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Road infrastructure is critical to the economy, providing mobility for people
and cargo, and contributing to economic growth. Modern technologies, particularly
3D laser scanning, play a significant role in the monitoring, evaluation, and
operation of infrastructure.

As part of this study, the AU20 laser scanning system was used to obtain
transverse road surface profiles on a certain section of the Yerevan Thilisi Highway.
The scan data was processed in the ArmRef02 coordinate system. The main
objectives of the survey are:

» develop a methodology to automatically separate the road surface from the
3D point cloud.

« |dentify the pivotal and central axes of the path through spatial analysis.

o Compare the resulting profiles with the technical norms and suggest possible
improvements.

The results showed that existing technical abnormalities have a negative impact
on drainage efficiency and traffic safety. Adherence to local and international
regulatory standards can contribute to improved road operation and sustainable
development of transport networks.
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Introduction. Being advanced in transport networks not only facilitates
logistical processes, but also promotes socio-economic interaction. Developed road
systems are more important to emerging economies, because they ensure faster
transport of products to market, reduce costs, and increase competitiveness. At the
same time, developed regional infrastructure can eliminate inequalities between
urban and rural areas, promoting economic inclusiveness [1]. In addition to
economic impacts, road infrastructure also plays an important role in ensuring
population safety and enhancing livelihoods. Effectively designed and maintained
roads reduce the number of vehicle accidents, and the integration of modern
technologies, such as 3D laser scanning, can ensure accurate and fast monitoring,
contributing to sustainable infrastructure management. Laser scanning systems
allow for high density in the scanning surface feature rendering process. With the
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use of laser scanning systems, it is possible to refrain from increasing the impact of
human factors during the data collection phase, because with traditional hilarious
methods, the naked eye may not notice clear boundaries for changing the
characteristic of the rendered surfaces [2]. Thus, investment in road infrastructure
development is seen not only as a catalyst for economic growth, but also as a long-
term strategic goal aimed at ensuring safer, sustainable, and proportionate
development. Using the laser scanning system, the object of monitoring the transport
infrastructure was selected to obtain cross-section profiles of the road. The transverse
slopes of the road surface provide:

e organizing road surface drainage;

e increasing the safety of vehicles traveling in the turnaround areas of the
roadway;

o the longevity of the surface of the road.

This study was conducted using the AU20 laser scanning system for surveying
a section of Yerevan’s Tbilisi Highway, specifically the segment between Paruyr
Sevak Street and the “Bypass Tunnel” Street. The study was based on the three-
dimensional scanning data obtained by the “Center of Geospatial Technologies”
LLC. Data retrieval and processing was performed in the ArmRef02 coordinate
system.

The purpose of the work is to:

1. Development of a methodology for separating the object of study: ensure
that the road surface is automatically separated from the cloud of 3D scanning points
for efficient data processing.

2. ldentification of the marginal and central axes of the road: develop a
methodology to allow grouping of pickets along edge and central axes, ensuring their
automatic classification and identification of the appropriate direction.

3. Comparison of broadband profiles with regulatory standards: create
graphical models of profile sections based on grouped pickets; enter the data into a
spatial database to enable further analysis and comparison.

Research Material and Methodology.

Development of the Methodology for Object Identification. The acquisition
of the point cloud, which serves as the basis for assessing road surface damages in
the study area, was carried out in two stages: field surveying and post-processing of
the collected data (POS processing). In order to carry out the scanning process during
the field recording process, two systems were combined with the AU20 LiDAR
system and the GS18 GNSS rover. The GS18 GNSS (Global Navigation Satellite
System) rover serves as a base-mode for the accumulation of static satellite data.
Satellite static data is stored in RINEX format. The GNSS receiver of the AU20
LiDAR (Light Detection and Measurement) system is capable of connecting to the
GS18 GNSS rover within a radius of 10 km, which is installed in the base mode. The
data recorded by the rover installed in the base mode is the basis for the post-
processing of the data generated by the scanning system. The AU20 LiDAR system
during said operation, when a satellite connection is present, executes the inertial
system. The inertial system startup process is followed by the original scanning
process. Scan data after post-processing is obtained from a cloud of interconnected
dots (Fig. 1) [3].
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Fig. 1. Georeferenced point cloud obtained from scanning.

Using automated dot cloud grading and the Mobile Laser Scanning (MLS)
toolkit, there is a limit to the inclusion of a hard road (Fig. 2).

Fig. 2. Automatically extracted boundary of the rigid road surface.

In the automated separation process of the hard surface of the road, physical
access to the entire area of the object being examined at the time of scanning is of
great importance for the laser pulse released by the laser scanning system [3].
The example above clearly highlights the impact of “closed sections” in the process
of separating the road surface boundary. The areas, where the cloud of dots is absent,
the surface boundary has been corrected by mechanical interpolation [4].

Identification of the Marginal and Central Axes of the Road. The process of
separating the road surface is followed by the process of identifying the edge and
central axis of the above-mentioned section of highway. The separation of axes was
done using a spatial data analysis toolkit for the IT software environment (Fig. 3).
Picket points were obtained along the separated axes at an interval of 20 m
(the number of picket points for the studied section is 73 on each axis). Picket points,
the grouping of which was done by selecting points in a direction along a cross-
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section of the road, were the basis for obtaining cross-section profiles. In the process
of obtaining profiles, the circumferential tilt of the object being examined was taken
into account. After separating the edge and central axes and pickets of the examined
section, an irregular triangulation network of the road surface limited to the Z values
and edge axes of the indicated pickets was generated [5].
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Fig. 3. Scheme of stakeout points and axes.



48 Vuenwie sanucku EI'Y. Ieonozust u 2eozpaghus, 2025, 59 (1), ¢. 44-53.

Since the creation of the triangulation network, cross-sectional profiles have
been implemented according to the above-mentioned picket grouping logic to define
the cross-sectional inclination features of the road surface. The graphical diagram of
the profile sections as attribute data has been integrated into the pickets on the central
axis. The central axis picket points contain attribute data for linearly projected
distance, transverse inclination, and elevation differences from edge axis pickets
(see Table). The picket grouping process was followed by the construction of profile
lines with component points of the respective groups.

Attribute data characteristic of pickets (Arcmap attribute table)

0OBJ| Z_right z_centre Z_left | dist_left| dist_right|slope_left| slope_right
»| 36| 1242523 1242664 | 124264 9.965 8.582 239 16.42
37| 1243.206 1243.352 | 1243.326 9.947 8613 26 16.92
47| 1248456 1248601 | 1248.434 9774 8.917 12 16.22
58| 1256.75 1256.959 | 1257.053 9.584 9252 -8.79 2269
59| 1257.509 1257.741| 1257.889 9.566 9.283 -15.5 2496
60| 1258.34% 1258.529 | 1258.589 9.549 9.313 £5.23 19.38
61| 1258.92 1259.27| 1259.377 9.532 9.347 -11.19 37.53
62| 1259.606 1259.893 | 1260.152 8.514 8.677 -27.22 33.13
63| 1260.203 1260.543 | 1260.894 9.751 8622 -36.01 39.4
64| 1260.793 1261.093 | 1261.439 9.197 8.565 -37.65 3454
65| 1261.188 1261.506 | 1261.795 9.653 8.781 -28.9 36.27
66| 1261.518 1261.799| 1262.112 9.443 9678 -33.14 29.05
67| 1261.72 1262.017 | 1262.331 9.163 924 -34.32 3212
68| 1261.991 1262.297 | 1262.581 9645 8.034 -29.41 38.1
69| 1262.192 1262.553| 1262.798| 10.378 8.022 -23.69 39.98
70| 1262.417 1262.768| 1263.06| 10.194 9.153 -28.59 38.41
71| 1262.759 1263.002| 1263.308| 10.671 8.61 -28.8 28.16
73| 1263.501 1263.695| 1264.013 10.697 8.737 -29.69 22.23

Results and Discusion.

Comparison of Broad-Based Profiles with Regulatory Legal Documents.
As part of the study, profiling cross-sections with grouped pickets were identified
for the area under study on the Tibilisian Highway. Profile sections selected at
intervals of 20 m have significant differences in graphic rendering. According to
regulatory legal documents, which also serve as a legal basis for the justification and
control of road construction projects, there are significant discrepancies in the cross-
sectional surface of the roadway covered within the framework of the study. As a
benchmark for permissibility and control of discrepancies, clear sliding technical
norms have been adopted, which according to their intended purpose define the
technical requirements for each road infrastructure. In this case, the object under
study is a two-lane three-lane highway, with respect to which the guidelines for
maintenance of technical norms state that from the central axis to the edge axes in
the non-steep sections should have a cross-sectional inclination of 15-20%0 [6].
Comparing data from spatial analyses and cross-sectional profiles in the UATH
environment, we have the following image.
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Central Axis-left Edge Axis:

® (=37.6)—(-23.7)%0 Slope has: 64, 63, 67, 66, 65, 73, 68, 71, 70, 67, 72, 69
profile lines, the edge axis of the road surface in the mentioned sections has a higher
height than the central axis, it corresponds to a transverse slope indicator of the
length of the turning arc R up to 600 m, which should be up to 40%e.

¢ (—15.5)—(-0.3)%o Incline: 59, 61, 58, 60, 10, 34, 33, 32, 31, 14, the profile
lines of 58, 34, 33,32, 35,31, 14 and 10 do not comply with technical norms because
they have a higher height than the central axis of said section.

¢ 0.8-15,1%o Incline: 29, 36, 37, 30, 18, 40, 39, 45, 2, 22, 9, 23, 28, 12, 13,
25,24,26,5,6,44,21,17,41, 15, 52, 20,27, 19, 46, 11, 8, 7, 55,47, 57, 51, 42, 53,
56, 43, 48, 3, all of these profile lines have less incline than required by technical
norms, which should be 15-20%o.

® 15.3-37.5%0 Incline: 16.38, 49, 50, 54.4, 1. The profile line 1 of these
numbers has a slope of 37.5%o, which exceeds the norm.

Central Axis-right Edge Axis:

® (—45.3)(-15.5)%o Incline: 1, 2, 72, 3 profile lines.

¢ (—6.1)-6%o Incline: 9,6, 7,4, 5, 8, 53, 13, 40, 10, 12, 15, 14, 52, 42. Profile
lines whose numerical value does not comply with technical norms, these values
should have been in the range of 15-20%o inclines.

¢ 6.5-15.9%o incline: 31, 23, 32, 41, 16, 51, 24, 11, 33, 43, 30, 25, 21, 35, 20,
46, 26. The profile lines of 39, 17, 18, 45, 29, 19, 22, 55, 34, 44, 38, 56, 57, 54, 28,
49, 50, 48, 27, whose numerical value does not comply with the technical norms,
should have been included between the inclines of 15-20%o.

¢ 16.2-40%o incline: 47, 36, 37, 60, 73, 58, 59, 71, 66, 67, 62, 64, 65, 61, 68,
70, 63 and 69 profile lines with indicators in line with technical norms, providing
15-20%o in non-turning sections, and 40%o in transverse incline norms up to 600 m
long.

Floor plans for spatial analyses and profile sections featuring profile lines and
picket groups by numbering, road surface with irregular triangulation grid and
horizontal 10 c¢m drop, as well as a map of surface slopes (see Figs. 4 and 5).
Taking into account the results of the survey, we can conclude that the technical
norms of the architectural construction of road infrastructure and their maintenance,
not only ensure the longevity of the operation of these infrastructures, but also
guarantee the enhancement of the safety concept, the reduction of the workload, the
increase of the risk of natural disasters. Specifically, a designated section of the
Thilisi highway, which has a longitudinal inclination due to terrain features, is often
flooded due to inefficient drainage systems and transverse surface inclinations.
This in turn, leads to the intense degradation of the hard cover and the formation of
waterholes. By maintaining technical standards and increasing the efficiency of
operation, vehicle carrying capacity is increased, reducing the balancing and
longevity of traffic jams in inclement weather conditions [1].
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Fig. 4. Plan of elevation data for the surface cover of stakeout points 1-40.

Conclusion and Recommendations. Significant areas of the highway surface
have impairment of the necessary technical conditions, and their correction will
promote the effective organization of drainage in the specified roadway and increase
traffic safety. Graphs of the profile sections identified during the study and access to
the digital layers are provided with the following reference to the literature list [7].
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Fig. 5. Plan of elevation data for the surface cover of stakeout points 41-73.

Based on the results identified during the study, the following recommen-
dations are proposed to ensure compliance with the technical standards of transverse
profiles of road infrastructure surfaces:

1. Conduct phased monitoring of road infrastructure surface coverings
(at most every two years).
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2. Align the quality control standards for surface renewal works with
technical requirements that are as close as possible to the construction phase during
renovation activities.

3. Implement control measures on freight traffic to prevent the movement of
trucks exceeding the permissible load limits.
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guwbgtiph wpynibwdtbnnmppuit L wifunubgnpui wyuhnddwb gnponid:
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Jupqwdpdtinh wpndpjitiph vnwgiwd Whpnnqupwbinipniap” 3D juqtpuyghb
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Nruntdbwuhpynn mwpudpnid AU20 jugtipuyghtt ujubwynpdwb hunw-
Jupgny hpwiwuwbwgyl £ éwbwmuwuphughtt dwytiplnyeh htnwugnunnieynia,
nph wpryniipnid unwgywd njugiitpp dywlyty b ArmRef02 Ynnpnhbwwnught
hudwupgni:

<twmwgnunipjud bhyunuyitiph Gi.

e Hwlp wymniwmnmwugyuwd dhpnnqupwinipnia 3D Ytwmbph wduhg
twbwwuphh dwinlinyph wnwbdumgdwbh hudwp:

e Puugwhwynty Gubwwuiphh tigpuyhtt b Jhhnpnbwub wnwbgpbtipp
nwpudwlul mjuybitinh wbuhgh dhengny:

o Junitiduntyp unwgyud ypndpbipp mbjubhuubt tnpitiph htm L
gbwhwwnti npubg hwiwyunwuhaw b gnbp:

Jhpnuonipjud wprynipnid hwymbwptipdty &b juywyh plipnipui
ptinnudtitip, npnip ppwpwpmyd th ppwhtinwgiwd wpyn bwytmnipynip
juqbighnid Gwbwwuphuyghtt wiumwbgnipjut dujupnuijp: Sthutthjujuwb
tnpitiph prwpunniditipp hwbghgnd G dwytiplinyph opuwhnuph withundiw-
swthnipjul, hbsp dyuunmd £ owolh pwpuydiwbtp b mpumbuynpuughit
dhongutiph Junwywpiwh nhuljiph wahi:

3. M. OBCEIISIH

METOAOJIOT'MA HOJIYYEHUA TTOIEPEYHBIX [IPODUIIEM
JOPOXHOU TTOBEPXHOCTU C HCIIOJIB30OBAHUEM JJAHHBIX
JIABEPHOI'O CKAHMPOBAHUA

Pe3zrome

KauecTBO 1 TEXHUUECKOE COOTBETCTBUE TOPOKHOW HHPPACTPYKTYPBI HIPAET
BaXHYIO pOJIb B oOecrieueHUH 3(PPEKTUBHOCTH U 0€30MaCHOCTH TPAHCIIOPTHBIX
cereil. B pamkax JaHHOTO HCCIEAOBAaHMS H3y4d€HAa METOMOJIOTUS IOIYYEHUS
MOIIEPEUHBIX TpoduiIeld AOPOKHOH MHOBEPXHOCTH C HCIOJIB30BAHUEM JaHHBIX
3D-na3epHOro CKaHUPOBAHUSL.

Ha wuccregyemom yuacTke OBUTIO NPOBEAEHO HCCIEAOBAHUE JIOPOXKHOM
MOBEPXHOCTH C INPUMEHEHHEM CHCTEMBbI Jla3epHOro ckanupoBaHusa AU20, a
NOJTy4YeHHBIE JaHHbIe 00paboTaHbl B KoopauHaTHOH cucteme ArmRef02.

Ilenn nuccnenoBanms:

e pa3paboTaTh AaBTOMATH3HPOBAHHYIO METONOJIOTHIO JJIs BBIIEICHUS
JIOPOXKHOU TTOBEPXHOCTH U3 00maka 3D-Toyek.

e OmnpenenuTs KpaeBble W LEHTPAJbHBIE OCH JOPOTH C WCIOJIH30BAHHEM
MPOCTPAHCTBEHHOTO aHAJIN3a JaHHBIX.

e CpaBHUTH TONyYEHHbIE NPOYUIN C TEXHUYECKUMH HOPMATHBAMH H
OILICHUTB UX COOTBETCTBHE.

B pesynprare ananmza BBISIBIEHBI OTKJIOHEHUS IMONEPEYHBIX YKIOHOB, KOTO-
pble HapymaroT 3 (QEeKTUBHOCTD ApeHaXka U CHUXKAIOT yPOBEHB TOPOXKHOM Oe3omac-
HocTH. HecooTBeTcTBHE TEXHNYECKUM HOpMAaTHUBaM MPHUBOAUT K HEPABHOMEPHOMY
CTOKY BOIBl Ha TOBEPXHOCTH, YTO CIIOCOOCTBYET Da3pyIIEHHIO MOKPBITHSI H
YBEJIMYEHHUIO PUCKOB YIPABJICHUS TPAaHCIIOPTHBIMU CPEIICTBAMHU.



