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Abstract. The article substantiates the integrated use of LiDAR technologies,
geographic information systems (GIS) and crowdsourcing approaches for identifying,
recording and monitoring historical and cultural heritage sites within local
communities. It is emphasised that in the context of military action, urbanisation
pressure and territorial transformations, cultural heritage is considered an important
resource for sustainable development in accordance with UNESCO approaches and the
World Heritage Sustainable Development Policy (2015).

It is shown that modern LiDAR systems, including sensors built into smartphones,
provide dense point clouds and three-dimensional models of objects with sufficient
accuracy to solve a significant part of the tasks of documentation and operational
monitoring, although they are inferior to high-precision ground and airborne laser

scanners. Particular attention is paid to the hypothesis regarding the possibility of
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creating 3D models of cultural heritage objects using common smartphone models with
built-in LiDAR sensors and assessing the accuracy of measurements of such models.

To test the approach, a field scan of the local hydrological natural monument
"Natural Spring" within the Shpanivska territorial community of the Rivne region was
performed using a smartphone with a LiDAR module. Processing point clouds in
Polycam, AutoCAD, PIX4D, 3ds Max, and Blender software made it possible to build
a 3D model of the structure and estimate the relative error in measuring linear
dimensions. For a reference section 210 cm long, the relative measurement error was
2.04%, which is consistent with the results of international studies on the accuracy of
mobile LiDAR sensors, which demonstrate millimetre-centimetre accuracy for small
objects and centimetre-decimetre errors in complex environments.

The technical limitations of mobile LiDAR (limited scanning range, reduction in
density and accuracy with distance, sensitivity to surface properties, influence of the
operator's scanning trajectory, need for control measurements) were analysed and the
prospects for their application for mass crowdsourced data collection on heritage
objects were demonstrated. Based on an analysis of geocrowdsourcing experience, it
is argued that the combination of the prevalence of smartphones, mobile LiDAR
sensors and web GIS creates the conditions for the formation of distributed information
systems for recording, monitoring and preliminary assessment of the condition of
monuments at the level of local communities, provided that data standardisation and
quality control procedures are implemented.

Keywords: geoinformation technologies, Lidar, amalgamated territorial

community, historical and cultural heritage, sustainable development.

Actuality. Cultural heritage is seen as a system of tangible, intangible and natural
elements that connect the past with the present and shape the identity of communities.
In contemporary international approaches, heritage is directly integrated into
sustainable development policies, as enshrined, in particular, in the policy of
integrating the sustainable development perspective into the processes of the World

Heritage Convention (2015) and in UNESCO's global report "Culture: Urban Future".



For local communities in Ukraine that are affected by military action, intensive
urbanisation and land use transformations, the task of promptly identifying, recording
and monitoring historical and cultural heritage sites is of critical importance.
Traditional field survey methods and classical geodetic surveying are often labour-
intensive, require significant financial resources and do not provide sufficient data
update frequency.

The development of geoinformation technologies, remote sensing and 3D
documentation has created qualitatively new opportunities for modelling and analysing
heritage objects. LIDAR technologies (ground-based, mobile, airborne laser scanning)
allow us to obtain highly detailed digital models of terrain and objects, detect hidden
archaeological structures and record deformations with high metric accuracy.

For a long time, the use of LiDAR for cultural heritage tasks was limited by the
high cost and complexity of the equipment. However, the emergence of solid-state
LiDAR sensors in mass-market mobile devices (tablets and smartphones) has
significantly lowered the threshold for entry into the technology. Studies show that
LiDAR sensors built into smartphones are capable of providing millimetre-centimetre
accuracy in laboratory and controlled conditions and centimetre-decimetre errors in
complex natural scenes.

At the same time, crowdsourcing and citizen science approaches are developing,
based on the voluntary collection of spatial data by users using mobile devices. For
cultural heritage, the effectiveness of geocrowdsourcing for collecting photographs and
metadata on historical objects using web maps and voluntary geographic information
(VGI) has already been demonstrated. This creates the conditions for the mass
involvement of citizens in recording the condition of monuments using smartphones as
sensor platforms.

In this context, it is particularly important to test the hypothesis that widely
available smartphone models with built-in LiDAR sensors can be used to create point
clouds and 3D models of cultural heritage objects with sufficient accuracy for initial

inventory and monitoring at the local community level.



Analysis of the latest scientific research and publications. Analysing recent
scientific research on the creation of digital models of historical and cultural heritage
objects, it is worth noting Chetverikov, who concluded that the systematisation of tasks
and methods of spatial identification and monitoring of the territory of historical and
cultural heritage objects using geoinformation technologies allows the creation of a
conceptual model that includes the stages of data collection, analysis and interpretation
[1]. In turn, Biryova O. notes in her scientific work that "today, one of the popular areas
of work for museums in the digital space is the creation of virtual museums. The
creation of a 3-D museum is possible with the use of photogrammetry. This technology
is also relevant when creating electronic museum catalogues and digitising three-
dimensional exhibits (tableware, sculptures, weapons, etc.). One type of modern
technology in museums is augmented reality, which does not change but rather
complements the exhibition. To convey information, all you need is a gadget and the
appropriate application or marker [2].

GIS mapping of historical and cultural heritage is particularly important for
creating a database of natural and cultural monuments with the aim of organising their
registration and taking measures for their preservation. GIS makes it possible to map
environmental objects and then analyse them according to a huge number of
parameters, visualise them and, based on this data, predict a wide variety of events and
phenomena.

However, issues directly related to the integrated use of Lidar and geoinformation
technologies for the identification and preservation of historical and cultural heritage
objects within territorial communities require further research.

The aim of the study is the integrated use of Lidar and geoinformation
technologies for the identification and preservation of historical and cultural heritage
sites within territorial communities.

Materials and methods of scientific research. The research materials include
spatial data necessary for a comprehensive analysis of the state of historical and
cultural heritage sites within the territorial community. The main information base

consists of LIDAR data obtained from mobile laser scanning materials.



The scanning was performed using an iPhone 13 Pro mobile phone and a depth
sensor (Sony IMX590 TOF 3D LiDAR scanner). It emits a series of laser pulses
(infrared light) and measures the time it takes for the light to return to the receiver. It
is capable of capturing objects at a distance of up to 5 metres. The quality of the
measurements is controlled by measuring the reference value and checking the same
value in the software. Point cloud filtering was performed automatically by software.

The methodological basis of the study is based on the integrated use of
geoinformation technologies and LiDAR data processing tools. Primary processing of
point clouds was carried out by classification, noise filtering, and selection of ground
surfaces and above-ground objects.

To identify historical and cultural heritage objects, methods of automatic and
semi-automatic detection of structural anomalies were applied, using morphological
filters, local topographic indicators, and advanced 3D analysis tools.

Overall, the set of methods used made it possible to determine the spatial
characteristics of cultural objects and justify management decisions regarding their
preservation at the local community level.

Research results and their discussion. Historical and cultural heritage sites
around the world are unique, and if damaged or destroyed, they are irreplaceable. They
consist of architectural structures and other constructions that are the main evidence of
human historical activity and, as such, must be substantially protected [4]. The
preservation and restoration of historic buildings requires a special approach in order
to safeguard their unique characteristics. Therefore, each such building must be
carefully researched in order to identify these unique characteristics: type of
construction, construction methods, reconstruction and restoration over time, materials
used and their source, types of use, etc.

To store collected heterogeneous data sets, such as multispectral images,
geophysical data, or Lidar data, a hybrid approach consisting of different media, for
example, one for each data type, is often used. However, several persistent problems

need to be addressed: the combination of completely different types of data, the



enormous amount of data generated by most of the above-mentioned technologies, and
3D digital documentation of architectural heritage [5].

The use of building information modelling (BIM) can greatly facilitate the
management and planning of conservation and restoration work on historic buildings
[6], as it allows for the geospatial integration of datasets obtained using different
techniques and covering different fields of knowledge, such as architecture,
archaeology, engineering, materials and remote sensing [7].

In September 2015, the United Nations (UN) adopted 17 Sustainable
Development Goals to transform our world by 2030 (United Nations, 2015). Prior to
this, in 2013, the United Nations Educational, Scientific and Cultural Organisation
(UNESCO) had already stated that culture should be at the heart of sustainable
development policies, and cultural heritage was included in the Sustainable
Development Agenda. Subsequently, in November 2015, the 20th General Assembly
of States Parties to the World Heritage Convention adopted a Policy on Integrating a
Sustainable Development Perspective into the World Heritage Convention Process
(UNESCO, 2015). UNESCO then launched the Culture for Sustainable Urban
Development programme (UNESCO, 2016) to highlight the role of culture in
sustainable development and illustrate the link between the implementation of
UNESCO's conventions on culture and the achievement of sustainable development
goals. Cultural heritage is therefore now considered an important factor in sustainable
development and is directly and indirectly reflected in the Sustainable Development
Goals.

Geoinformation technologies, including photogrammetry, laser scanning, remote
sensing, web mapping, and geospatial data science, have long played an important role
in documenting and preserving cultural heritage [8, 9].

Although the accuracy of the model depends on various factors (such as image
network, resolution, number of images, calibration), highly accurate geometric models
can be obtained [10]. The created 3D models are 3D surfaces with photorealistic
textures and are therefore suitable for visualisation and animation. In addition, digital

cameras are now ubiquitous, affordable, portable, and easy to use. This means that even



non-experts can use this technique after minimal training [11], and therefore
photogrammetry is no longer limited by the knowledge or location of users and can be
easily implemented worldwide. Unmanned aerial vehicles (UAVs) have become a
popular platform for medium- and large-scale 3D terrain mapping. However, as a
passive sensing technology, photogrammetry has its limitations, such as dependence
on lighting, lack of scale, and the need for image texture.

Laser scanning in various forms generates dense clouds of 3D points that describe
the geometry of an object. Laser scanning has quickly become popular in the surveying
industry due to its direct and accurate 3D measurement capabilities and ease of use.
Data collection can be effective and planned regardless of lighting conditions thanks
to active probing, which can be critical for underground measurements, for example.
Another feature of laser scanning that allows it to penetrate vegetation is its ability to
capture objects behind or under foliage. Therefore, among other active sensing
technologies, laser scanning is commonly used to record, model, and monitor
deformations or structures of cultural heritage objects [12].

A combination of ground-based geoinformation technologies will meet the needs
for documenting and monitoring small- and medium-scale cultural heritage, but for
large archaeological sites this can be a labour-intensive and time-consuming process,
especially for sites that are not suitable for on-site surveys, such as conflict zones. In
such circumstances, space-based or aerial remote sensing is an ideal alternative.

Geoinformation technologies have long been used to manage spatial databases of
cultural heritage for improved planning and conservation. UNESCO and UNITAR
(United Nations Institute for Training and Research) have joined forces to protect
cultural and natural heritage sites using the latest geospatial technologies.

Thanks to the widespread use of smartphones and the Internet, crowdsourcing and
citizen science are becoming increasingly popular through the combination of GIS and
modern web maps and are being successfully applied to document cultural heritage.

All of these geoinformation technologies actively contribute to one or more
aspects of cultural heritage preservation. Closely related technologies, such as

computer-aided design (CAD) and virtual reality (VR), are also used to protect and



promote cultural heritage and are based on the results of these geoinformation
technologies.

Research by Ukrainian authors confirms that digital models of relief and cultural
heritage objects, built on the basis of geoinformation technologies and remote sensing
data, are a key element in the systematisation of information about monuments and
spatial analysis of threats. Works [1; 3] propose the use of GIS to integrate archival
maps, aerial photographs and modern data, which enables the identification,
classification and mapping of heritage objects.

Photogrammetry, including multi-image reconstruction, has long been the basic
technology for 3D documentation of monuments; numerous studies show that with
proper planning and elevation referencing, it is possible to achieve high geometric
accuracy of models. Its limitations include dependence on lighting, surface texture, and
the difficulty of ensuring scale without control measurements.

Laser scanning (ground-based and mobile) provides direct measurement of 3D
coordinates with high accuracy and density. It is successfully used to monitor building
deformations, conduct detailed surveys of structures, and create high-precision digital
models of monuments. At the same time, the high cost of equipment, the need for
qualified operators, and the complexity of logistics limit the scale of such surveys,
especially at the level of small territorial communities.

With the advent of LiDAR sensors in mass-market mobile devices (tablets,
smartphones), active research into their suitability for surveying and geoinformation
tasks began. Initial assessments showed that the iPhone/iPad LiDAR sensor provides
very low errors at short distances (on the order of millimetres to centimetres), but
accuracy decreases significantly with increasing distance, geometric complexity, and
surface heterogeneity. Further work has shown that iPhone LiDAR can provide
absolute accuracy of approximately £1 cm for relatively large objects, but accuracy
deteriorates in conditions of dense vegetation and complex terrain.

Studies focused on combining smartphones with RTK solutions (e.g., viDoc RTK
Rover) show that such a system is capable of achieving centimetre-level accuracy in

plan and elevation for a wide range of engineering and surveying tasks.



During the study, an object was selected for testing: the hydrological natural
monument of local importance "Natural Spring" (Fig. 1). The site, with an area of 0.3
hectares, is located within the Shpanivska territorial community of the Rivne district
of the Rivne region, on the north-eastern outskirts of the village of Khotyn [11]. The
status was granted in accordance with the decision of the regional executive committee
dated 22 November 1983 No. 343. It is under the jurisdiction of the Shpanivska village

council [11].

Fig. 1. Created 3D model of the hydrological natural monument of local
importance "Natural Spring" compared to its original.

The resulting point cloud contained sufficient readings to accurately reflect the
dimensions of the hydrological monument "Natural Spring" and the main elements of
its design. After filtering out noise and constructing a triangular surface, a three-
dimensional model of the structure was formed, suitable for visualisation and
measurement.

Visual analysis of the 3D model showed:

e correct reproduction of the main planes and edges of the structure;

e satisfactory representation of small elements (steps, ledges);



e local artefacts in areas with high lighting contrast and in places of contact
with the water surface, which is consistent with the known limitations of
LiDAR sensors regarding transparent and highly reflective surfaces.

The relative error 6 was determined using the formula:

_ | Letar — Lripar

6 -100%

Letal

where L;;psr— length obtained from the 3D model,

Lcwa— length measured with a tape measure.

This approach is consistent with standard practices for assessing the accuracy of
LiDAR and photogrammetric models in studies devoted to mobile and portable
scanners.

The front side of the structure was chosen as the reference point, and its length
was measured with a tape measure:

Lt =210 cm.

Based on a 3D model constructed using LiDAR data from a smartphone, the
following was obtained:

Liipar =205,7 cm.

Relative error:

5= 210 — 205,7
N 210

Therefore, the measurement error of the linear parameters of the structure created

-100% =~ 2,04 %.

using LiDAR — a model scanner — does not exceed 2.04%, which is acceptable.

The point cloud loaded into the programme has a density sufficient to determine
the reflection of the dimensions of the structure on the created 3D model with sufficient
accuracy. The front side of the structure, with a length of 210 centimetres measured
with a tape measure, was selected as the reference value.

The experiment with 3D modelling of a hydrological monument, combined with
a literature review, allows us to identify promising areas of application for mobile
LiDAR in the field of heritage:

1. Initial inventory of small objects;

2. Monitoring of deformations and damage (at a qualitative level);



3. Preparation of data for digital twins;

4. Rapid documentation of objects in risk areas;

5. Crowdsourcing and citizen science.

From the perspective of organising mass recording of heritage objects, the key
advantage of mobile LiDAR sensors is their accessibility: a significant portion of the
population already has smartphones of the appropriate class. This creates potential for
crowdsourcing platforms where users can:

e perform local 3D scanning of objects;

e upload point clouds or 3D models to the web portal;

e supplement them with attribute information (name, status, condition, threats).

Conclusions and perspectives. The cultural heritage of local communities in
conditions of military action, urbanisation pressure and territorial transformations
requires prompt, spatially detailed and regular documentation, in line with UNESCO's
current approaches to integrating heritage into sustainable development policies.
LiDAR technologies and geographic information systems are effective tools for
detecting, identifying and monitoring cultural heritage sites, and LiDAR sensors built
into smartphones make it possible to use such technologies on a mass scale.

Experimental scanning of the hydrological natural monument "Natural Spring"
using a smartphone with a LIDAR module showed that the relative error in measuring
the control length (210 cm) using a 3D model does not exceed 2.04%. This result is
consistent with international estimates of the accuracy of mobile LiDAR and is
acceptable for the tasks of primary inventory and monitoring of small heritage objects.

The main limitations of mobile LiDAR are scanning range, accuracy dependence
on scene complexity and surface properties, sensitivity to operator movement
trajectory, and the need for additional georeferencing for integration into GIS. This
requires the development of clear regulations and methodological recommendations
for the use of smartphones in 3D heritage documentation tasks.

The combination of mobile LiDAR, GIS platforms, and crowdsourcing
approaches creates prospects for the formation of distributed systems for accounting

and monitoring the cultural heritage of local communities. Provided that data collection



protocols are standardised and quality control procedures are implemented, involving
citizens in 3D recording of objects can significantly improve the completeness and

relevance of information resources.
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MOBLIBHUM LIDAR, T'EOIH®OPMAIIIMHI TEXHOJIOTITI TA
KPAYJICOPCHHI' Y ®IKCALII M 3BEPEXKEHHI OB’€EKTIB ICTOPUKO-
KYJbTYPHOI CHAJIIIIMHUA TEPUTOPIAJIBHUX T'POMAJI

Anomauia. Y cmammi obrpynmosano inmeeposane suxopucmannsi LiDAR-
mexHonoeiu, ceoingopmayitinux cucmem (I'IC) ma xpayocopcuneosux nioxoodie 0.
8UAGNEHHS, (hiKcayii U MOHIMOpPUHZY 00 ’€KMIi8 iCMOPUKO-KYIbMYPHOI CRAOWUHU 8
medxcax mepumopianvHux epomad. Haeonoweno, wo 6 ymosax 60cHHUX Oill,

YpOaHi3ayitiHo20 MUCK)Y Ma MePUMOpPIianbHUX mparchopmayii KyaivmypHa cnaowuta



PO32NA0AEMbCA AK  8ANCIUBULL PecypPC CMAlo20 pO3BUMKY 32I0HO 3 NioxXooamu
FOHECKO ma Ilonimuxu cmanoeo possumky Bcecgimnvoi cnaowunu (2015 p.).

Tlokazano, wo cyuacni LiDAR-cucmemu, 6x1i04Ho 3 60y008aHUMU Y CMAPMGDPOHU
ceHcopamu, 3a6e3neuyoms OMPUMAHHA WITbHUX XMap MOY0K I MPUSUMIPHUX MOOelell
00 ’ekmi6 3 MouHicmI0, 0OCMAMHBLOI OJISl BUPIULEHHS 3HAYHOI 4acCMUHU 3a680aHb
OOKYMEHMYB8AHH Ma ONepamueHo20 MOHIMOPUH2Y, Xoua U HNOCMYNAIOMbCA
BUCOKOMOYHUM HA3eMHUM U aeponazepHum ckavepam. Ocobnusa ysaza npuodinrena
einomesi w000 Moxcausocmi cmeopenns 3D-mooeneti 06’ckmié  KynbmypHOL
CRAOWUHU 3a OONOMO20I0 NOWUPEHUX Modenell cmapm@oHie i3 6o6yoosanum LiDAR-
CEeHCOpPOM Ma OYIHKU MOYHOCI BUMIDIOBAHL MAKUX MOOeell.

s anpobayii nioxo0y 8UKOHAHO NOJILOBE CKAHYBAHHSL 2IOPONO2IYHOI nam simKu
npupoou Mmicyegozo 3HavenHs «lIpupoone Oowcepeno» 6 wmeocax I[lnaniecoxoi
mepumopianvHoi epomaou Pisnencovroi obnacmi 3a donomoeoro cmapmahona 3 LiDAR-
mooynem. QOOpobneHHs Xmap mMOYoOK y npospamHomy 3abe3neuenni Polycam,
AutoCAD, PIX4D, 3ds Max i Blender oano 3mo2y nooyoysamu 3D-mo0ens cnopyou i
OYIHUMU BIOHOCHY NOXUOKY GUMIDIOBAHHS NIHIUHUX pO3MIpi8. [[s1 emanoHHOl OLsAHKY
ooeaicunoio 210 cm ionocna noxubka eumiprosanns cmanosuna 2,04 %, wo
V32002CYEMBCSL 3 Pe3Yabmamamu. MidfCHAPOOHUX OO0CIONCEHb MOYHOCMI MOOLIbHUX
LiDAR-cencopis, siki 0eMOHCMpYomb MILIMEmMpo80-CaAHMUMemposy mMoyHiCmb 0Jis
Manux 06’ €xmie ma CaHmMuMempo80-0eyumemposi NOXUOKU Y CKIAOHOMY cepedOosulyi.

llpoananizosano mexuiuni obmedcenusi mobinbnoco LiDAR (obmedcena
OANbHICMb  CKAHYB8AHHA, 3HUNCEHHS WIIbHOCMI ma MOYHOCMI 3 B8I0CMAHHIO,
YYmMaugicmes 00 81acmu8ocmell NO8ePXHi, 6NIUE MPACKMOPIi CKAHYBAHHS onepamopa,
HeoOXiOHICMb KOHMPONbHUX BUMIDIO8AHb) MA NOKA3AHO NEPCNEeKMUBU IXHbO20
3acmocy8ants Ol MAco8020 KpayOCOPCUH208020 300py OaHux npo 00 e€kmu
cnaowunu. Ha ocHosi aHnanizy 00csidy 2eokpayocopcuney o0OIPYHMOBAHO, WO
NOEOHAHHA nowupeHocmi cmapmeonis, mooinbHux LiDAR-cencopie i 6eo-1'IC
cmeoproe  nepedymosu O Popmy8aHHs po3nooileHux IHGOpMayiiHux cucmem

00Ky, MOHIMOPUHZY MA NONEPeOHbO20 OYIHIOBAHHS CMAHY NAM SIMOK HA PIGHI



MepUmopiantbHUx 2pomMao 3a YMOBU BNPOBAONCEHHS Npoyedyp cmanoapmusayii i
KOHMPOTIIO AKOCMI OAHUX.
Kniwowuosi  cnosa:  ceoingpopmayiuni  mexuonoeii,  Lidar,  06’eonana

MepumopiaibHa 2pomaod, icmopuKo-KyJaibmypHa cCnaowuna, Cmaiuti pO36Umox.



