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SUMMARY

This article presents the results of a comprehensive 3D documentation and modeling of the ruined
Church of the Nativity of the Blessed Virgin Mary in the village of Vyazivka, Zhytomyr Oblast—an
architectural monument of national significance that was damaged as a result of Russian aggression in
2022. To spatially document the site, data from terrestrial laser scanning, terrestrial digital
photogrammetry, and aerial surveying were integrated. The field data included 30 laser scanning
stations and 776 photogrammetric images, of which 407 were obtained through terrestrial imaging
and 369 via aerial surveying. Data processing was performed in Trimble RealWorks, RealityCapture,
and Autodesk Revit. As a result, an integrated point cloud, a high-resolution textured mesh model, a
digital elevation model, orthophoto plans of the facades, and a set of graphical documentation of the
structure’s current condition were generated. The accuracy of data registration using ground control
points (GCPs) was within 5 mm. The results confirm the effectiveness of the combined use of laser
scanning and photogrammetry for the metrically accurate digital documentation of ruined wooden
architecture. The generated digital data can be used for technical analysis, restoration planning,
physical rebuilding, and virtual reconstruction of the monument.
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Introduction

The Church of the Nativity of the Blessed Virgin Mary in the village of Vyazivka, Zhytomyr Oblast,
built in 1862, is an architectural monument of national significance. As a result of a direct hit during
the Russian invasion in the spring of 2022, the church sustained critical damage. The surviving
fragments of the wooden structures provide important information about the monument’s original
configuration and require prompt spatial documentation for further research, restoration, and possible
reconstruction. The need for such documentation is also driven by the rapid degradation of the wood
due to environmental factors, which could lead to the loss of authentic structural elements (Yilmaz et
al., 2026). The preservation of damaged cultural heritage sites amid full-scale war is a critical task for
modern engineering geodesy and heritage conservation efforts (Danyliv et al., 2026).

Traditional geodetic measurements, terrestrial laser scanning, and photogrammetric methods are used
to survey and spatially document damaged historic structures. Terrestrial laser scanning provides
highly accurate three-dimensional geometric information, while photogrammetry enables detailed
documentation of the object’s surface and texture. The integrated use of these technologies enables
the creation of metrically accurate 3D models of damaged structures and structural elements (Danyliv
et al., 2026). The application of 3D modeling for documenting and virtually reconstructing historical
sites has been demonstrated in a study of fortification heritage (Savchyn & Repechovych, 2024),
while geodetic methods have also been effectively used to record geometric changes and deformations
in structures (Savchyn et al., 2025).

The aim of this study is to provide comprehensive 3D documentation and modeling of the ruined
Church of the Nativity of the Blessed Virgin Mary in the village of Vyazivka, based on the integration
of terrestrial laser scanning and photogrammetric survey data, in order to document the surviving
structures and create a digital foundation for the monument’s future preservation, restoration, and
virtual reconstruction.

Method

To achieve this goal, a comprehensive approach combining terrestrial laser scanning, terrestrial digital
photogrammetry, and aerial surveying was employed (Oprea et al., 2026; Danesh & Rajabi, 2022). The
combination of these methods provides complementary spatial information about the object: terrestrial
laser scanning generates highly detailed three-dimensional geometric data (Borkowski & Kubrat, 2024),
while digital photogrammetry and aerial surveying provide visual and textural information and enable
the documentation of areas inaccessible to laser scanning (Petry & Becker, 2022; Luhmann et al., 2023;
Heidarimozaffar & Hosseini, 2026).

Terrestrial laser scanning was performed using a Trimble TX6. The scans covered the preserved
facades, wooden structures, and accessible areas of the interior of the ruined church. Aerial surveying
was performed using a DJI Air 2S UAV, with the primary goal of capturing the upper parts of the
structure, the roof, and the surrounding area for the subsequent creation of orthophoto plans. Terrestrial
photogrammetric surveying was conducted using a Canon 60D camera to capture detailed images of the
surfaces and structural elements of the building.

To ensure a unified geodetic coordinate system and the spatial alignment of results obtained from
different survey methods, ground control points (GCPs) were established at the site. The coordinates of
the control points were determined using a Stonex S700A GNSS receiver operating in RTK mode. The
obtained coordinates were used for geodetic referencing and for integrating the laser scanning, terrestrial
photogrammetry, and aerial survey data into a single spatial model.

Data

During the documentation of the ruined church, a set of spatial data was collected using terrestrial
laser scanning, terrestrial digital photogrammetry, and aerial surveying. Terrestrial laser scanning was
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performed from 30 stations using a Trimble TX6. Data were obtained on the geometry of the
preserved facades, wooden structures, interior space, and debris. Terrestrial digital photogrammetry
yielded 407 images taken from various angles. The spatial resolution of the images was 1-2
mm/pixel. The forward overlap of the images was at least 80%, and the side overlap was 70%. Aerial
surveying using a DJI Air 2S UAV yielded 369 images with a spatial resolution of 3—5 cm/pixel. The
imagery covered the roof, the upper parts of the structure, and the surrounding area. The collected
dataset was subsequently used to construct the 3D models.

Results

The field data were processed using Trimble RealWorks, RealityCapture, and Autodesk Revit. Each
software program was used for a specific stage in the creation of the digital model: laser scan data
processing, photogrammetric reconstruction, and subsequent 3D modeling of structural elements.

In Trimble RealWorks, terrestrial laser scan data were processed, individual scans were registered, and a
unified point cloud of the object was generated. The resulting point cloud represents the geometry of the
preserved parts of the church, the interior space, and fragments of destroyed structures.

Terrestrial and aerial photographs were processed in RealityCapture. Based on these data, a
photogrammetric model and point cloud were generated, followed by alignment with the laser scanning
data using GCPs. The accuracy of the mutual alignment of the obtained datasets was within 5 mm.
Additionally, a high-resolution mesh model Figure 1 was generated from the photogrammetric data and
textured Figure 2. The resulting photorealistic model provides a detailed visual representation of the
preserved wooden structures, collapsed beams, and remnants of the dome. Orthophoto plans were also
created for individual facades, providing metrically accurate representations of their surfaces.

Based on the integrated point cloud and photogrammetric data, a 3D model of the ruined church was
created in Autodesk Revit, and a set of graphical materials was prepared to document its current
condition. A site plan was generated at a scale of 1:200, showing the recorded locations of fallen
and displaced structural fragments Figure 3. A building plan was created at a scale of 1:50,
indicating the fallen debris, the four facades (north, east, south, and west), and two cross-sections—
a longitudinal section and a transverse section through the transept. In addition, orthophoto plans of
the four facades were created based on the integrated laser scanning and photogrammetric data
Figure 4.

To assess the completeness of the spatial coverage, a data coverage map was generated, highlighting
areas of full and partial coverage, sections covered by tarpaulins or not captured, as well as interior
areas inaccessible for surveying. This set of materials provides metrically accurate documentation of
the monument’s current condition and can serve as a geometric baseline for future restoration and
reconstruction.
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Figure 3. General site plan at a 1:200 scale Figure 4. Facade plans

Discussion

The results confirm the effectiveness of the integrated use of terrestrial laser scanning and digital
photogrammetry for documenting a ruined wooden structure. Compared with traditional
surveying methods, particularly total station surveying, this integrated approach provides a
significantly denser spatial representation of the object while simultaneously capturing its
geometric and visual characteristics. This is particularly important for ruined structures, where a
significant portion of the remains has complex and irregular geometry.

The main difficulties encountered during the creation of the 3D model were related to the specific
characteristics of the site, including the chaotic arrangement of wooden debris, overlapping elements,
shadows, and the presence of vegetation. Such conditions can cause local noise and artifacts during
mesh generation (lakovaki et al., 2026). The use of images with high overlap and the integration of
photogrammetric data with laser scanning made it possible to minimize these limitations and ensure
more complete reconstruction of the structure’s complex geometry.

Unlike the surveying of conventional buildings and infrastructure, documenting ruined wooden
architecture requires a higher level of spatial detail. High-resolution data are essential for capturing
individual elements of the timber log structure, joints, and signs of damage that may be relevant to
future restoration (Olukoya et al., 2025). The resulting digital model and set of orthophoto plans can
be considered a metrically accurate basis for further analysis, restoration planning, and virtual
reconstruction of the monument.

Conclusions

As a result of this study, comprehensive 3D documentation and modeling of the ruined wooden
Church of the Nativity of the Blessed Virgin Mary in the village of Vyazivka were carried out
based on the integration of data from terrestrial laser scanning, terrestrial photogrammetry, and
aerial surveying. A 3D model, a photorealistic mesh model, a digital elevation model, orthophoto
plans of the facades, and a set of as-built drawings depicting the structure’s current condition
were created. The resulting materials provide metrically accurate digital documentation of the
monument and can be used for further technical analysis, restoration planning, rehabilitation, and
virtual reconstruction. The proposed approach has demonstrated its practical effectiveness and
can be applied to the documentation of other damaged wooden cultural heritage sites.

International Conference of Young Professionals “GeoTerrace-2026”
5-8 October 2026, Lviv, Ukraine



Geo EAGE

Terrace
Conference

References

Borkowski, A. S., & Kubrat, A. (2024). Integration of Laser Scanning, Digital Photogrammetry and
BIM Technology. A Review and Case Studies. Eng, 5(4), 2395-2409.

Danesh, M. M., & Rajabi, A. (2022). Importance of digital techniques of documentation for the
conservation of cultural heritage. In Conservation of Architectural Heritage (pp. 415-425). Cham:
Springer International Publishing.

Danyliv, N., Savchyn, 1., Serebrianskyi, D., & Austin, T. (2026). Methodology for collecting and
processing data to diagnose the technical condition of a building: A case study of the State Tax
University in Irpin (Ukraine). AVN — Allgemeine Vermessungs-Nachrichten, 133(1), 16-25.
https://doi.org/10.14627/avn.2026.1.2

Heidarimozaffar, M., & Hosseini, S. A. (2026). Documentation of cultural heritage using the
integration of UAV photogrammetry and close-range photography (Case Study: Alavian Dome).
Digital  Applications in  Archaeology and  Cultural  Heritage, 42, e00556.
https://doi.org/10.1016/j.daach.2026.e00556

lakovaki, E., Konstantakis, M., Giaourtsakis, 1., Rentoumi, E., Protopapas, D., Psarras, C., &
Koskeridou, E. (2026). When Reality Meets Practice: Challenges and Pitfalls in 3D Digitization
Using Structured Light Scanning and Photogrammetry in Cultural Heritage. Information, 17(3),
237. https://doi.org/10.3390/info17030237

Luhmann, T., Robson, S., Kyle, S., Boehm, J. (2023). Close-Range Photogrammetry and 3D Imaging.
4" ed., Walter de Gruyter, Berlin, 820 p.

Olukoya, O. A., Olukoya, O., & Haruna, R. G. (2025). The architectural documentation of British
colonial prefabricated wooden heritage: A case study of a Nigerian national monument.
Architecture, 5(4), 113. https://doi.org/10.3390/architecture5040113

Oprea, R. L., Badea, A. C., & Badea, G. (2026). Multi-source 3D documentation for preserving
cultural heritage. Applied Sciences, 16(4), 1834. https://doi.org/10.3390/app16041834

Petry, M.; Becker, T. (2022): Photogrammetrische Vermessung im Katastrophengebiet Ahr. avn, 5
(129), 189-202

Savchyn, 1., & Repechovych, S. (2024, October). Historical virtual reconstruction of Przemysl
Fortress forts using geodetic methods: the case of 1/4 Maruszka Las Fort in Ukraine. In
International Conference of Young Professionals «GeoTerrace-2024» (Vol. 2024, No. 1, pp. 1-5).
https://doi.org/10.3997/2214-4609.2024510027

Savchyn, I, Lozynskyi, V., Romanyshyn, O., & Malanchuk, M. (2025, October). Geodetic
monitoring of roof deformations in repurposed structures: A case study from Rivne, Ukraine. In

Proceedings of the International Conference of Young Professionals GeoTerrace-2025 (pp. 1-5).
https://doi.org/10.3997/2214-4609.202552020

Yilmaz, S., Imamoglu Yilmaz, E., Yavru, T. E., Bas, G. Y., & Aydin, C. (2026). Deteriorations in
historical wooden buildings and contemporary solution suggestions: the example of Catherine
Hunting Lodge. International Journal of Building Pathology and Adaptation, 44(3), 618-637.
https://doi.org/10.1108/IIBPA-05-2024-0115

International Conference of Young Professionals “GeoTerrace-2026”
5-8 October 2026, Lviv, Ukraine



