orthomosaic and the DEM of
each area/flight height were exported for further analysis.

A computer with the following hardware configuration was used for image processing: Intel Core i15-8265U 1.6GHz
processor with 4 processing cores and 8 Threads; 240 Gb SSD and 1Tb HDD storage units; NVIDIA graphics card GeForce
RTX 3050 model with 4 Gb; and 8 Gb RAM.

After exporting the digital products, the free software QGIS® 3.28 was used to extract the X and Y coordinates of the
orthophotos and Z (altimetry) of the DEMs from the verification points of each treatment evaluated. Then, the positional
discrepancies of the PV coordinates between the data collected in the geodetic survey and the data extracted from the
generated digital products (orthomoisac and DEM) of each slope/height combination were calculated, for subsequent
calculation of mean square errors (RMSE), according to Equations 1 to 4 proposed by Jiménez-Jiménez et al. (2021):

n —xv:)2
RMSEy = [Heec g
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Where:

RMSEy, RMSE, and RMSE, - mean square errors of the X, Y and Z coordinates, respectively;

RMSE, - mean square error in the horizontal plane;

xc;, y¢; and zc; - coordinates of the PVs marked in the images;

xv;, yv; and zv; - coordinates of the PV collected by GNSS;

n - number of verification points tested;

i - integer number ranging from 1 to n.

The GeoPEC 3.5.2 software (SANTOS, 2023) was used to evaluate the positional accuracy standard of the products
generated according to current legislation. For the planialtimetric evaluation of the products generated, the criteria
established in Technical Standard ABNT NBR 13.133/2021 - Executing a topographic survey - Procedure, which
establishes that the precision experiments performed must ensure that the calculated discrepancy meets the tolerance
established for the study, which is three times the desired precision, and a planimetric and/or altimetric topographic survey
must be considered accepted if 90% of the points of verification of accuracy meet the considered tolerance. In this study,
a desired planialtimetric precision of 0.3 m was considered.

To assess whether the resulting products can be used in georeferencing work of rural properties, the criteria established
by the Technical Manual for the Georeferencing of Rural Properties — 2nd Edition (INCRA, 2022) were used, and the tests
were done considering a scale of 1/1000:

a) The Ground Sample Distance - GSD must be compatible with the feature to be identified, and the precision
of the type of limit to be represented must be respected;

b) Use of check/verification points, respecting the proportionality of the area, geometry and relief, aiming to
meet the Cartographic Accuracy Standard for Digital Cartographic Products (PEC/PCD), according to the
Technical Specification for Geospatial Data Quality Control (ET-CQDG) and Technical Specification for
Vector Geospatial Data Acquisition ET-ADGYV, both from the Army Geographic Service Directorate;

¢) The class resulting from the calculation of the PEC must be adequate to the precision required for the type of
limit that is to be represented;

d) If control points are used, they should not be used as checkpoints;

e) For vertices whose coordinates are determined by aerial photogrammetry, the positional precision values will
be the Root Mean Square (RMS) values obtained in the process of evaluating positional accuracy.

3. Results and discussion

From the results obtained and described in Table 2, it can be observed that the digital products generated (orthomosaic
and DEM) presented high values of topographic precision in all the flights evaluated. It was also observed that in all the
terrain slopes evaluated, the flights with higher height (90 m) presented higher values of mean square errors (RMSE) of
the Z coordinate and the horizontal distance (H), although small, these variations can negatively interfere with the final
quality of the digital product.

Table 2 — Mean square errors (RMSE) of the coordinates X, Y, Z, and the horizontal distance (H) of digital cartographic
products obtained by remotely piloted aircraft in areas with different slopes, with images collected at different flight
heights.

RMSE (m)

Slope Flight height

0-5% 70 m 0.11 0.12 0.34 0.17
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80 m 0.11 0.17 0.56 0.20
90 m 0.23 0.16 0.60 0.28
70 m 0.41 0.35 0.69 0.53
5-10% 80 m 0.36 0.30 0.49 0.47
90 m 0.48 0.29 1.17 0.56
70 m 0.12 0.11 0.27 0.16
10-20% 80 m 0.20 0.16 0.27 0.25
90 m 0.27 0.18 0.43 0.33

Source: Authors (2024).

According to the results obtained in this study, high precision of the orthomosaics and DEMs produced is suggested,
given that the RMSE values observed were relatively low when compared to other similar studies in the literature.

Fonseca Neto et al. (2017) observed a mean discrepancy of 0.163 m, with an RMSE of 0.186 m when using the same
methodology to evaluate the planimetric positional accuracy of an orthomosaic generated from a sensor embedded in an
RPA platform of the same model as the one used in this study. Vitti et al. (2018), RMSE values higher than 0.375 m, with
a maximum value of 0.514 m, were verified when evaluating the accuracy of image mosaics obtained with RPA with
different image acquisition sensors. Liu et al. (2018) and Gémez-Candén et al. (2014) obtained RMSE results in millimetric
order, indicating the feasibility of using this product in high-precision applications.

The results generated from the determination of the horizontal point-to-point discrepancies are presented in Figure 2.
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Figure 2 — Planimetric positional discrepancy of digital cartographic products obtained by remotely piloted aircraft in
areas with different slopes, with images collected at different flight heights. 0-5%: (4) — 70 m, (B) — 80 m, (C) — 90 m; 5-

10%: (D) — 70 m, (E) — 80 m, (F) — 90 m; 10-20%: (G) — 70 m, (H) — 80 m, (I) — 90 m.

Source: Authors (2024).

It was possible to observe the values of planimetric positional discrepancies in the north and east planes, in addition to
a small dispersion of the discrepancies in all the flights performed. Average values of discrepancies in the north and east
planes of less than 1.0 m were obtained in all the flights evaluated, as previously seen in Figure 2, and the greatest
discrepancies were observed in the flights performed in the area with 5 to 10% of slope (Figures 2D, 2E and 2F), with a

greater dispersion of the points in the southwest quadrant, at all flight heights.

In those situations, with a slope of 0 to 5%, illustrated in Figures 2A, 2B and 2C, the dispersion was standard in all
quadrants. In the slopes ranging from 10 to 20%, contemplated by Figures 2G, 2H and 21, there was a standard dispersion
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in the flights performed at 70 and 80 meters of altitude, resulting in a dispersion in the northwest quadrant in the flight
performed at 90 meters of altitude.

These results may be related to the climatic conditions at the time of the aerial photogrammetric survey, given that
several authors report that several environmental factors affect the quality of the products, including wind speed and
direction (SANZ-ABLANEDO et al., 2018).

Figure 3 shows the detailed cut-outs of the precision of PVs in the orthomosaics made. Such results corroborate the
planimetric precision observed in the results mentioned above. Positional differences in PV were observed between
orthomosaics made with images obtained at different flight heights, in areas with similar slopes.

The variability of the results is potentially vulnerable to climatic conditions during the period of image collection,
considering that climatic factors directly interfere with the quality of the GPS signal captured by the electronic module of
the RPA, such as cloudiness of the day and atmospheric pressure (SANZ-ABLANEDO et al., 2018).

According to Oliveira and Brito (2019) and complementing Sanz-Ablanedo et al. (2018), other parameters that directly
influence the quality of the images are the incidence of wind gusts that end up compromising the stability of the RPA and
also the quality of the onboard camera. Guimarées et al. (2023) state that distortion errors in the images directly impact the
elaboration of orthomosaics, as they are common and, when present, negatively influence the final quality of the products
generated, but that they can be minimized when they adopt a significant amount and distribution of PCs throughout the
area to be surveyed.
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Figure 3 — Details of the planimetric accuracy of digital cartographic products obtained by remotely piloted aircraft in
areas with different slopes, with images collected at different flight heights. 0-5%: (A) — 70 m, (B) — 80 m, (C) — 90 m; 5-
10%: (D) — 70 m, (E) — 80 m, (F) — 90 m; 10-20%: (G) — 70 m, (H) — 80 m, (I) — 90 m.

Source: Authors (2024).

Figure 4 shows the DEMs produced through image processing with the SFM technique. The data presented in the figure
emphasizes the differences in slope between the areas evaluated in this study. It can be observed that, visually, it is not
possible to evaluate the altimetric accuracy of the digital products made.
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Figure 4 — Digital elevation models produced with images obtained by remotely piloted aircraft in areas with different
slopes, with images collected at different flight heights. 0-5%: (A) — 70 m, (B) — 80 m, (C) — 90 m; 5-10%: (D) — 70 m,

(E) =80 m, (F) — 90 m; 10-20%: (G) — 70 m, (H) — 80 m, (I) — 90 m.
Source: Authors (2024).
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When the discrepancies of the point-to-point Z altimetric coordinate were evaluated, the presence of significant
variations between the evaluated areas could be observed. In general, an increase in the mean discrepancy (AZ) can be
observed with the increase in the RPA flight height in all areas evaluated (Figure 5).
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Figure 5 — Altimetric positional discrepancy of digital cartographic products obtained by remotely piloted aircraft in
areas with different slopes, with images collected at different flight heights. 0-5%: (4) — 70 m, (B) — 80 m, (C) — 90 m; 5-
10%: (D) — 70 m, (E) — 80 m, (F) — 90 m; 10-20%: (G) — 70 m, (H) — 80 m, (I) — 90 m.
Source: Authors (2024).

Based on the results presented previously, it can be inferred that the flight height directly interfered with the altimetric
accuracy of the digital products made through the processing of the images captured by RPA. Based on the principles of
stereoscopy, associated with the principles of the SFM processing technique, the operator must plan the collection of
images in order to obtain the best relationship between the parameters of flight height and overlapping of the images, in
order to obtain the largest number of images from the same point of the survey, given that the greater the number of points
of view, the more representative the three-dimensional reconstruction. These results corroborate the observations reported
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by Jiang et al. (2020), which detail all the stages of image processing through the SFM technique, where they report that
the distance from the mapped target will directly interfere in the three-dimensional reconstruction of the studied area, and
consequently, in the altimetric accuracy of the digital products generated.

The interference of flight height in the altimetric accuracy of topographic products obtained with RPAs has been widely
studied in the literature by several authors, who report different behaviors in different situations. Anders et al. (2020)
evaluated the altimetric accuracy of DEMs made with images obtained with RPAs at different flight heights and found that
flight height provided increases in vertical discrepancy. Udin and Ahmad (2014) evaluated the planialtimetric accuracy of
products obtained with images captured by RPA at flight heights ranging from 40 to 100 m in height and found a positive
linear correlation between flight height and RMSE. These results corroborate the data obtained in this study. However,
studies done by other authors state that the flight height does not have a significant influence on the altimetric accuracy of
these products (Santana et al., 2021; Brookman-Amissah et al., 2022).

The evaluation of the accuracy of the products generated in relation to the Technical Standard ABNT NBR 13.133/2021
— Executing a topographic survey - Procedure (ABNT, 2021), presented in Table 3.

Table 3 — Classification of digital products (orthomosaics and DEMs) generated according to Technical Standard ABNT
NBR 13.133/2021 - Executing a topographic survey - Procedure, with desired accuracy of 0.33 m.

) ) Planimetry (orthomosaic) Altimetry (DEM)
Slope Flight height — —
% Ad < Tolerance Decision % AZ < Tolerance Decision
70 m 100 Approved 100 Approved
0-5% 80 m 100 Approved 95.5 Approved
90 m 100 Approved 81.8 Failed
70 m 96.8 Approved 93.5 Approved
5-10% 80 m 93.5 Approved 100 Approved
90 m 100 Approved 54.8 Failed
70 m 100 Approved 100 Approved
10-20% 80 m 100 Approved 100 Approved
90 m 100 Approved 100 Approved

Source: Authors (2024).

It can be seen that all the orthomosaics made were approved by using a desired precision of 0.33 m. According to NBR
13.133/2021, the tolerance limit is considered to be up to three times the desired accuracy. Therefore, when approved by
the NBR, it is inferred that more than 90% of the PVs evaluated obtained a discrepancy of less than 0.99 m.

It should be noted that NBR 13.133/2021 does not specify which precision value should be used to assess the accuracy
of the products, it only states that in order to be accepted, a topographic survey must present 90% of the points subject to
the inspection within the defined tolerance. Therefore, the choice of the desired precision value will directly influence the
result of the classification. Thus, when working with digital products generated by aerial photogrammetry, it is
recommended that the chosen precision value should be compatible with the GSD of the image, as well as the features that
will be identified.

When the altimetric products were evaluated, it was found that when the flight height was increased to 90 meters in
areas with 0 to 5 and 5 to 10% slope, the DEMs failed under NBR 13.133/2021. Such behavior was not repeated in the
area with 10 to 20% of slope, and this DEM was considered as approved. However, even though it was considered
approved, higher AZ values were observed when collecting images at a height of 90 meters, when compared to flights at
70 and 80 meters in the same area (Figure 4). These results corroborate the interference of flight height in the altimetric
accuracy of digital products.

When evaluating the precision criteria established by INCRA to use aerial photogrammetry for the purpose of
georeferencing properties in rural environments, it was observed that all the orthomosaics made in this study met the
criteria established by INCRA and can be used in georeferencing works of rural properties with a scale of 1/1000 or lower,
as described in Table 4.
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Table 4 — Classification of the orthomosaics generated in relation to the Technical Manual for the Georeferencing of
Rural Properties — 2nd Edition (INCRA, 2022).

Slope Flight height ET-CQDG Decree  Boundary Type = INCRA Precision

70 m CLASS B Artificial Fulfilled

0-5% 80 m CLASS B Artificial Fulfilled

90 m CLASS B Artificial Fulfilled

70 m CLASS C Natural Fulfilled

5-10% 80 m CLASS C Natural Fulfilled
90 m CLASS D Natural Fulfilled

70 m CLASS A Artificial Fulfilled

10-20% 80 m CLASS B Artificial Fulfilled
90 m CLASS C Natural Fulfilled

Source: Authors (2024).

These results demonstrate the high quality of the products generated, since, in the evaluation of accuracy according to
the criteria established by INCRA (2022), the 1/1000 scale has a discrepancy limit of 1.0 m (ET-CQDG Class D), that is,
there is a requirement that 100% of the discrepancies present values less than 1 meter.

Based on the results obtained in this study, it can be concluded that the flight height should be configured according to
the slope of the terrain to be mapped. It was observed that only in the area with a slope of 0 to 5%, there was no reduction
in the accuracy of the orthomosaics with the increase in flight height, and all orthomosaics were classified as Class B
according to Decree ET-CQDG (DSG, 2016), with 100% of the discrepancies less than 0.5 m, regardless of the flight
height.

In areas with slopes of 5 to 10% and 10 to 20%, there was a significant reduction in accuracy when flights were made
at higher heights. In the flights done at 70 and 80 meters in height, in the area with slopes ranging between 5 and 10%, the
calculated discrepancies reached values of up to 0.8 m. In the flight performed at 90 meters, values of up to 1.0 m of
discrepancy were recorded.

In the area with slope ranging from 10 to 20% of slope, there was a gradual reduction in the accuracy of the orthomosaic
with the increase in flight height. The orthomosaic made with images obtained at a height of 70 meters was classified as
Class A, with discrepancies of less than 0.28 m. When flying at 80 meters, the orthomosaic presented discrepancies of less
than 0.5 m, falling into Class B. Orthomosaic with images at 90 meters was classified as Class C, with discrepancy values
ofupto 0.8 m.

The classification of the images according to the parameters made available in the Decree ET-CQDG (DSG, 2016),
used by INCRA as evaluation criteria for digital products with the objective of georeferencing rural properties, classifies
the products based on the values of average discrepancies obtained in the evaluation of accuracy, considering the
classification of the type of landmark, defined by INCRA in the Technical Manual for the Georeferencing of Rural
Properties — 2nd Edition (INCRA, 2022), can help professionals in the use of digital products.

Considering a scale of 1/1000, Class A of the ET-CQDG has a discrepancy limit of 0.28 m, while Class B has 0.5 m.
These two classes are the most demanding in terms of precision, which can be used to map artificial boundary vertices,
such as fences, walls, roads, ditches, canals, among others (INCRA, 2022). Classes C and D allow discrepancy limits of
0.8 and 1.0 m, respectively. Products classified in these classes have potential use in mapping that involve only borderline
vertices of the natural type and/or inaccessible, for example, bodies of water or watercourses, ridge lines, grottos, slope
crests, among others (INCRA, 2022).

In the work developed by Guimaraes et al. (2023), the planimetric accuracy of an orthomosaic originated from RPA
was analyzed and average discrepancy values of approximately 0.121 m were reached, consequently categorized in Class
A, thus meeting the technical requirements proposed by INCRA in the development of surveys involving the
georeferencing of rural and even urban properties.

In order to obtain digital products from aerial photogrammetric surveys performed by RPA with positional quality,
several factors must be considered, ranging from the characteristics of the area to be mapped, such as slope and land
coverage; flight planning parameters, such as flight speed and height, and configured overlay; climatic conditions at the
time of operation, such as wind speed and luminosity (SANZ-ABLANEDO et al., 2018), to the digital processing of the
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images, including the quality of the point cloud generated during the process (SAI et al., 2019; LIU et al., 2018). The
results obtained in this study indicate that the flight height at the time of image acquisition interferes with the planialtimetric
quality of orthomosaics and DEMs made with images obtained with RPAs. In this sense, it is recommended that as the
slope of the terrain increases, the flight height is reduced in order to obtain products with superior positional quality.

4. Final considerations

In this study, the planialtimetric accuracies of orthomosaics and digital elevation models (DEM) produced with images
obtained by remotely piloted aircraft were evaluated. The images were collected at three different flight heights (70, 80
and 90 m), in three areas with different slopes (0 to 5%, 5 to 10% and 10 to 20%). According to the methodology used,
and from the results obtained, it was possible to obtain digital products with high planialtimetric positional accuracy when
compared to similar studies found in the literature.

It was possible to observe a reduction in the planimetric precision of the orthomosaics and altimetric precision of the
DEMs with the increase in the flight height in the evaluated areas, concluding that this parameter should be configured
according to the slope of the terrain to be mapped. In areas with greater slope or rugged topographic conditions, it is
recommended that flights be performed at lower heights to ensure greater planialtimetric accuracy. The application of
evaluation parameters provided for in the Technical Manual for the Georeferencing of Rural Properties — 2nd Edition in
rural and/or mixed-use properties is important to guide the studies of application of aerial photogrammetry in these types
of properties.

Acknowledgement

To the Federal Institute of Education, Science and Technology of Maranhdo, Sdo Raimundo das Mangabeiras Campus,
for financial and institutional support.

References

ASSOCIACAO BRASILEIRA DE NORMAS TECNICAS. ABNT NBR 13133: Execugdo de levantamento topografico
— Procedimento. Rio de Janeiro: ABNT, 2021.

ANAC. Orientagdes para usudrios de drones. 2017. Disponivel em: https://www.gov.br/anac/pt-br/assuntos/
drones/orientacoes_para_usuarios.pdf. Acesso em: 20 jul. 2022.

ANDERSON, K.; GASTON, K. J. Lightweight unmanned aerial vehicles will revolutionize spatial ecology. Frontiers in
Ecology and the Environment, v. 11, n. 3, 138-146, 2013.

BALBINOT, A.; BRUSAMARELLO, V.J. Instrumentac¢do ¢ Fundamentos de medidas. 2.ed. Rio de Janeiro: LTC, 2011.

BOON, M. A.; GREENFIELD, R.; TESFAMICHAEL, S. Unmanned aerial vehicle (UAV) photogrammetry produces
accurate high-resolution orthophotos, point clouds and surface models for mapping wetlands. South African Journal
of Geomatics, v. 5, n. 2, 186-200, 2016.

CASELLA, E.; DRECHSEL, J.; WINTER, C.; BENNINGHOFF, M.; ROVERE, A. Accuracy of sand beach topography
surveying by drones and photogrammetry. Geo-Marine Letters v. 40, n. 1, p 255-268. 2020.
https://doi.org/10.1007/s00367-020-00638-8

COLOMINA, I.; MOLINA, P. Unmanned aerial systems for photogrammetry and remote sensing: A review. ISPRS
Journal of  Photogrammetry and Remote  Sensing v. 92, n. 1, p. 7997, 2014.
https://doi.org/10.1016/j.isprsjprs.2014.02.013

DARAMOLA, O.; OLALEYE, J.; AJAYIL, O. G.; OLAWUNI, O. Assessing the geometric accuracy of UAV-based
orthophotos. South African Journal of Geomatics, v. 6. n. 3, p. 395-406, 2017. https://doi.org/10.4314/sajg.v613.9

DSG - Diretoria do Servigo Geografico. Norma da Especificagdo Técnica para Controle de Qualidade de Dados
Geoespaciais (ET-CQDG) — 1 Edigdo. Brasilia, 2016. 94p



Guimarées, M. J. M. et al., Rev. Geociénc. Nordeste, Caico, v.11, n.1, (Jan-Jun) p.42-57,2024. 56

FONSECA NETO, F. D.; GRIPP JUNIOR, J.; BOTELHO, M. F.; SANTOS, A. P.; NASCIMENTO, L. A.; FONSECA,
A. L. B. Avaliagdo da qualidade posicional de dados espaciais gerados por vant utilizando fei¢des pontuais e lineares
para aplicagdes cadastrais. Boletim de Ciéncias Geodésicas, v. 23, n. 1, p. 134 - 149, 2017.
https://doi.org/10.1590/S1982-21702017000100009

GARCIA, M.V.Y.; OLIVEIRA, H.C. The influence of flight configuration, camera calibration, and ground control points
for digital terrain model and orthomosaic generation using unmanned aerial vehicles imagery. Bulletin of Geodetic
Sciences. v. 27, n. 2, p. €2021015, 2021.

GOMEZ-CANDON, D.; DE CASTRO, A. I.; LOPEZ-GRANADOS, F. Assessing the accuracy of mosaics from
unmanned aerial vehicle (UAV) imagery for precision agriculture purposes in wheat. Precision Agriculture, v. 15, n.
1, p. 44-56, 2014. https://doi.org/10.1007/s11119-013-9335-4

GUIMARAES, M. J. M.; SANTOS, I. E. A.; MIRANDA, 1. B.; SILVA, A. S.; REZENDE, F. A.; BARROS, J. R. A.
Acurécia planimétrica de ortomosaico produzida com imagens obtidas por aeronave remotamente pilotada. Revista
Brasileira de Geomatica, v. 11, n. 2, p. 501-516, 2023.

HARWIN, S.; LUCIEER, A. Assessing the accuracy of georeferenced point clouds produced via multi-view stereopsis
from Unmanned Aerial Vehicle (UAV) imagery. Remote Sens., 4, 1573-1599, 2012.

IBGE - Instituto Brasileiro de Geografia e Estatistica. Especificacdes ¢ Normas para Levantamentos Geodésicos
Associados ao Sistema Geodésico Brasileiro. Rio de Janeiro: Ministério do Planejamento, Desenvolvimento e Gestao,
2017

IBGE - Instituto Brasileiro de Geografia e Estatistica. Especificagdes e normas gerais para levantamento geodésico em
territorio brasileiro. 2021. Available on: https://www.ibge.gov.br/geociencias/metodos-eoutros-documentos-de-
referencia/normas/16463-especificacaoe-normas-gerais-para-levantamentos-geodesicosem-
territoriobrasileiro.html?=&t=0-que-e> Accessed on: Abr. 2022.

INCRA. Manual Técnico de Posicionamento: georreferenciamento de imdveis rurais. 2* ed. Brasilia: Instituto Nacional de
Colonizagdo e Reforma Agraria. 2022.

JIANG, S.; JIANG, C.; JIANG, W. Efficient structure from motion for large-scale UAV images: A review and a
comparison of SFM tools. ISPRS J Photogramm, v. 167, p. 230-251, 2020.

JIMENEZ-JIMENEZ, S. I.; OJEDA-BUSTAMANTE, W.; MARCIAL-PABLO, M. DE J.; ENCISO, J. Digital terrain
models generated with low-cost UAV photogrammetry: methodology and accuracy. ISPRS International Journal of
Geo-Information, v. 10, p. 1-27, 2021.

LIU, Y.; ZHENG, X.; Al, G.; ZHANG, Y. ZUO, Y. Generating a High-Precision True Digital Orthophoto Map Based on
UAYV Images. International Journal of Geo-Information. v. 7, n. 9, p. 1-15, 2018. https://doi.org/10.3390/ijgi7090333

LUZ, C. C. Avaliagdo da exatiddo absoluta de ortofoto obtida por meio de dados brutos oriundos de veiculos aéreos ndo
tripulados (SISVANT). Dissertagdo de Mestrado — Universidade Federal do Parana. Programa de Pos-graduagdo em
Ciéncias Geodésicas. Curitiba, 2015.

MARTINEZ-CARRICONDO, P.; AGUERA-VEGA, F.; CARVAJAL-RAMIREZ, F.; MESAS-CARRACOSA, F. J;
GARCIA-FERRER, A.; PEREZ-PORRAS, F. J. Assessment of UAV-photogrammetic mapping accuracy based on
variation of ground control points. International Journal of Applied Earth Observation and Geoinformation, v.72, p.1-
10, 2018. https://doi.org/10.1016/j.jag.2018.05.015

MICHELS, N. B.; DA SILVA. R. M. DE SOUZA. S. F. Georreferenciamento de Iméveis Rurais: Anélise de Area entre
Topografia, RTK e Sistema TM. R. bras. Geom., v. 9, n. 1, 062-084, 2021.

NEVES, M.D.P. et al. Otimizagdo de Modelos Digitais de Elevagdo para a obten¢do de variaveis geomorfoldgicas e
hidrolégicas: avaliagdo da convolucdo bidimensional sobre os produtos ALOS, ASTER-GDEM e SRTM. Anuario do
Instituto de Geociéncias, v. 44, p. 1-15, 2021.



Guimarées, M. J. M. et al., Rev. Geociénc. Nordeste, Caico, v.11, n.1, (Jan-Jun) p.42-57,2024. 57

OLIVEIRA, D. V.; BRITO, J. L. S. Aplicagdo da Acuracia Posicional de Dados Gerados por Aeronave Remotamente
Pilotada. Revista Brasileira de Cartografia, v. 71, n. 4, p. 934-959, 2019.

OLLERO, A. UAV applications. In: Handbook of unmanned aerial vehicles. Edited by K.P. Valavanis and G.J.
Vachtsevanos. Springer, the Netherlands. p. 2637-2860 2015.

PIIL, A.; BAILLY, J. S.; FEURER, D.; MAAOUI, M. A. E.; BOUSSEMA, M. R.; TAROLLI, P. TERRA: Terrain
Extraction from elevation Rasters through Repetitive Anisotropic fi Itering. International Journal of Applied Earth
Observation and Geoinformation, v. 84, n. 101977, 2020.

REIS, L.C.T. Acuracia de modelos digitais de elevacdo obtidos com uav em relagdo a dados SRTM e LIDAR. (Trabalho
de concluscao de curso para obtengao de titulo de bacharel em geografia), Universidade Federal do rio Grande do Sul,
p. 57,2021.

SADEQ, H. A. Accuracy assessment using different UAV image overlaps. Journal of Unmanned Vehicle Systems, v. 7,
n. 3, p. 175-193, 2019. https://doi.org/10.1139/juvs-2018-0014

SAL S. S.; TJAHJADI, M. E.; ROKHMANA, C. A. Geometric Accuracy Assessments of Orthophoto Production from
UAYV Aerial Images. KnE Engineering, v. 4, n. 3, p. 333-344. 2019. http://dx.doi.org/10.18502/keg.v4i3.5876

SANTOS, A. P. GeoPEC - Avaliagdo da Acuracia Posicional - versdo 3.6. 2023. Disponivel em:
http://www.geopec.com.br/

SANTOS, A. P.; RODRIGUES, D. D.; SANTOS, N. T.; GRIPP JUNIOR, J. Avalia¢do da Acuracia Posicional em Dados
Espaciais Utilizando Técnicas de Estatistica Espacial: Proposta de Método ¢ Exemplo Utilizando a Norma Brasileira.
Boletim de Ciéncias Geodésicas. v. 22, n. 4, p. 630-650. 2016. https://doi.org/10.1590/S1982-21702016000400036

SANZ-ABLANEDO, E.; CHANDLER, J. H.; RODRIGUEZ-PEREZ, J. R.; ORDONEZ, C. Accuracy of Unmanned Aerial
Vehicle (UAV) and SfM Photogrammetry Survey as a Function of the Number and Location of Ground Control Points
Used. Remote Sens, v. 10, n. 1606, 2018.

SILVA, C. A.; DUARTE, C. R.; SOUTO, M. V. S.; SANTOS, A. L. S.; AMARO, V. E.; BICHO, C. P.; SABADIA, J. A.
B. Avaliacdo da acuracia do calculo de volume de pilhas de rejeito utilizando VANT, GNSS e LiDAR. Boletim de
Ciéncias Geodésicas, v. 22, n. 1, p. 73 - 94, 2016. http://dx.doi.org/10.1590/S1982-21702016000100005

SILVA, L. C.; DIAS, F. F.; ASSIS, V. C.; PINTO, C. B.; RANGEL, F. E. Validation of the positional accuracy of products
resulting from the digital processing of UAV images. Rev. Bras. Eng. Agric. Ambient, v. 26, n. 8, p.624-630, 2022.

TANG, L.; SHAO, G. Drone remote sensing for forestry research and practices. Journal of Forestry Research, v. 26, n. 4,
791-797, 2015.

VITTIL, D. M. C.; MAUAD, F. F.; MARQUES JUNIOR, A.; INOCENCIO, L. C.; VERONEZ, M. R. Anilise Direcional
de Erros Sistematicos em ortomosaico gerado por meio de ARP. Revista Brasileira de Cartografia, v. 70, n. 5, p. 1566-
1594. 2018. https://doi.org/10.14393/rbcv70n5-44563

WONZOSKI, F. DE O. E ROBERTO ALVES DE OLIVEIRA, A. Desenvolvimento de um drone de baixo custo para
mapeamento de territorio. Anuario Pesquisa e Extensd@o Unoesc Videira, v. 5, p. €24721, 2020.



