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Abstract
Computational three-dimensional modelling can be used to reconstruct 
real-world objects with all their details and conservation conditions. 
Photogrammetry offers products with accuracy, in addition to the flexibility 
of execution of simple and complex projects, according to the simplicity 
and speed in data acquisition. The three-dimensional (3D) and georefer-
enced modelling allows the documentation of the object that was mapped 
by means of the location. This paper presents a methodology based on 
topographic and geodetic techniques with georeferencing applied to 
three-dimensional modelling of architectural forms with the use of digi-
tal close-range photogrammetry. The measurements made on the digi-
tal product obtained and the same measurements made using precision 
topography were compared considering the conversion of coordinates to 
the same projection and reference systems. Finally, the statistical validation 
and quantification in terms of the positional accuracy of the final product 
were performed.

Keywords: digital close-range photogrammetry; geodesics; georefer-
encing; quality control; topography

Resumen
El modelado tridimensional computacional se puede utilizar para la 
reconstrucción de los objetos del mundo real con todos sus detalles y con-
dición de conservación. La fotogrametría ofrece productos con exactitud, 
además de la flexibilidad de ejecución de los proyectos simples o com-
plejos, de acuerdo con la simplicidad y rapidez en la adquisición de los 
datos. Los modelados tridimensionales (3D) y georreferenciados permiten 
la documentación del objeto que fue mapeado por medio de la ubicación. 
Este trabajo presenta una metodología basada en técnicas topográficas y 
geodésicas con georreferenciación, a partir de las cuales se ha aplicado 
el modelado tridimensional de la arquitectura basada en el empleo de 
la fotogrametría terrestre digital. Se ha realizado la comparación de las 
mediciones hechas sobre el producto digital obtenido y las mismas medi-
ciones hechas mediante topografía de precisión, contexto en el que se 
tuvo en cuenta la conversión de las coordenadas hasta los mismos sistemas 
de proyección y referencia. Al final, se hizo la validación y la cuantificación 
estadísticos en términos posicionales de exactitud del producto final.

Palabras clave: control de calidad; fotogrametría terrestre digital; geode-
sía; georreferenciación; topografía
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Introduction
The main purpose of Photogrammetry is to reconstruct 
a three-dimensional space, known as the object-space, 
based on two-dimensional images, corresponding to the 
image-space. Starting out from this perspective, digital 
photogrammetry reconstructs the mapped images in a 
semi-automated manner; in other words, with the least 
possible human manual intervention within this process 
(Coelho and Brito, 2007). In addition, as Koken et al. report 
(2014), photogrammetry has become the preferred tool for 
some new disciplines, thanks to the progress that has been 
made in image processing. Therefore, it is also important 
to mention the different applications in a wide range of 
different areas, particularly and specifically regarding digital 
close-range photogrammetry. In areas such as dentistry and 
orthodontics, as shown through the example shown in Fu 
et al. (2017). In the transport area, considering the best 
urban route bearing snow deposits in mind (Basnet et al., 
2016). In the reconstruction of historical heritage buildings 
and sites, which is the subject of interest in this paper, and 
which has also been mentioned in the study by Cârlan 
and Dovleac (2017). In sports, as mentioned by Colorado 
and Santos (2015), where they show the development 
of a low-cost hardware/software system based on close 
range photogrammetry to track the movement of a person 
performing weightlifting. Other more specific studies 
aimed at calibration of cameras used in digital close-range 
photogrammetry applications, as mentioned by Long et al. 
(2017). It will be important, in addition, to read the studies 
developed by Cedeño-Valdiviezo and Torres-Lima (2019), 
Gutiérrez-Morales (2020), Santofimio-Ortiz and Pérez-
Agudelo (2020), Ayala-García (2021), Llanos-Chaparro et 
al (2022), Cortés-Garzón (2023), among others.

Considering the state of the art in close range applications 
there are some recent works, such as those by Bill et al. 
(2022), Ferenčík et al. (2022), Gnann et al. (2022), Illmann 
et al. (2022), Lauria et al. (2022), Maric et al. (2022), 
Murtiyoso et al. (2022), Nategh et al. (2022), Paixão et al. 
(2022), Petruccioli et al. (2022).

The main purpose of Topography is to present a detailed 
report on part of the Earth’s surface, using numerous 
positioning techniques, through measurements to acquire 
information that will be the basis for this representation; in 
other words, the three-dimensional coordinates of specific 
points (Gonçalves et al., 2012). In this context, the tech-
nical conditions of the equipment used, in terms of preci-
sion and accuracy, must also be considered.

This issue is addressed in the technical standards published 
by the Brazilian Association of Technical Standards - ABNT 
(NBR 13133/2021) (ABNT, 2021), as well as in the German 
technical standards DIN 8723-1 (DIN, 1990a) and DIN 
8323-2 (DIN, 1990b), GIAA (2002), which have been 
discussed by many different authors and have been taken 
into consideration in their respective research studies and 
applications, such as in Paciléo Netto (1993, 1997), Faggion 
(2001), Brun (2005), Silva (2008), Silva et al (2010), Cintra 
and Rocco (2014), among others.

Spatial Geodesy techniques, particularly the GNSS (Global 
Navigation Satellite System), allow the three-dimensional 
establishment of points, with their position, speed, and time, 
anywhere on or near the Earth, from a global and homo-
geneous reference, regardless of atmospheric conditions, 
based on a satellite-receiver system (Monico, 2008, Silva 

and Segantini, 2015). Georeferencing allows spatial local-
ization of features on the Earth’s surface, using a reference 
system. From topographic and geodesic measurements, it 
is possible to link the object to be modeled with a refer-
ence system.

The aim of this work, considering the scientific contribu-
tion, is to propose a new methodology to test the posi-
tional accuracy of three-dimensional products obtained by 
near-range photogrammetry. This paper deals with the use 
of topographic and geodetic techniques for the georefer-
encing of three-dimensional models produced by close-
range digital photogrammetry, of the architectural structure 
in homage to the hero of the Pernambucan Revolt, João 
Fernandes Vieira, located at the Recife Campus of the 
Federal University of Pernambuco (UFPE). For the later 
purpose, the theoretical foundations of the issues addressed 
in this academic article are presented first. This is followed 
by an analysis of the methodology employed (including 
the techniques and programmes used), and the results 
obtained, as well as relevant discussions and conclusions.

Photogrammetry and Terrestrial Photogrammetry

Photogrammetry is a remote measurement technique that 
allows the three-dimensional reconstruction of objects 
from photographs. This reconstruction is obtained through 
the internal and external orientation (both absolute and 
relative) of the model (Riviero et al., 2013).

To use any methodology based on photogrammetry, it is 
necessary to define the following: image acquisition, inte-
rior orientation (camera calibration) and exterior orientation 
(special resection and intersection) (Martín et al., 2013).

The interior orientation is obtained through the referencing 
of the image, concerning the photographic camera, from 
the reconstruction of the perspective of the package at the 
moment of image capture, which means the reconstruc-
tion of the interior camera-image system. The pictures are 
freely arranged in space, isolated from each other, and saved 
as simple digital files, without metric relations, which means 
using only the system of coordinates expressed in pixels, 
characteristic of digital images (Coelho & Brito, 2007).

The mathematical modelling of the camera calibration 
describes the relationship between the coordinates of 
three-dimensional points and their projections onto the 
image plane; in other words, the optical geometry of 
imaging. The parameters of the internal orientation are 
defined by the camera calibration, with the main elements 
being the position of the main point, the focal distance, the 
lens distortions (tangential and radial), and the dimensions 
of the sensor (Martín et al., 2013).

The external orientation consists of obtaining the position 
and altitude of the camera at the time each photographic 
image is collected, relative to the spatial-object reference 
point. An image is properly externally oriented when 
six external orientation parameters have been defined: 
camera rotation angles or altitude of the camera (ϕ, ω and 
k) and the coordinates of the perspective centre in the 
object space (Coelho and Brito, 2007).

These very concepts are also addressed in detail by Kraus 
(1993), Mikail et al. (2001), Kasser and Egels (2002), 
Ahmed et al. (2012), Koken et al. (2014), Reinoso-Gordo 
et al. (2020), among others.
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FIELD DATA CONVERTION

In this article, however, a part of Photogrammetry is used, 
known as Terrestrial Photogrammetry, also known as 
Close-Range Photogrammetry, because data acquisition 
takes place with the sensor located at or near the Earth’s 
surface, usually at a distance of less than 100 metres 
between camera and object (Jiang et al., 2008). This issue 
has also been addressed, in recent years, in applications 
presented in the works of Fraštia (2009), Mustaffar et al. 
(2012), Kwak et al. (2013), Koken et al. (2014), Shortis and 
Shager (2014), Colorado and Santos (2015), Santosi et al. 
(2015), Basnet et al. (2016), Cârlan and Dovleac (2017), Fu 
et al. (2017), Long et al. (2017), Bill et al. (2022), Ferenčík 
et al. (2022), Gnann et al. (2022), Illmann et al. (2022), 
Lauria et al. (2022), Maric et al. (2022), Murtiyoso et al. 
(2022), Nategh et al. (2022), Paixão et al. (2022), Petruc-
cioli et al. (2022).

Essential Concepts of Modern Topography

Establishing the coordinates of different points is one of 
the objectives of Topography. These coordinates can be 
based either on local references, or on general, regional, or 
national references. In addition, as reported by Gonçalves 
et al. (2012), the connection to the network takes place 
by using cartographic coordinates. This means that, at the 
place of the operation, there must be one or more points 
with known coordinates according to the cartographic 
system to be represented. Thus, coordinate transforma-
tions must be considered and also the Local Topographic 
System, addressed in the recently published Technical 
Standard NBR 14166 (Brazilian Technical Standards Asso-
ciation [ABNT], 2022).

The local topographic system is a Cartesian system, comprising 
three axes orthogonal to each other; however, its directions 
do not always follow conventional guidelines. In the case 
of Brazil, the system used in municipal studies for registra-
tion purposes is known as the Local Topographic System 
(STL, for its Portuguese acronym), which is defined by the 
technical standard NBR 14166 (Brazilian Technical Stan-
dards Association [ABNT], 2022) as a system of flat and 
rectangular coordinates (X and Y axes), representing the 
planimetric location of the points and having the same 
origin as the STL, which corresponds to a point with known 
geodesic coordinates (Monico, 2008).

Global Navigation Satellite System - GNSS 

This system allows a swift and precise three-dimensional 
positioning, at any point on the Earth’s surface, regard-
less of atmospheric conditions. Regarding the interest in 
applications to Topography, in a nutshell, the following 
points must be considered: there is no need for visibility 
between stations; the accuracy, hardly affected by atmo-
spheric conditions, is more convenient and also faster than 
conventional methods; and the fact that the results thus 
obtained are connected to a globally unified coordinate 
system (Gonçalves et al., 2012). It is also necessary to 
consider the evolution of this positioning system and the 
wide range of different techniques used, an issue which 
is widely addressed and discussed in many books, articles 
and research studies, such as those by Leick (1995, 2004), 
Fraser et al. (2005), Colombo (2008), Monico (2008), 
Cintra et al. (2011), Leick et al. (2015), Um et al. (2020), 
Egea-Roca et al. (2022).

Integration between GNSS and Topography

In GNSS studies, there are situations where it is impos-
sible to use a receiver on all the vertices to be studied and 
surveyed, due to the occurrence of signal obstruction. In 
these situations, the most feasible solution would be to 
combine different GNSS positioning techniques with topo-
graphic techniques such as polygonization, irradiation and 
intersection. Thus, the integration of the results obtained, 
by topographic and GNSS surveys, requires compatibiliza-
tion, and it is also necessary to perform a conversion to 
the same reference point, by the transformation of the 
coordinates obtained with GNSS that are associated with 
a geodesic coordinate system for an STL. The operation 
under the STL is essential, since it is not necessary to 
proceed to measurement reductions (Monico, 2008). The 
conversion methodology has been explained in detail in 
the new Brazilian regulation which is defined by the tech-
nical standard NBR 14166 (Brazilian Technical Standards 
Association [ABNT], 2022). 

Methodology
This section describes a general outline where the general 
methodology presented in Figure 1. can be observed.

Equipment Selection

 GNSS Receptor
For the implementation of planimetric geodesic support, 
dual frequency GNSS receivers of the Topcon HiPer II 
model were used. This equipment has established accu-
racies for the relative static lifting mode (±3mm+1ppm) 
and (±5mm+1.4ppm), along the horizontal and vertical 
components, respectively. 

Total Station
The three-dimensional coordinates of the control points 
were measured with a Topcon total station, model GPT-
3200N. The technical specifications of the acquisition 
equipment include angular accuracy of 5”; reach for 
distance measurements of 400 metres (without prism) and 
3,500 metres (with prism), and distance measurement 
accuracy between (±3mm+2ppm) in the measurement 
without prism and (±2mm-2ppm) in obtaining measure-
ments with prism.

EQUIPMENT SELECTION
 - GNSS
 - Total station
 - Digital Level
 - Digital Camera

DATA AND CAMERA  
PREPARATION

 - Targets
 - Camera calibration

GEOREFERENCING OF 3D  
MODEL BY PHOTOMODELER

DATA COLLECTION
 - Photogrammetric collection
 - Field control points
  - GNSS positioning
  - Total station collection
  - Digital level collection

 Figure 1. General scheme of the methodology
Source: author’s elaboration (2020).
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Digital Level
For the implementation of altimetric topographic supports, 
the measurements were made with vertical readings, using 
a Leica digital level, model DNA03. This allows distance 
measurements with the use of Invar devices, from 1.80 to 
110.00 meters, with a standard deviation of 0.3 mm for 
height measurement components. 

Digital Camera
A Canon EOS 5D camera with a nominal focal length of 
50 mm and a CMOS sensor measuring approximately 
24  × 35 mm was used to take the photographs, generating 
images in the 2,912 × 4,368-pixel format.

Data and Camera Preparation

Targets 
In the planning phase, the size of the lenses to be attached 
to the architectural structure was established by measuring 
the distance between the camera and the object to be 
photographed. This distance is linked to the height of the 
object that must fit into the image plane of the camera. 
The height of the object was established with the aid of a 
tape measure and a beacon, having obtained a measure-
ment of about 5 meters, and for the distance between 
the camera and the object, a distance of 9.5 meters was 
obtained. With these values, and with the camera cali-
bration parameters within the Photomodeler programme 
environment (Photomodeler, 2013), 161 different targets 
were generated (Figure 2), distributed over 27 pages. As 
for the geometry of the inner target radius and the outer 
target diameter, the values obtained were 7.01 mm and 
49.07 mm respectively. The Photomodeler generated 
targets in different formats, to assist in the automatic target 
identification phase, which was used as part of the interior 
orientation.

Camera Calibration 
A grid with a distribution of 144 points, of which four were 
controls, were used for the calibration process. Three images 
were obtained with the camera positioned according to 
three rotations (φ = 0°, φ = -90° e φ = 90°) around the grid, 

giving twelve images in total. In the Photomodeler program 
(Photomodeler, 2013), the grid images were inserted in 
different positions and processed. In this way, it was possible 
to obtain data concerning the internal geometry of the cali-
bration of the Canon EOS 5D camera (Table 1).

Photogrammetric collection
The photogrammetric collection was carried out with the 
aid of a Canon EOS 5D photographic camera, calibrated 
to improve the accuracy and results of a three-dimensional 
model. Thus, photographs with the optical axis of the 
camera placed in a position close to the horizontal were 
obtained, and then the photographs from around the object 
were collected, so that some areas with overlapping, for the 
identification of homologous points were collected. In the 
photogrammetric study, 4 photographs of the same shot 
were obtained, thereby producing a total of 64 photographs 
(Figure 3). This condition allowed to choose the best photo-
graph in terms of lighting, a condition that defined the excess 
of brightness and reflection of the image, thus producing a 
better quality in the identification of the targets.

Field data conversion

To establish a link between the three-dimensional coordi-
nates of the targets that are part of the architectural struc-
ture and the reference topographic system, networks were 
devised for the planimetric geodesic support, the altimetric 
topographic report, and the transformation of the control 
points of the structure into the local topographic system of 
the campus of the Federal University of Pernambuco (UFPE).

Planimetric geodetic support
A network composed of four points was established as 
planimetric geodetic support in SIRGAS 2000, and then 
converted to topographic coordinates in the local topo-
graphic system. These support bases were used in the 
study of the coordinates of the targets to be surveyed by 
classical topography. At this stage, the receivers were Two 
Topcon Hiper II dual frequency GNSS, using the static rela-
tive survey technique, with a tracking time of 20 minutes, 
in two observation sections, giving a total of 40 minutes, 
with a 5-minute break between observations.

 Figure 2. Targets generated in the Photomodeler programme.
Source: author’s elaboration (2020).

Dimensions 
of the  

sensor (mm)

Main 
Distance 

(mm)

Position  
of Main 
Point

Radial 
Distortion

Tangential 
Distortion

Height: 23.9268
Length: 35.8722

52.7143
Xp:17.7640
Yp:12.1949

K1: 4.164e-005
K2: 0.000e+000
K3: 0.000e+000

P1: 5.107e-006
P2: 0.000e+000

 Figure 3. Part of the photographs obtained in the photogrammetric study 
with the control points (targets).
Source: author’s elaboration (2020).

 Table 1. Internal geometry of the camera,  
as obtained during the calibration process.
Source: author’s elaboration (2020).
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As mentioned in Table 2 below, two stations were used 
as control points for the planimetric geodesic support 
network: (a) RECF, which is part of the Brazilian Network 
of Continuous Monitoring of GNSS Systems, maintained 
by the Brazilian Institute of Geography and Statistics 
(IBGE); (b) EPS-5, which is part of the Registration Refer-
ence Network of the Campus of the Federal University of 
Pernambuco (UFPE), in Recife, Brazil.

For post-processing and any adjustments to the network 
for planimetric geodesic support for GNSS observables 
collected in the field, the Topcon Tools programme was 
used, generating Table 3.

Altimetric topographic support
For the altimetric component of the support geodesic 
network, an altitude transport operation for the points that 
were part of this network (Table 4) was performed, with the 
application of the composite geometric levelling method-
ology, taking as level of reference the RN 3641B with an 
orthometric altitude of 8.9217 metres (comparing with tide 
gauge altimetric data for Imbituba and belonging to the offi-

cial adjusted altimetric network of the Brazilian Institute for 
Geography and Statistics – IBGE). For this purpose, levelling 
and counter- levelling procedures with the use of levelling 
brackets to control the propagation of errors were used.

Local Topographic System

To facilitate calculations and simplifications in topographic 
applications, the geodetic coordinates have been trans-
ferred to a local topographic plane (PTL, for its Portuguese 
acronym), thus giving rise to the local topographic coordi-
nate system, considering that the coordinates in the UTM 
system require the planar distance to be transformed into 
its equivalent distance along the topographic surface, 
applying the linear deformation coefficient and also the 
expansion factor. For this procedure, the GeoBASE software 
has been used, thus transforming the UTM coordinates of 
the planimetric support network to the local topographic 
system linked to the Registration Network of the campus of 
the Federal University of Pernambuco (UFPE) in the city of 
Recife, Brazil. Thus, Table 5 was generated, as shown below.

Station
Geodesic Coordinates UTM Coordinates

Latitude Longitude East (m) North (m)
E1 08°03’14.71166” S 34°57’05.10772” W 284,943.453 9,109,209.525

E2 08°03’14.61376” S 34°57’05.60762” W 284,928.129 9,109,212.459

E3 08°03’15.37178” S 34°57’05.84788” W 284,920.883 9,109,189.134

E4 08°03’15.48706” S 34°57’05.18414” W 284,941.226 9,109,185.688

 Table 3. Coordinates of the planimetric geodesic support network.
Source: author’s elaboration (2020)

Point X (m) Y (m) Orthometric 
altitude (m)

P1 249,646.263 150,000.965 10.27240

P2 249,646.529 150,000.077 10.27734

P3 249,646.264 150,000.970 10.50013

P4 249,646.530 150,000.078 10.50867

P5 249,646.203 150,000.800 10.65004

 Table 6. Sample of coordinates of control points in PTL.
Source: author’s elaboration (2020).

Station Orthometric Altitude (m)
E1 9.40428

E2 9.54902

E3 9.68023

E4 9.58677

  Table 4. Orthometric altitude of the support 
network.
Source: author’s elaboration (2020)

Station X (m) Y (m)
E1 150,010.7589 249,654.6341

E2 149,995.4525 249,657.6417

E3 149,988.0959 249,634.3544

E4 150,008.4190 249,630.8129

 Table 5. Coordinates of the planimetric geodesic sup-
port network in the local topographic system.
Source: author’s elaboration (2020).

Station
Geodesic Coordinates

Latitude Longitude
RECF 08°03’03.4697” S 34°57’05.4591” W

EPS-5 08°03’23.36083” S 34°56’51.38976” W

UTM Coordinates

East (m) North (m)
284,931.043 9,109,554.895

285,364.818 9.108.945,774

 Table 2. Coordinates of the geodesic stations for planimetric control. 
Source: author’s elaboration (2020)
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For the calculation of the three-dimensional coordinates 
in the local topographic system of the control points fixed 
to the architectural structure, the Topcon Link software 
was used, and the coordinates of the supporting geodetic 
planimetric network in PTL with the respective orthometric 
altitudes (Table 6). This means that, by using topography, 75 
control points were obtained around the architectural struc-
ture, out of the 583 targets attached to the monument. 

Georeferencing of 3D models using Photomodeler

For the preparation of georeferencing of 3D models (Figure 
4), using the Photomodeler programme (Photomodeler, 
2013), it was necessary to establish a definition of abso-
lute orientation. In this process, the actual scale and also 
the rotation of the axes (X, Y and Z) of the three-dimen-
sional model were established, based on a set of three 
known coordinates, obtained through topographic and 
geodetic techniques, and coinciding with points in the 
three-dimensional model. Subsequently, a georeferenced 
three-dimensional model was generated, with dimensions 
associated with the local topographic plane. Points P10, 
P17 and P20, obtained through topographic and geodetic 
techniques were used as parameters for the absolute orien-
tation (Table 7).

Results
For the validation of the georeferencing of the architec-
tural structure from the three-dimensional coordinates of 
the targets (control points), established by topographic and 
geodetic positioning techniques, a comparative analysis of 
discrepancies was carried out (Table 7), between the linear 
measurements obtained by direct measurement, and the 
linear measurements obtained from the topographic coor-
dinates in PTL (X, Y, h). Thus, the equation of the distance 
between two points in three-dimensional space [1]) and 
the discrepancies found between direct linear measure-
ments and those obtained from UTM system coordinates 
(E, N, Orthometric Altitude) was applied, extracted from 
coordinated points in a CAD environment with the help 
of the DIST command (distance between points). This was 
possible because the work took place in a very limited area, 
without considering the effects of the Earth’s curvature.

 

�������������� = ���� � ��) � + ��� � ��) � + ��� � ��) � [1]

  
[1]

Discussion
These results are summarised in Table 8, which presents 
the comparison between the distances obtained by direct 
measurement and by topographic coordinates in PTL (X, Y, 
h). The results show very minor discrepancies, namely: a) 
the line formed by points 24 and 25 showed a discrepancy 
of 1.9 mm; b) the line formed by points 25 and 26 showed 
a discrepancy of 0.6 mm; c) in the case of the alignment 
between points 27 and 28, there was a discrepancy of 1.2 
mm, and d) the line formed by points 28 and 29 showed 
a discrepancy of 0.9 mm. In the georeferencing of control 
points using linear measures extracted from the UTM system 
(E, N, Orthometric altitude), where there was no reduction of 
measurements, the following discrepancies were obtained: 
a) 8.6 mm for the alignment of points 24 and 25; b) for the 
line formed by points 25 and 26, there was a discrepancy 
of 17.8 mm; c) for the alignment of points 27 and 28, the 
discrepancy was 9.4 mm; and d) for the alignment between 
points 28 and 29, the discrepancy found was 10.2 mm. It 
was also observed that, when PTL coordinates were used, 
the error was between 0 and 2 mm, while when georefer-
encing was used, with coordinates in the UTM system, the 
error was in the range between 0 and 20 mm. 

Alignment
Direct 

Measurement 
(m)

Measurement 
by topographic  

coordinates 
PTL (m)

Measurement 
by topographic 
co-ordinates 

UTM (m)

Discrepancy 
by Direct 

Measurement - 
PTL (m)

Discrepancy 
by Direct 

Measurement 
-UTM (m)

Percentage 
Error - Direct 
Measurement 
- PTL-PTL (%)

Percentage 
Error - UTM (%)

P24-P25 0.874 0.8759 0.8826 0.0019 0.0086 0.22 0.98

P25-P26 1.238 1.2386 1.2558 0.0006 0.0178 0.05 1.44

P27-P28 0.753 0.7542 0.7624 0.0012 0.0094 0.16 1.25

P28-P29 0.355 0.3559 0.3652 0.0009 0.0102 0.25 2.87

 Table 8. Comparison between topographic measurements in PTL, in the UTM system, and 
direct measurement, with respective discrepancies. 
Source: author’s elaboration (2023)

Point X (m) Y (m) Orthometric 
Altitude (m)

P10 249,645.8822 149,999.7299 11.15439

P17 249,645.8743 150,000.4068 12.06597

P20 249,644.9704 150,000.2176 13.58807

 Table 7. Points used as parameters for absolute orientation.
Source: author’s elaboration (2023).

 Figure 4. Three-dimensional georeferenced model. 
Source: author’s elaboration (2020).
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Conclusion
This methodology was based on topographic and geodetic 
techniques to support positional control in the geore-
ferencing of products prepared by Digital Terrestrial 
Photogrammetry in the three-dimensional modelling 
of architectural structures. In addition, this work also 
addressed georeferencing with the use of UTM and the 
local topographic system, the analysis of the accuracy of 
the results, and suggestions to obtain better quality results.

In the process for the georeferencing of architectural 
shapes, either co-ordinate systems of the Local Topo-
graphic Plan or those of UTM may be used, although 
care must be taken in the case of architectural structures 
with high shapes, sizes, and volumes. This is because, 
considering that the architectural structure georefer-
enced in this work (João Fernandes Vieira: Honour to the 
hero of the Pernambucan Revolt) is quite small, due to 
its typology and measurements, it should be noted that 
the errors obtained in lines formed by coordinate points 
are between zero and 2 mm for coordinates in PTL and 
between 0 and 20 mm for coordinates in the UTM system. 
This shows that obtaining PTL coordinates leads to more 
accurate and better-quality results. On the other hand, 
the use of UTM coordinates could worsen the accuracy 
of the modelling, since the UTM coordinate points that 
generate the shapes do not undergo any reduction to a 
flat surface for the measurements thereof.

For georeferencing using the Photomodeler program 
(Photomodeler, 2013), it is sufficient to insert three 
points with coordinates linked to the coordinate system 
of interest. Thus, from a practical point of view, it is not 
necessary to perform an abundant three-dimensional 
survey of the control points, which facilitates processing 
and results in better products for future assignments.

Considering future research studies, a study is suggested to 
propose an official standard for the definition of classes to 
carry out Terrestrial Photogrammetric Surveys, considering 
also applications and even the concept of level of detail 

(LOD), widely used in 3D SIG modelling (3D Geographic 
Information System). In addition, another possibility is 
the application of simulations, considering the admis-
sible errors and sample size, necessary for the approval 
of a compliant work project or the rejection of a study 
with this characteristic but which is not compliant (user 
risk and producer risk). This topic, and a more in-depth 
study, would be even more timely, also considering the 
significant increase in the use of drones, which could be 
employed in terrestrial photogrammetry tasks, but which 
do not yet show a mathematically proven level of reli-
ability, even though this market has been showing incred-
ible development.

Nex et al. (2022) state that the use of Unmanned Aerial 
Vehicles (UAVs) has skyrocketed in the last two decades 
and they have become the most popular instruments 
for a wide range of applications. The development of 
best practices for high-quality UAVs depends on inter-
disciplinary research that promotes integration between 
different expertise and the combination of hardware and 
software components on the same platform. Researchers 
can take oblique/horizontal UAV images from the facade 
to process images with software (PIX4D, AGISOFT, etc.) 
dedicated to photogrammetry issues. There are numerous 
successful examples in the literature. Li and Shan (2022) 
have proposed the reconstruction of a building model from 
3D point clouds. They have extracted graphical primitives 
of a building from digital surface modelling produced by 
collecting digital drone scenes and laser profiling. Kush-
waha et al. (2019) have promoted point cloud segmenta-
tion to obtain trees, building roofs, and building facades. 
And after all, when they compare the results with the 
manual points cloud identification of the same, they obtain 
overall accuracies for roof and building façade segmenta-
tion of 90.86 % and 84.83 %, respectively. The results and 
analysis of these investigations indicate the importance of 
processing oblique/horizontal digital images, such as a 3D 
point cloud based on UAV imagery, which is a suitable 
source for obtaining facade features.

Contribution and Congratulation
Acknowledgments to the Post-Graduate Program in Geodetic Sciences and Geoinformation Technology of the Federal University of Pernambuco for 
the loans of equipment for geodetic and topographic surveys. The contribution of each author is listed below:

André Pinto Rocha: student of the postgraduate program and principal researcher of this work at the time. He participated in all stages, from the 
main plan to data collection, processing, and development of the article. 

Clayton Guerra Mamede: student of the graduate program and collaborating researcher of this work. He participated in all phases of data collection, 
processing, and development of the article.

Carlos Alberto Borba Schuler: Doctoral professor in the UFPE program and André’s tutor to the postgraduate program. He also collaborated effec-
tively in the project for the development of the overall planning of all field work, in addition to data collection, preparation and review of the article.

Marcelo Antonio Nero: Doctoral professor of the UFPE program at the time. He collaborated in the development of the general planning of all the 
fieldwork in addition to the preparation and revision of the article and its adaptation to this journal.

Plinio da Costa Temba: collaborated in the bibliographic review, critical analysis and review of the article’s content.

Juan Francisco Reinoso-Gordo: collaborated in the bibliographic review, critical analysis, and revision of the article’s content.

References
Ahmed, M., Hass, C. T., & Hass, R. (2012). Using digital photogrammetry for pipe-works progress tracking. Canadian Journal of Civil 

Engineering, 39(9), 1062-1071. https://doi.org/10.1139/l2012-055

Associação Brasileira de Normas Técnicas (ABNT). (2021). NBR 13133: Execução de levantamento topográfico - Procedimento. 
Rio de Janeiro. https://www.normas.com.br/visualizar/abnt-nbr-nm/6400/abnt-nbr13133-execucao-de-levantamento-topografico-
-procedimento

66 ISSN: 1657-0308 E-ISSN: 2357-626X

https://doi.org/10.1139/l2012-055
https://www.normas.com.br/visualizar/abnt-nbr-nm/6400/abnt-nbr13133-execucao-de-levantamento-topografico-procedimento
https://www.normas.com.br/visualizar/abnt-nbr-nm/6400/abnt-nbr13133-execucao-de-levantamento-topografico-procedimento


Nero, M. A., Pinto Rocha, A., Guerra Mamede, C., Borba Schuler, C. A., da Costa Temba, P., & Reinoso-Gordo, J. F. (2023). Positional accuracy in close-range photogrammetry 
through Topography and Geodesy. Revista de Arquitectura (Bogotá), 25(2), 60-68. https://doi.org/10.14718/RevArq.2023.25.3659

Associação Brasileira de Normas Técnicas (ABNT). (2022). NBR 14166: Rede de referência cadastral municipal: Requisitos e procedi-
mento. Rio de Janeiro. https://www.normas.com.br/autorizar/visualizacao-nbr/10905/identificar/visitante

Ayala-García, E. T. (2021). La arquitectura, el espacio público y el derecho a la ciudad. Entre lo físico y lo vivencial. Revista de Arquitec-
tura (Bogotá), 23(2), 36-46. https://doi.org/10.14718/RevArq.2021.3286

Basnet, K., Must, M., Constantinescu, G., Ho, H., & Xu, H. (2016). Close-range photogrammetry for dynamically tracking drifted snow 
deposition. Cold Regions Science and Technology, 121, 141-153. https://doi.org/10.1016/j.coldregions.2015.08.013

Bill, R., Blankenbach, J., Breunig, M., Haunert, J. H., Heipke, C., Herle, S., ... & Werner, M. (2022). Geospatial Information Research: 
State of the Art, Case Studies and Future Perspectives. PFG–Journal of Photogrammetry, Remote Sensing and Geoinformation Science, 
90, 349-389. https://link.springer.com/article/10.1007/s41064-022-00217-9

Brun, E. V. P. (2005). Verificação e classificação de níveis de acordo com normas internacionais. Dissertation presented in Course of Pós-Gra-
duação em Ciências Geodésicas da Universidade Federal do Paraná, Curitiba. https://acervodigital.ufpr.br/handle/1884/11171

Cârlan, I., & Dovleac, B. (2017). 3D modelling of arutela roman castrum using close-range photogrammetry. International Journal of 
Conservation Science, 8(1), 35-42. https://www.researchgate.net/publication/316642509_3D_modelling_of_Arutela_Roman_
Castrum_using_close-range_photogrammetry

Cedeño-Valdiviezo, A., & Torres-Lima, P. A. (2019). Conservación del arte contemporáneo: el caso de Mathias Goeritz en la catedral 
metropolitana de México. Revista de Arquitectura (Bogotá), 21(1), 44-53. https://doi.org/10.14718/RevArq.2019.21.1.2304

Cintra, J. P., & Rocco, J. (2014). Controle de qualidade angular em levantamentos topográficos. Boletim de Ciências Geodésicas, 20(3), 
562-577. https://dx.doi.org/10.1590/S1982-21702014000300032

Cintra, J. P., Nero, M. A., & Rodrigues, D. (2011). GNSS/NTRIP Service and Technique: Accuracy Tests. Boletim de Ciências Geodésicas, 
17(2), 257-271. https://doi.org/10.1590/S1982-21702011000200006 

Coelho, L., & Brito, J. N. (2007). Fotogrametria digital. EdUERJ.

Colombo, O. (2008). Real-Time, Wide-Area, Precise Kinematic Positioning Using Data from Internet NTRIP Streams, Colombo, O.L., In: Proceed-
ings ION GNSS 2008, Savannah, Georgia. 2008. https://www.researchgate.net/publication/280938048_Real-Time_Wide-Area_Precise_
Kinematic_Positioning_Using_Data_from_Internet_NTRIP_Streams

Colorado, L. A. M., & Santos, J. C. M. (2015). Kinematic parameter estimation using close-range photogrammetry for sport applications, 
In: Proc. SPIE 9681, 11th International Symposium on Medical Information Processing and Analysis, 96810M (22 December 2015); 
Cuenca, Ecuador. https://doi.org/10.1117/12.2208354

Cortés-Garzón, L. (2023). Cultura, prácticas artísticas y espacio urbano en la Localidad de San Cristóbal: el caso del suroriente, 
Bogotá. Revista de Arquitectura (Bogotá), 23(1). http://dx.doi.org/10.14718/RevArq.2023.25.3864

Deutsches Institut fur Normung. DIN 18723 - 1: Feldverfahren zur Genauigkeitsuntersuchung Geodatischer Instrumente – Allgemeines. 
Deutschland, 1990a. https://standards.globalspec.com/std/426033/DIN%2018723-1

Deutsches Institut fur Normung. DIN 18723 - 2: Feldverfahren zur Genauigkeitsuntersuchung Geodatischer Instrumente – Nivelliere. 
Deutschland, 1990b. https://infostore.saiglobal.com/en-us/Standards/DIN-18723-2-1990-387657_SAIG_DIN_DIN_880541/

Egea-Roca, D., Arizabaleta-Diez, M., Pany, T., Antreich, F., López-Salcedo, J. A., Paonni, M., & Seco-Granados, G. (2022). GNSS User Technology: 
State-of-the-Art and Future Trends. IEEE Access, 10, 39939-39968. https://ieeexplore.ieee.org/iel7/6287639/9668973/09751089.pdf

Faggion, P. L. (2001). Obtenção dos elementos de calibração e certificação de medidores eletrônicos de distância em campo e laboratório. 
Phd thesis presented in Course of Pós-Graduação em Ciências Geodésicas da Universidade Federal do Paraná, Curitiba. https://pdfs.
semanticscholar.org/3239/f005258e5e79af396c1c76ea23fc93d70327.pdf

Ferenčík, M., Dudáková, Z., Kardoš, M., Sivák, M., Merganičová, K., & Merganič, J. (2022). Measuring Soil Surface Changes after Traffic 
of Various Wheeled Skidders with Close-Range Photogrammetry. Forests, 13(7), 976. https://www.mdpi.com/1999-4907/13/7/976/
pdf?version=1655896051

Fraser, R., Mowlam, A., Collier, P. (2005). Augmentation of Low–Cost GPS Receivers via Web Services and Wireless Mobile Devices. 
Journal of Global Positioning Systems, 3(1-2), 2005, 85-94. https://www.scirp.org/pdf/nav20040100013_63122120.pdf

Fraštia, M. (2009). Creation of the accurate spatial models of historical objects by the close-range photogrammetry method, Acta 
Montanistica Slovaca, 14(1), 34-40. https://www.researchgate.net/publication/40422877_Creation_of_the_accurate_spatial_
models_of_historical_objects_by_the_close-range_photogrammetry_method

Fu, X., Peng, C., Li, Z., Liu, S., Tan, M., Song, J. (2017). The application of multi-baseline digital close-range photogrammetry in three-
dimensional imaging and measurement of dental casts. Plos One, 12(6), e0178858. https://doi.org/10.1371/journal.pone.0178858

Geomatics Industry Association of America (GIAA). (2002). DIN 18723 Specification for Theodolite Accuracy. Professional Surveyor 
Magazine, nov. 2002. https://s3.microsurvey.com/support/Knowledgebase/stderr/Din18723.pdf

Gnann, N., Baschek, B., & Ternes, T. (2022). Close-range remote sensing-based detection and identification of macroplastics on water assisted by artifi-
cial intelligence: a review. Water Research, 118902. https://www.sciencedirect.com/science/article/pii/S0043135422008491?casa_toke
n=ovWzA7czhNIAAAAA:4Rj6XWxx2FYYBsqyL3F3BI4EDV-ieAImy5tO6IhaGvHrGVIrTyt27E-RclLpkEccQgdhaJiRvdZ1

Gonçalves, J. A., Madeira, S., & Sousa, J. J. (2012). Topografia: Conceitos e Aplicações. Porto, Portugal: Editora Lidel, 357p.

Gutiérrez-Morales, G. (2019). Arquitecturas tradicionales y populares: un reto para la historiografía de la arquitectura en Colombia. Revista 
de Arquitectura (Bogotá), 22(2). https://doi.org/10.14718/RevArq.2020.2040

Illmann, R., Rosenberger, M., & Notni, G. (2022). Overview of the state of the art in the digitization of drivable forestry roads. Image 
Sensing Technologies: Materials, Devices, Systems, and Applications IX, 12091, 66-75. https://doi.org/10.1117/12.2622738

Jiang, R., Jáuregui, D. V., & White, K. R. (2008). Close-range photogrammetry applications in bridge measurement: Literature review. 
Journal Measurement, 41(8), 823-834. https://doi.org/10.1016/j.measurement.2007.12.005

Kasser, M., Egels, Y. (2002) Digital Photogrammetry. New York-USA: Taylor & Francis.

Koken, A., Koroglu, M. A., Karabork, H., & Ceylan, A. (2014). Photogrammetric Approach in Determining Beam-Column Connection 
Deformations. Boletim de Ciências Geodésicas, 20(3), 720-733. https://doi.org/10.1590/S1982-21702014000300041

Revista de Arquitectura (Bogotá)  Vol. 25 N.o 2  2023  Julio-diciembre 67

https://www.normas.com.br/autorizar/visualizacao-nbr/10905/identificar/visitante
https://doi.org/10.14718/RevArq.2021.3286
https://doi.org/10.1016/j.coldregions.2015.08.013
https://link.springer.com/article/10.1007/s41064-022-00217-9
https://acervodigital.ufpr.br/handle/1884/11171
https://www.researchgate.net/publication/316642509_3D_modelling_of_Arutela_Roman_Castrum_using_close-range_photogrammetry
https://www.researchgate.net/publication/316642509_3D_modelling_of_Arutela_Roman_Castrum_using_close-range_photogrammetry
https://doi.org/10.14718/RevArq.2019.21.1.2304
https://dx.doi.org/10.1590/S1982-21702014000300032
https://doi.org/10.1590/S1982-21702011000200006 
https://www.researchgate.net/publication/280938048_Real-Time_Wide-Area_Precise_Kinematic_Positioning_Using_Data_from_Internet_NTRIP_Streams
https://www.researchgate.net/publication/280938048_Real-Time_Wide-Area_Precise_Kinematic_Positioning_Using_Data_from_Internet_NTRIP_Streams
https://doi.org/10.1117/12.2208354
http://dx.doi.org/10.14718/RevArq.2023.25.3864
https://standards.globalspec.com/std/426033/DIN%2018723-1
https://infostore.saiglobal.com/en-us/Standards/DIN-18723-2-1990-387657_SAIG_DIN_DIN_880541/
https://ieeexplore.ieee.org/iel7/6287639/9668973/09751089.pdf
https://pdfs.semanticscholar.org/3239/f005258e5e79af396c1c76ea23fc93d70327.pdf
https://pdfs.semanticscholar.org/3239/f005258e5e79af396c1c76ea23fc93d70327.pdf
https://www.mdpi.com/1999-4907/13/7/976/pdf?version=1655896051
https://www.mdpi.com/1999-4907/13/7/976/pdf?version=1655896051
https://www.scirp.org/pdf/nav20040100013_63122120.pdf
https://www.researchgate.net/publication/40422877_Creation_of_the_accurate_spatial_models_of_historical_objects_by_the_close-range_photogrammetry_method
https://www.researchgate.net/publication/40422877_Creation_of_the_accurate_spatial_models_of_historical_objects_by_the_close-range_photogrammetry_method
https://doi.org/10.1371/journal.pone.0178858
https://s3.microsurvey.com/support/Knowledgebase/stderr/Din18723.pdf
https://www.sciencedirect.com/science/article/pii/S0043135422008491?casa_token=ovWzA7czhNIAAAAA:4Rj6XWxx2FYYBsqyL3F3BI4EDV-ieAImy5tO6IhaGvHrGVIrTyt27E-RclLpkEccQgdhaJiRvdZ1
https://www.sciencedirect.com/science/article/pii/S0043135422008491?casa_token=ovWzA7czhNIAAAAA:4Rj6XWxx2FYYBsqyL3F3BI4EDV-ieAImy5tO6IhaGvHrGVIrTyt27E-RclLpkEccQgdhaJiRvdZ1
https://doi.org/10.14718/RevArq.2020.2040
https://doi.org/10.1117/12.2622738
https://doi.org/10.1016/j.measurement.2007.12.005
https://doi.org/10.1590/S1982-21702014000300041


68 ISSN: 1657-0308 E-ISSN: 2357-626X

Exactitud posicional en la fotogrametría terrestre digital por intermedio de la Topografía y Geodesia

Kraus, K. (1993). Photogrammetry. V. 1, Bonn-Germany: Ümmler.

Kushwaha, S.K.P, Dayal, K. R., Singh, A., & Jain, K. (2019). Building facade and rooftop segmentation by normal estimation from UAV 
derived RGB point cloud. The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, 
Volume XLII-2/W17, 2019 6th International Workshop Low-cost 3D – Sensors, Algorithms, Applications, 2–3 December 2019, 
Strasbourg, France, 173-177.

Kwak, E., Detchev, I., Habib, A., El-Badry, M., Hughes, C. (2013). Precise Photogrammetric Reconstruction Using Model-Based Image 
Fitting for 3D Beam Deformation Monitoring. Journal of Surveying Engineering, 139(3), 143-155. https://doi.org/10.1061/(ASCE)
SU.1943-5428.0000105

Lauria, G., Sineo, L., & Ficarra, S. (2022). A detailed method for creating digital 3D models of human crania: an example of close-
range photogrammetry based on the use of Structure-from-Motion (SfM) in virtual anthropology. Archaeological and Anthropological 
Sciences, 14(3), 1-13. https://link.springer.com/article/10.1007/s12520-022-01502-9

Leick, A., Rapoport, L., Tatarnikov, D. (2015). GPS Satellite Surveying. 4th Ed. New York-USA: Wiley.

Li, Z., & Shan, J. (2022). RANSAC-based multi primitive building reconstruction from 3D point clouds. ISPRS Journal of Photogrammetry 
and Remote Sensing, 185, 247-260. https://doi.org/10.1016/j.isprsjprs.2021.12.012

Llanos-Chaparro, I., Henao-Carvajal, E., & Bárcenas-Duque, D. (2022). Adaptaciones geográficas de la casa moderna en Colombia. Cuatro 
casos de estudio en el litoral, el valle, la montaña y el altiplano. Revista de Arquitectura (Bogotá), 24(2). https://doi.org/10.14718/
RevArq.2022.24.4248

Long, C., Wan, B., Yang, Z., Liu, H., Tao, L., Ruan, G., Liu, Y., Wei, Y. (2017). Study on close-range photogrammetry without traditional 
self-calibration measurement model, Proc. SPIE 10458, AOPC 2017: 3D Measurement Technology for Intelligent Manufacturing, 
104580C (24 October 2017); Beijing, China. https://doi.org/10.1117/12.2281984

Maric, I., Panda, L., & Milosevic, R. (2022). Multi-Resolution Modelling of the Tufa Formation Dynamic using Close-Range Photogram-
metry, Handheld 3D Scanner and Terrestrial Laser Scanner. In GISTAM (pp. 75-82). 

Martín, S., Uzkeda, H., Poblet, J., Bulnes, M., & Rubio, R. (2013). Construction of accurate geological cross-sections along trenches, cliffs 
and mountain slopes using photogrammetry. Computer & Geosciences, 51, 90-100. https://doi.org/10.1016/j.cageo.2012.09.014 

Mikail, M., Bethel, J. M., McGlone, J. C. (2001). Introduction to Modern Photogrammetry. John Wiley & Sons.

Monico, J. F. G. (2009). Posicionamento pelo GNSS: Descrição, fundamentos e aplicações. UNESP.

Murtiyoso, A., Pellis, E., Grussenmeyer, P., Landes, T., & Masiero, A. (2022). Towards Semantic Photogrammetry: Generating Semantically 
Rich Point Clouds from Architectural Close-Range Photogrammetry. Sensors, 22(3), 966. https://www.mdpi.com/1424-8220/22/3/966/
pdf

Mustaffar, M., Saari, R., Abu Bakar, S., Moghadasi, M., & Marsono, K. (2012). The Measurement of Full-Scale Structural Beam-Column 
Connection Deformation Using Digital Close-range Photogrammetry Technique. Malaysian Journal of Civil Engineering, 24(2), 
148-160. https://journals.utm.my/mjce/article/view/15831

Nategh, M., Ekinci, A., & Iravanian, A. (2022). A Novel Application of Close-range Photogrammetry for Earth Retaining Wall and Slope 
Stability Assessment. https://www.researchsquare.com/article/rs-1534286/latest.pdf

Nex, F, Armenakis, C., Cramer, M., Cucci, D. A., Gerke, M., Honkavaara, E., Kukko, A., Persello, C., & Skaloud, J. (2022). UAV in the 
advent of the twenties: Where we stand and what is next. ISPRS Journal of Photogrammetry and Remote Sensing, 184, 215-242. 
https://doi.org/10.1016/j.isprsjprs.2021.12.006 

Paciléo Netto, N. (1993). Métodos de ajustamento em geodésia e topografia. Thesis presented in Escola Politécnica. Universidade de São 
Paulo.

Paciléo Netto, N. (1997). Campo de provas para instrumentos de medição e posicionamento. Universidade de São Paulo.

Paixão, A., Muralha, J., Resende, R., & Fortunato, E. (2022). Close-Range Photogrammetry for 3D Rock Joint Roughness Evaluation. Rock 
Mechanics and Rock Engineering, 55(6), 3213-3233. 

Petruccioli, A., Gherardini, F., & Leali, F. (2022). Assessment of close-range photogrammetry for the low-cost development of 3D models of 
car bodywork components. International Journal on Interactive Design and Manufacturing (IJIDeM), 1-11. 

Photomodeler (2013). www.photomodeler.com. Access in: Dec. 02, 2013.

Reinoso-Gordo, J. F., Romero-Zaliz, R., León-Robles, C., Mataix-SanJuan, J., & Nero, M. A. (2020). Fourier-Based Automatic Transforma-
tion between Mapping Shapes—Cadastral and Land Registry Applications. ISPRS International Journal of Geo-Information, 9(8), 482. 
https://doi.org/10.3390/ijgi9080482

Santofimio-Ortiz, R., Pérez-Agudelo, S. M. (2020). Monumentos y Arte urbano: Percepciones actitudes y valores en el caso de la ciudad 
de Manizales. Revista de Arquitectura (Bogotá), 22(2). https://doi.org/10.14718/RevArq.2020.2221

Santosi, Z., Sokac, M., Korolija-Crkvenjakov, D., Kosec, B., Sokovic, M., & Budak, I. (2015). Reconstruction of 3D models 
of cast sculptures using close-range photogrammetry. Metalurgija, 54(4), 695-698, 2015. https://www.researchgate.net/
publication/282200200_Reconstruction_of_3D_models_of_cast_sculptures_using_close-range_photogrammetry

Shortis, M. R., & Shager, J. W. (2014). A practical target recognition system for close-range photogrammetry. The Photogrammetric Record, 
29(147), 337-355. https://doi.org/10.1111/phor.12070

Silva, I., & Segantini, P. C. L. (2015). Topografia para Engenharia: teoria e prática de geomática (1st ed.). Rio de Janeiro-Brazil.

Silva, M. M. S. (2008). Metodologia para a criação de um laboratório para classificação das componentes angulares horizontal e vertical, 
de teodolitos e estações totais. 2008. 139p. Phd thesis presented in Universidade Federal do Paraná. Curitiba, Paraná.

Silva, M. M. S., Faggion, P. L., Veiga, L. A. K. (2010). Metodologia de classificação das componentes angulares horizontal de teodolitos e 
estações totais em laboratório. Boletim de Ciências Geodésicas, 16(3), 403-419. https://revistas.ufpr.br/bcg/article/view/18724/12151

Um, I.; Park, S., Kim, H. T., & Kim, H. (2020). Configuring RTK-GPS Architecture for System Redundancy in Multi-Drone Operations. 
IEEE Access, 8, 76228-76242, 2020. https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=9075221

https://doi.org/10.1061/(ASCE)SU.1943-5428.0000105
https://doi.org/10.1061/(ASCE)SU.1943-5428.0000105
https://link.springer.com/article/10.1007/s12520-022-01502-9
https://doi.org/10.1016/j.isprsjprs.2021.12.012
https://doi.org/10.14718/RevArq.2022.24.4248
https://doi.org/10.14718/RevArq.2022.24.4248
https://doi.org/10.1117/12.2281984
https://doi.org/10.1016/j.cageo.2012.09.014%20
https://www.mdpi.com/1424-8220/22/3/966/pdf
https://www.mdpi.com/1424-8220/22/3/966/pdf
https://journals.utm.my/mjce/article/view/15831
https://www.researchsquare.com/article/rs-1534286/latest.pdf
https://doi.org/10.1016/j.isprsjprs.2021.12.006
https://doi.org/10.3390/ijgi9080482
https://doi.org/10.14718/RevArq.2020.2221
https://www.researchgate.net/publication/282200200_Reconstruction_of_3D_models_of_cast_sculptures_using_close-range_photogrammetry
https://www.researchgate.net/publication/282200200_Reconstruction_of_3D_models_of_cast_sculptures_using_close-range_photogrammetry
https://doi.org/10.1111/phor.12070
https://revistas.ufpr.br/bcg/article/view/18724/12151
https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=9075221

