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Abstract. The article describes a comprehensive approach to obtaining and

processing data after terrestrial laser scanning of an architectural monument and
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creating a BIM model of a fragment of the facade of a historic building — the First
Building of the Igor Sikorsky Kyiv Polytechnic Institute. In the course of this work,
modern methods of spatial fixation of the object under study were used, including high-
precision 3D scanning with a Leica ScanStation C10 scanner, point cloud registration,
data filtering, and the results of their further processing in Leica Cyclone REGISTER
360 and Autodesk ReCap software, and the construction of an informational 3D model
of this building in the Autodesk Revit environment.

Foreign and domestic experience in performing such work has been analyzed. It
has been shown that one of the most effective methods of spatial documentation is
terrestrial laser scanning (TLS), which provides a high-precision point cloud that
reflects the actual shape of an object with an accuracy of several millimeters.
International studies show that Scan-to-BIM technology is key in the processes of
digital restoration and planning of reconstructions of historical objects. It is noted that
Ukraine lacks systematic applied research that would combine these technologies into
a comprehensive algorithm for specific historical and architectural objects. This
circumstance indicates the practical importance of this research and the need for
further development of methods for documenting historical facades using modern
geodetic and geoinformation technologies.

The article pays particular attention to ensuring high data accuracy, station
registration algorithms, scan parameter selection, and the potential for further use of
the model in restoration work, technical condition monitoring, and digital
conservation of cultural heritage objects. The LOD 300 model confirms the possibility
of high-quality reproduction of the geometry of historical objects using Scan-to-BIM
technology in the Ukrainian context.

Keywords: terrestrial laser scanning, point cloud, TLS, BIM model, Scan-to-
BIM, digital preservation, historic building, architectural heritage, Autodesk Revit,
Leica ScanStation CI10, point cloud registration, Cyclone REGISTER 360, HBIM,
facade restoration, 3D modeling, geodetic documentation, information modeling,

measurement accuracy, LOD 300, digital reconstruction.



Relevance of the study. In today's world, preserving Ukraine's architectural and
historical-cultural heritage is super important. Russia's military aggression, the
physical deterioration of buildings, not enough money for restoration work, and the
lack of systematic digital documentation are leading to the loss of unique architectural
sites that are part of our national cultural heritage. The high risk of destruction of
buildings under the influence of external factors requires the introduction of new
technologies for recording their actual condition, which are capable of ensuring the
long-term preservation of information about the geometry, structural features, and
architectural details of historical objects.

One of the most effective methods of spatial documentation is terrestrial laser
scanning (TLS). It provides a highly accurate point cloud that reflects the actual shape
of an object with an accuracy of several millimeters. The collected data allows for the
digital preservation of monuments, the creation of comprehensive information models,
the analysis of deformation processes, and the planning of restoration measures. In
conditions of military action, such digital models can become the only source of
information about the original appearance of an object in the event of its partial or
complete destruction [4; 5].

The use of BIM technologies significantly expands the possibilities for analyzing
and recreating architectural objects. The combination of point clouds with parametric
modeling allows you to create 3D models of LOD 300 and above, which not only
reflect geometry but also provide the ability to add information attributes, integrate
design data, and further use the model for restoration, scientific, or design purposes.
International studies indicate that Scan-to-BIM technology is key in the processes of
digital restoration and planning of reconstructions of historical objects, especially those
with complex architectural plasticity, numerous decorative elements, and surface
irregularities [9; 10].

In the context of the growing need for digital inventory of architectural
monuments in Ukraine, the development and practical application of methods for
creating BIM models of historical facades based on laser scanning is relevant and in

line with global trends in the industry. The use of such technologies contributes to the



efficiency of repair work, ensures the reliability of geometric information, and creates

a solid foundation for the preservation of cultural heritage in the face of modern threats.

Review of recent studies and publications. In global scientific literature, the
issue of three-dimensional documentation of historical objects and the creation of their
digital models based on laser scanning has been studied for over two decades. A
significant contribution to the formation of the theoretical and methodological
foundations of digital recording of architectural heritage was made by the works of M.
Murphy, S. Pavia, and E. McGovern, in which the concept of HBIM (Historic Building
Information Modeling) was proposed and the use of BIM modeling for the
reconstruction and restoration of historical buildings was justified [1].

The studies by F. Remondino and A. Rizzi examine in detail the processes of
combining terrestrial laser scanning and photogrammetry, which allow the creation of
high-precision digital copies of architectural objects, including complex facade
structures, decorative elements, and cultural heritage objects [2]. The authors
emphasize that the use of point clouds in combination with modern modeling
algorithms provides the accuracy required for restoration work.

R. Volk, J. Stengel, and F. Schultmann made a significant contribution to the
study of the possibilities of BIM technologies for modeling existing buildings. They
systematized the advantages and limitations of BIM application in the reconstruction
of various types of structures and emphasized the importance of using TLS data to
create as-built models [3]. These works emphasize that the accuracy of the initial
geodetic data is a key condition for further parametric modeling.

The studies by C. Dore and M. Murphy separately emphasize the importance of
automating the processes of detecting facade elements in point clouds and transforming
them into BIM objects [4]. The authors point out that the creation of algorithms for
recognizing architectural forms is of great importance for speeding up the modeling
process and increasing the accuracy of digital reconstruction.

The works of S. Fai, N. Graham, and their co-authors focus on the practical

application of laser scanning to create high-precision digital copies of historic



buildings, museums, and architectural complexes, emphasizing the importance of
complete coverage of the object, correct adjustment of the scanning density, and
accuracy of recording the obtained data [5].

Among the works devoted to the use of BIM in cultural heritage preservation, a
significant place is occupied by the review by S. Bruno, M. De Fino, and F. Fatiguso,
which examines the possibilities of HBIM as a tool for comprehensive documentation
and management of historic buildings [6]. The authors note that HBIM models can
combine geometric and attributive information, providing a holistic approach to the
reconstruction of architectural objects.

Recent studies in 2024 have focused on integrating HBIM with methods for
analyzing damage and the state of preservation of historical objects. For example, L.
Zhuo and co-authors propose a multidimensional approach to analyzing damage to
architectural heritage objects based on combining TLS data, optical images, and
structural parameters in an HBIM environment [13]. The authors demonstrated that
combining geometric and attributive data allows for a much more accurate assessment
of the condition of historical facades and prediction of their further deterioration.

Another important area of recent research is presented in the work of M. Arico
(2024). 1t proposes a Scan-to-BIM workflow focused on creating facade degradation
maps in the HBIM environment [14]. The author emphasizes the importance of
automated detection of masonry defects, texture changes, and cracks based on point
cloud density analysis, which is promising for restoration approaches.

A significant contribution to the standardization of digital reconstruction
processes was also made by a group of researchers, M. Avena, G. Patrucco, F.
Remondino, and A. Spano, who in 2024 proposed a scalable algorithm for automating
key stages of Scan-to-BIM for cultural heritage objects [15]. The work demonstrates
that automatic point cloud segmentation and the generation of basic BIM model
elements significantly reduce modeling time and minimize the human factor, which is
particularly relevant for complex facades of historic buildings.

The 1ssue of applying laser scanning and BIM in the context of historical heritage

research is actively developing among Ukrainian scientists. In particular, recent



publications have examined the possibilities of digital documentation of architectural
monuments, the reproduction of objects of historical significance, and the creation of
3D models for museums and restoration projects [9—11]. These works emphasize the
importance of adapting international experience to Ukrainian conditions, particularly
in terms of inventorying architectural objects that are at risk of destruction.

Summarizing the data from the analysis of literary sources, we have grounds to
state that TLS and BIM technologies are an integral part of modern approaches to
digital modeling and preservation of architectural heritage. However, Ukraine lacks
systematic applied research that would combine these technologies into a
comprehensive algorithm for specific historical objects. This determines the practical
importance of this study and the need for further development of methods for
documenting historical facades using modern geodetic and geoinformation
technologies.

Research objective. The purpose of the study is to develop and justify a
methodology for creating a high-precision BIM model of the facade of an architectural
monument — the First Building of the Igor Sikorsky Kyiv Polytechnic Institute — based
on ground-based laser scanning data, as well as to determine the effectiveness of using
TLS technology for digital recording of architectural objects. The study includes an
analysis of the accuracy of the point cloud obtained, an assessment of the conformity
of the BIM model with the actual state of the object, and the formation of an algorithm
for the practical application of Scan-to-BIM technology for the tasks of restoration,
monitoring, and digital conservation of architectural heritage.

Materials and methods of scientific research. The research materials consist of
ground-based laser scanning data of the historic building's facade, obtained using a
Leica ScanStation C10 scanner, as well as the results of their further processing in
Leica Cyclone REGISTER 360, Autodesk ReCap, and Autodesk Revit software. Field
work was carried out in urban conditions, which required the use of several scanning
stations to ensure complete coverage of the facade area.

The research algorithm included the following steps and types of work:

e obtaining a point cloud using ground-based laser scanning;



e registering scans using the Cloud-to-Cloud algorithm with subsequent manual
correction;

e cleaning the point cloud of extraneous objects and noise;

e exporting data in E57 and RCP formats for further work;

e creating a BIM model of the facade in Autodesk Revit by modeling the main
architectural elements based on the point cloud;

e checking the accuracy of the model by superimposing the geometry on the point
cloud and analyzing deviations;
The research conducted and data obtained made it possible to create a digital

model of LOD 300 and perform further analysis of the geometric characteristics of the

facade of the scanned architectural monument.

Research results and discussion

The research materials are presented in the form of initial geodetic
measurements, point clouds obtained as a result of terrestrial laser scanning of the
historic building, as well as data generated during the processing of scans in the
specified specialized software. This work was carried out on the facade of a historic
building, which is a valuable example of architectural heritage and has a complex
geometric structure characteristic of buildings from the late 19th and early 20th

centuries (Fig. 1).
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Figure 1. «Facade of the first building of Igor ikorsky Kyiv Polytechnic Institute»



Field work was carried out in conditions of limited urban space, parked vehicles,
and difficult viewing angles. With this in mind, the optimal placement of scanning
stations was determined taking into account the need to ensure maximum visibility of
decorative elements and minimize “dead zones” on the facade (Fig. 2).

A Leica ScanStation C10 terrestrial laser scanner (Fig. 3) was used to collect
primary data. This scanner is widely used in architectural and deformation surveying.
The main technical characteristics of the scanner used in our work are listed below:

e Working range — up to 300 m;

e Actual measurement accuracy — up to 6 mm per 50 m;

e Scanning speed — up to 50,000 points/s;

e Color imaging capability when using an external camera.

Bundle Cloud

Figure 2. Location of scanning stations in the field



Scanning was performed at a standard density suitable for modeling the facades

of historic buildings, with an emphasis on the detailing of small architectural forms [7;

8].
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Figure 3. Leica Total ScanStation C10

During field surveys, several stations were set up and the object was scanned
from them. This approach ensured complete coverage of the facade and its spatial
fixation from different angles. The location of the stations was based on the principle
of overlapping the scanned surface by at least 30—40%, which ensured high-quality
registration at the point cloud merging stage.

Initial registration and processing of scans were performed using Leica Cyclone

REGISTER 360 software, which allowed:

e Perform automatic preliminary stitching of data from stations;

Perform manual registration in areas with insufficient overlap;

Optimize the point cloud by removing noise and artifacts;

Check the accuracy of registration;

Export data in E57 and RCP formats for further 3D modeling;



The connection between stations was checked using Cloud-to-Cloud
registration tools. The average deviation was no more than 8—10 mm (Fig. 4), which

meets the requirements for facade modeling at LOD 300 detail level [3, 6].

Overall Quality
Error Results for Bundle 1
Setup Count: 3 Bundle Error
Link Count: 2 0.010m Vv
Strength: 73%
Overlap: 23% Strength
73%
Cloud-to-Cloud Target Error
0.010m v -
. Max error of 0,015 m. Max error of 0.020 m. . Error greater than 0.020 m.

Figure 4. Excerpt from the final report on stitching quality results
After importing the point cloud in RCP format into Autodesk Revit, the basic
spatial structure of the model was formed (Fig. 5):
e A grid of levels was created in accordance with the actual structural horizontal
lines;
e The main axes of the facade have been determined;

e The model coordinates have been linked to the point cloud;
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Figure 5. Elevation system in Autodesk Revit 2025



The main outline of the building walls was formed using the Wall tool, with the
thickness and position of each wall refined based on a point cloud. Analysis of the
graphic intersections showed deviations between the actual surface and the model not
exceeding 5 mm, which meets the requirements for LOD 300 [6].

The facade architecture features numerous arched openings. The following were
used to model them (Fig. 6):

e profile modeling tools;

¢ in-place families,

e simulation of arcs based on cloud points;

Complex building profiles were modeled using:

e Sweep,

e Extrusion,

e Construction of individual families;

Creating profiles required laying down a significant number of control cross-
sections of the point cloud. This approach ensured accurate reproduction of curved
architectural forms, which was one of the important tasks in improving the

methodology for scanning buildings and creating their 3D models.

Figure 6. Parametric family of fences

To confirm the accuracy of the model, BIM elements were superimposed on the

point cloud. Control sections showed that:



e The average deviation is 3.2 mm;
e The maximum deviation reaches 8 mm in areas of damaged masonry;
e The minimum deviation is 1.5 mm;

The results obtained comply with international standards for modeling historical

facades (Figs. 7-8) [1; 4; 12].

[ |
based on a BIM model

Figure 7. High-precision 2D drawing

Figure 8. Current state of the first building of Igor Sikorsky Kyiv Polytechnic
Institute (fragment — right tower)



Conclusions.

As a result of the study, a comprehensive analysis of the possibilities of using
terrestrial laser scanning and BIM modeling technologies for documenting and
digitally reconstructing historical architectural objects was carried out. Based on the
data obtained, an information model of a fragment of the facade of a historic building
was created, which made it possible to comprehensively assess the effectiveness of the
Scan-to-BIM methodology in the preservation of cultural heritage.

Firstly, it has been established that the use of terrestrial laser scanning provides
high-quality and informative point clouds with sufficient detail to reproduce complex
architectural forms. The use of multiple scanning stations and scan overlap techniques
has made it possible to achieve spatial consistency of data and reduce the number of
“dead zones,” which is an important condition for working with historical objects that
may contain numerous small details and surface irregularities. The average registration
errors did not exceed the values acceptable in geodesy, which indicates the high
accuracy of the obtained output data.

Secondly, the creation of a BIM model in Autodesk Revit confirmed the
possibility of high-precision reproduction of the facade geometry based on a point
cloud. The use of BIM tools made it possible to simulate the main structural elements:
arched openings, cornices, profiled belts, and other decorative components of the
building. The resulting LOD 300 model reproduces the actual state of the facade and
can be effectively used in further restoration, design, and research work.

In general, the study confirms the high efficiency of laser scanning and
information modeling technologies in the field of documentation and restoration of
historic facades. The algorithm used can be adapted for research on a wide range of
architectural objects and serve as a methodological basis for further scientific and

practical work on the digital documentation of Ukraine's cultural heritage.
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LII. KoBanbuyk, M.C. Koxkem’siko, II.C. Koxem’siko, O.0. Kyuenko,
J.FO. MartBiituyk

JIASBEPHE CKAHYBAHHS I CTBOPEHHSA BIM MO/JEJII KOPITYCY
Ne 1 HTYY «KIII IMEHI IT'OPA CIKOPCBKOI'O» SK METOJA
BI3YAJIBALII ICTOPUKO-APXITEKTYPHOI CIIAIIIIMHA

Anomauia. Y cmammi oxapaxmepu3zo8ano KOMNIAEKCHUL NiOXI0 00 OMPUMAHHS
ma onpayioéamHs OAHUX NiClis HA3EMHO20 JIA3€PHO20 CKAHYBAHHA NAM SIMKU
apximexmypu ma cmeopeHus BIM-mooeni ppaecmenma pacady icmopuunoi 6yoieni —
Ilepwiozo kopnycy HTYVY «KIII imeni I2ops Cikopcvkozoy. ¥ npoyeci eukonanms yiei
pobomu 3acmoOCOBAHO CYHACHI Memoou Npocmoposoi @ikcayii 00Ci0HCY8AHO20
06’cxma, sxmoyaouu sucokomoune 3D-ckanysanns 3a donomoeorw ckawepa Leica
ScanStation CI10, peecmpayito xmap mouox, @inempayito OaHux ma pe3yibmamu ix
nooanbulo20 onpayoeanHs y npoepamuomy sabesneuenni Leica Cyclone REGISTER
360, Autodesk ReCap i no6yoosy ingpopmayitinoi 3D mooeni yiei 6y0isini 6 cepedosuuyi
Autodesk Revit.

Ilpoananizosano 3apybidcuutl ma SiMYUHAHUL O0O0CBI0 BUKOHAHHA DPOOIM
maxozo 3micmy. Iloxazano, wo oOHuUM i3 HatlegheKMUSHILUX cCnoco0i8 NPOCMoOpPo8o20o
OOKYMeHmMYB8aHHs € HazeMHe nazepHe ckanyeanus (TLS), sxe 3abe3neuye ompumanus
BUCOKOMOYHOI XMapU MOYOK, AKa 8i000padicac peanvHy gopmy 06’ ekma 3 moyHicmio
00 Kinbkox minimempis. MidxcHapooHi 0ocniodcenHs ceiouamo, wjo mexnoo2ia Scan-
to-BIM € «knwouosoo 'y npoyecax yughpoeoi pecmaspayii ma NIAHY8AHHS
PEeKOHCmpYKYil  icmopuynux 06’ckmie. 3asnauero, wo 6 Ykpaini oOpaxye
CUCMEeMAMU308AHUX NPUKIAOHUX OO0CTIOJNCEHb, SKI O NOEOHY8ANU YI MEXHON02I Y
KOMNJIEKCHULL aNeOpumm OJisl KOHKPEMHUX iCImOopuKo-apximexmypuux 06’ ekmis. L[
00CmMaBUHA B6KA3YE HA NPAKMUYHY BANCIUBICMb OAHO20 OOCHIONCEHH Mda
HEOOXIOHICMb NOOANLULO20 PO3BUMKY MEeMOOUK OOKYMEHMYBAHHA ICMOPUYHUX
Gacadis i3 BUKOPUCMAHHAM CYHACHUX 2€00e3UYHUX | 2e0IHHOPMAYIIHUX MeEXHOI02Tl.

Ocobnusy yeazy y cmammi NpUOileHO NUMAHHAM 30a0e3ne4enHss BUCOKOL

MOYHOCMI HAbOpy OaHuxX, aneopummam peecmpayii cmanyiti, eubopy napamempis



CKAHYB8AHHA ~ MA  MOXNCIUBOCHMAM  NOOANbULO20 — BUKOPUCMAHHA —~ MOOeNi Y
pecmaspayiiHux pobomax, MOHIMOPUH3T MEXHIYHO20 CcmaHy ma Yu@posii
KoHcepsayii 06 ’ekmis KyivbmypHoi cnaduunu. Moodenw pienus LOD 300 niomeepooicye
MOJCIUBICMb — AKICHO20  BIOMBOPEHHS — 2eoMempii  ICMOPUYHUX 00 'ekmis i3
3acmocysanuam mexnonoeii Scan-to-BIM & ykpaincokux peanisx.

Knwuoei cnoea: nazemme nazepue cxkamysawms, xmapa mouok, TLS, BIM-
mooenv, Scan-to-BIM, yugposa xoncepsayis, icmopuuna 6y0iéns, apximexkmypHa
cnaowuna, Autodesk Revit, Leica ScanStation C10, peccmpayisi xmap mouok, Cyclone
REGISTER 360, HBIM, pecmaspayis ¢acadis, 3D-moodenrosanus, eeode3uume

OOKYMEeHMY8aHHsl, IHpopmayiline MoOent08anHs, mounicmes eumiprosans, LOD 300,

yugposa pexoHcmpyKyis.



