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Abstract

The article presents the role and process of digitization of cultural heritage resources using the
example of a parish church in Borowno, Poland, built in 1845-1846. It is an impressive neo-
Baroque building, single-nave, with a semicircularly closed presbytery and a two-tower facade.
The Trimble X7 3D laser scanning system was used to inventory the object, which enabled
precise mapping of geometry in the form of a point cloud. The obtained data was analyzed in
terms of scanning quality, accuracy of mapping architectural details, and the possibility of their
further use in conservation documentation and 3D modeling. The results of the analysis showed
that 3D laser scanning technology is an effective tool for inventorying historic objects, enabling
their detailed analysis and archiving in digital form.
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Introduction

Protection of cultural heritage resources is one of the key challenges of modern times,
encompassing not only securing monuments but also their documentation and archiving in digital
form. With the development of information technology, digitization technology using a 3D laser
scanning system, which enables faithful reproduction of the geometry of objects, is becoming
increasingly important in the process of inventory and conservation of historical objects. One of
the most advanced tools in this area is terrestrial laser scanning 3D TLS (Terrestrial Laser
Scanning), which is widely used in the field of protection and conservation of cultural heritage
resources [1, 2].

TLS technology allows for quick and accurate acquisition of spatial information in the
form of a point cloud, which is the basis for creating 2D documentation, 3D models, and
engineering and conservation analyses [3]. The authors in their works [4-9] have shown that 3D
laser scanning significantly increases the efficiency of architectural inventory work while
minimizing the risk of omitting important architectural details. In addition, the digital form of
data allows for their archiving and reuse in the future, both for scientific, educational, and
reconstruction purposes.
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The literature also emphasizes the important role of digitization in the context of threats
to cultural heritage, such as natural disasters, armed conflicts, or material degradation [10].
Examples of the use of scanning technology in the documentation and conservation of
monuments can be found in numerous studies and projects, such as the documentation of the
clock tower in Tirana, the facade of the Church of St. Nicholas in Pisa, or the Palace in Seri
Menanti [11-13].

This article presents the process of digitalization of a historic parish church in Borowno,
Poland, an example of a religious building of high historical and architectural value, entered into
the register of monuments under the number PL.1.9.ZIPOZ.NID N 24 BK.95148 [14, 15]. The
Trimble X7 3D laser scanning system was used for the inventory, and the aim of the work was to
assess the accuracy of detail reproduction and the potential use of data in conservation
documentation and 3D modeling.

Characteristics of the scanned cultural heritage object

The Church of St. Lawrence is a parish church of the Roman Catholic parish of the same
name, which is located in the Ktomnice deanery belonging to the Cz¢stochowa Archdiocese,
located in the town of Borowno in Poland. The single-nave church was built in the neo-Baroque
style on the site of former churches in the years 1845-1846 and rebuilt in the years 1885-1901. It
has one nave and a semicircularly closed presbytery, in which there are valuable polychromes.
The facade of the church is decorated with two quadrangular towers rising to a height of 50m.
The main entrance to the church is from the side of the towers, and it is entered through iron doors
from the beginning of the 20" century. The church's equipment includes the following from the
end of the 19" century: a baptismal font, pulpit, two impressive chandeliers, and confessionals.
The church has a main altar with a historic tabernacle and two side altars. The paintings in it are
valuable, especially the 17"-century painting of Our Lady of the Scapular and Child and the silver
dresses decorating it, also from the 17" century, as well as paintings of Our Lady of Loreto, the
Scourged Lord Jesus, the patron saint — St. Lawrence—and a painting dedicated to the Sacred
Heart of Jesus [16, 17]. Due to the condition of the roof truss and roof covering, in 2025, the
renovation of the roof and replacement of the roof covering began. The current view of the church
from the outside is shown in Figure 1, and the inside in Figure 2.

Fig. 1. View of the church from the outside. Drone photo taken on April 17, 2025
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Fig. 2. View of the church interior. Photo taken on March 27, 2025

Methodology and scope of digitization using a 3D laser scanning system

The Trimble X7 3D laser scanning system, shown in Figure 3, was used for the
measurements. It is a tool for analyzing objects and their surroundings in the real world, which
provides all data on shapes and dimensions in the form of a point cloud. The collected information
is necessary to create correctly mapped 2D documentation and a 3D model in digital form. Due
to its operation, this process eliminates the need for physical contact with the measured form,
which allows us to avoid any damage or human errors. In addition, the scanner is characterized
by high measurement accuracy and the ability to work in difficult lighting conditions. The scanner
is equipped with an automated leveling system, with a measurement range of up to 80m with a

measurement accuracy of £2mm at a distance of 20m and a scanning speed of up to 500,000
points per second.

Fig. 3. Trimble X7 3D Laser Scanning System

On March 27, 2025, the entire facility was scanned from the outside and all rooms inside,
including the roof truss structure. Spatial scanning was performed from a total of 69 measurement
stations arranged in such a way that every detail of the building was fully mapped, which allowed
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obtaining a full point cloud representing the geometry of the facility. The data from the scan was
processed in specialized Trimble RealWorks software, which allows for the registration and
merging of point clouds, noise filtering, and analysis of the accuracy of the mapping of
architectural details. Figure 4 shows a general view of the obtained point cloud, while Figure 5
shows a top view with marked measurement stations. From the 69 scans performed, a point cloud
was obtained with a measurement error of 1.48mm.

Fig. 5. Top view with measuring stations marked in orange

Analysis of the obtained data

The obtained point cloud was processed in Trimble RealWorks software, removing
unnecessary elements of the surroundings and obtaining a point cloud of the church building itself.
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The data obtained showed high quality of the building geometry mapping, allowing for precise
geometric measurements. Based on the obtained data, a set of visualizations was generated,
including a view of the church building in a perspective projection presented in Figure 6.

Fig. 6. Point cloud of the church building in perspective projection

Analyzing the point cloud view, one can see the complete body of the church. The spatial
model faithfully reproduces the main architectural features of the building, including the two-tower
front fagade and the nave body. The lower part of the fagade has been reproduced with high
accuracy, which allows for clear distinction of elements such as columns, cornices, window niches,
and stucco details. The high point density allows for faithful reproduction of architectural details,
which allows for their further use in 3D modeling and preparation of conservation documentation.
The quality of the reproduction in most areas is very good, although local interference with the
presence of scaffolding is noticeable, which affects the limited visibility of details and reduces the
precision of the reproduction. Limitations also appear in the highest parts of the towers, where
access of the laser beam was difficult, which results in less data. Despite these imperfections, the
obtained 3D model is a sufficient source of information about the geometry of the object. In
addition, elevation projections and cross-sections of the building were generated from the obtained
point cloud; they are presented in Figure 7.

Analyzing the views of the southern elevation (Fig. 7a) and northern elevation (Fig. 7c),
one can notice the high quality of the reproduction of the surface of the walls, windows, and
architectural details. However, the visible scaffolding prevented the walls from being fully
scanned. The fort elevation (Fig. 7b) perfectly reflects the symmetry of the composition of the
facade with two towers and centrally located entrance doors. The architectural details were
reproduced with great accuracy, which allows their reconstruction in digital 3D form. The
longitudinal section through the nave (Fig. 7d) allows for the assessment of the spatial structure
of the interior, the arrangement of the vaults, the arrangement of the windows and architectural
proportions, as well as the construction of the wooden roof truss. The view from above (roof plan
Fig. 7e) shows the geometry of the roof covering, the arrangement of the towers, and their spatial
relations to the body of the main nave and the presbytery. The ground floor plan (Fig. 7f) allows
for the development of a precise architectural plan of the church. The obtained point cloud is
sufficient to develop 2D architectural documentation and a 3D model, which allows for their
further use in conservation projects, structural analyses, and even popularization of heritage in
digital space. At each position of the measuring station, the scanner takes a high-resolution
panoramic photo with a range of 360°, which allows for faithful spatial reproduction of visual
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elements of the surface, such as frescoes. The view of the panorama from the interior of the church
is shown in Figure 8.

—_—
20000.00 mm

Fig. 7. Projections and point cloud views of the scanned church:
a) south elevation; b) front elevation; c) north elevation; d) vertical section along; e) top view; f) ground floor plan

Fig. 8. 360° panorama from inside the church

Spherical panoramas from each position of the measuring station constitute an important
supplement to the digital documentation of the object, enabling virtual representation of the
internal space and identification of details. The recorded photographic data enable
synchronization with the point cloud, enriching the model with photorealistic texture and visual
context for the purposes of archiving or designing conservation works.
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Conclusions

The point cloud obtained using 3D laser scanning technology, using the example of a
historic church in Borowna in Poland, confirmed its effectiveness in the process of digitizing
cultural heritage resources. The digitization carried out will enable the creation of detailed
architectural documentation of a sacral object of high historical value. Based on the obtained
point cloud, it will be possible to create projections, sections, and visualizations of the elevation,
which allow for, among others, a precise analysis of the geometry and spatial layout of the object,
identification of architectural details requiring conservation, and archiving the state of the
monument in digital form, which is of great importance in the context of protecting cultural
heritage. 3D laser scanning allows not only for faithful reproduction of historic objects, but also
for their archiving, documentation, and the possibility of making them available in digital form,
which is a significant support for conservation activities. Despite certain limitations resulting
from terrain and structural conditions, 3D scanning technology has been confirmed as an effective
tool for the inventory of architectural monuments.

In summary, the collected data also enable the preparation of three-dimensional models,
reconstruction of historical details, and can serve as reference material when planning future
conservation works.

References

[1] F. Remondino, A. Rizzi, Reality-based 3D documentation of natural and cultural heritage
sites-techniques, problems, and examples, Applied Geomatics, 2, 2010, pp. 85-100.
https://doi.org/10.1007/s12518-010-0025-x.

[2] S. G. Barsanti, F. Remondino, D. Visintini, 3D Surveying and Modeling of Archaeological
Sites — Some Critical Issues, Remote Sensing and Spatial Information Sciences, II-5
2013, pp. 145-150. https://doi.org/10.5194/isprsannals-11-5-W1-145-2013.

[3] W. Boehler, A. Marbs, 3D scanning and photogrammetry for heritage recording: a
comparison, International Archives of Photogrammetry and Remote Sensing, 34(5),
2004, pp. 291-296.

[4] M. Cabrelles, S. Galcera, S. Navarro, J. L. Lerma, T. Akasheh, N. Haddad, Integration of 3D
Laser Scanning, Photogrammetry and Thermography to Record Architectural Monuments,
The International Archives of the Photogrammetry, Remote Sensing and Spatial
Information Sciences, 38(5), 2022, pp. 568-572.

[5]S. Bryndza, U. Marmol, N. Borowiec, 3D Modelling of the Svetovid Statue from Zbrucz Based
on Integrated Photogrammetric and Laser Data, International Journal of Conservation
Science, 15(4), 2024, pp. 1713-1730. DOI:10.36868/1JCS.2024.04.09.

[6] Y. N. H. Lukito, Documenting vernacular heritage with 3D scanning technology: The case
of Wae Rebo village, Manggarai, Indonesia, Digital Applications in Archaeology and
Cultural Heritage, 37, 2025, Atrticle Number: e00416,
https://doi.org/10.1016/j.daach.2025.00416.

[7] A. Kompoti, A. Kazolias, V. V. Panagiotidis, N. Zacharias, 3D Laser Scanning and UAVs in
cultural heritage: The case of Old Navarino castle in Pylos, Greece, Journal of
Archaeological Science: Reports, 52, 2023, Article Number: 104223,
https://doi.org/10.1016/j.jasrep.2023.104223.

[8] S. Laoues, N. Attari, S. Mauné, Reconstruction of the route and characterization of the El
Habel tunnel of the Toudja Roman aqueduct (Algeria) using 3D laser scanning technology,
Digital Applications in Archaeology and Cultural Heritage, 34, 2024, Article Number:
€00352, https://doi.org/10.1016/j.daach.2024.¢00352.

http://www.ijcs.ro 1839


https://doi.org/10.1007/s12518-010-0025-x
https://doi.org/10.5194/isprsannals-II-5-W1-145-2013
https://doi.org/10.1016/j.daach.2025.e00416
https://doi.org/10.1016/j.jasrep.2023.104223
https://doi.org/10.1016/j.daach.2024.e00352

P. PALACZ et al.

[9] M. M. Shanoer, F. M. Abed, Evaluate 3D laser point clouds registration for cultural heritage
documentation, The Egyptian Journal of Remote Sensing and Space Science, 21(3),
2018, pp. 295-304, https://doi.org/10.1016/].ejrs.2017.11.007.

[10] Y. Alshawabkeh, M. El-Khalili, E. Almasri, F. Bala’awi, A. Al-Massarweh, Heritage
documentation using laser scanner and photogrammetry. The case study of Qasr Al-Abidit,
Jordan, Digital Applications in Archaeology and Cultural Heritage, 16, 2020, Article
Number: e00133. https://doi.org/10.1016/j.daach.2019.e00133.

[11] L. Arli, A. Freskida, 3D Documentation of Cultural Heritage Using Terrestrial Laser
Scanning, Journal of Applied Engineering Science, 22(2), 2024, pp. 267-271. DOI:
10.5937/jaes0-50414.

[12] M. Lezzerini, F. Antonelli, S. Columbu, R. Gadducci, A. Marradi, D. Miriello, L. Parodi, L.
Secchiari, A. Lazzeri, Cultural Heritage Documentation and Conservation: Three-
Dimensional (3D) Laser Scanning and Geographical Information System (GIS) Techniques
for Thematic Mapping of Facade Stonework of St. Nicholas Church (Pisa, Italy),
International Journal of Architectural Heritage, 10(1), 2016, pp. 9-19.
https://doi.org/10.1080/15583058.2014.924605.

[13] Ch.S. Chin, O.Ch. Wei, H. Setan, Z. Majid, Terrestrial Laser Scanning for Cultural Heritage
Documentation. Case Study: The Old Palace, Seri Menanti, Conference: Proceedings, 11%
South-East Asian Survey Congress (SEASC) & 13 International Surveyors’ Congress
(ISC), Kuala Lumpur, 22-24 June 2011.

[14] * * * https://zabytek.pl/pl/obiekty/borowno-kosciol-par-pw-sw-
wawrzynca/dokumenty/PL.1.9.ZIPOZ.NID N 24 EN.358849/1 [accessed 24.04.2025].

[15] * * * https://zabytek.pl/pl/obiekty/borowno-kosciol-par-pw-sw-
wawrzynca/dokumenty/PL.1.9.ZIPOZ.NID N 24 EN.358852/2 [accessed 24.04.2025].

[16] * * * https://odtur.pl/atrakcje/borowno-kosciol-pw-sw-wawrzynca-w-borownie-10368.html
[accessed 24.04.2025].

[17] * * *, https://mykanow.pl/zabytki/ [accessed 24.04.2025].

Received: April 20, 2025
Accepted: November 10, 2025

1840 INT J CONSERYV SCI 16, 4, 2025: 1833-1840


https://doi.org/10.1016/j.ejrs.2017.11.007
https://doi.org/10.1016/j.daach.2019.e00133
https://doi.org/10.1080/15583058.2014.924605
https://mykanow.pl/zabytki/

