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Examples of the history of computer-aided reconstructions of medieval buildings in Hungary
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The first computer-aided reconstructions of a Hungarian medieval building complex were created thirty
years ago. The digital recreation of the cloister vault and the cloister walk of the Franciscan friary were
part of the first Hungarian project aimed at creating a theoretical and visual reconstruction based on the
preserved carved stones of a medieval building using computer-aided methods. This anniversary offers
now an opportunity to summarise the development of the last thirty years and show the new possibilities
of digital technologies and the methodological issues that emerged in the recent excavations of the friary.
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Digital technologies, 3D reconstruction, and the use of 3D scanners appeared relatively early in the archae-
ological investigations of medieval Visegrad, particularly of the Royal Palace. The most important phases
and results of these projects and the related methodological issues were recently discussed in two studies
(FenER 2024a; 2024b). Therefore, this paper provides an overview of how these technologies have been
used in the survey and the digital modelling of the Franciscan friary and its church, the Church of St. Mary,
in Visegrad for the last three decades. This overview is also relevant because, while medieval building
design and the related issues of theoretical reconstruction have been discussed in the scholarly literature,
the history of digital solutions remained out of focus (FEnER & HarLmos 2015, 251; JoBBIK & KRAHLING
2023). The most recent results of such projects will be published soon.

THE FIRST DIGITAL RECONSTRUCTIONS

The first reconstruction of the Franciscan friary in
Visegrad was created by Gergely Buzas and Maria
Réti in 1989 as part of an image showing the palace
complex as it likely looked at the time of the reign
of King Matthias (Fig. /). The drawing, made with
black ink on tracing paper, was already published in
1990, and it was included in several studies in the
early 1990s (Buzas 1991, 101; BuzAs & SzOKE 1992,
153, 13. kép). This drawing was made based on the
results of archaeological excavations led by Miklos
H¢jj in 1983 and by Matyas Szoke in 1989, which
also served as a starting point for Gyorgy Szekér in
reconstructing the ground plan of the palace and the
friary complex. This ground plan was presented in the first publication of the excavations of the friary in 1994,
together with his reconstruction of the ground plan of the net vault of the chapel (chapter house) (Buzas et al.

Fig. 1. Reconstruction drawing of the Franciscan friary
in Visegrad (by Gergely Buzas and Maria Réti)
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Fig. 2. Reconstructed ground plan of the cloister walk
of the Franciscan friary (by Szilard Papp)

1994, 2/a—b. abrak; 9. kép). The reconstruction draw-
ings by Szilard Papp of the structure of the cloister,
with an orthographic projection of the openings and
the vaulting of the cloister walk, were also published
in that paper (BuzAs et al. 1994, 18-20. képek).
These features could be reconstructed because a sig-
nificant part of the rising walls of the cloister had
been preserved and was exposed by the excavations,
and many of the Gothic carved stone elements of the
collapsed vaulting (ribs, springers, and keystones)
were also found on the floor of the cloister walk. The
original positions of the springers in the surviving
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Fig. 3. Theoretical reconstruction of the vault of the cloister
walk (by Szilard Papp)

walls could also be determined, allowing the original height of the vault to be calculated (Figs. 2-3).
Computer programs offering digital tools for architectural design were already available in the early
1990s. However, these softwares were developed for designing modern architectural structures in the
first place, while creating computer-aided 3D reconstructions of archaeological remains and surveying
and presenting historical architectural structures using digital tools were less advanced and common. The
pathbreaking volume edited by Colin Renfrew, considered the first forerunner of how digital technolo-
gies may be used to create archaeological reconstructions (RENFREw 1997), was not yet published back
then. However, one of the first digital reconstructions of a medieval building has already been available,

Fig. 4. Computer-aided reconstruction of the cloister walk
of the Franciscan friary (by Balazs Holl)

showing the potential of digital technologies by the
example of the recreation of the monastic church
of Cluny. This program was released in 1990, and
its later versions presented the reconstruction of the
enormous church of Cluny III. This project also had
a significant impact on Hungarian research (BuzAs
1995). Considering these examples, the excavated
remains of the cloister of the Franciscan friary in
Visegrad, with its carved stone material, seemed
suitable for a 3D reconstruction, which was carried
out by Balazs Holl (Fig. 4). This reconstruction was
presented first in an article in 1995 (HoLL & LAsz-
Lovszky 1995), and the results were also published
in an English volume on the new investigations in
Visegrad (Buzas et al. 1995, Fig. 201-204).


https://www.dailymotion.com/playlist/xzf11
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Fig. 5. Photo-like rendering of the computer-aided Fig. 6. Image of the computer-aided reconstruction produced
reconstruction (by Balazs Holl) with a plotter (Baldzs Holl)

The 3D reconstruction model of the cloister was made from two-dimensional surveys with an HP 9000-
735 workstation using AutoCAD R12. Its construction started with the rib profiles, the symmetry of which
could be used in the following steps. The ribs were then moved and rotated to their original position in the
ground-plan, thus creating a true spatial model of the vault’s arcs. Relying on the symmetrical structure of the
vault, first, a quarter of the cross vault was reconstructed, and the vaulting was built back from this ‘building
block’ in the following step. The 3D reconstruction of the cloister walk was made by copypasting this single
reconstructed vault unit, which reveals a lot about the technical possibilities offered by the digital tools of the
time (as mentioned above, AutoCAD was not designed to present medieval architectural structures). While
rendering, creating texture for surfaces and facades, and adding the natural environment to the cloister garth
are all automated, built-in functions of a software today, back then, they had to be done manually ‘from
scratch’ (Fig. 5). A drawing of a particular view of the 3D reconstruction of the vault, resembling more hand-
made surveys than digital reconstructions, sheds another light on the very different digital support available
in the era. This drawing was not printed but made using a plotter, a device creating vector graphics on paper
using a pen by digitally moving the paper and the pen at the same time (to obtain multicolour drawings, one
had to change the pens by hand). Many of these technologies are outdated today; accordingly, this image
cannot be digitally recreated because the original file formats cannot be read, and programs cannot be run
anymore. Therefore, the original drawing was scanned to be published here for the first time (Fig.0).

COMPLEX DIGITAL MODELS AND 3D RECONSTRUCTIONS

The building of a fully digital 3D reconstruction of the palace and the friary of Visegrad started in the
second half of the 2000s in preparation for the exhi-
bition entitled Renaissance Visual Treasury of the
Hungarian National Museum, a programme of the
Renaissance Year in 2008. As part of this work,
Gergely Buzas created the first 3D model of the fri-
ary using Archline Xp CAD. The model only pre-
sented the main body of the building in the building
phase, dated to the Jagiellonian Period (Figs. 7-8).
A black-and-white version reworked by Narmer Ltd
of this model was incorporated into the exhibition
(Fig. 9) (Buzas, Orosz & Vasiros 2009, 177, 432,
437), and the first wooden models of the palace and

) i X Fig. 7. The first digital reconstruction of the royal palace and
the friary were also created based on it. The virtual the Franciscan friary (by Gergely Buzds)
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Fig. 8. The first digital reconstruction of the cloister garth Fig. 9. Computer-aided reconstruction of the Franciscan friary in
of the Franciscan friary (by Gergely Buzds) the Renaissance Visual Treasury exhibition in 2008 (by Narmer Ltd)

Fig. 10. Digital reconstruction of the royal palace and the Franciscan friary in the animated film created by Narmer Ltd in 2010

model was developed in the following years, and in 2010, Gergely Buzés presented models of different
building phases of the building complex, including the palace and the friary, with a 3D reconstruction of
the friary’s Sigismund Period building phase. These reconstructions were already textured and coloured
(Fig. 10) in the animated video by Narmer Ltd on the royal palace of Visegrad. The same models were also
published in the archaeological monograph on the palace (Buzas & Orosz 2010) and its English version
published in 2013 (Buzas & LaszLovszky 2013).

SCANNERS AND DIGITAL PROCESSING

Andras Fehér and his team first started working on the site in 2013 as part of the SziMe3D AR research and
development project. Later, the legal successor of the project, Mensor 3D Ltd, continued with the work, the
primary aim of which was to explore the potential of state-of-the-art technologies in the preservation and pres-
entation of cultural heritage. For this reason, several castles, palaces, and excavations were surveyed and digit-
ised using terrestrial laser scanners, and the digital models of hundreds of valuable finds, artefacts in museum
collections, and carved stones were created with structured-light 3D scanners. The work in the Franciscan
friary in Visegrad was considered particularly important as the area had been regularly flooded before the con-
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Fig. 11. Digital reconstruction of the royal palace and the Franciscan friary, 2017 (Pazirik Informatics Ltd)

struction of the dam protecting the town from the Danube. Although the floods were a destructive force, the
sediment layers left behind by them covered and protected the ruins, thus contributing to their preservation.

Therefore, an application featuring this site was submitted to the Cyark 500 Foundation (USA), which
supports projects aimed at surveying and digitising the world’s most endangered heritage sites; the col-
lected data is preserved for eternity in one of the world’s most secure military bunkers. In October 2014,
the project was informed that the Royal Palace of Visegrad, including the friary, have been added to the

Fig. 12. Digital reconstruction of the Franciscan friary, 2017 (Pazirik Informatics Ltd)
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Fig. 13. Digital reconstruction of the church Fig. 14. Digital reconstruction of the cloister garth
of the Franciscan friary, 2017 (Pazirik Informatics Ltd) of the Franciscan friary, 2017 (Pazirik Informatics Ltd)

list of sites to be preserved. During the first surveys, \
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looks of the palace and the friary (Figs. 11-14).

Another project starting in 2021, entitled Renais-

sance of Visegrad, enabled further improving the Fig. 15. Digital reconstruction of cloister walk

3D model of the friary. In 2023, Janos Albert used of the Franciscan friary, 2024 (by Janos Albert)

the 3D scans of the friary by Mensor3D to enhance

the digital model of the last building phase in Archi-

CAD. His work brought novelties in the presentation of the inner spaces of the cloister walk in the first

place (Fig. 15). The project also included new archaeological excavations in 2023-2024; the results of

these call for further development of the 3D model in the near future.

POSSIBILITIES OF APPLICATION AND METHODOLOGICAL ISSUES

The previous research and development project has already yielded important, extensive, and compre-
hensive studies, including the *Inventory and assessment of digitisation technologies in the protection for
different objects and feature types’, ‘Identification and selection of tools for the generation of pixel-based
models calculated from perspective distortion and differences in viewpoint (photogrammetric methods)’,
and A review of processing methods and sofiware tools used in cultural heritage protection. Practical
testing with documentation’. The work carried out in the friary and the lapidary of the museum is often
cited in these works as case studies. One of the outstanding advances of the project was the integration of
the ‘Eva’ handheld scanner by Arctec, a Dutch company, with a rotary table (Fig. 16). This tool had been
used extensively to digitise stone carvings during the archaeological excavation of the medieval cathedral
of Kalocsa. Relying on the experience gleaned there, measuring could be semi-automated, thus speeded up
considerably. When launched in 2012, ‘Eva’ with its software cost $21,200, and it was considered one of the
best commercial devices (i.e. in the category below $50,000). According to the manufacturer, it can capture
18 million points per second at 16 FPS, with an accuracy of 0.2 mm. It is not an easy device to use (only a
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Fig. 16. Scanning the carved stones of the friary using an ‘Eva’ Fig. 17. Scanning the carved stones of the friary using
scanner and a rotary table, 2013 (photo by Andras Fehér) a Breuckmann scanner, 2024 (photo by Andras Fehér)

skilled technician can operate it), as a fixed distance must be maintained from the surface of the object, and
one must ensure that the device has enough time to process information from the scanned area, for which it
must not be moved either too fast or too slow. Also, it is very sensitive to light conditions and the material
of the object to be scanned. Optical scanners generally merge and stitch images from successive frames,
continuously calculating the distance between the scanner and the object. In open spaces and strong sun-
light, the device often ‘loses’ the object during scanning. In such cases, the operator is warned by light and
sound signals. The software processing the measured data also has its knacks, which can only be learned
by working with it for hours. This is why semi-automation, combined with a rotary table, has represented
a major step forward. The Breuckmann scanner, a device that cannot be considered a manual scanner,
although it also generates a model using the structured light technology, was also used in the surveys of
the friary (Fig. 17). It was selected after a thorough market survey comparing and assessing forty different
devices (SziMe3D AR). This scanner is mainly used in mechanical engineering, industrial quality assur-
ance, and laboratories, but its ‘creator® also recommended it for cultural heritage projects. It was applied in
several major projects, including the scanning of Michelangelo’s David, the Laocoon Group in the Vatican
Museum, the Temple of Hadrian at Ephesus, and Angkor-style reliefs in Cambodia. A major Hungarian pro-
ject should also be mentioned: the 3D reconstruction of the Temple of Zeus in Olympia, where the scanner
proved useful (Patay-HorvATH 2011).

The selected Breuckmann StereoScan-HE scanner uses ‘Miniaturised Projection’ for structured light
scanning. With its two CCD cameras, each with a 3296 x 2472 pixel resolution (considered high at the time),
the scanner could produce an eight-megapixel image within a few seconds. The lenses could be changed
depending on the size of the target object. For example, an L-750-type lens with a 605 x 480 mm FOV (field
of view), a 400 mm measuring depth, a 185 um spatial resolution, and a 51 pm feature accuracy was chosen
for the survey of the friary. These parameters were more than suitable for measuring stone carvings accu-
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rately. Measured data were processed using the OPTOCAT program developed by the manufacturer. This
software can build models without guide points but needs human assistance to stitch the individual images.
The generated models can be exported to all common 3D formats, allowing for a wide range of further uses.

An even more advanced scanner was purchased in a subsequent research and development project: a
Hexagon Aicon StereoScan Neo R16, which features two 16-megapixel cameras (4864 x 2032 CCD) and
multicolour LED projection technology. The parameters of its L-type lens are slightly better than of the
previous device. Several optical systems were also purchased for this system to cover the widest possible
range of tasks, from the high-precision scanning of small pieces of jewellery to digitising building parts.

Recently, solutions applying photogrammetry have also become important in such tasks. Although doz-
ens of software packages facilitating the generating of 3D models from photos were available already a
decade ago, the real breakthrough has come since. The potential of photogrammetry was also discussed
in detail in the SZIME3D AR research project: the physical principles behind the basics, the unwanted
phenomena due to differences between cameras and lenses and their flaws, and the shortcomings of the
processing software packages were analysed in numerous several-hundred-page studies. Only a few of the
good software manufacturers of the time have survived to this day. Agisoft, a Russian company, is one of
them; it has grown to be one of the most significant market players. Obviously, photogrammetry could not
have become so widespread without major developments in the design and manufacture of cameras and
lenses, the increase in the computing power of the processing hardware, the emergence of smartphones,
which are excellent imaging tools by themselves, and the explosive development of processing software.
Another factor that has contributed to the rise of photogrammetry is the willingness of younger generations
to embrace technology and their ability to master the related skills. In addition to journals dedicated to pho-
togrammetry, thousands of relevant studies can be accessed today in scientific databases on the Internet. We
do not wish to take a position on whether handheld scanners or photogrammetry yield better results, as both
technologies have their advantages and disadvantages. Solutions considered technically superior failed in
the market several times in the past, and not only due to economic considerations.

CONNECTING DIGITAL SURVEYS AND 3D RECONSTRUCTIONS
OF THE ARCHITECTURAL REMAINS OF THE FRANCISCAN FRIARY

The excavations of the chapel (chapter house) of the Franciscan friary in Visegrad took place in the early
1990s. Of the surviving parts of the former building, the ruins of the chapel in the eastern wing were prob-
ably the easiest to reconstruct. The rectangular space, with three walls corresponding to the sides of an
octagon, once had a net-vaulted ceiling. The results were published in 1994 in a collection of papers on the
architecture of mendicant orders. Gyorgy Szekér made reconstruction drawings of the former vault (Buzas
et al. 1994, fig. 2/b, 6-10). He reconstructed the top view and the one-time shape of the stellar vault, and
published, in a study summarising the result of his reconstruction work, the survey drawings of the two
most important rib nodes and a reconstruction of one of the keystones. The paper also contained a complete
reconstructed floor plan with indications of the assumed positions of the nodes. A fragment found on the
site proved that the vault’s springers enclosed V-shaped spandrels (Fig. /8). As the remains of the vault
were found in the excavation where they had fallen upon collapsing, it was possible to estimate the exact
positions of the nodes. The vaulting’s basic design was common at the time, but this stellar net vaulting was
constructed with particular care. Interestingly, this vault type was part of the practical training of master
builders as late as the 17th century (Maissen 2019, 71-72) (Fig. 19). In the SziMe3D AR project, Balazs
Szoke created a 3D model and a digital reconstruction of this vault (Figs. 20—23), in which the digitised
and modelled original architectural elements appear in their original places; his model is also suitable for
anastylosis (CANCIANI et al. 2013).

He started with digital models of stone carvings made using structured light projection technology and a
triangle mesh created from the survey point grids, which could then be used as an object in DWG files. Con-
sidering the possibilities of the available software environment, models with a resolution limited to 1% of
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10.

6. A templomszentély bordacsomopontja. 7. a. A templomszentély egyenes alaprajzi vetiiletii
bordainak profilja b. A templomszentély térgirbe bordainak profilja. 8. a. A keleti
kolostorszarnyban lévo kapolna nyugati szakaszanak zarokove b. A két csomoponti tipus.
9. A kapolna rekonstrualt boltozata. 10. A kiapolna bordaprofilja.

Fig. 18. Theoretical reconstruction of the chapel (chapter house) of the Franciscan friary (by Gyorgy Szekér)

the survey accuracy were used for visualisation; this still provided significantly more accurate results than
any previous one. The CAD model was based on digitally surveyed carved stone elements (e.g., rib profiles
were calculated as the average of the measured ones to mitigate differences rising from them having been
crafted by hand) and followed the technical principles of the structure, only correcting for the irregularities
of the floor plan. The chapel’s floor plan is almost regular, with only minor differences between the angles
at some points. The digital models of the stone carvings (measured by structured light projection) were
placed in the CAD model after deleting their places in the virtual structure. The idealised model and the
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Fig. 20. Digital survey of a node from the chapel
of the Franciscan friary, SziMe3D AR project

Fig. 19. Model of a vaulting. Masterwork from the 17th
century in the collection of the Bamberg Historical Museum
(after MAISSEN 2019)

Fig. 22. Digital survey of a node from the chapel
of the Franciscan friary, SziMe3D AR project

Fig. 21. Digital survey of a node from the chapel
of the Franciscan friary, SziMe3D AR project

£

Fig. 24. Computer-aided theoretical reconstruction
of the chapel of the Franciscan friary. The digitised

Fig. 23. Computer-aided theoretical reconstruction carved stone elements of the vault are marked in red.
of the chapel of the Franciscan friary (by Balazs Szoke) SziMe3D AR project
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digitised fragments matched fairly well, with only minor differences due to irregularities of the carved stone
surfaces. As a result of modelling, the one-time built space could be presented in its former glory. Besides,
it could be proven that anastylosis can be a suitable solution for reconstructing ancient monuments as well
as modelling medieval vaulted structures (Fig. 24), as also illustrated by the partial 3D reconstruction by
Gyorgy Szekér of the identical net vault’s rib structure of the sanctuary of the church in Nagyszekeres. 3D
models containing digitised images of existing carved stone elements can help the general public see and
understand the original structures and demonstrate the correctness of theoretical reconstruction drawings.

As the examples above illustrate, the excavated relics of the Franciscan friary in Visegrad and their
surveys can be used as a guideline in summarising the digital surveys and 3D reconstructions made of cul-
tural heritage elements in Hungary in the past three decades, as well as the evolution and spread of digital
technologies in archaeology.
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