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Abstract: The use of 3D terrestrial laser scanners (TLS) in the documentation of archaeological sites is
an effective method of collecting information about the area under study. The wide range of acquired
data makes this method a versatile tool, and not limited only to documentation tasks. This article
presents the possibilities of 3D TLS and their postprocessing software in the pioneering work related to
the digitization of exhibits in The Petroglyphs of Cholpon-Ata Open-air Museum near Lake Issyk-Kul
in Kyrgyzstan. A 3DScaMITE methodology adapted for that task is highlighted. The data obtained
during the scanning were used to build high-accuracy 3D digital petroglyph models, together with
their location within the open-air museum area. The acquired models also allowed a detailed analysis
of the geometric parameters of the cavities forming the petroglyph figures. The results of the analysis
confirmed the thesis about improper preservation of petroglyphs. It has been demonstrated in this
way that the used TLS method is completely universal in documenting petroglyphs, including the
location and shape of their place of creation, as well as creating a sufficiently accurate analysis of the
structure of drawings.

Keywords: 3D terrestrial laser scanning; 3D models; petroglyphs; geographic positioning visualization;
analysis of petroglyph geometry

1. Introduction

Petroglyphs, the rock drawings carved by representatives of different cultures through-
out human history, are usually the work of people of the era before the creation of alphabets
and inscriptions. They are a pre-literary form of presenting stories and ideas, in use
from around the 10th millennium BC to almost modern times. Petroglyphs are found
on all continents of the world except Antarctica, the continent considered uninhabited
by humans. These drawings are perhaps the oldest evidence of human civilization and
intelligence. Their exploration, documentation, and preservation for future generations is a
very important element of protecting the cultural heritage (CH) of mankind.

Petroglyphs, as human rock art, occur mostly in currently little-known and not very
frequented places, i.e., caves, mountain gorges, sea cliffs, rocks in desolate places, etc. Such
places are usually not protected, and the nature of petroglyphs—rock drawings, does not
allow them to be moved to safer places without irreversible damage to their surroundings.
Petroglyphs are therefore exposed to various threats, leading to their loss for humanity,
and also as a result of human activities.

The theft of rocks with petroglyphs occurs in practically all countries on all continents.
For example, in California, USA, petroglyphs [1] made by the local Paiute tribe and held
sacred by them, were stolen by cutting the stones they were carved on (Figure 1). A
similar case took place in Nevada, USA [2] and Tasmania [3]. There are also reports of
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petroglyphs being treated as souvenirs by tourists [4]. In addition to stealing, acts of
sheer vandalism against petroglyphs are noted. For example, vandals have irrevocably
damaged petroglyphs in Arizona, USA [5] and Kyrgyzstan [6]. These are just examples of
the destruction of petroglyphs, and there are more such cases all over the world.
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Figure 1. An example of a wanted poster for petroglyph theft [1].

Unfortunately, there are also errors of petroglyph conservators [7], leading to the
partial destruction of monuments during restoration works. This leads to the need to
remove incorrectly selected protective layers, which is not always possible, and always
carries the risk of further damage to the monument. A description of the method of
removing aged acrylic coatings (also used for the maintenance of petroglyphs) from wall
paintings with the use of microemulsions, can be found in [8].

Such cases occur all over the world, and therefore urgent and permanent documenta-
tion of petroglyphs that have survived to this day should be a priority. This is made possible
by the digital technology which consists of 3D scanning of their geometry, appearance and
position. The ever more popular and affordable tool that could be used for this are 3D
terrestrial laser scanners (TLS).

The purpose of this work includes:

I. Adaptation of the 3DScaMITE [9] methodology, developed for scanning cultural her-
itage objects with 3D TLS, to the scanning of petroglyphs in the places of their occurrence.

II. Verification of the proposed adaptation during the scanning of petroglyphs at The
Petroglyphs of Cholpon-Ata Museum in Kyrgyzstan.

III. Verification of the usefulness of the obtained data to confirm or reject the thesis about
improper conservation of petroglyphs.

The remaining part of the paper is organised as follows:

• Section 2 provides an overview of publications on documenting rock art and the
methods of its protection;

• Section 3 discusses the main aspects of 3D TLS scanning, and presents modifications
to the 3DScaMITE methodology for petroglyph scanning tasks;

• Section 4 discusses the effects of scanning petroglyphs at Cholpon-Ata and dis-
cusses the results in terms of confirming the thesis about the improper conservation
of petroglyphs.
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2. Rock Art Documentation

The issue of protection of various types of historical and cultural properties, apart
from defensive ones, including sacred and secular structures and such objects as petro-
glyphs, inscriptions or stone monuments, has been taken up by state and local authorities
in all corners of the world: Asia (Mongolia [10], Russia [11], United Arab Emirates [12]),
Africa [13], North America [14], South America (Brazil [15], Peru [16]), Australia [17,18] and
Europe (Spain [19–23], Sweden [24–26], Italy [27,28], UK [29] and France [30]). For example,
according to the inventory conducted in Mongolia [10], petroglyphs and other rock art
constitute 14% (i.e., 3261 artefacts) of the monuments in this country. Research on rock art
(petroglyphs) is carried out primarily by domestic researchers working in “their backyard”,
although there are instances of highly advanced international collaborations [12], for exam-
ple a three-year project led by Departamento de Ingeniería Topográfica y Cartografía of the
Universidad Politécnica de Madrid (Spain) in the Emirate of Sharjah, United Arab Emirates.

The activities carried out currently take three main directions, apparently not always
interconnected: cultural research, research on data acquisition methods, and protection and
sharing. The basic direction of research is the analysis of petroglyphs in terms of culture,
e.g., the assessment of zoomorphic and pragmamorphic artefacts in the context of the
existence of certain rhetorical figures—assigning the properties of animals and objects to
humans [24], or in the aspect of interpreting rock narratives in the context of the theory of
migration and diffusion of ideas, along with using ethnographic and folklore materials [11].
The problem of dating rock sites has not yet been solved in numerical terms. It is easier
to build a reliable chronological framework that takes into account aspects such as group
mobility or emerging cultural networks [23].

In recent years, many studies have presented a description of various modern tech-
nologies for data acquisition in conducted research. In works [24,29] various technologies
used to document petroglyphs are traced, from the oldest, often called traditional ones,
which are now less and less used, such as frottage, tracing and drawing. All these tech-
nologies maintain fairly precise dimensions of the rock drawings, although they have
many disadvantages: they poorly reflect spatial surfaces, are very time-consuming, are
not suitable in cold and humid climates, and largely depend on the experience of the
person carrying out the work. There is no reference to dimensions in the methods based on
single photos obtained with conventional or digital photography, taken without placing
additional markers or rulers on the objects. In the last two decades, many new digital
technologies have been introduced in the acquisition of rock drawings: reflectance trans-
formation imaging (RTI) [19,20], structure from motion (SfM) [24,31], photogrammetric
measurements [21,22,28], optical laser scanning (OLS) [24,32], terrestrial laser scanning
(TLS) [15,27,31], photogrammetric measurements combined with aerial recordings [12,16]
using an unmanned aerial vehicle (UAV) or combining tachymeter-based tracking of the
scanner, stereo and SfM [27]. RTI technology consists in taking approximately 60 photos
of the object with a camera placed on a tripod, with changing light directions (evenly
distributed on the hemisphere), which, after processing the collected data, leads to the
collection of information about the value of the 2.5D model [19]. Other technologies,
by using specialised software, allow for the more or less simple building of 3D models
of petroglyphs, which significantly facilitates their storage and sharing. Article [22] is
noteworthy, as it presents a detailed methodology describing all the stages of creating
3D petroglyph models using photogrammetry. Paper [14] is a methodological study on
the advantages/disadvantages of using long-range laser scanning and high-resolution
digital photography for petroglyph recording, and in [18] the method of combining spectral
information from cave wall scanning by means of geodetic measurements is presented,
with petroglyphs from digital elevation mode (DEM). Having a very large collection of rock
art allows one to conduct research aimed at using artificial intelligence by building a neural
network for the automation of identification and classification of rock art images [26].

The issue of protecting petroglyphs and making them available to local and interna-
tional communities appears more and more widely in the scientific literature. In [13] the
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authors pay attention to the fact of adapting the used petroglyph digitisation methods to
the economic potential of the country, while in [22] low-cost solutions for the preparation
of 3D models of petroglyphs are presented. The need to create online platforms to inte-
grate geo-referenced information with generated 3D petroglyph models for the purpose of
more effective analysis and data availability, which facilitates further scientific research,
can be found in [12,28]. Aspects of the usefulness of digital technologies (photogramme-
try and TLS) for creating 3D models to protect rock art objects against their loss due to
the deterioration of their condition, because of the variability of weather conditions and
possible disasters (natural—earthquakes, international—military actions, or social—theft,
devastation), can be found in [18,30,33]. Attention is also paid to the social responsibility of
professional communities dealing with 3D digitisation of petroglyphs and other cultural
monuments for promoting these techniques, so that their beauty can be recognised and
examined by others in the future [18]. Paper [17] analyses the advantages and disadvan-
tages of laser scanning, photogrammetry and photographic reconstruction in capturing and
managing knowledge of rock art sites, with particular emphasis on practical applications
in the field of cultural heritage management, with the example of West Angelas, in the East
Pilbara region of Western Australia.

3. Contemporary 3D TLS and the Methodology of Their Use for Documenting
Archaeological Artefacts

When performing 3D scanning and documentation of archaeological artefacts, two as-
pects that have a significant impact on obtaining the intended results can be distinguished:
the selection of the appropriate equipment, and the use of an appropriate scanning method-
ology. In the case of scanning petroglyphs, the use of laser technologies allows for the
scanning of the artefact with its natural surroundings, during one scanning session consist-
ing of many (3–5) scans.

3.1. TLS Scanners

Contemporary 3D terrestrial laser scanners are universal and fully automatic measur-
ing devices. They differ in their purpose and range of scanning. The general principle of
operation of these devices is based on the measurement of the distance from the device to
the object, on the basis of the analysis of the reflection of the laser beam from the surface
of the object. Most devices use a near infrared laser. The maximum TLS scanning range
can be divided into short-range—up to 70/150 m (e.g., Surphaser 100HSX, FARO Focus
S70), medium-range—up to 350 m (e.g., Trimble TX8, FARO Focus S350, Leica RTC360),
and long-range, where the range is measured in kilometres (e.g., Teledyne Optech Polaris,
Riegl VZ-6000).

The basic data obtained is a cloud of 3D points of the places where the laser reflects
from the objects around the scanner, recorded in the coordinate system relative to the
position of the scanner. In addition to the coordinates of the reflection point, the scanner
can measure the energy of the reflected signal, which allows for the determination of the
brightness level of the surface at any given point (Figure 2a).

Laser detection alone does not allow the assigning of a colour to the detected surfaces.
Most of the modern TLS devices also have the ability to take a spherical photograph of the
environment (Figure 2b), on the basis of which the scan is coloured. There are three groups
of solutions:

1. Use of an external camera/digital camera mounted in a special holder and synchro-
nized with the scanner.

2. Use of a built-in spherical camera or set of cameras permanently installed in the
scanner housing.

3. Use of a built-in camera using the same optical path as the laser measurement.
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The advantage of the first method is the possibility of using a popular (reasonably
priced) digital camera with parameters matching the required effect; the disadvantage is the
need to calibrate the camera after changing the parameters (e.g., focal length). Solutions two
and three eliminate the need for calibration, as the cameras are already factory calibrated.
The disadvantage is the rigid limitation of the resolution of the obtained spherical image,
resulting from the physical parameters of the built-in devices. In the case of solutions one
and two, additionally, errors in the assignment of colours may occur, due to the difference in
the position of the laser emission point and the focal point of the spherical image (Figure 3).
These errors are most significant in close proximity to the device. Solution three eliminates
this problem, due to the positioning of the camera in the axis of the laser beam emission.

The obtained coloured scan (3D point cloud with colours) is saved in coordinates
relative to the position of the scanning device. In order to be able to determine the location
of the scanned areas in the real world, it is necessary to obtain data on the geographical
location of the scanner, along with its height above sea level, the rotation angle of the
scanner’s base position in relation to the north direction, and the direction and angle of the
scanner from the horizontal position. With this information, it is possible to pre-position
and align multiple scans of a given area.
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Depending on the model of the device, TLSs are equipped with various sensors
allowing the obtaining of the above-mentioned data. Determining the geographical position
of the scanner is performed with the use of the global navigation satellite system (GNSS)
sensor module. Currently, the GPS, BeiDou, and Galileo networks are available worldwide.
Depending on the module used by the TLS, it can pinpoint its position using one or more
networks, which results in an average outdoor positioning accuracy ranging from 2 to
10 m. Actual accuracy can be diminished by signal interference.
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Depending on the solution used in the device, the altitude above sea level is obtained
on the basis of readings from GNSS data or by using an electronic barometer built with
MEMS (MicroElectroMechanical Systems) technology. The MEMS technology also creates
a magnetometer, used by the scanner as an electronic compass. The compass reading is
used to pre-align the obtained scan with respect to the north direction. In order to measure
the inclination (inclinometer), a MEMS accelerometer is used, which measures the changes
in induction caused by the inclination of the mass in the sensor in response to changes in
the position of the device in relation to the gravitational field of the earth. The tilt reading
is used to level the scan.

Modern TLS scanners are therefore able, during a single measurement session, to
obtain clouds of object surface measurement points, data on their levelling, height above
sea level, GPS position and orientation towards the sides of the world (Figure 4), as well as
photographic images of high resolution and colour quality of the scanned surfaces.

Performing a series of such automated measurements in the field allows for quick and
highly accurate acquisition of geometric and visual data that allow archaeological artefacts
to be documented.
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3.2. Scanning Methodology

When carrying out the task of scanning cultural heritage objects with the use of
TLS scanners, it is necessary to follow a specific methodology. This methodology should
enable the scanning work to be carried out in a way that, after processing the obtained
data, would not force repetition of the actions. The 3DScaMITE methodology of scanning
cultural heritage objects with TLS scanners presented by the authors in [9], distinguishes
the following stages: planning, implementation, results processing and dissemination of
results. The methodology modified for petroglyph scanning tasks is presented in Table 1.

The suitability of the scanner used in the research (Faro Focus X330) has been assessed
based on scanner specifications. Although the scanner has a systematic error of 1 mm at
20 m (repeatable for each scanner unit), this refers to the global position of the petroglyph
surface. The error of measuring petroglyph carvings depth is represented by the random
measurement error (noise), which is 0.3–0.5 mm, depending on the surface reflection.
This error is additionally reduced by the scanner hardwired procedure of repeating the
measurement of each point multiple times (increasing the beam exposure time for each
point). This, compared with the expected petroglyph carvings depth of 1–8 mm and the
scanner-to-surface distance within the 1.5–5 m range, allows for the claim that the scanner
used is suitable for distinguishing petroglyph carvings.
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Table 1. Adapted 3DScaMITE [9] methodology for scanning petroglyphs.

Name of the Stage Sub-Stages Results

1. Planning 1.1. Strategic planning

1.1.1. Getting to know the petroglyph site
1.1.2. Selecting petroglyphs to scan
1.1.3. Acquiring photos of the petroglyphs and

surroundings
1.1.4. Determining the order of petroglyph scanning

Sequence and location of petroglyphs to
be scanned—initial list.

1.2. Initial planning

1.2.1. Determining number and positions of scans per
petroglyph chosen. Setting scanning sequence

1.2.2. Setting scanner parameters
1.2.3. Setting naming-conventions data

Final list of objects.
Initial plan of scanning of every
petroglyph chosen.

1.3. On-site replanning

1.3.1. Identifying expected problems
1.3.2. Rearranging scan plan
1.3.3. Marking problematic positions

Plan of scanning adjusted to on-site
conditions.

2. Scanning For each petroglyph from list:
For each scan position:

2.1 Place and set parameters
2.2. Perform scan
2.3. Check scan quality
2.4. Mark problematic scan (if any, go to 2.2)
2.5. Acquire additional data

Folders for each petroglyph containing:
files with scans data,
additional data (photo, historical, . . . ).

3. Data processing 3.1. Preliminary processing

3.1.1. Process chosen scans, initial rough scan
placement based on sensors read

3.1.2. Check data quality
3.1.3. Identify scans suitable as donors (if needed)

Source point clouds arranged over site
area.

3.2. Full processing

3.2.1. Filter and clean up data
3.2.2. Remove or substitute problematic areas
3.2.3. Align partial scans based on sensors and cloud to

cloud compare
3.2.4. Deduplicate points

Final point clouds of each petroglyph
arranged over site area.

3.3. Final processing For each petroglyph:

3.3.1. Set processing region
3.3.2. Perform conversion
3.3.3. Choose corresponding supplementary data

Base (high quality) model of each
petroglyph with corresponding
supplementary data (e.g., background
images).

4. Preparing for dissemination 4.1. Obtain requirements for dissemination model
4.2. Convert base to dissemination model
4.3. Test quality (go to 4.2 if needed)
4.4. Arrange dissemination petroglyph model in viewing

environment, using supplementary data.
4.5. Prepare/finalise model for distribution

Dissemination of petroglyph model.

4. Petroglyphs at Cholpon-Ata, Kyrgyzstan and Their Scanning

One of the most famous stone fields with rock drawings is located above the shore
of Lake Issyk-Kul (approx. 1630 m above sea level) in the village of Cholpon-Ata in
Kyrgyzstan. The stone field was created by a break in a mountain lake embankment
several thousand years ago, which allowed the lake waters to flood the valley. Hence,
there are various types of large boulders and round logs lying there, unparalleled in the
local landscape. Located there is an open-air museum called the Issyk-Kul Provincial State
Historical Cultural Museum-Reserve. The museum covers a stone field with an area of
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42 ha with thousands of stones with drawings dating from as early as the 2nd millennium
BC to the 8th century AD [34]. The images were mainly made by the nomadic Turkic tribes
called Saka and Usun. They contain zoomorphic themes: “depictions of goats and deer
with ornamented bodies, camels, dogs, deer, boars, bulls, horses, wild rams, or predators:
wolves; hunting scenes, juxtaposed animals, individual and paired goats, multi-figure
compositions with goats in rows, geometrised goats, camel caravans, individual hunting
scenes” [34]. A view of the petroglyph field open to visitors in the museum is shown in
Figure 5.
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Unfortunately, Kyrgyzstan has very limited resources to protect its cultural heritage.
Thanks to projects sponsored from abroad, limited works related to the protection and
reconstruction of monuments are carried out. This causes, among others things, a lack of
permanent protection of the Issyk-Kul Provincial State Historical Cultural Museum-Reserve,
and a high risk of its vandalism or destruction.

As part of the 3rd Scientific Expedition of the Lublin University of Technology to
Central Asia, which took place in 2019 [35], a pilot scan of selected objects with petroglyphs
in the museum was carried, out using the TLS scanner (Figure 6).

Unfortunately, the museum’s poor protection against weather conditions (high moun-
tain climate) and tourists, causes the petroglyphs to gradually deteriorate. As mentioned
by some authors, e.g., [36], a significant number of stones in petroglyphs have been lost
over the last fifty years, due also to mundane activities such as building roads and houses.

In addition, in 2002 over 300 stones were restored, including 74 with the most interest-
ing drawings. In the course of this work, without preliminary tests, the rock drawings were
covered with an acrylic resin called Paraloid B72 [7]. At first it seemed that the conservation
had paid off—the drawings became more visible. But in a couple of years, under the
influence of the high-mountain climate (high levels of UV radiation, large temperature
changes, wind, etc.), the situation deteriorated significantly. The paraloid layer became
less transparent, and in many places the surface of the stones began to peel off and then
fall off [7]. The depressions forming the drawings originally had clear and even edges,
and a depth of 1–3 mm (and sometimes more—up to 8 mm). After conservation, they
were flooded and levelled with resin. The edges have become blurry and the depth of the
carvings has decreased.
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Paraloid B72 has been used in many places around the world to protect monuments.
Currently, there is more and more talk about its harmfulness and the need to remove aged
coatings [37–39].

5. Scanning Results and Discussion

Following the indicated modified methodology (Table 1), selected petroglyphs were
scanned at the Issyk-Kul Provincial State Historical Cultural Museum-Reserve in Cholpon-
Ata in Kyrgyzstan. The scanning procedure was carried out using the Faro Focus X330
scanner. From among the exhibits, it was decided to scan the five objects presented in
Figure 7.

Work on the 3D digitization of petroglyphs has been carried out at the Issyk-Kul
Provincial State Historical Cultural Museum-Reserve for the first time in history. It made
it possible to document the appearance and condition of the museum’s most valuable
exhibits. The results (base data, digital models and their parameters), will be transferred to
the museum’s authorities for eternal storage and use in further scientific research.

The number and location of the scanning positions for each object were determined by
the team of researchers, taking into account the size of the scanned object and the location
of the images of the drawings—petroglyphs. Table 2 shows the GPS positions of these
places obtained with the scanning device. Since all the petroglyphs are located in the
Issyk-Kul Provincial State Historical Cultural Museum-Reserve, their location is already
widely known; thus, presenting the GPS coordinates does not increase the risk of theft.
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Table 2. GPS scanner positions while obtaining petroglyph data.

Object Number Latitude Longitude

1 (4 positions)

42.658102 77.057090
42.658042 77.057133
42.658067 77.057237
42.658157 77.057150

2 (2 positions) 42.658253 77.057732
42.658222 77.057780

3 (3 positions)
42.658823 77.056525
42.658845 77.056553
42.658873 77.056488

4 (3 positions)
42.659255 77.056722
42.659273 77.056762
42.659302 77.056722

5 (3 positions)
42.659370 77.057098
42.659387 77.057155
42.659435 77.057122
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The visual arrangement of the objects and the position of the scanner on the premises
of the museum are presented in Figure 8. The location and positions for scanning the
objects were determined on the basis of the GPS scanner position readings.
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Google Maps.

As a result of the scanning, clouds of points for individual boulders with petroglyphs
were obtained, and then base 3D meshes were generated on this basis. Figure 9a shows
an example of the obtained point cloud with the visualisation of the point density. The
final result in the form of a generated 3D mesh, together with the visualisation of the mesh
density, is shown in Figure 9b.

Table 3 gathers information on the total amount of vertices in the point cloud and the
average point cloud density on the petroglyph surface for each object, together with the
number of images of the generated mesh and the size of the base file. The density of the
acquired point cloud makes it possible to detect carvings forming petroglyphs.

The 3D meshes are base ones which can be a source for dissemination models that,
together with other data (e.g., GPS coordinates), can be used for different types of presenta-
tions, including virtual reality [40,41].

Table 4 presents a summary of the surfaces of individual boulders containing petro-
glyphs. The colour of the surface as well as the presence of carvings and unevenness are
shown. It can be observed that the indentations corresponding to the petroglyph drawings
are visible only for objects 1 and 5. In the case of object 2, a faintly distinguishable flat
dimple can be observed in the area of the drawing (indicated by a red line). All objects
show irregularities corresponding to the roughness of the rock surface.
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Table 3. Parameters of point clouds and generated 3D meshes.

Object No
Vertices in

Point Cloud
Count (M)

Average Point
Cloud Density

(pts/cm2)

Mesh Faces
Count (M) File Size (MB)

1 5.534 107 2.547 132
2 5.015 114 2.823 149
3 3.794 118 2.431 130
4 3.441 120 3.473 185
5 4.457 140 5.085 274

In order to determine the depths of the pits in the models corresponding to the
petroglyphs, cross-sections through the point clouds were made in the places where pits
were found. The pit depth was calculated by triangulating the measurements of the distance
between the bottom and pit edge points (Figure 10).

Information on the occurrence and depth of cavities in individual objects is collected
in Table 5.
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Table 4. The visibility of carvings in petroglyph drawings.

Object No Fragment with Texture Surface of the Fragment

1
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The obtained results confirm the thesis about improper conservation of petroglyphs.
The original depressions of the rock drawings were levelled to such a significant extent that,
in the case of some petroglyphs, they do not geometrically stand out on of the structure
of the rock surface. Where depressions can be observed, they are significantly shallower.
The observation of the edges of the indentations is difficult and in many cases impossible
without the image of the colour of the rock surface.

At the same time, the scans reveal the roughness of the rock surface beyond the areas
of the drawings, with details much smaller than the original size of the grooves forming
the petroglyphs, which dismisses the suspicion that the lack of visibility of the grooves is
caused by too low resolution and accuracy of scanning.

6. Conclusions

In the light of the conducted research, the following conclusions can be drawn:
Terrestrial laser scanner technology enables accurate documentation of petroglyphs,

including their 3D geometry, external appearance, GPS position, and location in relation to
the north/south direction, which allows for precise positioning of these objects on satellite
photos and/or digital maps.

The possibilities of modern 3D TLS and the developed methodology for their ef-
fective use are presented in the example of the performed three-dimensional scanning
of petroglyphs at the Issyk-Kul Provincial State Historical Cultural Museum-Reserve in
Cholpon-Ata in Kyrgyzstan.

The obtained results of scanning five petroglyphs, i.e., the lack of indentations practi-
cally visible in mesh models (petroglyphs no. 3 and 4) resulting from carving the drawing
on the surface of the stone, confirms the reports that the petroglyphs were poorly restored.
The thesis that the coatings of the maintenance layers became less transparent as a result of
aging, and the contours of the recesses were blurred, was confirmed

Unfortunately, the museum authorities were unable to provide information about the
used method of petroglyphs preservation (e.g., method of film application, layer thickness,
number of layers etc). This prevents the possibility of comparing the acquired results
with other existing reports on the preservation of petroglyphs in other museums and
their results.

Before future maintenance activities which should clean petroglyphs from the wrong
protective layer, an accurate inventory should be carried out in order to obtain complete
information, in the digital version of 3D models using modern technologies for 3D digitization.

During the research, a small number of the Issyk-Kul Provincial State Historical
Cultural Museum-Reserve petroglyphs were scanned. The obtained data made it possible
to verify the correctness of the developed scanning methodology and the high quality of
its results. The next steps should be to scan the remaining artifacts in order to obtain a
complete digital documentation of the petroglyph field. Digital models could be used by
scientists from different disciplines for further research (e.g., to show different tools or
techniques used for creating the rock art, to detect erosion patterns, etc.) without the need
to study petroglyphs on site, for example [42].
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