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SUMMARY

In the context of the ongoing russian invasion, cultural monuments are constantly being destroyed, so
it is important to have methods to quickly create a three-dimensional digital model of an object. This
article investigates the accuracy of creating a three-dimensional model of a monument using the
Iphonel2Pro LIDAR. We compare the accuracy of scanning the sculptural composition of the
"Zmiyeborets" fountain with a professional geodetic scanner and with the help of LIDAR
Iphonel2Pro. The sculpture measures 4 by 3 metres. It was based on a model obtained with the Faro
Laser Scanner Focus 3D. Two point clouds were combined in CloudCompare software and the
deviation between them was calculated.
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Introduction

The ongoing war on the territory of Ukraine requires fairly rapid preventive digitalisation of cultural
monuments for further reconstruction in case of their destruction or damage. As a result of russian
terrorist shelling, cultural monuments are constantly being destroyed. As of 11 July 2024, UNESCO
confirmed the damage to 431 sites since 24 February 2022 - 138 religious sites, 214 buildings of
historical and/or artistic interest, 31 museums, 32 monuments, 15 libraries, and 1 archive (Damaged
cultural sites..., n.d.).

The publication (Savchyn et al., 2023) addresses the need for rapid digitisation of architectural
monuments. It is noted that traditional methods of digitalisation are hampered by high rates of
destruction and damage. The paper proposes a methodology that combines ground-based laser
scanning, digital photogrammetry, and linear-angle geodetic measurements and prioritises data
collection. This approach ensures the rapid creation of digital twins, which allows for their restoration
in the future.

Among the companies in Ukraine engaged in scanning monuments for their preservation is Skeiron
(Save Ukrainian Heritage..., n.d.). Their projects in this area include Save Ukrainian Heritage, Save
Mariupol Heritage, Pocket City AR, and Museum 3D. They have scanned more than 60 architectural
monuments. The key technology used for data acquisition is ground-based laser scanning combined
with photogrammetric methods. Augmented reality technology is also widely used to promote the
project. We would also like to mention the activities of Pixelated Realities (Digitizing heritage for the
future, n.d.), which has been digitising cultural heritage since 2016. Their work includes many three-
dimensional models of monuments created by photogrammetric methods.

Methods that combine ground-based laser scanning data with unmanned aerial vehicle imagery are
gaining popularity. For example, (Sobur et al., 2023) describes the experience of creating a three-
dimensional model of a church using the data from the Mavic 2 Pro UAV and the Faro Focus 150S
ground scanner. The data was processed using SCENE, Agisoft Metashape, and CloudCompare
software. The accuracy of two variants of data integration was investigated using ground control
points measured by two independent methods: total station and laser scanning. A similar experience is
described in (Yanchuk et al., 2024), where a three-dimensional model of a religious building was
created using data from the DJI PHANTOM 4 PRO UAV and the Leica ScanStation P20 ground
scanner. The Cloud Compare software was used to combine two point clouds, cut and merge
individual parts of the point clouds based on their accuracy and representativeness. A three-
dimensional model of the church was created, which can be used in various software environments
such as AutoCAD, Revit and Blender

The considered classical methods of creating three-dimensional models require considerable time and
expensive equipment, in the case of the ground-based laser scanning. Therefore, it is important to test
methods for quickly creating a three-dimensional digital model of an object. A good solution in this
case is to use a smartphone with a LIDAR sensor. However, the issue of accuracy and correctness of
such three-dimensional models has not been fully investigated. For example, the article (Chase et al.,
2022) investigated the accuracy of scanning a room using an Iphonel3Pro. To assess the accuracy,
control points and a point cloud determined by a Trimble TX5 total station were used. The absolute
accuracy obtained was 3cm in plan and 7mm in height.

Method

To investigate the accuracy of the Iphonel2Pro LIDAR, we compared the point cloud obtained from
the Iphone with the reference model. The reference model was obtained using a ground-based laser
scanner Faro Laser Scanner Focus 3D. The accuracy of scanning the sculptural composition of the
fountain "Zmiyeborets" (alternative name "Bogatyr"), which is part of the composition with the
fountain in the Taras Shevchenko Park of Culture and Recreation in Rivne, is compared. The
sculpture measures 4 by 3 metres. The sculpture was installed in 1962 and restored in 2010. In 2016,
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the asphalt pavement near the fountain collapsed and the remains of the Lubomirski palace "On the
Hill" were discovered underneath. It was decided to perform a three-dimensional scan of the sculpture
in case of possible destruction during construction and archaeological works, and subsequent
restoration using the 3D model.

At the preparatory stage, a geodetic reference network was created and the three-dimensional
coordinates of the characteristic points located on the monument from different sides were obtained.
A total of 10 control points were used. Ground-based laser scanning was carried out from three
stations, each of which shows at least 3-4 control points (Figure 1). For convenience, a conventional
coordinate system was used. After processing the scan data, a point cloud was obtained in e57 format
(file size: 1.92 GB, number of points: 137484259).

At the next stage, the scan was performed using an Iphone 12Pro smartphone. A monopod was used
to access the upper parts of the sculpture. The scanning was performed in the Scaniverse software in
the "Mesh" mode, object size - Large Object/Area, LIDAR range - 5 m, processing mode - area. The
scan results were a point cloud in las format (file size - 10 MB, number of points - 395090). The
scanning time was 5 minutes. No reference points were used. A representation of the scanned model
along with the real appearance is shown in Figure 2. Figure 3 shows a comparison of the sculpture
models obtained with a ground-based laser scanner and an iPhone.
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Figure 2. Comparison of photos of an
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Figure 3. Comparison of sculpture models: a) obtained with a ground-based laser scanner, b) point
cloud (Iphonel2Pro), c) model with textures (Iphonel2Pro)

An important element of the study is, of course, to assess the accuracy of the resulting model. In the
CloudCompare software product, two point clouds were combined at four common points of the
sculpture (since they were created in different coordinate systems). Based on the statistical
calculations of the software product, the accuracy of the alignment at this stage was 0.025m
(Figure 4). The calculation of differences in the geometric position of the points of the studied point
clouds was also performed in CloudCompare (Cloud-to-Cloud Distance, n.d.). The results of the
calculation are shown in Figure 5, and the numerical characteristics of the resulting deviations are
shown in Figure 6. The vast majority of deviations are within 0.03 m, with a maximum deviation of
0.27 m. The maximum deviations are observed in hard-to-reach places. The main sculpture has
deviations of up to 5 cm. Given that the accuracy of model alignment by common points was 0.025m,
it is possible to expect an increase in accuracy when using georeferenced control points.
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Figure 4. Combning two point clouds

Figure .5 The difference between two point clouds
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Figure 6. Numerical characteristics of the difference between two point clouds
Conclusions

Thus, we compared the point cloud obtained by the Iphonel2Pro LIDAR with the cloud from the Faro
Laser Scanner Focus 3D ground laser scanner. Both clouds were combined using common points with
an accuracy of 0.025 m. The deviation of the smartphone cloud from the reference cloud is usually
within 0.03 m. Thus, when scanning cultural heritage objects several metres in size, a three-
dimensional model of the specified accuracy can be obtained in a few minutes. Given that the model
deviation (0.03 m) is almost the same as the alignment accuracy (0.025 m), there are reasons to expect
an increase in accuracy when using coordinated georeferencing points. This will be verified in further
studies.
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