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Abstract: The proper maintenance of historical monuments and their use is one of the pillars of
sustainable development. Over the years, historic architectural buildings have undergone numerous
changes resulting from reconstruction, expansion, or damage caused both by natural and other
disasters. Therefore, their contemporary appearance is the result of these changes. Thanks to
the documentation of their transformations, one has the opportunity to get to know their history.
Currently, thanks to advanced technology, it is becoming easier and easier to document various
historical monuments. However, the method of their documentation, especially the possibility of
their reconstruction and the creation of 3D models depends mostly on the data resources at one’s
disposal. This article compares two extreme methods of recreating an architectural object that has
undergone some changes throughout history. One of the methods is to reconstruct the object on the
basis of a photograph using geometrical rules and computer aid, while the other is based on laser
scanning. Due to the fact that the same object is being reconstructed by means of both methods, it is
possible to evaluate and compare the applied methods and estimate their accuracy, as well as to draw
conclusions about the transformations of the reconstructed object over the years.

Keywords: cultural heritage; reconstruction; perspective; geometry; 3D model; laser scanning;
digitalization of the building; BIM; HBIM; a point cloud

1. Introduction

The UNESCO World Heritage Convention of 1972 defined cultural heritage monu-
ments as a set of buildings or places of the most outstanding historical, artistic, or scientific
value. Cultural heritage has always played an important role in the development and
creativity of any society. It promotes not only economic development but also its future
strategies. Moreover, it constitutes an important factor of transformation of any geo-
graphical area. Therefore, architectural heritage provides immeasurable benefits to its
surrounding area. Any historical building, as an architectural object, can be treated as a
complex system of spaces, functions, and materials. It is subjected to various structural
and technological constraints. However, it is also a testimony of the past, which can be
learned by its exploration. Currently, historical buildings perform various functions. They
are often repurposed, and work as different cultural spaces arranged for citizens, such
as galleries, libraries, and museums, strengthening both their cultural and economic role.
Due to this fact, the protection of historical, architectural objects, their preservation and
proper maintenance, should be a top priority of any society. Establishing an effective
method for the restoration of historic buildings and their reuse and sustainable renovation
in terms of energy efficiency according to conservation needs is an especially important
issue [1]. However, the condition and appearance of any monument is always the result of
a constant historical process involving various changes, modifications, and transformations
that have taken place over the years. These can be changes caused by both the forces of
nature and human interference [2]. Due to this fact, it is important to document historical
architectural objects and constantly monitor their structural behavior, e.g., displacements
and deformations, in order to preserve not only their architectural value but also their
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structural safety. There are many reasons for the exploration of historic buildings, such
as restoration, digital documentation, reverse engineering, and virtual tourism, as well
as for architectural heritage promotion [3]. Reverse engineering in particular enables the
restoration of special information about a building in order to choose the right management
of its modernization and renovation, as well as a conservation strategy [3–5].

A suitable method for the documentation of an historical building should be cho-
sen based on the needs revealed by the survey and conservation analysis. Sometimes a
combined method is necessary. Many scientists have raised this issue [4,5]. A description
and explanation of the combined survey adopted for both geometric and architectural
documentation is presented in [6].

Currently, thanks to advanced technology, it is becoming easier and easier to document
historical objects, and it is becoming more and more popular as well. Some computer
software tools, which can improve work with a point cloud as well as the process of
3D modeling from laser scanning, are presented in [4]. The obtained 3D model due to
reconstruction can be a source of geometrical information about the monument, and it can
constitute a computational model for further structural simulation. Similarly, a two-step
methodology for the conversion of the historic building into a finite element model is
presented in [3].

Many scientists in their publications discuss the problem of reconstruction and the
possibility of creating a 3D model of a historical object using remote sensing and pho-
togrammetric methods as the main techniques for object reconstruction [7–13]. This is
due to the fact that measuring any building using traditional methods can prove costly
and time-consuming, and it is sometimes impossible to perform in the case of a high or
inaccessible object. In particular, remote sensing technologies have been becoming more
and more helpful for the preservation of cultural heritage since the end of 1990s [14].
Thanks to these technologies, it is possible to update on a regular basis the condition of old
historical buildings.

Currently, one can distinguish four alternative ways for object and scene restitu-
tion [15]: image-based rendering, image-based modeling, range-based modeling, and the
combination of image- and range-based modeling.

Image-based rendering deals with the creation of virtual views of the given building.
However, image-based modeling, for example photogrammetry, consists of 3D model
creation on the base of the point cloud achieved thanks to the photogrammetric photographs
taken. Photogrammetry is a very popular method which has been used for a long time. The
first approach to photogrammetry involves reconstruction with the application of a number
of overlapped images. Structure-from-motion and image-based rendering algorithms have
enabled the reconstruction of numerous well-known world sites [16]. Obtaining an accurate
and detailed 3D model from the photographs is still a difficult task, however, especially
when an uncalibrated camera is used for reconstruction [17]. As far as the previously
mentioned range-based modeling is concerned, it is based on a point cloud achieved using
laser scanning, for instance. In this method, the source of the point cloud can also be a
combination of laser scanning and photogrammetry, and it can take advantage of both of
these techniques. New procedures in photogrammetric processing, including historical
photogrammetry and historical terrestrial laser scanning, can provide effective tools that
can extract geometric information from historical images [18].

However, building information modeling for cultural heritage, the so-called heritage
building information modeling (HBIM) process, has been developed for, among other
things, collecting information about a building model from historical building surveys,
encompassing data from direct measurements, laser scanning, photographic research, and
various other documentation [19]. Nowadays, with newly developing technologies and the
reduction of laser scanning sensors, laser scanning devices integrated into mobile phones
and tablets are more and more frequently used [20].

As has been mentioned previously, the method of documentation, especially the
possibility of reconstruction and creation of the building’s 3D model, depends mostly on
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the information resource at one’s disposal, as well as on the condition of the object. The
state of the archival documentation is always the most important issue for the study of
architectural heritage as the analysis of this documentation always constitutes the basis
for any restoration project. The archival documentation can give accurate information
about both architectural and structural features of the object, its geometric form, and its
material properties. However, practice shows that the complete documentation of the
building to be reconstructed is rarely preserved. Therefore, reconstruction can sometimes
take place on the basis of very residual information. In this context, the current article
concerns the reconstruction of an historical object on the basis of a single photographic
image. Some approaches to the reconstruction of buildings on the basis of a single pho-
tograph are presented in the literature. One of the methods is based on finding three
vanishing points in a photograph [21]. Our method is different and shows the possibility of
reconstructing a building depicted by means of two-point perspective. It is a continuation
of the authors’ earlier deliberations on the development of a computer-aided direct method
for the construction of perspective and the construction of panorama images on unfolded
surfaces [22–26], as well as the possibility of reconstructing these mappings with computer
aid [27–29]. However, the aim of the article is to present two completely different methods
for the reconstruction of the same building, as well as their comparison and evaluation. The
first one is a single-photograph reconstruction method, while the other is laser scanning.
Due to the fact that the considered building has changed over time, different results were
obtained, which allowed the assessment of the building’s transformation over the years.

2. Reconstruction Approach
2.1. Reconstruction from Photographs

The 3D reconstruction of a historical building by modelling it from uncalibrated
photographs is possible thanks to new and useful computer graphics applications, which
enable the creation of a model by means of information provided by both a user and
photographs [30,31].

A photographic image is usually an image created using perspective projection, which
is subject to the rules of linear perspective [32,33]. Due to the fact that the perspective
projection, as the central projection, is the projective representation of the object from a
specific viewing position, and its obtained mapping and the object correspond with each
other, it is possible to reverse this process. This means that it is possible to reconstruct
the shape and location of the object on the basis of its perspective image. From the
historical point of view, reconstruction as a process of restitution of an object was initiated
by J. H. Lambert in the eighteenth century. Lambert’s work Free Perspective discusses
the theory of restitution, that is, how to derive a view point and a building plan on
the basis of its perspective image. Restitution has continued to be a subject of research
since Lambert’s time. In particular, reconstruction on the basis of perspective images, i.e.,
photographs, is becoming more and more popular, and various ways of achieving such
reconstruction have been proposed [34,35]. Having at one’s disposal several photographs
of the architectural object and knowing the position of the camera lens while shooting,
it is possible to reconstruct a given object. The analysis of the internal parameters of the
camera used for the dimensional analysis of the reconstructed model is presented in [36]. In
general, only under certain circumstances is it possible to obtain metric information about
the reconstructed object from a single photograph. However, there are several studies
that deal with the problem of 3D reconstruction based on a single photograph [37]. The
problem of determining the basic elements of perspective on the basis of a photographic
perspective image when it is impossible to determine the calibration of the camera is
discussed in [38]. Some of the studies involve a single-image reconstruction system using
selected edge features in order to build a 3D model. Next, they concern the verification of
image accuracy by projecting the model back onto the original image. There are also several
studies that investigate the reconstruction of 3D models from perspective lines, assuming
geometric constraints resulting from vanishing points. However, the presentation of reality
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by photographs can give different effects depending on the way the pictured object is
framed and the photographic technique used.

Therefore, the first research step in the case of the reconstruction of a building on
the basis of a single photograph is to estimate the quality of the photograph, that is, the
sharpness of the contour lines and the contrast, as well as to assess its geometric content,
and especially its geometric accuracy. This allows the estimation of the possibility of
restitution. The next step is to determine what type of linear perspective one is dealing with.
This will allow the determination of the basic elements defining the perspective projection,
which are necessary for any restitution i.e., a horizon line, a base line, and a radius of circle
of depth [38]. In our research, the position of each end point of the contour lines were fixed
according to the method developed earlier [28]. Based on the additional measurement
information of the reconstructed object, it was possible to define its measured spatial model
and prepare the digital model by means of AutoCAD software [39].

2.2. Laser Scanner Reconstruction

As has been noted previously, it is more and more frequently observed that digitization
processes in engineering applications aimed at creating 3D physical models use 3D scanning
techniques. These techniques seem to be the fastest methods of 3D data acquisition for
existing historical buildings. However, laser scanning is becoming more and more popular
not only for the inventorying of historical objects, but also to create models of complex
building forms which are not easily measurable by other methods. This applies primarily to
complex building facades or difficult to measure interior spaces. Therefore, laser scanning
seems to be a quick and cost-effective way to capturing the data of complex shapes. The
selection of the appropriate scanner type, as well as scan configuration, depends on the
geometric complexity of the building components to be surveyed [40]. Currently, there
are several commercial laser scanning tools on the market that can be defined as semi-
automatic [41]. Some of these tools proposed by ClearEdge3D, MAGINiT Technologies,
Pointcab, or Faro are presented in more detail in [41]. In our research, the data were collected
by means of terrestrial laser scanning. Specifically, the measurements were obtained using
the laser scanner Faro Focus 3D [42].

Laser scanning is an imaging method consisting of measuring the distance between
the measuring device, i.e., a scanner, and the object under study, in our case an historical
building. During the measurement, the scanner was installed on a tripod. It emitted laser
pulses and then received pulses reflected from the object. The measurement results of
the laser scanning formed a point cloud, which constituted a source of information about
our object, its dimensions, geometry, and colors. A point cloud is composed of measured
points of space with coordinates (x, y, z), the number of which depends mostly on the
adopted settings and scanning quality, as well as measurement time. It can be created by
combining individual scans taken from different measurement positions in an automatic,
semi-automatic, or manual way, using reference points as the orientation points [4].

The point cloud obtained by scanning was the basis for further processing by special
software in order to create a 3D model of the measured object. It is worth mentioning that
most CAD and BIM packages, such as AutoCAD, Navisworks, Revit, Inventor Professional
of Autodesk, or Archicad of Graphisoft, allow the direct import of data from scanners such
as Faro. Due to this fact, in our case, the 3D model was obtained by means of Revit software
and was then compared with the spatial 3D model obtained by geometrical reconstruction
from the photograph.

3. Results
3.1. Characteristics of the Case Study

In this research, we set out to create a 3D model reconstruction from a single old
photograph of a historical building, in this case the New-Town synagogue, located in
Rzeszow, Poland. The photograph was taken by Edward Janusz, a renowned Polish
photographer (Figure 1).
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Figure 1. New-Town synagogue photographed by Edward Janusz [27].

The photograph shows the building as it was around the second half of the eighteenth
century and the beginning of the nineteenth century. The building, designed by Giovani
Baptiste Belotti, underwent several transformations mainly due to fires in 1660, 1739,
and 1842. The changes in the architecture of the building mainly concerned the form
and shape of the roof. At first, the building was covered with a pyramid roof, then the
roof was changed into a gable roof, and finally it was rebuilt as a mono-pitched roof,
which it has retained up the present. Moreover, due to its defensive character, New-Town
synagogue was strengthened from the outside with conspicuous buttresses. The function
of the building has also changed over the years. During the Second World War, it was
used as a stable and later as a warehouse by Germans who stayed in Rzeszow for some
time. The synagogue, badly damaged during war, was rebuilt and restored in the 1960s.
During this reconstruction, its initial architectural structure and form was modified, and its
original appearance was changed in order to adapt it for use as the Art Exhibition Office.
The New-Town synagogue building was included in the national register of monuments
in 1978, and its historical photograph is in the collection of the Photography Gallery of
Rzeszow [43].

3.2. Reconstruction on the Basis of a Single Photograph

The process of recreating an object on the basis of a photograph is possible only
when the photograph meets the restitution requirements, that is, it is of good quality and
its geometric content allows the use of geometric constructions that enable restitution.
Restitution requirements vary depending on the purpose of the reconstruction. For special
purposes, such as technical documentation, one should rely only on accurate and reliable
data as well as clear geometry. However, in the case of photographs taken with a camera
the calibration of which is not known, it is only possible to reconstruct the object from
the photograph in accordance with the principles of projective geometry. According to
projective geometry rules, each perspective image is treated as an intersection of projection
rays with the projection plane. The rays go through the centre of projection, which is
regarded as the eye of the observer. In this way, a natural view of the object can be obtained.

It is evident that the photograph of New-Town synagogue selected for the purpose
of reconstruction is black and white and shows a building in a perspective view. The
quality of the photograph seems to be sufficient for reconstruction as the contour lines
of the monument are clear and its details are visible. The first step necessary to start the
reconstruction was to determine the type of perspective projection used in the image, and,
based on these findings, to determine the basic elements of perspective. Since the parallel
lines in the photograph intersect at the proper points and the vertical lines such as wall and
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window edges appear parallel and remain vertical, it can be concluded that the photograph
shows a two-point vertical perspective of the building (Figure 2).
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Figure 2. Assessment of the accuracy of the photograph by checking parallelism [27].

The conclusions that can be drawn from analyzing the photograph are as follows: the
building is regular and symmetrical, and the repetition of some building components can
be seen.

On the basis of the intersection points of parallel lines it could be established the
vanishing points and the horizon line h (Figure 3). The accuracy of the photograph and its
suitability for reconstruction were confirmed by the perpendicularity of the vertical lines
to the horizon line. As in previous research [27], in order to establish a principal point,
the angle between a diagonal of the rectangular building plan and one of its sides was
used. The intersection of line l with a circle with diameter V1V2 gave a projection center
after rotation. This allowed us to establish a principal point and the radius of the circle o, a
circle of depth, so the rest of the base perspective elements were important for restitution.
According to the method developed by the authors in a previous publication [28], the
base line p was established in parallel with the horizon line h, and it intersected one of the
vertices of the rectangle parallel to the building plan.
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For the purpose of reconstruction, this rectangle was treated as equivalent to the base
of the building.

The reconstruction of the synagogue on the basis of the photograph was carried out
in accordance with the method shown in [28], where the process of reconstruction was
supported by Mathcad software. Here, Mathcad was used for calculation. However,
AutoCAD software was used for the estimation of the Cartesian coordinates (v, d) of the
characteristic perspective points, calculated on axes v and d (Figure 4). This is because
a linear perspective projection onto a projection plane τ from a viewpoint S and with a
base plane π ⊥ τ can be treated as a partly composed representation [28]. Therefore, the
perspective image of any point F is a pair of two points (AS, AOS), where AS is a central
projection of the given point A onto a projection plane τ, i.e., a main projection, whereas
AOS is a central projection of the orthogonal projection of the point A onto the base plane π,
i.e., an auxiliary projection (Figure 4a,b).
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Figure 4. Perspective projection (AS, AOS) of the point A: (a) construction of the perspective images
on the projection plane τ; (b) mapping of the projections on the projection plane τ.

As has been shown in the Figure 4a, the position of any point A is determined by
means of the spatial Cartesian coordinate system x, y, z, where the x, y axes are horizontal
and the y is parallel to the projection plane, whereas axis z is vertical. On the other hand,
the location of the points (AS, AOS) on the projection plane is described by two coordinates,
v and d, given in the Cartesian coordinate system v, d (Figure 4b). In fact, the factors
describing the position of the projection views are d and do, where d is the distance of the
perspective projection of the point A from the base line p, whereas do is the distance of the
perspective projection of the point AO from the base line p. In [22–26] the possibility of
computer-aided perspective mapping of a line passing through two points located in space
has been shown. In turn, in [27–29] the possibility of using a reverse algorithm that allows
for the determination of a point A in space having its main AS and auxiliary AOS projections
has been shown. This method was used in reconstructing the synagogue. Therefore, the
main and auxiliary projections of the characteristic points of the synagogue were established
in the photograph. An example point is the corner point P of the building, and its main
PS and auxiliary POS projections are shown in Figure 3. The respective distances do and
d of points POS and PS from the base line p were determined on the photograph. This, in
turn, according to the algorithm presented in [28], allowed for the determination of the
parameters w and k, according to Equations (1) and (2) Figure 4a.

w(v, do, d) =
h× (d− do)

h− do
(1)

k(v, do, d) =
h× r(v, do, d)

h− do
(2)
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The above parameters define the position of a point in space, i.e., its Cartesian coordi-
nates x, y, z of the fixed Cartesian coordinate system (Figure 4a). However, for our purposes,
Equations (1) and (2) have been modified due to the fact that they refer to the coordinates of
building points included in a bottom ground plane. In this case, the calculations were based
on the coordinates of the characteristic points included in the base rectangle plane, which is
lower than the ground plane. Therefore, the parameter w(v, do, d), which is the distance of
the reconstructed point from the base plane, had to be reduced by the distance between the
ground plane and the base plane. Further, due to the fact that the restituted object exists,
it was possible to measure the length of the shorter side of the building presented in the
perspective image. While it is true that the building has undergone some transformations
over the years, in general the building plan has not changed. Obtaining one measure value
allowed us to scale the other obtained measure values of the 3D synagogue model. This
enabled us to prepare the 3D model by means of AutoCAD software using the calculated
measure values of the characteristic edges (Figure 5).
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3.3. Reconstruction by Means of Laser Scanning

At first, the feasibility of a successful laser scanning was checked. The New-Town
synagogue that was the object of the scanning is located in the city center and is an accessible
and visible object. In order to eliminate the influence of traffic on the measurement results,
the morning hours were selected as the scanning time.

The starting point of this part of the survey was data collection, which was carried out
using terrestrial laser scanning. Specifically, the measurements were obtained by means of
the laser scanner Faro Focus 3D, located on a tripod (Figure 6) [42]. Targets, such as the
spheres, were used as the reference points.

The laser scanning of the synagogue was performed from six positions, that is, six
outdoor measuring stations whose locations are shown in Figure 7.

Two people were involved in the study. The scanning time at each scanner position
was approximately nine minutes. In contrast, the total time needed to make the measure-
ments, including the setting up of the equipment, its calibration, and data acquisition, was
approximately four hours. The point cloud of the synagogue constructed according to these
measurements is presented in Figure 8.
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During the measurement acquisition process, a scan registration in color and the
scanning profile “Outdoor 20 m . . . ” were selected. The size of the scan in points was
10,242 × 4339 (horizontally × vertically). The scanner software resolution was set at
1
4 , i.e., 6.136 mm/10 m (10,240 pt/360◦). As the result of the scanning, six outer scans
were registered using the Faro Scene software [42]. The reference points, such as the
spheres, were detected automatically and then verified manually to add missing targets
and remove wrongly detected ones. The data set with the registered point cloud composed
of 129.92 million points from all scanning positions was downloaded from the scanner.
Pre-processed raw scan data as point clouds composed of the points of the external surface
of the building were positioned and oriented using their own coordinate systems. The
exemplary building elevations obtained as the result of the scanning are presented in
Figure 9.
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The final modeling of the New-Town synagogue based on the point cloud was carried
out manually using Autodesk Revit 2022 software [39]. The resulting solid model of the
synagogue is shown in Figure 10.
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3.4. Comparison of the Synagogue Models Obtained using Both Methods of Reconstruction

The final step of our research was a comparison of the previously presented models
obtained by laser scanning and by reconstruction from a single photograph (Figure 11). A
general assessment of the obtained models led us to conclude that over the years the general
appearance and the shape of the synagogue have changed. The building has been extended
vertically. However, the overall dimensions of the building and the old parts of the facade
have not changed significantly, though the roof has changed. Specifically, the gable roof has
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been replaced with a flat one. In order to evaluate the method of reconstructing the building
on the basis of photographs, the measurements of the characteristic edges of the model’s
elevation were made, and these were then detailed on the synagogue model obtained by
reconstruction based on a photograph. These are highlighted in red in Figure 11. The
obtained linear dimensions were compared with the results of the measurements of the
same edges appearing on the resulting model of the synagogue reconstruction obtained by
means of laser scanning.
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Figure 11. The New Town synagogue models: (a) the model obtained as a result of laser scan-
ning; (b) the model obtained by reconstruction from a photograph, with marked edges that have
been verified.

Moreover, a comparative coefficient was introduced, which is the proportion of the
current length of the edge of the building to the old length obtained as a result of measuring
the model of the historic building reconstructed from the photograph. The obtained results
are summarized in Table 1.

Table 1. The comparison of the lengths of the characteristic edges of the current building model with
the lengths of the same edges of the reconstructed model from the photograph.

Measured Element Former (F)
Length [mm]

Current (C)
Length [mm]

Ratio
C/F

building width 21,390.1 19,428.0 0.90

building length 32,085.2 29,639.48 0.92

building height 10,970.0 11,220.3 0.97

window width 1968.1 2194.93 0.90

window height 1968.1 2194.93 0.90

the height of the lowest buttress 6200.68 6907.51 0.90

the height of the highest buttress 10,277.6 10,840.85 0.94

the height of the middle buttress 8596.79 9736.7 0.89

the height of the corner buttress 9934.5 10,520.8 0.94

4. Discussion

Based on the reconstruction results obtained from a single photograph, as well as
those obtained from laser scanning, it can be concluded that the building was extended
vertically. Numerous windows were placed in the superstructure of the building. The roof
was changed from a gable roof into a flat one. However, the windows in the old parts of
elevations and buttresses have remained almost unchanged. The comparison of the lengths
of the individual edges of the building obtained from the model created on the basis of the
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photograph and the model obtained as a result of laser scanning allowed us to conclude that
the developed method of reconstructing objects on the basis of photographs is accurate. The
obtained C/F ratio, presented in Table 1 for the measured edges, seems to be satisfactory
for the adopted reconstruction method. Moreover, due to the renovation works carried out,
it cannot be assumed that the individual dimensions remained 100% unchanged, so the
potential difference in length between the measured edges may be smaller.

This research has shown that three-dimensional reconstruction from a single photo-
graph using the presented method is possible and can give satisfactory results. However,
an architectural object can only be recreated with measurement accuracy if additional object
information is available, or when it is possible to compare the building to surrounding
buildings. The main preliminary information needed for reconstruction from a single image
is the parallelism of the straight edges of the building. However, as a rule, parallel edges
can always be distinguished in man-made historical architectural objects. Establishing base
elements of perspective is always a starting point for reconstruction, whereas the method of
perspective representation used depends on the location of the depicted object in relation to
the projection plane. Therefore, when using a photograph taken with a camera of unknown
calibration, it is necessary to rely on geometric rules of perspective projection. The accuracy
of the applied method of reconstruction depends on the image accuracy. However, the
results of the survey have shown that it is sufficient for historical reconstruction.

By juxtaposing two completely different reconstruction methods, it can be concluded
that laser scanning is very useful for model entities as they exist in reality, whereas
photograph-based reconstruction can be used when the object being restored no longer
exists. Research has shown that both methods can be used interchangeably. However, both
methods have pros and cons. The process of creating 3D models from point clouds requires
high geometric data input to interpret the scene as well as the additional information to
make the process effective. Reconstruction on the basis of a single photograph does not
allow for the creation of a 3D model that precisely takes into account all four facades of a
building. In the adopted solution, it was assumed that the synagogue building was built
on a rectangular plan. However, the measurements obtained by means of the laser scanner
have shown that the building plan is not rectangular, as the north and south walls of the
building are not parallel (Figure 7). This may also account for the discrepancies in the
obtained measurements. Therefore, in order to perform the 3D reconstruction of a building,
it is necessary to base it on at least two photographs showing all elevations and remaining
in a certain geometrical relationship. Research has shown that the reconstruction methods
used for architectural objects depend on the available information as a starting point. The
combination of the information and the method requires geometrical knowledge to obtain
a 3D model. Geometric reconstruction from a single image is possible and necessary in
the case of non-existent historical buildings, for which it is not possible to apply advanced
image processing techniques. The obtained results may be useful in the case of reconstruc-
tion for tourism and historical research, as well as for social and cultural reasons, e.g., in
order to strengthen the sense of identity within a region. This research will be continued
when two photographs can be used in computer-aided reconstruction, and the results will
be combined with those obtained from the point cloud. The aim is to develop a blended
method that will enable the use of reconstruction from at most two photographs, when
they exist, and when the object is impossible to scan because it has suffered a loss of its
architectural elements, or alternatively to scan existing parts of the building when they are
not in the photographs, taking into consideration the historic and architectural character
and integrity of the chosen heritage building.
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Improve Energy Efficiency and Energy Saving—Case Study—The Dining Room within the Žiča Monastery Property. Sustainability
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