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Abstract: 

The use of medium/high-density LIDAR (Light Detection And Ranging) data for land modelling and DTM (Digital Terrain 
Model) is becoming more widespread. This level of detail is difficult to achieve with other means or materials. However, 
the horizontal and vertical geometric accuracy of the LIDAR points obtained, although high, is not homogeneous. 
Horizontally you can reach precisions around 30-50 cm, while the vertical precision is rarely greater than 10-15 cm. The 
result of LIDAR flights, are clouds of points very close to each other (30-60 cm) with significant elevation variations, even 
if the terrain is flat. And this makes the triangulated models TIN (Triangulated Irregular Network) obtained from such LIDAR 
data especially chaotic. Since contour lines are generated directly from such triangulated models, their appearance shows 
excessive noise, with excessively broken and rapidly closed on themselves. Getting smoothed contour liness, without 
decreasing accuracy, is a challenge for terrain model software. In addition, triangulated models obtained from LIDAR data 
are the basis for future slope maps of the land. And for the same reason explained in the previous paragraph, these slope 
maps generated from high or medium density LIDAR point clouds are especially heterogeneous. Achieving uniformity and 
greater adjustment to reality by reducing the natural noise of LIDAR data is another added challenge. In this paper, the 
problem of excessive noise from LIDAR data of high (around 8 points/m2) and medium density (around 2 points/m2) in the 
generation of contour lines and terrain slope maps is raised and solutions are proposed to reduce this noise. All this, in the 
area of specific software for the management of TIN models and GIS (Geographic Information System) and adapting the 
alternatives proposed by these programmes. 

Key words: counter lines, slope maps, LIDAR, 3D modelling, GIS 

Resumen:  

El uso de datos LIDAR de alta densidad para la modelización del terreno y obtención de MDT (Modelo Digital del Terreno) 
está cada día más generalizado.  El nivel de detalle conseguido es difícil de alcanzar con otros medios o materiales. No 
obstante, la precisión geométrica horizontal y vertical de los puntos LIDAR obtenidos, aunque es alta, no es homogénea.  
Horizontalmente se puede llegar a precisiones del orden de los 30-50 cm, mientras la precisión vertical raras veces es 
mayor de 10-15 cm. El resultado de los vuelos LIDAR, son nubes de puntos muy próximos entre sí (30-60 cm) con 
variaciones de cota importantes, aunque el terreno sea llano. Y esto hace que los modelos triangulados TIN (Triangulated 
Irregular Network) obtenidos a partir de dichos datos LIDAR sean especialmente caóticos. Dado que las curvas de nivel 
se generan directamente a partir de dichos modelos triangulados, su apariencia muestra excesivo ruido, con curvas 
excesivamente quebradas y rápidamente cerradas sobre sí mismas.  Conseguir curvas suavizadas, sin disminuir la 
precisión, es un reto para los programas de modelización de terrenos. Además, los modelos triangulados obtenidos a 
partir de datos LIDAR, son la base de los futuros mapas de pendiente de los terrenos. Y por la misma razón explicada en 
el párrafo anterior, estos mapas de pendiente generados a partir de nubes de puntos LIDAR de alta o media densidad, 
son especialmente heterogéneos. Conseguir uniformidad y mayor ajuste a la realidad reduciendo el ruido natural de los 
datos LIDAR es otro reto añadido. En esta comunicación, se plantea la problemática del excesivo ruido de los datos LIDAR 
de alta (en torno a 8 puntos/m2) y media densidad (en torno a 2 puntos/m2) en la generación de curvas de nivel y mapas 
de pendiente del terreno y se proponen soluciones para reducir dicho ruido. Todo ello, en el ámbito de programas 
específicos de gestión de modelos TIN y de los SIG (Sistemas de Información Geográfica) y adaptando las alternativas 
que dichos programas plantean. 

Palabras clave: curvas de nivel, mapa de pendientes, Lidar, modelización 3D, SIG 
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1. Introduction 
In this paper, the currently existing problem regarding the 
use of médium/high density LIDAR data for the generation 
of DTM will be described (Sharma et al. 2021) and more 
specifically, the obtaining of contour lines and slope maps 
drawn from them. 

Someone may have the mistaken feeling that a higher 
resolution of the lidar data is, better digital models will be 
obtained and the more accurate the contour lines 
extracted from them will be. To focus on the question 
raised, the following Figure 1 is presented, which shows 
contour lines of a terrain of 2 km x 2 km in extension 
obtained by triangulating the LIDAR point cloud and a 
detail of a specific area within terrain. The LIDAR flight 
had an average density of 2 points/m2, which requires 
handling a total of approximately eight million points. 

 
Figure 1: Contour lines (5 m equidistance) and detail. 

In the detail of the previous figure it is observed how the 
generated contour lines are excessively sinuous and very 
broken. The explanation for this phenomenon should be 
sought precisely in the excessive variability of the vertical 
precision of the LIDAR points (López-Fernández et al. 
2017), which will rarely be greater than 10 cm or 15 cm 
and in the existence of very close triangulated points. 
(between 40 and 60 cm) in point clouds between 2-6 
points/m2. 

Throughout this paper, certain guidelines will be given to 
try to eliminate as much as possible this excessive 
sinuosity in the design of the contour lines and the 
excessive noise derived in the generated slope maps. 

2. Material and Methods 
As stated in the previous section, we will work with a 
LIDAR flight sheet (Plan Nacional de Ortofotografía 
Aérea, PNOA) for 2016, which covers an area of 4 km2 
and has an initial point density of 2 points/m2. The point 
cloud was classified and the terrain points were initially 
defined by around two million points. 

The management of all this information until the terrain 
modeling is achieved can be done either through CAD3D 
programs (Hu et al. 2010) or through the tools of the 
Geographic Information Systems. As CAD3D software, 
AutoCAD CIVIL3D® will be used and as GIS software, 
QGIS® will be used. 

Regarding the strategies to be followed to achieve the 
proposed objectives of homogenizing the contour lines 
and reducing noise in slope maps, it should be noted that 
there are basically two possible paths: 

 or a simplification process is undertaken on the 
original data (LIDAR flight points); 

 or the contour lines obtained are subjected to some 
simplification and / or smoothing process. 

2.1. Processing with CIVIL3D® 
For the dynamic management of the model in CIVIL3D®, 
three simplification processes of the point cloud have 
been previously carried out, reducing the number of 
points to 1.470.941 points and generating a triangulation 
of approximately two million triangles (Fig. 2). 

 

 
Figure 2: Triangulation and simplification process with 

CIVIL3D®. 

In CIVIL3D there are basically two possibilities to simplify 
the digital model: 

 Edge contraction: removes edges and replaces them 
with single points, making the model smooth. 

 Elimination of points: points are eliminated from the 
densest areas and in the percentage set by the user. 

On many occasions, despite carrying out this type of 
simplification process, the models remain excessively 
complex (Schmid et al. 2011) and the contour lines 
generated maintain their sinuous condition and are 
loaded with abundant noise (Fig. 3). 

  
Figure 3: General. Sinuous contour lines and excessive noise 

with CIVIL3D®. 

Figure 4 shows contour lines over the triangulation of the 
model, with different equidistance values. By observing 
these images, it is possible to understand the reason why 
the contour lines are so heterogeneous: small triangles 
between very close points (around one meter) whose 
height can contain a considerable margin of error, causing 
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the path traveled by a contour line to have to adapt to 
highly changing triangle sides. 

  
Figure 4: Contour lines on very dense triangulation. 

A longitudinal profile on this model clearly detects the 
abrupt and abundant changes in slope typical of models 
from high-density LIDAR data (Mitasova et al. 2005). In 
Figure 5 we try to show this characteristic. 

 

       
Figure 5: Longitudinal profiles on triangulated model and 

details showing abrupt changes in slopes. 

In relation to the slope map generated from a model 
based on médium/high resolution LIDAR, something 
similar happens to that described for the contour lines 
(Fig. 6). The slope maps are generated directly by 
analysis of each of the model's triangles, and the vertices 
of the triangles that show some irregularity in their 
precision, generate a lot of noise in the obtained slope 
model. 

 
Figure 6: Slope map on triangulated model showing little 

homogeneity and a lot of noise. 

Adjacent triangles in flat terrain or with little slope, but 
uniform, show very different slopes precisely because of 
the imprecision of the height of the vertices of the triangles 
compared to the small lengths of the sides of the triangles. 

Figure 7 shows the triangles of the digital terrain model 
and its slope texture, which clearly shows its low 
uniformity as it comes from a triangulation on medium-
resolution LIDAR data. 

 
Figure 7: Triangulation and texture of model slopes. 

Another process on the digital model that can be 
performed in CIVIL3D is smoothing (Fig. 8), which 
consists of adding points at elevations determined by the 
system using the Natural Neighbor Interpolation (NNI) 
method or the Kriging method, which produces smoother 
contour lines.  That is, points are eliminated and the 
model is more uniform, without such prominent ridges. 
But it has a major drawback: more points are generated 
in the model and so are more triangles, which will slow 
down the modeling process. 

  
Figure 8: Smoothing process of the model, generating more 

rounded contour lines. 

Regarding the slope model, the effect of the smoothing of 
the surfaces causes a greater homogeneity in the slope 
map.  Assigned color transitions look smoother, with less 
contrast. Thus, simplification generates a similar effect 
(see Figure 9). 

  
Figure 9: Effect of surface simplification on the slope map of a 

model obtained from LIDAR data. 

2.2. Processing with QGIS® and external 
libraries 
In GIS environment, there are also surface smoothing and 
simplification processes, the effect of which will also 
translate into more rounded contour lines and more 
homogeneous slope maps. 

However, GIS presents a clear advantage over CAD3D 
programs in the management of digital terrain models 
(DTM) and is the possibility of combining raster and vector 
tools. 

Thus, in this study, the raster DEM (Digital Elevation 
Model) with a resolution of 1 m was obtained from the 
original LIDAR point-terrain cloud, from which the contour 
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lines with 5 m equidistance were obtained. The raster 
processing of the information greatly speeds up the 
calculation processes (Guo et al. 2010). However, see 
Figure 10, the results in terms of contour lines are similar: 
very rough contour lines and a lot of perimeter noise. The 
slope maps reflect well the slope changes in the different 
areas of the digital model (Stal et al. 2013) (see Figure 
11). 

  
Figure 10: Sinuous contour lines from DEM with QGIS. 

  
Figure 11: Slope map from DEM with QGIS. Detail of side 

slopes of Highway A-68. 

Simplification and smoothing processes in QGIS are 
carried out with the tools of this software or with external 
graphic libraries, such as GRASS and SAGA. Thus, raster 
analysis processes such as "filtering" or "sieving" are 
available, which eliminate raster polygons with a number 
of pixels below a threshold. The “roughness” or 
“irregularity” tool can also be very useful, which detects 
areas that differ from the surrounding areas due to their 
elevation or slope (see Figure 12). The light areas are flat 
areas, with few changes in the elevation of the terrain or 
in the slope and the dark areas are the areas of 
unevenness or abrupt changes in slope. 

  
(a)                                            (b) 

Figure 12: Roughness map: a) From elevations; b) From 
slopes. 

SAGA library has a module called Smoothing ViGrA 
("Vision with Generic Algorithms"), which smoothes the 
model by eliminating ridges and steep slopes (Lindsay et 
al. 2019). Another typical process in SAGA is the “simple 
filter” in its smooth mode, with the same purpose (Fig. 13). 

GRASS also has specific modules for this same purpose, 
such as the “Mesh denoise” process, which reduces local 
elevation variations and reduces noise in the digital model 
(Fig. 14). 

  
Figure 13: SAGA “simple filter” process on original DTM model 

in area with a lot of noise and generated smoothing. 

  
Figure 14: GRASS “Mesh denoise” process on original DTM 
model in area with a lot of noise and generated smoothing. 

In QGIS there are another processes that modify the 
geometry of the contour lines, without affecting the model. 
They are processes that require fewer computational 
resources and that generate more attractive contour lines 
with less noise. Two of them are described below based 
on the contour lines of the original 1m DTM model. In 
general, they are based on a combination of simplification 
and/or smoothing of contour lines previously generated 
with other processes (Figs. 15 and 16). 

 
Figure 15: Original contour lines (5m equidistance) with 

excessive sinuosity and with high noise areas. 

 
Figure 16: Simplification process of vector geometry on contour 

lines of the original model. 

The second process generates new contour lines with 
more number of vertices and adapted to a greater or 
lesser degree to the original geometries. Thus, by 
smoothing the geometry obtained in the previous step, it 
is achieved Figures 17 y 18. 
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Figure 17: Result of the process of simplifying and smoothing 

the contour lines in the original model (detail).  

 
Figure 18: Result of the simplification and smoothing process in 

the original model (detail). 

3. Results and discussion 
In the previous section, different processes have been 
described for the simplification and smoothing of the 
digital models obtained from medium and high density 
LIDAR data. Solutions based on CAD3D software and 
solutions based on GIS have been proposed, as has 
already been commented (Table 1). 

Table 1: Solutions proposed. 

Software CAD3D Systems 
[AutoCAD CIVIL3D] 

Geographic Information 
System [QGIS] 

Vector 
solutions 

Simplification 

Smoothed 

Simplify 

Smooth 

Raster 
solutions 

A complementary 
element is 
necessary: 

AutoCAD Raster 
Design 

Filtration 

Rugosity 

SAGA simple-smooth 
filter 

Mesh denoise of 
GRASS 

 

The CAD3D software chosen has been AutoCAD 
CIVIL3D, which is highly oriented to providing solutions to 
site surveying and earthmoving projects in particular. In 
addition, it includes specific modules for linking to external 
databases to manage a wide variety of formats, such as 
DEM, LIDAR, etc. 

As GIS software, QGIS has been chosen, due to its 
proven power in both raster and vector solutions. 

CAD3D solutions attempt to directly address the high 
heterogeneity of the models, eliminating peaks and 
discontinuities, producing smoother contour lines with 
less noise and more realistic slope maps (Duan et al. 
2021). It should be noted that the vector processes for 
smoothing and simplifying surfaces tend to require too 

many hardware resources and are usually slow 
processes. 

In general, GIS solutions perform better than CAD3D 
solutions, since they require less processing time, less 
hardware resources (Liu 2008) and face the problem from 
two well differentiated points of view, but both in a 
powerful way: the processes vector and raster processes. 
They offer more versatility, since they allow directing the 
smoothing raster processes over the original DTMs and 
later combining other vector processes, simplifying and 
smoothing the contour lines obtained, thus achieving 
more realistic solutions. 

At this point, it is necessary to remember that the main 
problem with digital models from médium/high density 
LIDAR data is the heterogeneity of the precision of the 
elevation of the points compared to the small distance 
between them. Any applied process must bear in mind 
this indisputable fact and attack it in a reasonable way, 
without excessively altering the original model. 

It should also be noted that these processes do not try to 
solve a problem only of appearance of the final model, but 
rather they try to correct a question of extreme irregularity 
in the origin of the LIDAR data. Definitely, the objective of 
applying any process should be to arrive at more realistic 
solutions based on somewhat chaotic models. 

As it has already been observed, a clear separation clear 
separation has not been made between contour lines 
smoothing processes and those aimed at homogenizing 
slope maps. This is because both concepts are closely 
related to the origin and structure of LIDAR data. Solving 
the heterogeneity of the elevations at the origin, both 
aspects are corrected with identical processes. 

4. Conclusions 
In this paper, several vector solutions and raster solutions 
that attempt to respond to the problem of models from 
high and medium resolution LIDAR data has been 
revealed. It has been shown that by means of vector 
processes from a CAD3D software or by raster processes 
from a GIS software, the original heterogeneous models 
can be simplified or smoothed and other models more in 
line with reality can be achieved, which ultimately show 
more homogeneous contour lines and areas of slope 
without so much noise. 

In addition, the vector processes of GIS can also provide 
solutions to finish giving that necessary realism in the 
typical three-dimensional representation of the terrain 
through contour lines. 

The constant development of algorithms for simplification 
and / or smoothing of DEMs in the field of Geographic 
Information Systems is now necessary. LIDAR data and 
other data sets from satellite platforms, increasingly 
voluminous and complex, will require powerful processes 
for their management and editing. 
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Abstract: 

In recent years, the production of panoramic images has been boosted by the increasing use of digital photographic 
cameras and mobile phones. However, for highly demanding applications such as long-range deformation monitoring, the 
accuracy and quality control of panoramic images and processes used to obtain accurate 3D models should be properly 
assessed. Therefore, prior to being applied in real projects, the quality of the spherical panoramic images generated by 
three widely used computer programs (Agisoft Metashape, GigaPan Stitch and PTGui) is evaluated using the same images 
of a photogrammetric laboratory full of control points and an outdoor environment by shooting from several stations. In 
addition to the assessment of the geometrical accuracy, the study also includes important aspects for practical efficiency 
such as workflow, speed of processing, user-friendliness, or exporting products and formats available. The results of the 
comparisons show that Agisoft Metashape meets the required geometric specifications with higher quality and has clear 
advantages in performance if compared to the other two tested programs. 

Key words: spherical panorama, image-based monitoring, spherical photogrammetry, Panoramic Software, Panoramic 
Images, Deformation monitoring 

Resumen:  

En los últimos años, la producción de imágenes panorámicas se ha visto impulsada por el uso cada vez mayor de cámaras 
fotográficas digitales y teléfonos móviles. Sin embargo, deben evaluarse adecuadamente en aplicaciones altamente 
exigentes como la monitorización de deformaciones a grandes distancias, la precisión y el control de calidad de las 
imágenes panorámicas y los procesos utilizados para obtener modelos 3D precisos. Por consiguiente, antes de ser 
aplicadas en proyectos reales, se evalúa la calidad de las imágenes panorámicas esféricas generadas por tres programas 
informáticos ampliamente utilizados (Agisoft Metashape, GigaPan Stitch y PTGui) utilizando las mismas imágenes de un 
laboratorio fotogramétrico lleno de puntos de apoyo y del exterior desde varias estaciones. Además de la evaluación de 
la precisión geométrica, el estudio también incluye aspectos importantes para la eficiencia práctica como es el flujo de 
trabajo, la velocidad de procesamiento, la facilidad de uso o la exportación de productos y los formatos disponibles. Los 
resultados de las comparaciones muestran que Agisoft Metashape cumple con las especificaciones geométricas 
requeridas con mayor calidad y tiene claras ventajas de rendimiento si se compara con los otros dos programas testeados. 

Palabras clave: panorama esférico, monitorización con imágenes, fotogrametría esférica, software de panorámicas, 
imágenes panorámicas, monitorización de la deformación 

 

1. Introduction 
In the last decades, the enhancement of technology and 
computing power have made panoramic images very 
popular in applications involving digital cameras o mobile 
phones. Furthermore, photogrammetry is increasingly 
used in fields that demands higher levels of accuracy and 
reliability such as historical documentation of cultural 
heritage, medical sciences or structural deformation 
monitoring (Barbero-García et al. 2020; Di Stefano et al. 
2020). However, these demanding applications require 
the photogrammetric processes to be optimized in terms 
of efficiency, accuracy and overall cost. Thus, the proper 
testing and selection of software that is used to build the 
panoramic images that are subsequently used to obtain 
accurate 3D models become crucial for engineering or 
research applications. In this article, we examine the 
performance and output quality of the panoramic images 
produced by three widely used programs: Agisoft 

Metashape, GigaPan Stitch and PTGui. In particular, the 
comparison puts a special focus on their ability to produce 
panoramic images with the necessary accuracy and 
quality for high-precision photogrammetric tasks. 

The technique of image stitching offers the very 
interesting possibility of obtaining spherical imagery 
simply by merging a set of planar pictures, taken from the 
same point and partially overlapping. This system was 
invented in the 1990s by Apple Computer to improve the 
poor resolution of the digital cameras available at that 
time. The advantages of this technique are the low-cost 
equipment and distortion-free images which do not 
require the traditional interior orientation that is embedded 
in the stitching process, while the disadvantages are 
mainly due to potential alignment errors which could 
degrade the survey results (Fangi and Nardinocchi 2013). 

The main reason for spherical misalignment is the 
inevitable image distortion created by the direct angular 
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protrusion. When it comes to sewing images and forming 
spherical panoramic images, the speeded-up robust 
features (SURF) method performs better than other 
existing methods such as scale-invariant feature 
transformation (SIFT) which makes matching between 
planar and spherical panoramic images possible and also 
facilitate the 2D-to-3D correspondence with LIDAR data 
(Chuang and Perng 2018). 

Alternatively, we can use the oriented fast and rotated 
BRIEF (ORB) features method for stitching images. In this 
method, the ORB feature points are extracted by FAST 
with directional information, described by BRIEF, 
matched by the Hamming distance, and the RANSAC 
algorithm is used to remove the mismatched points. The 
key advantage of the method is that it overcomes the 
limitations of speed usually found in traditional stitching 
methods so that it can achieve a high matching 
performance. Also, solved the scale-invariant on the 
image stitching (Szeliski 1996; Xiong and Turkowski 
1998; Wang et al. 2017). 

Flexibility and efficiency are two important features for 
close-range architectural photogrammetry. Spherical 
photogrammetry (SP) proved to be fast, reliable, and 
accurate enough. However, an optimal selection of the 
photo scale with regard to the object distance is crucial for 
the improvement of efficiency and accuracy. Moreover, 
the use of narrow-angle (NA) lenses, which are required 
for distant points, limits the field of view (FOV) of the 
panorama to a few degrees, thus weakening the 
geometry if compared to that provided by wide angle (WA) 
ones. Therefore, a bad estimation of both the focal lens 
and the location of the station point can spoil the accuracy 
of the plotting (Fangi 2010). 

Spherical photogrammetry can be considered a low-cost 
technique for three reasons: first, the equipment is 
reduced to a minimum of three elements: a digital camera, 
a tripod and a meter; second, there is no need for 
monumentations; third, the whole process of taking 
images is fast (Fangi 2015). 

Concerning the use of panoramic cameras (e.g. Omni-
Camera Panono 360), which would alleviate the need of 
going through the stitching procedure, they lead to a 
couple of advantages. First of all, efficiency is clearly 
improved since stitching images is a time-consuming 
process. Second, their panoramas are ready to be used, 
being geometrically more correct than a panorama 
created with the dedicated software. Therefore, this type 
of cameras is a preferred solution for architectural 
heritage, especially for indoor environments. The 
methodology, however, presents some drawbacks. 
Usually, the accuracy values of the point cloud may not 
be acceptable. In fact, even if the residuals from the 
Ground Control Points (GCP) are admissible for 
architectural scales of representation, the reprojection 
error could be quite high, leading to a bit coarse point 
cloud (Fangi et al. 2018). 

An additional approach is the use of spherical convolution 
with a generator that is designed to preserve the fidelity 
of the panoramic image under the generative adversarial 
networks (GANs) framework. Meanwhile, a high-
resolution panoramic image is generated by only using 
the sparse sketch map as input. Their approach can be 
used in several applications. For example, in 

communication systems, the transmitted data comprise 
the sketch map (Duan et al. 2020). 

In conclusion, the process of building panoramic images 
is not trivial due to the range of different approaches that 
can be implemented in the software. Therefore, if the 
panoramic images are to be used for high-accuracy 
applications, it is crucial to validate the program used to 
generate them by using well-controlled sites with 
conditions as similar as possible to those that are 
expected in the fieldwork. 

In the following section, the indoor lab and the outdoor 
test field that were used to assess and validate Agisoft 
Metashape, GigaPan Stitch and PTGui are described. 

2. Materials and methods 

2.1. Materials 
A calibration laboratory was prepared by adapting a 
classroom. This indoor space was equipped with coded 
targets which were properly installed on the walls, ceiling 
and floor so as to obtain an optimal geometry for the 
photogrammetric calibration. Four stations were 
determined. One station in the centre and three stations 
approximately in the corners of the classroom. A full-
frame Canon 1Ds Mark III camera with a 24mm lens 
mounted on a GigaPan Stitch rotating motor and a fixed 
tripod were utilized. A Leica TS-06 Total Station was used 
to determine the coordinates of all the coded targets and 
the four stations in the same frame. A sketch of the 
classroom and the tools used are illustrated in Figures 1 
and 2. 

 
Figure 1: Classroom interior environment for photography. 

In the outdoor test field, which is located in the campus of 
the Universitat Politècnica de València, the camera and 
Gigapan were set up on the existing pillars.  Similarly, to 
the indoor experiment, four stations were selected to 
collect the required images for creating the panoramic 
photographs (Fig. 3). 
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Figure 2: Tools used for taking the panoramic photography. 

 
Figure 3: Outdoor environment for photography (UPV campus). 

Image processing was performed using three software 
Agisoft Metashape, GigaPan Stitch and PTGui in the 
photogrammetry laboratory which will be discussed in the 
following section. 

2.2. Method: Creation of Panoramic Images 
Since the main objective behind this project is to create 
spherical panoramic images with high accuracy and good 
geometry, it is crucial to stitch the images together with 
high accuracy, which in turn requires correct matching of 
images and parallax prevention. In this research 
photography is frame by frame with the correct overlap on 
several stations with coded targets based on the same 

coordinate system and production of spherical panoramic 
images. To increase the accuracy of the work, 34 points 
were surveyed from the coded targets with a total station 
to be used both as control points and to integrate the 
coordinate system of the stations in the alignment of 
spherical panoramic images in relation with each other. 
The aforementioned software was used to create 
panoramic images. Photography inside the classroom 
was done around the horizon on several top-down strips. 
Seven strips were taken in the vertical direction with 60% 
overlap and twelve photos in the horizontal direction with 
60% overlap according to Figure 4. 

 
Figure 4: Method and number of photos taken at each station 

within the classroom. 

In terms of software and output quality, if you are shooting 
with a GigaPan panorama robotic device, a software 
called GigaPan Stitch is available for stitching images and 
producing panoramas. This software belongs to the same 
company. In general, the capabilities and functionality of 
GigaPan Stitch software were expected to complement its 
device. The user interface of this software is very simple, 
but due to the possibility of photography multi-row (or 
multi-column) panoramas by GigaPan robotic devices, it 
is possible in GigaPan Stitch software to import and 
process multi-row panoramas. The remarkable thing 
about this software is that the quality of the produced 
panoramic images is reduced and, in some parts, the 
stitching of consecutive images is not done properly and 
the image parallax error is seen in parts of the panoramic 
image (Fig. 5). 

 

 
Figure 5: Spherical panoramic image made by GigaPan Stitch software. 

In addition to GigaPan Stitch, we used PTGui software. At 
first glance, it looks like simple software, but it should be 

noted that it currently has significant capabilities 
compared to other software. It offers many options in all 
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